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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _______N__ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Y___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___2.6, 2.9, 3.1, 3.3, 4.1,  and 4.7_______________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _______Animal preparation for MRM imaging_______________________
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 ascertain cardiac functional abnormalities by imaging the hearts in live animals affected with inflammatory heart disease. (Intro)  
This is accomplished by first inducing the disease, for example, myocarditis_. (P1)   (1st show the mouse with injection, then mouse with the red heart)
The second step is to prepare the animal for magnetic resonance microscopy imaging and place it in the animal holder. (P2)  showP2 graphic and then P2 photo, 
Next, the  mouse is placed inside the magnet to acquire the cardiac images . (P3)  (show 1st photo, then second photo.)  
The final step is to analyze the cardiac functional parameters using the SEGMENT software. (P4)  show p4 image (but not the text next to it).  
Ultimately, this technique is used to calculate end diastolic volume and ejection fraction in autoimmune myocarditis-affected mice.    (P5)    Show figure 2c from results. 
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Note: Edited to one statement per author. 
1.1. Author name _Shadi Othman________: The main advantage of this technique over existing methods, like histopathology, is that it is non-invasive and provides three-dimensional high resolution view of the heart. This method can help answer key questions in the cardiology field, involving the diagnosis of inflammatory heart disease.
1.2. Author name Chandirasegaran Massilamany _______: Generally, individuals new to this method will struggle due to lack of familiarity with the preparation of animals for magnetic resonance microscopy image acquisition. Therefore, visual demonstration of this method is critical.  
Protocol (read by voice talent at JoVE):
2. Induction of Experimental Autoimmune Myocarditis
2.1. Begin this protocol by first preparing a peptide solution to induce autoimmune myocarditis. Dissolve cardiac myosin heavy chain-alpha peptide 334-352 (Myhc-α 334-352) in phosphate-buffered saline to a final concentration of 2 milligrams per 1.5 milliliters. 
Should I pronounce what is in parenthesis?  I make a second take with it.
2.1.1. WIDE: talent walks up to lab bench. 

2.1.2. MED: Talent adds  Myhc-α 334-352 to  phosphate-buffered saline. 

2.2. Next, prepare the pertussis toxin by adding 1 milliliter of sterile 1 x phosphate-buffered saline to a vial containing 50 micrograms of lyophilized pertussis toxin to obtain a stock concentration of 50 nanograms per microgram.  

2.2.1. MED; talent picks up vial then adds 1 milliliter of sterile phosphate-buffered saline it.
2.2.2. [combined with 2.2.1] CU: of the vial after BPS PBS is added.
2.3. Then take 20 microliters of the stock into a sterile 1.5 milliliter tube and add 980  microliters of sterile 1 x phosphate-buffered saline to obtain a working concentration of 1 nanogram   per microliter. 

2.3.1. [combined with 2.2.2 take 2] MED: talent takes 20 microliters of the stock into a sterile 1 .5 milliliter  tube 
2.3.2. [combined with 2.2.2] CU: talent adds add 980 microliters of sterile 1 x PBS
2.4. Also prepare complete Freund’s adjuvant, or CFA, by adding 40 milligrams of Mycobacterial tuberculosis H37Rv, or MTB, extract to 10 milliliters of CFA to obtain a final concentration of 5 milligrams per milliliter. 

2.4.1. MED over the shoulder: talent adds 40 milligrams of MTB extract to 10 milliliters of CFA.
2.4.2. CU: show the tube with final concentration of 5 milligrams per milliliter.

2.5. Now prepare the peptide-CFA emulsion. To prepare 1.5 milliliters of emulsion, aliquot 750 microliters of cardiac myosin heavy chain-alpha peptide 334-352  peptide solution in one 1.5 milliliter tube, and aliquot an equal volume of CFA supplemented with MTB extract into another 1.5 ml tube.  Then, using a 3-ml luer-lok syringe, draw the peptide solution first, followed by the CFA-MTB extract.

2.5.1. MED: Talent aliquots 750 microliters of Myhc-α 334-352 peptide solution in one 1.5 milliliter tube

2.5.2. MED: Talent aliquots an equal volume of CFA supplemented with MTB extract into another 1.5 ml tube
2.5.3. CU : using a 3-ml luer-lok syringe, talent draws the peptide solution first, followed by the CFA/MTB extract.
2.6. Attach the syringe to a 3-way stopcock and connect the other outlet of the stopcock to an empty 3-ml syringe. Adjust the patency of the stopcock so the peptide-CFA mixture flows from one syringe to the other with reasonably good resistance.

2.6.1. MED; talent attaches the syringe to a 3-way stopcock and connects the other outlet of the stopcock to an empty 3-ml syringe.

