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Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to measure the heart rates of mouse embryos in utero at E18.5 using a simple M-mode ultrasound. (Intro)  
This is accomplished by first securely placing the pregnant female on the platform with continuous anesthesia. (P1)  
Second, the location of the embryos is identified along the epidermis of the female’s abdomen. (P2)  The third step is to measure the heart rate of each embryo using a 30 MHz transducer. (P3)  
Then, the embryos’ tails are collected for genotyping. (P4)  
Ultimately, results can show how the heart rate of each embryo is determined in utero by measuring the time taken in milliseconds per cardiac cycle. (P5)
Video editor:

P1 – Using the provided labeled photograph as a base idea, sketch a cartoon of the mouse taped to the platform with a nosecone delivering the gas.

P2 – Using the provided labeled photograph, animate the marks on the mouse’s abdomen being drawn onto the abdomen of your cartooned mouse.

P3 – Have a cartoon of an ultrasound transducer move onto the abdomen of the cartoon mouse, then fade to the ultrasound image in P3.

P4 – Using the provided image, make the scissors do a snip movement and have the line of tail fall into the tube.  Animate the cap of the tube closing.  Then slide out the snipped mouse and capped tube, sliding in an unsnipped mouse and uncapped tube from the opposite direction.  Then repeat the cycle.

P5 – Show the provided image for P5.  If possible, show the black and white image first, then add the blue bars and then add the white text.  Its okay to not show the left and right edges so the image fills the screen better.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. WooJin Kim: The main advantage of this technique over existing methods, like video microscopy, is that it is a simple method designed for both specialists and non-specialists and it provides highly accurate heart rate measurements.    

Protocol Chapters (read by a voice talent at JoVE):

1.2. TITLE CARD: All procedures shown in this protocol have been approved by the IRCM Animal Care Committee. 
2. Ultrasound System and Station Preparation

2.1. Proper preparation of the system and material is critical.  An overly long procedure can affect the physiologic and hemodynamic characteristics of the fetuses. 
2.1.1. WID: pan over equipment, not operating yet, ready to be prepared
2.1.2. WID: talent arrives at workspace, presently unprepared

2.2. Start the ultrasound imaging system.  Connect the scanhead that corresponds to the 30 MHz transducer and connect the physiology controller unit.

2.2.1. MED: starting the system and connecting the scanhead

2.2.2. CU: connecting the physiology controller unit

2.3. On the controller unit, choose the Cardiac Measurement Program.

2.3.1. CU or SCREEN CAPTURE: Either a CU computer screen with some of talent/background around edges of frame OR a video file from a screen capture – talent opens the CM Program – a screen capture is perferred but because this is a trivial step and could vary significantly between ultrasound units, we can make do with a CU {Comment: We did CU of computer screen as Motion Screen Capture (as a video file) was not available on the computer} 
2.4. Next, fill the nosepiece of the scanhead with deionized water. Avoid air bubbles, as they interfere with imaging resolution. Place the scanhead with the handle side up on its holder near the imaging platform.
2.4.1. MED: lifting up the nosepiece of scanhead and beginning to add water

2.4.2. CU: water pouring into nosepiece, or flowing into scanhead, showing that no bubbles are being introduced to the scanhead

2.4.3. CU: positioning the loaded scanhead near the imaging platform
2.5. On the disinfected working area, completely fill the bottle of ultrasound gel.  Avoid forming large bubbles. Place the bottle upside down in its prewarming container set to 37(C. {Comment: It is important to avoid only large bubbles by filling the bottle with the gel as small bubbles are nearly impossible to avoid}
2.5.1. MED: loading the gel into the bottle

2.5.2. CU: show that no large bubbles are introduced

2.5.3. MED: placing loaded bottle into position
2.6. Verify the levels of oxygen and isoflurane and the tubing system for anesthesia. One experiment with about 8 embryos will use 15 to 20 liters of oxygen and should not take more than an hour to perform.

2.6.1. WID: talent checking the isoflurane and oxygen levels on an instrument

2.6.2. CU: instrument, showing the readings for isoflurane and/or oxygen

2.6.3. CU: if needed, reading for the other gas 
2.7. Position the bottles of ophthalmic balm, depilatory cream and electrode gel near the imaging platform.

