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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Leica MZ6
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
2.4.1 - 2.5.3, 3.1.1 - 3.2.3, 3.5.1 - 3-5.3
Videographer : Please film the above-mentioned shots using a SCOPE kit.
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes


Current Protocol Length
Number of Steps: 22
Number of Shots: 62 (SCOPE: 14; SCREEN: 13; Filmable: 35)

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Zheheng Ding: Our research develops organ-level myocardial infarction models to compare injury patterns and tissue viability following ischemia.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research contexts or systems in which this protocol can be applied.
1.2. Zheheng Ding: This protocol supports ex vivo mouse-heart studies of regional myocardial infarction, ischemia–reperfusion injury, and myocardial tissue viability.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Ulrich Flögel: This ex vivo myocardial infarction model bypasses systemic variables, enabling direct evaluation of cardiac responses without extrinsic influences.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Are there any additional methods or analyses that can be performed following this procedure?
1.4. Ulrich Flögel: Combined with microscopic TTC staining, this ex vivo model enables assessment of myocardial survival and injury patterns following infarction.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Ulrich Flögel: Future studies can use this approach to investigate cardioprotective mechanisms through advanced imaging, electrophysiological recordings, and molecular analyses.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

What problem in your field of research does your JoVE article address?
1.6. Ulrich Flögel, Director of the Institute of Molecular Cardiology: (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

How does the video format of your article help you to share your work with the broader scientific community?
1.7. Ulrich Flögel, Director of the Institute of Molecular Cardiology: (authors will present their testimonial statements live)
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Isolation and Cannulation of the Heart
Demonstrator: Zhaoping Ding
Authors: During filming, please point out the organs or veins before dissecting them.

2.1. To begin, arrange the Langendorff perfusion system, Krebs-Henseleit buffer or KHB (K-H-B) reservoir, and pressure column [1]. Transfer the filtered KHB solution into a 2-liter glass reservoir placed in a prewarmed water bath maintained at 37 degrees Celsius [2]. Then, connect the reservoir to the glass pressure column to allow oxygenated KHB to continuously fill the column through the pressure generated by Carbogen gas [3-TXT]. 
2.1.1. WIDE: Talent arranging the Langendorff perfusion system, KHB reservoir, and pressure column. 
2.1.2. Talent transferring filtered KHB solution into the 2-liter glass reservoir positioned in the prewarmed water bath.
2.1.3. Talent connecting the KHB reservoir to the glass pressure column to initiate the continuous flow of oxygenated KHB. TXT: Perfusion pressure: 110 cm H₂O

2.2. After anesthetizing the mouse, confirm adequate anesthetic depth by the complete absence of a response to a firm toe pinch [1-TXT]. Then transfer the anesthetized mouse to the operating table [2] and confirm euthanasia by the absence of respiration and loss of muscle tone in the lower body [3-TXT].
2.2.1. Talent performing a firm toe pinch to check for a response. TXT: Anesthesia: 5% isoflurane (v/v) in an induction chamber
2.2.2. Talent positioning the euthanized mouse on the operating table.
2.2.3. Talent confirming the absence of respiration and lower-body muscle tone following euthanasia. TXT: Euthanasia: Cervical dislocation

2.3. Open the thoracic cavity by cutting the rib cage bilaterally toward the sternum, exposing the heart and ascending aorta [1]. Then, excise the heart while holding the extracardiac tissue with forceps [2]. Place the heart into a pre-cooled beaker containing 50 milliliters of ice-cold KHB solution for at least 30 seconds to induce cardioplegic arrest [3].
2.3.1. CU: Talent cutting the rib cage bilaterally toward the sternum, exposing the heart and ascending aorta.
2.3.2. CU: Talent holding extracardiac tissue with forceps and excising the heart.
2.3.3. Talent placing the excised heart into a pre-cooled beaker containing ice-cold KHB solution.

