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Authors, please fill out the brief questionnaire below.   
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____Y____  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software 
usage? (Y/N)____N____ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) ___N____

 If yes, how far apart are the locations? ____________________________________________ 
D.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.2; 3.5; 3.8; 3.9; 3.10___________________________________________

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ____3.8, 3.9_______________________

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to generate a doxorubicin-induced cardiomyopathy model in adult zebrafish. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yonghe Ding: This method can help determine key factors affecting variations during the development of an adult zebrafish model for anthracycline-induced cardiotoxicity. 
1.2. Xiao Ma: The main advantage of this technique is that it is a simple anthracycline-induced cardiotoxicity model, which can be used for high throughput genetic and drug -based screenings.  

E.  Ethics title card
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Mayo Clinic.

Protocol: (read by voice talent at JoVE)
2. Preparation and Quality Control of DOX Solution
2.1. When making DOX stock solution, [1.WID] thoroughly dissolve the DOX powder in de-ionized water until absolutely no clumps are visible. [2.CU-TXT]
2.1.1. Establishing shot, talent weighing out powder adding de-ionized water in DOX container.
2.1.2. Adding powder to solution and mixing (using a stir bar) until no clumps are visible Pipetting several times and the final solution appears in red, TEXT: 5 mg/mL in 1 mL aliquots (Videographer Comments: Don’t use take 1, it should be a red liquid.)
2.2. For quality control testing, collect wild type zebrafish embryos [1.MED] from at least two pair of fish in two separate collections. [2.CU] Then, manually dechorionate the embryos 24 hours post-fertilization using fine needles. [3.ECU-TXT]  
2.2.1. Setting up a cross between fish
2.2.2. Collecting embryos from mated groups of fish, show them in the net as they are removed from water
2.2.3. Embryos in dish being manually dechorionated, TEXT: Proteinase K can also be used for dochorionating embryos. (Videographer Comment: Added a scope shot (clip 8).) (Editor: I’m not sure what this is slated or what’s actually shown, but it looks like it’s just an alternate take of 2.2.3 – if that’s the case, use whichever looks best)
2.3. After the dechorionation, refresh the embryo water and remove any dead embryos. [1.CU] Each collection of embryos must have at least 36 embryos for a quality control test. [2.ECU]
2.3.1. Removing the water around the dechorionated embryos
2.3.2. 36+ dechorionated embryos in dish, adding fresh water (Videographer Comment: They wanted scope shot as well (clip 10).) (Editor: I’m not sure what this is slated or what’s actually shown, but it looks like it’s just an alternate take of 2.3.2 – if that’s the case, use whichever looks best)
2.4. Now, dilute the stock DOX solution in fresh embryo water to a final concentration of 100 mM. [1.MED] Prepare at least 100 µL per three embryos. Mix the dilution using a vortex. [2.CU] The final dilution should have a light, red color. [3.ECU]
2.4.1. Taking aliquot of stock solution, adding to tube, taking aliquot of water
2.4.2. Adding water to tube, capping and placing tube on vortex
2.4.3. Final dilution swirling around in tube, show the red tint of solution (white background)
2.5. Next, load the wells of a 96-well plate with 100 µL of diluted DOX solution. [1.MED] Prepare one well per three embryos. [2.CU] Then, transfer the embryos to the wells using a plastic transfer pipette. [3.ECU]
2.5.1. Adding diluted solution to plate
2.5.2. Continuing to add aliquots of solution to plate
2.5.2A. [Added Shot]: ECU of adding solution to plate (Editor: This could be used in place of 2.5.2 – use whichever looks better)
2.5.3. Loading a set of embryos into a well 
2.6. While transferring embryos, keep the embryos close to the end of the pipette tip. [1.ECU] Then, put the pipette tip into solution and allow the embryos to swim naturally into the well. [2.ECU] Do not eject the embryos with solution, as this will alter the DOX concentration. [3.CU]
2.6.1. Sucking embryos into transfer pipette
2.6.2. Loading a set of embryos into a well 
2.6.3. Collecting embryos with pipette and loading them into well
2.7. 48 hours post-fertilization, refresh the DOX solution. [1.MED] At this time, look under 10X magnification [2.MED] to identify dead embryos, which have no heartbeat, and identify embryos with edema. [3.SCOPE]
2.7.1. Removing and adding solution to well on plate
2.7.2. Setting up plate under scope
2.7.3. Focusing on embryos in well, show heartbeats in focus  
2.8. Be quick to count and remove any dead embryos, otherwise the remaining embryos in the well will also die. [1.SCOPE]
2.8.1. Finding a well with a dead embryo, then removing the embryo and proceeding to scan the next well’s embryos
2.9. Repeat the dead count at 72 hours post-fertilization. [1.MED] If there is at least 25% death, then the DOX solution has a “good drug efficacy” and can be used for the experiment. [2.SCOPE]
2.9.1. Setting up at scope to remove dead embryos (talent has a next day appearance)
2.9.2. 72 hour post-frertilization: Finding a well with a dead embryo, then removing the embryo and proceeding to scan the next well’s embryos (Videographer Comment: Use same footage as 2.8.1, there are multiple searches and removals of dead embryo)
3. DOX Injection
3.1. Prior to injecting the fish with DOX, fast the fish for 24 hours. [1.CU-TXT]
3.1.1. Fish, swimming in tank, TEXT: 45 – 180 d, 0.2 – 0.5 g, Wild Indian Karyotype
3.2. Next, group the fish. While anesthetized, [1.MED] use a clean filter paper to dry [3.2.1A] each fish and measure its body weight. [2.CU] Make groups of fish that are all within 10% of the same body weight so each group can be injected with the same dose of DOX. [3.MED]
3.2.1. Removing an anesthetized fish from tank Anesthetizing fish (Editor: I don’t think we’ll need this shot, but it can be used before 3.2.1A if needed to cover the VO)
3.2.1A. [Added Shot]: Removing fish from tank, drying

