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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 2.2., 2.3., 2.10., 2.12., 2.13., 3.1.-3.5.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?
2.2., 2.4.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to simultaneously isolate viable cardiomyocytes, endothelial cells, and fibroblasts from the rat heart for their individual in vitro analyses. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Muhammad Aslam: This method can help answer key questions in the cardiovascular field about the signaling mechanisms involved in cardiac hypertrophy, ischemia reperfusion injury, endothelial function, and cardiac fibrosis. 
1.2. Muhammad Aslam: The main advantage of this technique is that all of the major cardiac cells can be isolated simultaneously, potentially reducing the associated research costs and experimental animal numbers.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Justus Liebig University, Giessen.
Protocol: (read by voice talent at JoVE)
2. Heart Langendorff Perfusion and Digestion
2.1. After one distilled water and one 50 mL Powerll medium flush [1-WIDE-TXT], replace the medium with 80 mL of fresh Powell medium [1-MED-TXT] and use a glass Pasteur pipette from the glass cylinder to continuously perfuse the medium with carbogen [2-CU].

2.1.1. Few seconds Talent adding water to system (TEXT: See text for all medium preparation details)
2.1.2. Few seconds medium being added, with medium container label visible in frame as possible

2.1.3. Few seconds medium being perufsed with carbogen

2.2. Next, use two pairs of thin, curved forceps to mount a freshly-harvested rat heart via the aorta onto the Langendorff perfusion system [1-CU-TXT] and place the end of the perfusion system cannula between the first aortic branch and the aortic valve [2-ECU].
2.2.1. Few seconds heart being mounted (TEXT: See text for heart harvest details)

2.2.2. Few seconds cannula being placed 
2.3. Fix the aorta with a crocodile clamp [1-CU]. Open the valve of cannula, and then fix the heart with a surgical suture [2-CU-TXT].

2.3.1. Few seconds clamp being placed

2.3.2. Few seconds suture being placed (TEXT: Remove clamp after suture placement) 
2.4.  Allow 35 mL of the perfusion medium to pass through the heart drop-wise, removing any residual blood [1-ECU-TXT].

2.4.1. Few seconds heart being perfused (TEXT: i.e. 60 drops/min)

2.5. Place the collecting funnel under the heart [1-MED] and start the peristaltic pump to recirculate the perfusion medium from the collecting funnel to the reservoir [2-CU].
2.5.1. Talent placing heart into funnel

2.5.2. Few seconds pump being started/medium being recirculated

2.6. Add collagenase solution to the perfusion medium [1-MED] and perfuse the heart with the recirculating collagenase solution for 30 minutes [2-CU].
2.6.1. Few seconds Talent adding collagenase to medium

2.6.2. Few seconds heart being perfused with collagenase solution 
2.7. At the end of the digestion, use scissors to remove the heart from the Langendorff system [1-CU] and place it in a glass Petri dish [2-MED].
2.7.1. Few seconds heart being removed

2.7.2. Talent placing heart into dish
2.8. Flush the perfusion system with a minimum of 1 liter of distilled water [1-MED] followed by 100 mL of 0.1 normal sodium hydroxide for 30 minutes [2-CU]. (Moved below)
2.8.1. Few seconds Talent adding water to system

2.8.2. Few seconds NaOH flushing through system, with NaOH container visible in frame as possible

2.9. Then flush the system with another 2-3 liters of distilled water [1-MED] and dry the apparatus with flushed air [2-MED-TXT].

2.9.1.  Few seconds Talent adding water to system

2.9.2.  Few seconds Talent flushing air through system (Videographer: Please capture air flushing sound if any) (Video Editor: please use air flushing audio as appropriate) (TEXT: Cover opening w/ parafilm post drying)
2.10. Now remove both atria and any leftover fatty tissue from the heart [1-CU]. To avoid epithelial cell contamination, use two forceps to carefully peel away the pericardium [2-ECU]. 
2.10.1.  Few seconds atria/fat being removed (steps 2.10 till 2.11.2 are combined)
2.10.2.  Few seconds pericardium being removed

2.11. Cut the heart down the middle [1-CU] and place the halves into the tissue chopper [2-MED].
2.11.1.  Few seconds heart being cut

2.11.2.  Talent placing halves into chopper 
2.12. Mince the heart 2-3 times [1-CU-TXT] and transfer the tissue pieces into a 15 mL conical tube containing 12 mL of digestion buffer from the Langendorff perfusion [2-MED].