2.4. Transfer the heart onto a pre-chilled cotton pad moistened with KHB placed in a metal dish fitted with the cannula system connected to a three-way stopcock [1]. Using 5-0 (Five- Zero) silk thread, pre-position a loose half-square knot at the distal end of the cannula [2]. Carefully dissect away the thymus, connective tissue, and residual extracardiac tissues, including the lungs and esophagus, to expose and trim the aortic root [3].
2.4.1. SCOPE: The heart onto a pre-chilled cotton pad moistened with KHB in the metal dish containing the cannula system.
2.4.2. SCOPE: A loose half-square knot of 5-0 silk thread being positioned around the distal end of the cannula.
2.4.3. SCOPE: The surrounding tissue being removed to expose and trim the aortic root. Authors: Please point out the aortic root during filming.

2.5. Mount the heart onto the cannula [1] and secure the aorta using the pre-positioned suture [2]. Then rinse the heart with 5 milliliters of ice-cold PBS to flush out residual blood from the coronary circulation [3].
2.5.1. SCOPE: The heart being mounted onto the cannula.
2.5.2. SCOPE: The aorta being secured to the cannula using the pre-positioned suture.
2.5.3. SCOPE: The cannulated heart being rinsed with 5 milliliters of ice-cold PBS to flush residual blood from the coronary circulation.

3. Ex Vivo Myocardial Ischemia and Reperfusion

3.1. Adjust the underlying cotton pad to gently rotate the heart and position the left anterior descending or LAD (L-A-D) coronary artery in the field of view [1]. Perfuse the heart with PBS until the LAD coronary artery appears transparent and clearly distinguishable from the surrounding myocardium [2]. 
3.1.1. SCOPE: The heart being gently rotated by adjusting the underlying cotton pad.
3.1.2. SCOPE: The heart being perfused with PBS to show transparent LAD. 

3.2. Pass a tapered needle carrying an 8-0 (Eight- zero) polypropylene suture beneath the LAD coronary artery, 1 millimeter below the lower margin of the left atrium [1]. Place a piece of soft pledget over the LAD coronary artery [2] and firmly tighten the suture to stop perfusion distal to the ligation site [3]. 
3.2.1. SCOPE: Talent passing the tapered needle and 8-0 polypropylene suture beneath the LAD, below the lower margin of the left atrium.
3.2.2. SCOPE: Placing a soft pledget over the LAD.
3.2.3. SCOPE: Tightening suture firmly.

3.3. Transfer the cannulated heart to the Langendorff apparatus [1], then start a retrograde perfusion [2]. Immerse the heart in the water-jacketed organ bath maintained at 37 degrees Celsius throughout the experiment [3] and monitor the peak and steady-state coronary flow [4]. 
3.3.1. Talent transferring the cannulated heart to the Langendorff apparatus. 
3.3.2. Talent initiating retrograde perfusion of the cannulated heart.
3.3.3. Talent positioning the heart in the water-jacketed organ bath.
3.3.4. Talent monitoring coronary flow readings on digital display.

3.4. At the designated time points of myocardial ischemia, halt perfusion [1] and remove the cannulated heart from the perfusion apparatus [2]. Immediately immerse the heart in ice-cold KHB at 4 degrees Celsius to completely arrest cardiac contraction [3]. 
3.4.1. Talent stopping the perfusion. 
3.4.2. Talent removing cannulated heart from the apparatus.
3.4.3. Talent immersing the heart in ice-cold KHB.

3.5. Then return the heart to the cotton pad in the pre-chilled metal dish [1] and release the LAD coronary artery ligation [2]. For pharmacological intervention studies, inject 5 microliters of interleukin-6 into the infarcted anterior wall using a 30-gauge insulin syringe [3-TXT]. Then, remount the cannulated heart onto the perfusion apparatus to resume reperfusion [4].
3.5.1. SCOPE: The heart being placed on the pre-chilled cotton pad.
3.5.2. SCOPE: The LAD ligature being released
3.5.3. SCOPE: interleukin-6 being injected directly into the infarcted anterior wall using a 30-gauge insulin syringe. TXT: IL-6: 0.1 mg/mL
3.5.4. Talent remounting the cannulated heart onto the perfusion apparatus to resume perfusion.