2.6.2. CU: talent adjusts the patency of the stopcock so the peptide-CFA mixture flows from one syringe to the other

2.7. Mix by pushing the contents from one syringe to the other repeatedly for about 1 minute and then place the entire assembly on ice for approximately 3 minutes. Repeat this procedure a minimum of 10 times.

2.7.1. CU: talent mixes the contents from one syringe to the other repeatedly.

2.7.2. MED: talent places the entire assembly on ice. 

2.7.3. MED: show as talent repeats the mixing procedure.

2.8. Determine the consistency of the emulsion by carefully placing a tiny droplet on still water in a 100 milliliter glass beaker. The droplet should not disperse in water. If it does, continue mixing until the desired consistency is achieved.

2.8.1. MED: talent carefully places a tiny droplet on still water in a 100 milliliter glass beaker.

2.8.2. CU: show the droplet in the beaker- it does not disperse in the water.

2.9. Transfer the contents of emulsion from 3 milliliter syringes into 1- milliliter luer-lok syringes by replacing one of the two 3- milliliter syringes attached to the stopcock with the 1- milliliter syringe, then  attaching a 27 ½ gauge needle.

2.9.1. MED: talent replaces one of the two 3- milliliter syringes attached to the stopcock with the 1- milliliter syringe and transfers the emulsion into the 1-milliliter syringe. 
2.9.2. CU: talent attaches a 27 ½ gage needle. 

2.10. Inject 150 microliters of the peptide-CFA emulsion in split doses subcutaneously in the two inguinal regions of six-to-eight-week-old female A/J mice. Then administer 100 microliters of pertussis toxin suspension intraperitoneally to each animal on day 0 and day 2 postimmunization.

2.10.1. MED: talent injects 150 microliters of the peptide-CFA emulsion in split doses subcutaneously in the two inguinal regions.

2.10.2. MED: talent administer 100 microliters of pertussis toxin  suspension (100 ng) intraperitoneally

2.11. Repeat the immunization procedure on day 7 by administering 150 microliters of peptide-CFA emulsion in split doses subcutaneously into either side of the sternum. Prepare this emulsion fresh as described. Then, on day 21, subject the animals to MRM imaging.  

2.11.1. MED: talent administers 150 microliters of peptide-CFA emulsion in split doses subcutaneously into either side of the sternum. 

2.11.2. WIDE: talent picks up a cage an walks toward the door (as if going to imaging center)

3. Animal Handling

3.1. To prep for imaging, first place each mouse in an anesthetic induction chamber containing a 2% isoflurane-air mixture with a heating pad to maintain warmth, then,  transfer the animal to a specially designed animal holder. Secure the head with a bite-bar to immobilize the animal in the prone position.  The snout should fit into the nose cone to maintain anesthesia (Fig. 1). 

3.1.1. MED: talent places a mouse in an anesthetic induction chamber with a heating pad placed underneath.

3.1.2. MED: talent transfers the animal to a specially designed animal holder. 

3.1.3. CU talent enters the animal’s snout inside nose cone and secures the head with a bite-bar to immobilize, then places the nose cone. 

3.2. Turn on the air blow heater with its outlet hose inserted in the scanner’s vertical bore to maintain the animal’s body temperature during the experiment. Maintain anesthesia at 1 to 2% isoflurane with a flow rate of 2 milliliters per minute during the entire imaging session. Confirm anesthesia by performing a toe pinch.

3.2.1. MED: talent turns on the blow heater. 

3.2.2. MED: show the isoflurane metter as talent checks the isoflurane flow rate is at 2% . 

3.2.3. CU: talent performs a toe pinch and there is no response. 

3.3. Next set up a pneumatic pillow sensor and a rectal temperature probe to monitor respiration and body temperature throughout the imaging session. (Fig. 1).   A fiber optic pulse oximetry sensor should also be attached to the left ankle, and the foot should be secured with a thread loop and taped to maintain position.  Imaging will be achieved by gating the respiration and cardiac signals without the use of any contrast agents

3.3.1. LAB MEDIA: figure 1

3.3.2. CU: talent attached a pulse oximetry sensor to the left ankle.

3.3.3. [combined with 3.3.2] MED: talent secures the foot with a thread loop and tape. 

3.3.4. MED: talent brings the animal holder into the scanning room.

4. Image Acquisition  
4.1. A wide-bore 9.4 Tesla vertical-bore magnet should be used to obtain high-resolution three-dimensional magnetic resonance microscopy images. After preparing the animal, place the mouse in the scanner with the heart positioned in the center of the field of view. 

4.1.1. WIDE: show the wide-bore 9.4 Tesla vertical-bore magnet.  (may need to film from doorway)
4.1.2. MED: talent places the mouse in the scanner with the heart positioned in the center. 