2.7.1. CU: balm bottle, cream bottle and gel placed by imaging platform – each is placed individually in this specific order next to each other
2.8. Check that the infrared heat lamp is working.  It should be set at the correct distance and intensity so that mice placed below it can maintain their body temperature and a constant heart rate.
2.8.1. MED: talent investigates heat lamp, places hand (holding a thermometer) under lamp to check warmth being generated by lamp {Comment: The thermometer is inserted into the female’s rectum once the female is prepared on the platform in Step 3.8. Therefore, the temperature can’t be measured until then. The heating lamp should be checked simply for its warmth at this stage}
2.8.2. CU: adjusting the height of the lamp with thermometer checking temp {Comment: Same as 2.8.1.}
2.8.3. WID: panning shot over the fully prepared workspace, show all equipment
3. Mouse Preparation

3.1. Anesthetize the pregnant female in a chamber with a continuous supply of 2% isoflurane in oxygen until it becomes non-responsive. (TEXT: 2% isoflurane, 200 mL / min)
3.1.1. WID: talent arrives with mouse (caged) to anesthesia chamber

3.1.2. MED: loading mouse into the chamber
3.2. Place the mouse on the imaging platform in a supine position, adjust the tubing for continuous inhalation of 1.5% isoflurane in oxygen, and fix the inhalation tube with tape. 
3.2.1. CU: mouse positioned on back on platform, show how it is secured

3.2.2. CU: inhalation mask attached to mouse, secured with tape

3.3. Sufficient anesthesia should be confirmed during the procedure by the relaxed posture of the mouse and the absence of any response to tail and toe pinches.
3.3.1. ECU: posture of mouse, talent pinches toe – mouse does not flinch

3.3.2. ECU: talent pinched mouse’s tail – mouse does not flinch
3.4. Place electrode gel only on the top left and bottom right electrode pads, for the right fore leg and left hind leg, for electrocardiography. Secure the four paws to each pad using tape.
3.4.1. CU: wiping gel onto left top electrode pad, attaching to hind fore leg

3.4.2. CU: wiping gel onto the right bottom electrode pad, attaching to other hind leg

3.4.3. CU: tape used to secure pads to the other two limbs
3.5. To prevent dryness of the eyes, apply 1 drop of ophthalmic balm into each eye.
3.5.1. CU: without showing the actual application of iontment to eyes, show the bottle of ointment and the application of it to the instrument that would wipe the eyes.  If there is no such instrument just vaguely show the ointment applied direct from bottle to the eyes.

3.6. Next, shave the abdomen from chest to bladder with a hair clipper.  Be careful not to cut the nipples.

3.6.1. ECU: shaving the abdomen, show the purposeful avoidance of the many nipples

3.7. Then, apply depilatory cream for 2 minutes and carefully wipe it off with a gauze to remove any remaining hair.
3.7.1. CU: removing added cream to shaved area with gauze, hair wipes off with cream – show how all the cream is removed
3.8. Lastly, insert the thermometer pre-lubricated with electrode gel into the female’s rectum.  
3.8.1. CU: lubing the thermometer and showing how is pushed into the rectum – mouse rectum are fairly fuzzy and clean, a zoom to an ECU may be needed
3.9. Maintain the body temperature and heart rate (TEXT: 37 ( 0.5 (C, 450 ( 50 bpm) by adjusting an infrared heat lamp.  If the body temperature drops below 36.5 °C, stop, make lamp adjustments and wait a couple of minutes before proceeding.  This will require patience.