4. Staining and Heart-Section Preparation
4.1. After 90 minutes of reperfusion, stop perfusion [1] and immediately immerse the heart in ice-cold KHB to arrest cardiac contraction [2]. Using a three-way stopcock, connect the cannula to a 3-milliliter syringe prefilled with 2,3,5-triphenyltetrazolium chloride or TTC (T-T-C) staining solution [3-TXT]. 
4.1.1. Talent stopping perfusion.
4.1.2. Talent immediately immerses the heart in ice-cold KHB.
4.1.3. Talent connecting the prefilled 3-milliliter syringe to the cannula using the three-way stopcock. TXT: TTC staining solution: 1% TTC in PBS

4.2. Infuse 1 milliliter of TTC solution into the heart 3 times, delivering a total volume of 3 milliliters over 15 minutes [1]. Then, cover the heart with moist tissue paper to avoid surface drying [2]. Transfer the heart into a centrifuge tube containing 3 milliliters of TTC solution [3], then incubate it for 22 to 24 hours at 4 degrees Celsius [4]. 
4.2.1. CU: Talent infusing TTC solution into the heart.
4.2.2. Talent covering the heart with moist tissue paper.
4.2.3. Talent transferring the heart into the centrifuge tube containing TTC solution.
4.2.4. Talent placing the tube at 4 °C.

4.3. Embed the heart in Optimal Cutting Temperature compound to prepare a tissue block [1]. Then, mount it onto a cryostat chuck using Optimal Cutting Temperature compound [2]. Cut successive 50-micrometer-thick cryosections [3] and collect every tenth section to obtain approximately 8 tissue slices from each heart [4]. 
4.3.1. CU: Talent embedding the heart in the Optimal Cutting Temperature compound to form a tissue block.
4.3.2. CU: Talent mounting the tissue block onto the cryostat chuck.
4.3.3. Talent sectioning the heart tissue using a cryostat 
4.3.4. Talent collecting tissue sections.

4.4. Arrange all 8 tissue slices on a single microscope slide [1] and dry them with a hairdryer for 2 to 3 minutes [2]. Immerse the slices in a staining chamber containing Zamboni fixative solution [3-TXT] and incubate them overnight at 4 degrees Celsius [4]. 
4.4.1. CU: Talent arranging all eight tissue slices on a microscope slide.
4.4.2. CU: Talent drying the tissue slices using a hairdryer.
4.4.3. CU: Talent immersing the slides in a staining chamber containing Zamboni fixative. TXT: Zamboni fixative: 2% PFA; 0.4% picric acid (w/v)
4.4.4. Talent placing the slides at 4 °C.

4.5. Wash the slices three times with PBS [1] and cover them with mounting medium [2]. Then, acquire images of the heart sections using a light microscope equipped with CellSens software [3-TXT]. 
4.5.1. CU: Talent washing the tissue slices with PBS.
4.5.2. CU: Talent covering the tissue sections with mounting medium.
4.5.3. Talent operating the light microscope while the acquired heart-section image appears on the computer monitor. TXT: Objective: 1.25X

5. Assessment of Myocardial Injury and Survival
5.1. Open ImageJ and import the image files to quantify infarct size [1]. From the ImageJ menu, select Image, followed by Adjust and then Color Threshold to open the Color Threshold window [2]. 
5.1.1. SCREEN: ImageJ software being opened and Heart-section image files being imported.
Authors: Please create screen-capture videos of the shots labeled "SCREEN" and upload them to your project page: https://review.jove.com/files_upload.php?src=22521248
5.1.2. SCREEN: Image, Adjust, and Color Threshold being selected sequentially from the ImageJ menu.

5.2. Select a small region of interest within the heart section using the deep-red viable myocardium and beige infarcted or necrotic tissue as color references [1]. 
5.2.1. SCREEN: A small region of interest being selected within the heart section, with the deep-red viable myocardium and beige infarcted or necrotic tissue used as color references.