3.2.2. Drying and weighing the fish
3.2.3. Returning fish to different tank and then repeating 3.2.1 and 3.2.2, it would be nice if the fish’s masses were written on the collection tank
3.2.3A. [Added Shot]: (Editor: The videographer/authors didn’t list what was in this shot)
3.2.3B. [Added Shot]: (Editor: The videographer/authors didn’t list what was in this shot)
3.3. Next, calculate the working concentration of DOX for each group, so that each group, [1.MED/CU] is injected with 5 µL of solution and receives the same dose of DOX by body weight. [2.CU]
3.3.1. Two tanks of fish, each a group, masses of each fish written on tank
3.3.2. Making calculations long hand in log book to determine DOX aliquot needed per group
3.4. Dilute the stock of DOX in 1X HBSS. Mix the dilution with a vortex [1.MED-TXT] and, then, pulse spin the dilution to keep it pooled together in the tube. [2.CU]
3.4.1. Adding stock and HBSS to tubes, TEXT: Hank’s Buffered Salt Solution (HBSS)
3.4.2. Vortexing tubes and then loading them into centrifuge
3.5. For the injection, prepare an injecting platform. In a clean 100-mm Petri dish, place a sponge. [1.CU] With the aid of a dissection microscope, cut a cavity into the sponge to hold one fish. 4 cm usually works. [2.SCOPE]
3.5.1. Placing sponge into dish set up at microscope, focusing scope
3.5.2. Making the cuts into the sponge Showing a cavity of 4 cm on sponge 
3.6. Next, onto a 34-Gauge needle attach a 10-µL micro-syringe.  [1.CU] Then, rinse the needle with 1X HBSS to remove any bubbles or blocks from the syringe and tubing. [2.MED]
3.6.1. Attaching needle to syringe
3.6.2. Running HBSS through the needle/syringe
3.7. Now, briefly anesthetize the adult fish with tricaine.  [1.MED-TXT] Then, soak the sponge in the embryo water with tricaine [2.CU] and transfer a fish onto the sponge with its abdomen up for the injection. [3.ECU]
3.7.1. Transferring fish into Tricaine tank, TEXT: 0.16 mg tricaine / mL, 2 min
3.7.2. Soaking sponge in Tricaine tank
3.7.3. Positioning fish into sponge
3.8. Now, intraperitoneally inject DOX solution [1.MED] by quickly inserting the needle, at a 45° angle into the midline between the pelvic fins, about 1 to 2 mm deep. Then, slowly release all of the DOX solution. Before retracting the needle, wait 5 seconds. [2.ECU] [3.8.2]
3.8.1. Steadying needle, just before injection, showing talent’s posture
3.8.2. Film as written (Videographer Comment: Scope clips 2, 3, 4 instead of ECU) 
3.9. Alternatively, the fish can be positioned laterally with the anterior to the right. [1.ECU] Then, inject at the lateral line above the pelvic fin, with the bevel up, pointing toward 7 o’clock, at a 45° angle and 3 to 4 mm deep. [2.ECU] [3.9.2]
3.9.1. Loading a fish into sponge as described
3.9.2. Film as written (Videographer Comment: Scope clips 5, 6, 7 instead of ECU)
3.10. If either method for injection was successful, there will be red tint in the belly. [1.SCOPE/ECU]
3.10.1. Use either scope or ECU to show red tint (Videographer Comment: Can use ECU from A-CAM or and Scope clip 2-7)
3.11. After the injection, quickly transfer the fish to a 3 L tank filled with fresh system water [1.MED] where it can recover. [2.CU] Then, rinse the needle with HBSS and proceed to inject the next fish. [3.MED]
3.11.1. Removing fish from sponge and placing in tank
3.11.2. Fish in tank, recovering from Tricaine anesthesia
3.11.3. Rinsing needle with HBSS
3.12. Later return the injected fish to a system with running circulation, [1.MED] but separate from the main system to avoid cross-contamination. [2.CU/MED] For the next 24 hours, continue to fast the fish. [3.CU/ECU]
3.12.1. Setting up tank for injected fish
3.12.2. Adding fish to the newly set up tank
3.12.3. Detail of fish in tank, swimming about
3.13. Over the first week post-injection, be certain to check the fish daily [1.CU] and remove any dead fish. [2.MED]
3.13.1. Talent scanning the tanks for dead fish (maybe create a scenario with one dead fish)
3.13.2. Maybe removing a dead fish from a tank, no need to focus too hard on dead fish, ALTERNATIVELY more of talent looking at tanks for dead dish
4. Results: Comparing the Two Injection Methods
4.1. When using the classic, belly-up IP injection method, it was noted that the injected DOX solution could sometimes ooze out from the location where the needle penetrated. The alternative lateral IP injection effectively prevented the leakage. [1.LM]
4.1.1. Figure_1.tiff – only show panel a, replace the “a” label with “classic” and replace the “b” label with “alternative”.
4.2. Injection of DOX dosed at 50 mg per kg led to severe toxicity, where the majority of fish died within one week. However, at a lower dose of 20 mg/kg, the injected zebrafish could be maintained for chronic observation.  
4.2.1. Figure_2.tiff
4.3. With the alternative injection, there was no fish death during the first 2 weeks [1.LM] and only about 10% dead at four weeks. [2.LM] The classic method for injection at the same dose [3.LM] led to about 30% dead by four weeks. [4.LM] 
4.3.1. Figure_3.tiff – show graph A with box to left of A and above A
4.3.2. Figure_3.tiff – show graph B with box to left of B and box above A
4.3.3. Figure_3.tiff – show graph C, with the box to the left of A and the box above C
4.3.4. Figure_3.tiff show graph D, with the box to the left of B and the box above C