2.12.1.  Few seconds pieces being minced (TEXT: Caution: Excessive mincing = high cardiomyocyte death)

2.12.2.  Few seconds Talent adding pieces to tube 
2.13. Digest the tissue fragments in a water bath for 5-10 minutes [1-MED], occasionally mixing with a 5 mL disposable plastic pipette [2-CU].
2.13.1.  Talent placing chopper into water bath

2.13.2.  Few seconds tissues being mixed 
2.14. Then filter the cell suspension through a 100 micrometer sieve into a 50 mL conical tube [1-MED-TXT].

2.14.1.  Few seconds Talent filtering cells through strainer into tube (TEXT: Discard tissue debris/undigested material)
2.8. Flush the perfusion system with a minimum of 1 liter of distilled water [1-MED] followed by 100 mL of 0.1 normal sodium hydroxide for 30 minutes [2-CU]. (2.8 and 2.9 moved from above - it is the cleaning procedure and must be performed at the end of the whole procedure)
2.8.1. Few seconds Talent adding water to system

2.8.2. Few seconds NaOH flushing through system, with NaOH container visible in frame as possible

2.9. Then flush the system with another 2-3 liters of distilled water [1-MED] and dry the apparatus with flushed air [2-MED-TXT].

2.9.1.  Few seconds Talent adding water to system

2.9.2.  Few seconds Talent flushing air through system (Videographer: Please capture air flushing sound if any) (Video Editor: please use air flushing audio as appropriate) (TEXT: Cover opening w/ parafilm post drying)
3. Cardiomyocyte Isolation

3.1. Collect the filtered cells by centrifugation [1-WIDE-TXT] and use a disposable pipette to carefully transfer the endothelial cell- and fibroblast-containing supernatant into a new 50 mL tube [2-MED].

3.1.1. Talent placing tube(s) into centrifuge (TEXT: 1 min, 25 x g, RT)

3.1.2. Few seconds Talent adding cells to new tube, with original tube visible in frame
3.2. Resuspend the pellet in 6 mL of calcium solution 1 [1-CU]. After one minute, collect the cells with a second centrifugation [2-MED] and resuspend the pellet in 6 mL of calcium solution 2 [3-CU].
3.2.1. Shot of pellet if visible, then few seconds pellet being resuspended, with calcium 1 container label visible in frame 

3.2.2. Talent placing tube(s) into centrifuge

3.2.3. Shot of pellet if visible, then few seconds pellet being resuspended, with calcium 2 container label visible in frame 
3.3. After one minute, dilute the cell suspension with the addition of 12 mL of calcium solution 3 [1-MED] and mix well by gentle tilting [2-CU].

3.3.1. Few seconds Talent adding solution to cells, with solution 3 container visible in frame (Steps 3.3.1-3.3.2 are combined)
3.3.2. Few seconds cells being mixed

3.4. After another centrifugation, resuspend the pellet in 20 mL of pre-warmed CCT (Pronounce: C-C-T) medium [1-CU].

3.4.1. Shot of pellet if visible, then few seconds pellet being resuspended, with CCT medium container label visible in frame 
3.5. Then aliquot 1 mL of cells to each of twenty sterile 35 mm cell culture dishes pre-coated with laminin [1-MED-over the shoulder] and place the cells in a CO2-free cell culture incubator [2-MED], replacing the medium with new 2 mL of fresh CCT medium to remove any dead cells after 2 hours [3-CU-TXT].

3.5.1. Few seconds Talent adding cells to at least one plate, with other plates visible in frame 
3.5.2. Talent placing plate(s) into incubator

3.5.3. Few seconds medium being added to plate, with medium container label visible in frame (TEXT: Analyze cells immediately or culture ≤3 d)

4. Endothelial Cell and Fibroblast Isolation
4.1. Now centrifuge the endothelial cell- and fibroblast-containing supernatant [1-WIDE-TXT] and resuspend the pellet in 1.5 mL of endothelial cell isolation buffer [2-CU].
4.1.1. Talent placing tube(s) into centrifuge (TEXT: 10 min, 250 x g, RT) 
4.1.2. Shot of pellet if visible, then few seconds pellet being resuspended in buffer, with buffer container label visible in frame 
4.2. Transfer the cells to a 2 mL sample tube [1-MED] and add mouse anti-rat CD31 antibody to the cells for a 30-minute incubation at 4 (C with end-to-end rotation [2-CU-TXT]. 
4.2.1. Talent adding cells to tube

4.2.2. Few seconds antibody being added to cells (TEXT: See text for all Ab concentration details) 

4.3. At the end of the antibody incubation, add pan anti-mouse IgG beads for a 20 minute incubation at 4 °C with end-to-end rotation [1-MED].
4.3.1. Talent adding tube to rotator/few seconds tube being rotated 
4.4. At the end of the bead incubation, place the cells in a magnetic rack for 2 minutes [1-MED] and use a 1 mL pipette to carefully remove the mostly fibroblast-containing supernatant [2-CU].

