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A.  Will you require JoVE to record video microscopy through a microscope? Y,  preferential Leica MS5 teaching microscope (or Zeiss Stereo microscope 2000-C): dissection of the papillary muscle
B.   Does your protocol include descriptions of software usage? Y 

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 individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.2.-2.11. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  avoid mechanical and metabolic stress to the papillary muscle 
E. Will the filming need to take place in multiple locations? N
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 isolate healthy intact papillary muscles for the study of in vitro cardiac contractile function in mice. (Intro) This is accomplished by first isolating the heart (P1) followed by interruption of the contractions by immersion in a cardioplegic solution to avoid ischemic damage. (P2) In the second step, the intact left ventricular anterior papillary muscle is isolated (P3) and equipped with fixation sutures. (P4) The muscle is then mounted onto the force transducer (P5) and transferred into the organ bath chamber. (P6) In the final step, the papillary muscle is stimulated with field electric pulses to induce papillary muscle contractions in vitro. (P7) Ultimately, the effects of various physiological and pathological conditions on the contractility of the cardiac muscle can be transmitted to the force transducer and recorded. (P8)
From LAB MEDIA 53076_Mathar_ Schematic overview.pptx
(P1) show mouse with heart and move heart out of mouse

(P2) have petri dish appear filled with blue solution and move heart into petri dish until submerged in solution
(P3) zoom into heart and have scissors appear and remove papillary muscle (red and white triangles in top right of slide)
(P4) have suture loops appear and attach to ends of muscle/triangles (like muscle in far right of slide)
(P5) have transducer appear (far right middle schematic) and have sutures/muscle attach to transducer

(P6) move muscle/transducer into organ water bath (far right)

(P7) have yellow lightning appear in/on water bath or similar (and/or have muscle begin contracting)

(P8) Contractility measurement on murine papillary muscle_Uhl2014_JoVE_Figure 3.pdf (Video Editor: Can just show as many graphs as appropriate; no need to show all)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sebastian Uhl: This method can be used to analyze the cardiac contractility of the left ventricular papillary muscles in vitro in the absence of neurohumoral and vascular influences to allow the direct evaluation of the cardiac contractile properties of interest.
1.2. Marc Freichel: Papillary muscle preparations serve as excellent models for studying cardiac physiology and pathophysiology, allowing the investigation of the effects of pharmacological agents on cardiac contractility.
1.3. Ilka Mathar: We first had the idea for this method when we found a cardiovascular phenotype in mice deficient for a specific calcium-activated, unselective ion channel, leading to the discovery of specific inotropic alterations in the beta-adrenergic signaling pathway in these animals.
Protocol (read by voice talent at JoVE):
2. Left anterior papillary muscle isolation, equilibration and stimulation 
2.1. Begin by placing an 8-12 week old mouse in the dorsal position on a dissection board [2.1.1.-WIDE-TXT].

2.1.1. Talent placing mouse onto dissection board (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: cervical dislocation)

2.2. Next, using sharp bone scissors, open the thorax laterally on both sides of the chest [2.2.1.-CU] and cut through the diaphragm [2.2.2.-CU].

2.2.1. Few seconds second incision being made

2.2.2. Few seconds diaphragm being cut 

2.3. Then, using blunt forceps, grab the heart on the vascular truncus [2.3.1.-CU] and use scissors to separate the heart quickly from the lungs and the surrounding tissue [2.3.2.-CU].
2.3.1. *Film as written

2.3.2. Few seconds heart being separated
2.4. Transfer the beating heart to a Petri dish filled with cooled preparation solution gassed with oxygen [2.4.1.-MED-TXT] and gently touch the cardiac apex with forceps to stimulate heart contractions [2.4.2.-CU].