4.4. Next, transgenic fish with a casper background expressing “D-S-red” in cardiomyocytes were used to assess the progression of cardiac dysfunction in the DIC model. [1.LM] Their red heart could be viewed at both the systolic [2.LM] and diastolic stages under a florescent microscope.
4.4.1. Figure_4.tff – show A – no changes
4.4.2. Figure_4.tff – show B – no changes
(Editor: I split 4.4 because the sound bite was too long)
4.4a.  [3.LM] After injection of 20 mg per kg of DOX using the alternative-lateral injection method, ventricular function decline was detected beginning after 4 weeks. [4.LM]
4.4.3. Figure_4.tff – show C – no changes
4.4.4. Figure_4.tff – show D – no changes
5. Conclusion (said by authors on camera)

5.1. Xiao Ma: Once mastered, delivery of doxorubicin using either technique can be preformed on 30 to 50 fish per hour.

5.2. Xiao Ma: While attempting this procedure, it’s important to remember to use freshly prepared doxorubicin and test its drug efficacy after a long-term storage before the injection. Also, always handle doxorubicin taking the appropriate safety precautions.
5.3. Xiao Ma Yonghe Ding: Following this procedure, other methods like echocardiography, electrocardiography, or ex vivo heart function assay can be performed in order to profile the heart function of this zebrafish model at different stages.

Provided Media

4.1 – Figure_1.tiff
4.2 – Figure_2.tiff

4.3 – Figure_3.tiff
4.4 – Figure_4.tiff

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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