4.2. Then run the imaging interface and select New Study.  Type ‘mtune’ at the command bar and pull up the Tune page, and then select Start Probe Tune and Autoscale. Use the remote tune/match knobs at the end of the coil to tune the RF coil to the proton resonance frequency of 400 MHz. 
4.2.1. MED over the shoulder: talent  selects New Study, then Types ‘mtune’ at the command bar and pulls up the Tune page, and then selects Start Probe Tune and Autoscale . (The Tune interface will change to show the RF signal.)

4.2.2. MED over the shoulder: talent uses the remote tune/match knobs at the end of the coil to tune the RF coil [misnumbered.  Please use “4.2.2.RIGHT ONE”]
4.3. Next, go to the “Prescan” page to run the frequency and power calibration. Hit the “XYZ-quick” button to pull up the shimming page, then select all of the iterations, and perform auto shimming.
4.3.1. [mis-slated as 4.2.2] MED over the shoulder: talent goes to the Prescan” page, runs frequency and power then, hits the XYZ (quick)  button to pull up the shimming page, then selects all of the iterations, and performs shim.
4.4. Select a scout sequence, change the FOV to 25 millimeters, keep other default settings, and run the sequence.   If the heart is not in the center of the field of view, adjust the position of the animal holder, re-tune the RF coil, and re-acquire the scout. 
4.4.1. MED: talent selects a scout sequence from the “Study” tab, changes the FOV to 25mm2 35mm2, and runs the sequence. [Cut this shot at 29 secs and restart at 1 minute 8 seconds] 
4.4.2. MED:  show as talent re-adjusts the animal holder. And retunes the RF coil.
4.5. Then, select the “GEMS” (pronounce “jems’) sequence.  Enter the acquisition parameters seen here in the “Acquire” tab to obtain two orthogonal planes along the short and long axis of the heart. (SHOW TEXT ON SCREEN:: slice thickness, 1mm; repetition time (TR), 200ms; echo time (TE), 2.69ms (minimum); flip angle, 25o; number of acquisitions, 4; in-plane matrix size, 128 x 128; FOV, 22mm2; approximate acquisition time of 1 min 30 sec. )

4.5.1. MED: talent selects the GEMS sequence, and enters the acquisition parameters (SHOW TEXT ON SCREEN: repetition time (TR), 200ms; echo time (TE), 2.67ms (minimum); flip angle, 25o; in-plane matrix size, 128 x 128; FOV, 22mm2; number of acquisitions, 4;. slice thickness, 1mm; acquisition time of ~1 min and 30 sec.)
4.6. Next select the “CINE” (say: ‘sini’) sequence to collect the pulse oximetry-gated short-axis cine  images and measure the left ventricle anatomic and functional parameters. Enter the parameters seen here to obtain the gradient echo cine sequence: (TEXT ON SCREEN: TR, 500ms; TE, 5 ms; FOV, 22mm2; acquisition matrix, 256 x 256;  slice thickness, 1mm; number of acquisitions, 8;  number of frames, 8; and an acquisition time of ~ 17 min.).

4.6.1. MED over the shoulder: talent selects the cine sequence and enters the parameters (TEXT ON SCREEN: TR, 500ms; TE, 5 ms; FOV, 22mm2; acquisition matrix, 256 x 256;  slice thickness, 1mm; number of acquisitions, 8;  number of frames, 8; and an acquisition time of ~ 17 minutes.).

4.7. Adjust the position and angle of the imaging slices based on the long axis view of the heart, then run the sequence.  Once imaging is complete, convert the acquired images to DICOM (say: die-com) format using the “I/O” tab, and transfer the corresponding files to the data center for processing.

4.7.1. MED over the shoulder: talent adjusts the position and angle of the imaging slices based on the long axis view of the heart, then starts the sequence. 

4.7.2. MED: side view of talent using the scanner computer.  (get a couple angles of this, in case needed for coverage above) 
4.7.3. MED: talent converts the acquired images to DICOM, and transfers them. 

4.8. At the end of the imaging procedure, allow the animal to recover from anesthesia within a filter-top cage. Do not leave the mouse unattended until they regain sufficient consciousness to maintain sternal recumbency.  

4.8.1. WIDE: talent removes the animal holder from the scanner. 

4.8.2. MED: Talent observes the animal as it recovers within a filter-top cage.

5. Data Analysis of Cardiac Magnetic Resonance Microscopy Imaging
Note to authors:  Filming software being used can sometimes cause undesirable screen flicker, and small text can be difficult to see.  Therefore using video screen-capture of the software being used is sometimes preferable. I have suggested screen capture for some shots below.  If you do not feel that screen capture can be provided for these steps, please have the steps filmed. 