3.9.1. CU: instrumental readout of mouse’s body temp, near 37

3.9.2. CU: instrumental readout of the mouse’s heart rate, near 450 bpm

3.9.3. CU: mouse under heatlamp, height of lamp being slightly adjusted

4. Embryo Identification

4.1. After preparing the mouse dam with all instruments at the ready, gently press down on the naked abdomen to locate the embryos.  Slowly and lightly spread them out to have most of embryos in a single layer under the abdominal surface. 
4.1.1. WID/MED: talent with prepared mouse and prepared instruments, starting to probe the abdomen

4.1.2. ECU: probing the abdomen for embryos, then manipulating them to bring them to surface – good shadowing will be essential to see the lumps rise up to skin here

4.2. In each uterine horn the sacs are connected linearly – try to respect this order when spreading.  In some strains, a few embryos are located beneath the others - exclude these embryos from the analysis. (TEXT: e.g. C57/Bl6 C57BL/6) {Comment: This is the official nomenclature for this strain}
4.2.1. ECU: the talent finishes manipulating the embryos through the skin, show the nice linear order of the lumps 

4.2.2. MED: talent uncapping a pen to proceed with the next step
4.3. Mark each embryo on the naked abdomen of the female with a permanent marker with their anterior/posterior and dorsal/ventral directions. Number the embryos in the right and left horns starting from the cervix.

4.3.1. CU: talent begins marking the positions of the embryos on the skin with pen

4.3.2. ECU: finishing the marks for the embryo positions and then numbering them

4.3.3. LAB MEDIA: Figure 2B {Comment: The mouse used during filming is different from the one shown in Figure 2B of the manuscript. Therefore, the number and arrangement of the embryos are different. We took the video of the shaved abdomen surface of the new mouse for you to frame the image. This new image, instead of Figure 2B of the manuscript, should be used for the video production}
4.4. Then, sketch their locations on a piece of paper to track them.

4.4.1. LAB MEDIA: Figure 2C {Comment: The mouse used during filming is different from the one shown in Figure 2C of the manuscript. Therefore, the number and arragnement of the embryos are different. We took the video of the new sketch for you to frame the image. This new image, instead of Figure 2C of the manuscript, should be used for the video production}
5. Heart Rate Measurement

5.1. Place a small amount of prewarmed ultrasound gel on the naked abdomen and spread it evenly. Avoid bubble formation. Add about 5 ml of gel on the specific area to image.

5.1.1. WID: talent gripping ultrasound gel bottle, prepares to apply to mouse

5.1.2. ECU: gel applied to abdomen, spread out evenly – no bubbles

5.2. WooJin Kim: Long anesthetization, hair loss and ultrasonic gel, although pre-warmed, can lead to hypothermia and subsequently affect the female’s heart rate. If the body temperature drops below 36.5 °C or the heart rate drops below 400 bpm at any time of the procedure, stop, move the heating lamp closer, and wait a couple of minutes to allow the vital signs to readjust.
5.2.1. MED/WID: WooJin at the bench – this content is redundant with 3.9 but because of its vitality to the procedure it is reasonable to have it repeated here.  If there is too much noise at the instruments, have the talent deliver this narrative where the interview was filmed.
5.3. Hold the probe in contact with the thick gel layer and gradually move the probe toward the skin while looking for the beating heart. Then, adjust the angle of the probe to have both ventricles in their largest size in the imaging plane.
5.3.1. ECU: holding probe in position against skin, moving probe slowly

5.3.2. MED: talent moving probe while watching instruments for a heart beat, then talent tilting probe to bring heart ventricles into focus on monitor – monitor must be in focus as well as hand tilting the probe

5.4. Begin acquiring images. With the forearm resting on the station, place the transducer on the ultrasound gel to obtain a live image on the viewing screen.  Maintain the ridge of the transducer facing upward and click the scanhead orientation marker.
5.4.1. MED: forearm position, on station, transducer is moved to maintain image on the monitor – monitor should be in focus, showing beating heart image

5.4.2. ECU: transducer on mouse, focus on the upward orientation of the ridge

5.4.3. SCREEN CAPTURE: talent clicks the scanhead orientation marker in the software - previous discussion on merit of screen capture no longer applies, what follows is a sequence of monitor shots that the authors have indicated can be outputted to video files {Comment: We did CU of computer screen since Motion Screen Capture (as a video file) was not available on the computer}
Authors: please make video files of the screen display for each step labeled as a SCREEN CAPTURE.  As you indicated, some video can be output from the equipment and saved.  Please name these files according to the number provided, e.g. 5_4_3.mov.