2.4.1. Talent placing heart into Petri dish (TEXT: See text for all media/reagent preparation details)

2.4.2. Heart being touched then few seconds heart contracting

2.5. As soon as it is completely exsanguinous [2.5.1.-CU], transfer the heart to the dissection dish [2.5.2.-MED] and place a small pin through the right ventricle to fix the heart in the dorsal position [2.5.3.-CU]
2.5.1. Shot of exsanguinous heart

2.5.2. *Film as written

2.5.3. *Film as written

2.6. Now transfer the dish under a stereomicroscope [2.6.1.-MED] and use microsurgical scissors to separate both of the atria on the atrioventricular level [2.6.2.-SCOPE-TXT].
2.6.1. *Film as written

2.6.2. Few seconds atria being separated (TEXT: Discard atria and connective tissue between atria) 
2.7. Turn the heart about 180° [2.7.1.-CU] and  make a cut through the left ventricular wall from the atrioventricular-valve-level to the apex of the heart, taking care to avoid any mechanical pressure on the heart [2.7.1.-SCOPE, after revision 2.7.2]. Then rotate the heart back [2.7.3. CU].
2.7.1. Few seconds heart being turned/cut being made
2.7.2. [split shot] Few seconds cut being made

2.7.3. [added] Few seconds heart being turned back

2.8. Then open the left ventricle [2.8.1.-SCOPE] and fix the left-sided free wall with forceps [2.8.2.-SCOPE], exposing both of the left ventricular papillary muscles [2.8.2.-SCOPE].
2.8.1. Few seconds left ventricle being opened

2.8.2. Few seconds left-sided free wall being fixed (Videographer: Combine 2.8.2. and 2.8.3. as appropriate)

2.8.3. Shot of exposed papillary muscles (Videographer: Combine 2.8.2. and 2.8.3. as appropriate)
2.9. Carefully cut the ventricular tissue laterally on both sides of the left anterior papillary muscle, taking care to preserve a part of the valvular sail on the papillary muscle preparation [2.9.1.-SCOPE].

2.9.1. Few seconds second cut being made (TEXT: Caution! Avoid touching/stretching papillary muscle)

2.10. Then dissect the remaining ventricular wall tissue from the papillary muscle [2.10.1.-SCOPE] and attach one silk thread at the muscular part [2.10.3.-SCOPE] with two knots [2.10.2.-SCOPE] and one at the valvular sail [2.10.2.-SCOPE] of the papillary muscle preparation with one knot [2.10.3.-SCOPE].
2.10.1. Few seconds tissue being dissected

2.10.2. Few seconds silk being placed/attached first show 2.10.3, then 2.10.2
2.10.3. Few seconds silk being placed/attached
2.11. Fix the preparation in a previously prepared organ bath chamber [2.11.1.-MED-TXT].
2.11.1. Talent placing tissue in bath chamber (TEXT: See text for fixation preparation/length details)
2.12. Then, immediately after the fixation, stimulate the tissue with 2 millisecond rectangular pulses at a current of 100 mA and a stimulation frequency of 1 Hz [2.12.1.-MED] and start the recording [2.12.2.-MED].
2.12.1. Few seconds Talent setting parameters

2.12.2. Talent starting recording
2.13. Changing the solution as appropriate for the type of organ bath used [2.13.1.-MED-TXT], gradually increase the mechanical pretension over a period of 45-60 minutes [2.13.2.-MED] until the increase of the pretension is not followed by a further augmentation in the twitch force [2.13.3.-SCREEN], and then initiate the desired downstream experimental analysis [2.13.4.-MED].

2.13.1. Few seconds Talent adding solution to bath, with solution container label visible in frame if possible (TEXT: e.g., continuous or frequent manual bath solution change) 
2.13.2. Few seconds Talent increasing pretension

2.13.3. *To be provided by Authors (Video Editor: can skip as appropriate) Increasing of pretension also filmed on camera, for potential simultaneous display (perhaps show as split screen?) with 2.13.2.
2.13.4. Talent adding treatment or other appropriate “experiment initiation” shot
3. Results: Representative murine left anterior papillary muscle contractility measurements
3.1. Cardiac contractility can be characterized by a variety of parameters, including the twitch force [3.1.1.-LM], time to peak [3.1.2.-LM], and half maximal relaxation [3.1.3.-LM]. 
3.1.1. LAB MEDIA 53076_Mathar_ Figure 2.tif: please add/highlight Twitch force text and accompanying double-headed arrow (and/or area of data line from second R50 horizontal line to end of graph)