5.1. Here, Segment software is used to analyze the anatomic and functional parameters of the left ventricle. Begin by loading the DICOM format cine images into the software. Then, select ‘MRGE’ (say each letter) as the imaging technique, ‘Cine’ as the image type, and ‘short-axis mid-ventricular’ as the image view plane.

5.1.1. MED: talent sits at a computer and opens the Segment software. 

5.1.2. MED over the shoulder: talent loads the DICOM images, then selects ‘MRGE,’ ‘Cine,’ and ‘short-axis mid-ventricular’

5.2. Specify the time frames to be used for end-diastole and end-systole using the “Set Current Timeframe to End Diastole” and “Set Current Timeframe to End Systole” submenus of the “Edit” menu respectively.

5.2.1. MED over the shoulder: talent specifies the time frames using the above mentioned submenus.

5.3. Next, use the “LV” (Say each letter) and then the “ENDO” (say “endo”)  and “EPI”  (Say ‘epi’) command buttons on the bottom-right panel to manually draw the left ventricle endocardium and epicardium respectively. Remove the papillary muscles by hitting the corresponding command button in order to increase the accuracy of the calculations.

5.3.1. SCREEN: screeencapture video of the LV, ENDO, and EPI buttons being used to draw the left ventricle endocardium and epicardium. Authors, would you be able to provide a screencapture of this step? If not, please film this (MED over the shoulder). )

5.3.2. SCREEN: screeencapture video of the papillary muscles being removed using the buttons. (Authors, would you be able to provide a screencapture of this step? If not, please film this (MED over the shoulder). )

5.4. Read the quantified left ventricle parameters such as diastolic volume, systolic volume, stroke volume, and ejection fraction on the top-right panel. Then use the “Misc” command button and then the “Measurement Caliper” command button to measure the left ventricle parameters, such as wall thickness, and ventricular diameter.

5.4.1. MED over the shoulder: talent reads the quantified left ventricle parameters on the top-right panel.

5.4.2. SCREEN: the MISC command and “Measurement Caliper” button is used to measure the left ventricle parameters (Authors, would you be able to provide a screencapture of this step? If not, please film this (MED over the shoulder). )

5.5. Finally, be sure to use the “Save Both Image Stacks and Segmentation” option to save the images, including the segmentations, in ‘.mat’ format to reprocess the images as needed. 

5.5.1. MED/BROLL: side view, generic shot of talent using the computer.  (get a couple angles and a bit of BROLL of this in case needed above) 

5.5.2. MED over the shoulder: talent uses the “Save Both Image Stacks and Segmentation” option. 

6. Results:  Cardiac abnormalities in mice affected with autoimmune myocarditis 
6.1. The angle at which the heart was sliced for the 2-chamber view image acquisition can be seen  here. 

6.1.1. LAB MEDIA: Figure 2(A) 
6.2. Here, we can see an approximate 1.5-fold  increase in left ventricle thickness indicating  structural defects in the hearts of experimental autoimmune myocarditis affected compared to healthy mice. 

6.2.1. LAB MEDIA: Figure 2 (B) when  ‘1.5-fold  increase’ is spoken, the arrows on the right image are indicated. Then   indicate arrows in left image when “compared to healthy mice: is spoken. 
6.3. Cardiac output measured based on (i) left ventricle end-diastolic volume and  (ii) ejection fraction was decreased in autoimmune myocarditis-affected mice as compared to healthy mice. 

6.3.1. LAB MEDIA: Figure 2 (C)  when left ventricle end-diastolic volume” is spoken, indicate (i), when “ejection fraction” is spoken, indicate (ii).  Then, when ‘autoimmune myocarditis’ is spoken, indicate black bars, and when “healthy mice” is spoken, indicate white bars. 
6.4. Finally, the hearts from the above treatment groups were evaluated for inflammation by hematoxylin and eosin staining. Histological evaluation of hearts from myocarditic, but not healthy, mice showed multifocal lymphocyte infiltrates 
6.4.1. LAB MEDIA: Figure 2 (D) when “Histological evaluation” is spoken, indicate (with arrow) the 3 circled areas. 

7. Conclusion (said by authors on camera)
Edited to one statement per author. 

7.1. Author name  Vahid Khalilzad-Shargi:    While attempting this procedure, it’s important to ensure that the animal’s body temperature remains constant throughout the imaging procedure so that the heart rate and respiratory rate do not change significantly. This is critical to obtain consistent and reproducible results. 
7.2. Author name:  Jay Reddy :   After watching this video, you should have a good understanding of how to employ magnetic resonance microscopy technique to evaluate functional abnormalities of hearts in inflammatory heart diseases such as myocarditis.  Don't forget that working with high magnetic fields can be extremely dangerous and make sure that the animal holder and all components are non-magnetic.    [Take 3] 
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, 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.

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.
( 2011, Journal of Visualized Experiments