4.4.1. Talent placing tube into magnet

4.4.2. Few seconds supernatant being removed

4.5. Seed the fibroblasts onto a 10 cm cell culture dishing containing 10 mL of fibroblast cell culture medium [1-MED] and place the cells in a cell culture incubator at 37 °C and 5% CO2 for 1 hour [2-CU].
4.5.1. Few seconds Talent adding cells to plate

4.5.2. Plate being placed into incubator

4.6. Next, add 1 mL of wash buffer to the tube of endothelial cells and cap the tube [1-MED].

4.6.1. Talent adding wash buffer to tube then capping tube (Video Editor: skip tube capping as necessary)
4.7. Gently shake the cells 4-5 times to resuspend the beads [1-CU].

4.7.1. Few seconds tube being shaken

4.8. Then return the tube to the magnet [1-MED] and remove the wash buffer after 1 minute [2-CU-TXT].

4.8.1. Talent placing tube onto magnet

4.8.2. Few seconds wash buffer being removed (TEXT: Repeat wash 5-7 times)

4.9. After the last wash, replace the wash buffer with 1 mL of MV2 (Pronounce: M-V-2) endothelial cell culture medium [1-MED] and seed the endothelial cells into a single well of a 12 well plate for their overnight culture in the cell culture incubator [2-CU].
4.9.1. Few seconds Talent adding medium to tube, with medium container visible in frame

4.9.2. Few seconds cells being added to plate

4.10. At the end of the fibroblast incubation, wash the attached cells with an appropriate volume of pre-warmed PBS 2-3 times [1-MED-over the shoulder]. 
4.10.1.  Few seconds Talent washing cells with PBS, with PBS container visible in frame

4.11. Then add pre-warmed fresh fibroblast cell culture medium to the cells [1-CU] and return the fibroblasts to the cell culture incubator [2-MED].

4.11.1.  Few seconds medium being added to cells, with medium container label visible in frame

4.11.2.  Talent placing plate into incubator
4.12. The next morning, replace the supernatant on the endothelial cell culture with fresh endothelial cell culture medium [1-MED] and return the cells to the incubator, replacing the medium every 2-3 days until semi-confluency [2-LM].
4.12.1.  Few seconds Talent removing supernatant, with medium container visible in frame

4.12.2.  Figure 3A-B.tif: please highlight/indicate 7-10 day image
4.13. Then wash the culture of attached fibroblast cells with fresh pre-warmed PBS as just demonstrated [1-CU] and feed the cells with fresh pre-warmed medium [1-LM-TXT]. 
4.13.1. Few seconds cells being washed, with PBS container label visible in frame

4.13.2. Figure 4A-B.tif: TEXT: Change medium every 2-3 d
5. Results: Representative Cardiac Cell Analyses
5.1. The cardiomyocyte isolation procedure yields a 70-80% pure, viable [1-LM], rod-shaped, striated cardiac cell population [2-LM].
5.1.1. Figure 2A-C.tif: please highlight/indicate entire top image
5.1.2. Figure 2A-C.tif: please highlight/indicate entire bottom image OR just red cell in image
5.2. Intracellular calcium oscillation analysis of isolated cardiomycotes loaded with Fura-AM (Pronounce: fure [rhymes with sure]-a-A-M) in response to ischemia-reperfusion in cardiomyocytes can then performed [1-LM], as well as analysis of the changes in calcium signaling in magnetic bead-isolated endothelial cells and fibroblasts after the addition of ATP (Pronounce: A-T-P) [2-LM].
5.2.1. Figure 5A.tif: please add ischemia and reperfusion texts and arrows as in original Figure 5A
5.2.2. Figure 5B.tif: please add ATP text and arrow as in original Figure 5B
6. Conclusion (said by authors on camera):
6.1. Muhammad Aslam: Once mastered, this technique can be completed in 3 hours if it is performed properly.
6.2. Muhammad Aslam: While attempting this procedure, it’s important to remember to set up the perfusion system properly and to promptly fix the heart in the system as soon as it is ready.
6.3. Muhammad Aslam: After its development, this technique paved the way for researchers in the field of cardiovascular research to explore the signaling involved in different cardiovascular pathophysiologies [1-LM].
6.3.1. Can use Figure 5 Data.tif for transition as necessary

6.4. Muhammad Aslam: After watching this video, you should have a good understanding of the basic principles of cardiac cell isolation and culture.
6.5. Muhammad Aslam: Don't forget that working with surgical instruments and cell culture reagents can be extremely hazardous and that precautions, such as careful usage of the instruments and the use of gloves, should always be taken while performing this procedure.   

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.  

Figure 3A-B.tif 

Figure 4A-B.tif
Figure 2A-C.tif
Figure 5A.tif
Figure 5B.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.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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