3.1.2. LAB MEDIA 53076_Mathar_ Figure 2.tif: please add/highlight TTP text and accompanying double-headed arrow (and/or area of data line between TTP horizontal lines)
3.1.3. LAB MEDIA 53076_Mathar_ Figure 2.tif: please add/highlight R50 text and accompanying double-headed arrow (and/or area of data line between R50 horizontal lines)
3.2. The correlation between the beating rate [3.2.1.-LM] and the twitch force is calculated by the force-frequency relationship [3.2.2.-LM]. For example, in this experiment, the stimulation frequency was increased in a stepwise fashion from 0.1-5 Hz, leading to changes in the cardiac contractility [3.2.3.-LM].

3.2.1. LAB MEDIA 53076_Mathar_ Figure 3.tif: please add/highlight the x-axis

3.2.2. LAB MEDIA 53076_Mathar_ Figure 3.tif: please add/highlight the y-axis
3.2.3. LAB MEDIA 53076_Mathar_ Figure 3.tif: please sequentially add/highlight the data markers and the accompanying time intervals in seconds (at top of graph)
3.3. The post rest-potentiation protocol illustrates the alterations of the twitch force amplitude observed [3.3.1.-LM] after a previous stimulation [3.3.2.-LM] followed by a rest period of a defined duration [3.3.3.-LM].

3.3.1. LAB MEDIA 53076_Mathar_ Figure 4.tif: please add/highlight 1-5 Hz arrows and text at end/right of graph (and/or solid black data area of graph at right side of graph)

3.3.2. LAB MEDIA 53076_Mathar_ Figure 4.tif: please add/highlight 0.1 arrow and text at left end of graph (and/or solid black data area of graph at left side of graph)

3.3.3. LAB MEDIA 53076_Mathar_ Figure 4.tif: please add/highlight 0.2 and 0.5 arrows and text in middle of graph (and/or lined black data area of graph in middle of graph)
3.4. By varying the calcium concentration of the physiological solution in the organ bath [3.4.1.-LM], the calcium sensitivity of the contractile apparatus can be evaluated [3.4.2.-LM].
3.4.1. LAB MEDIA 53076_Mathar_ Figure 5.tif: please add/highlight numbers and arrows at top of graph

3.4.2. LAB MEDIA 53076_Mathar_ Figure 5.tif: please add/highlight solid black data areas of graph
3.5. To assess the inotropic effects mediated by the activation of beta-adrenoceptors, the isolated papillary muscle can also be treated with isoprenaline [3.5.1.-LM], as demonstrated in this representative experiment [3.5.2.-LM].

3.5.1. LAB MEDIA 53076_Mathar_ Figure 6.tif: please add/highlight numbers and arrows at top of graph

3.5.2. LAB MEDIA 53076_Mathar_ Figure 6.tif: please add/highlight solid black data area of graph
3.6. To simulate ischemia in vitro, the muscles are exposed to a glucose- and pyruvate-free extracellular solution bubbled with 95% nitrogen and 5% carbon dioxide, leading to a decline of the twitch force [3.6.1.-LM] and the development of ischemic contracture, as illustrated in the graph [3.6.2.-LM].
3.6.1. LAB MEDIA 53076_Mathar_ Figure 7.tif: please add/highlight data line

3.6.2. LAB MEDIA 53076_Mathar_ Figure 7.tif: please add/highlight ischemia and contracture texts and accompanying lines
4. Conclusion (said by authors on camera)
4.1. Sebastian Uhl: Once mastered, the dissection and equilibration of one papillary muscle preparation can be completed in about 90 min, even with taking the time to carefully isolate and mount the preparation without introducing mechanical or metabolic damage.

4.2. Ilka Mathar: Following this procedure, other methods, like enzyme-linked immunoassays, can be performed to answer additional questions, like what is the cAMP concentration during beta-adrenergic stimulation?

4.3. Marc Freichel: After its development, this technique became a crucial scientific tool in the field of cardiac physiology for investigating the cardiac phenotype of various transgenic rodent models.

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.  
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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