5.3. In the Color Threshold window, click Sample and adjust the saturation range until the selected region precisely matches the target-colored area [1]. Click Selection to delineate the area corresponding to the selected color [2].
5.3.1. SCREEN: Sample being selected in the Color Threshold window and the saturation range being adjusted to match the target-colored area.
5.3.2. SCREEN: Selection being clicked, to delineate the area corresponding to the selected color.

5.4. From the ImageJ menu, select Analyze and then Measure to display the area of the selected region in pixels in the Results window [1]. Export the measurement data to an Excel spreadsheet to calculate planimetric infarct size [2]. 
5.4.1. SCREEN: Analyze and Measure being selected from the ImageJ menu to display the measured area in pixels in the Results window.
5.4.2. SCREEN: Measurement data being exported to an Excel spreadsheet.

5.5. Delineate a region of interest primarily around the infarcted anterior ventricular wall corresponding to the Interleukin-6 injection site to quantify the viable myocardium within the infarcted region [1]. Open the ROI Manager from the ImageJ menu and select Add to save the selected region of interest to the ROI list [2].
5.5.1. SCREEN: A region of interest being delineated around the infarcted anterior ventricular wall corresponding to the IL-6 injection site.
5.5.2. SCREEN: ROI Manager being opened and Add being selected to save the delineated region of interest.

5.6. Using the Sample and Selection functions demonstrated earlier, delineate the deep-red viable myocardium [1] and add the selected viable area to the ROI Manager list [2]. 
5.6.1. SCREEN: Sample and Selection functions being used to delineate the deep-red viable myocardium.
5.6.2. SCREEN: Selected viable area being added to the ROI Manager list.

5.7. Select AND to identify the overlap between the region of interest and viable myocardium and measure the area of viable myocardium [1]. Then, analyze the data in Excel to calculate the cardiomyocyte survival rate within the selected region of interest [2]. 
5.7.1. SCREEN: AND being selected to identify the overlap between the saved region of interest and viable myocardium, followed by measurement of the area of the viable myocardium 
5.7.2. SCREEN: The measurement data being analyzed to calculate the cardiomyocyte survival rate within the selected region of interest.




Results
6. Results 

6.1. Regional myocardial infarction caused localized ischemic injury distal to the LAD coronary artery ligation site, while red TTC-stained areas in the subepicardial myocardium indicated preserved viable tissue [1].
6.1.1. LAB MEDIA: Figure 2A. Video Editor: Emphasize the tissue section images in the lower panel sequentially from left to right, highlighting the red-stained areas in each tissue section image. 

6.2. Myocardial injury progressively increased as the ischemic duration extended from 30 to 120 minutes [1]. Myocardial infarct size more than doubled between 30 and 45 minutes of ischemia and reached a plateau after 60 minutes [2]. Under comparable conditions, the ex vivo and in vivo models showed similar mean infarct sizes, indicating minimal effects of crystalloid perfusion on myocardial injury [3].
6.2.1. LAB MEDIA: Figure 3A. Video Editor: Emphasize the tissue section images sequentially from left to right, highlighting the beige areas in each tissue section image.
6.2.2. LAB MEDIA: Figure 3B. Video Editor: In the plot, first, highlight the first and second data points to show the sharp increase. Then, emphasize the third, fourth, and fifth data points to show the plateau.
6.2.3. LAB MEDIA: Figure 3C. Video Editor: First, highlight the eVMI-50 min and iVMI-50 min heart-section images side-by-side. Then, emphasize the eVMI and iVMI bars to show that their mean infarct sizes are similar.

6.3. Following 45 minutes of ischemia, deep-red viable cardiomyocytes were observed within the beige infarcted region, primarily around the interleukin-6 injection site [1]. Compared with PBS treatment, interleukin-6 administration significantly increased cardiomyocyte survival within the selected region of interest, indicating its cardioprotective effect following ischemic injury [2].
6.3.1. LAB MEDIA: Figure 4. Video Editor: Emphasize the outlined regions in the left and right heart tissue sections images then add arrows indicating the red-spotted areas within the outlined region of the right tissue image. 
6.3.2.  LAB MEDIA: Figure 4. Video Editor: In the plot, highlight the PBS and IL-6 bars sequentially to show the significant increase.
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