5.5. Starting from the cervix, move to the closest embryo and visualize the beating heart at the center of the screen in the focal zone.  Gently move the probe up and down and also sideways without losing contact with the gel to obtain the desired image plane. 
5.5.1. ECU: position of scanner on mouse, near cervix

5.5.2. SCEEN CAPTURE: screen showing beating heart

5.5.3. ECU: movements required with scanner on mouse to maintain the focal plane of image
5.6. Acquire the live recording. Obtain the scout image and resume recording for at least 10 5 seconds before proceeding to the next embryo. {Comment: We would like to change to a minimum of 5 sec in Step 4.6 of the manuscript as well}
5.6.1. SCREEN CAPTURE: the beating heart, the talent uses software to save a still image and then a video of 10+ 5 seconds {Comment: SCREEN CAPTURE of the image and video are uploaded as “5-6-1_still image” and “5-6-1_video”. Importantly, these are the images and video from the measurement taken back in March, 2013 for the manuscript submission. Long anesthetization during filming process (3-4hrs) caused extremly weak heart beat of the embryos. Therefore, the recording was not as clear as it should be when the actual and quick measurements are taken. Please use these images and video as they should be the same.}
5.7. Once all the embryos are analyzed, press “Browse” on the keyboard to view the list of the recordings. 
5.7.1. CU: talent presses the “browse” button

5.7.2. SCREEN CAPTURE: the list of recordings is displayed {Comment: SCREEN CAPTURE of the image is uploaded as “5-7-2_list of recordings”. The list is from the measurement taken back in March, 2013 for the manuscript submission. The reason is same as mentioned in 5.6.1.}
5.8. Play each recorded M-mode tracing and measure the spacing between at least six adjacent peaks to obtain the average heart rate.
5.8.1. SCREEN CAPTURE: playing an M-mode tracing, showing the process of making measurements between peaks in the data 

6. Embryo Genotyping

6.1. Do not move the mouse, but rather perform the surgical procedure on the imaging platform in order to keep track of the numbered embryos.

6.1.1. WID: talent gets in position to perform the surgery on the mouse

6.1.2. CU: surgical instruments are all laid out around the mouse, talent picks up scissors and forceps

6.2. Using clean surgical scissors and forceps, longitudinally incise the skin and muscle layers of the abdomen. 
6.2.1. ECU: first incision made along abdomen

6.3. Locate the sacs in each uterus horn and match the numbers. Cut open the yolk sac to expose the embryo in the order used above. If not in a linear arrangement, see the paper sketch of the embryo positions.
6.3.1. ECU: isolating the sacs/horn, laid out carefully to preserve order – then opens sac and reveals embryos in a linear, or nearly so, arrangement {Comment: 6.3.1. and 6.4.1. are recorded together as the tail of each embryo was collected as embryos were opened one at a time}
6.4. Cut about 4 mm of each tail for genotyping, as genomic DNA is very efficiently extracted from embryonic tails.  When finished, euthanize all the animals according to the Animal Care Committee of the IRCM.
6.4.1. ECU: taking snips from each embryo, from tails – show all the tails being snipped to get enough footage to cover the dialogue
7. Impact of Furin, a Serine Protease, on Embryonic Heart Rate
7.1. Using the described method, the impact of the serine protease furin in endothelial cells was assessed.   Measuring the heart rates of mouse embryos at E18.5 in utero revealed that homozygous, but not heterozygous, ecKO embryos lacking furin suffered from tachycardia.
7.1.1. LAB MEDIA: Figure 4 
8. Conclusion Interview (spoken by you on camera)
8.1. WooJin Kim: Once mastered, this technique can be done in approximately one hour for one litter of 6-8 embryos.  

List of Provided Media Filenames and Descriptions (fill this in)

Authors: please list the provided SCREEN CAPTURE videos files here.  Also be sure to either give them to the videographer or directly upload them to the project folder for your video on the JoVE server.

5-6-1_still image

5-6-1_video
5-7-2_list of recordings
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.

( 2013, Journal of Visualized Experiments 


