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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  

Can you record movies/images using your own microscope camera? (Y/N)___N______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _________Olympus SZX16____________________________________

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

C.  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.) __steps 4.2-4.6_________________________________________
D.  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.) _______step 4.2____________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to determine the obstructions of urinary tract junctions via methylene dye injection into kidneys. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kangsun Yun: This method can help answer key questions in the kidney and lower urinary tract development field, such as ureter-bladder connection. 
1.2. Kangsun Yun: The main advantage of this technique is that it provides a simple method to visualize the urinary tract structure in late stage mouse development, enabling urinary tract development analysis.  

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the National Cancer Institute in Frederick.
Protocol: (read by voice talent at JoVE)
2. Methylene Blue Dye Preparation
2.1. To begin the experiment, measure 0.1 g of methylene blue powder [1-MED-TXT]. Dissolve the methylene blue in 10 mL of 1x phosphate buffered saline, or PBS, and vortex the mixture [2-MED].
2.1.1. Talent weighs out methylene blue powder, if possible capture the label of the methylene blue powder in the shot, TEXT: See accompanying text protocol for detailed guidance 

2.1.2. Talent adds PBS and vortexes the mixture 
2.2. Next, filter the 10 mg/mL methylene blue solution with a syringe filter to eliminate clogging during injection [1-MED-TXT]. 
2.2.1. Talent places solution into syringe filter and presses the solution through, TEXT: Membrane pore size 0.45μm
2.3. Then assemble a sterile scalp vein set with a 3 mL disposable syringe and fill the syringe with 3 mL of filtered methylene blue solution [1-CU-TXT]. 

2.3.1. Show parts used to assemble sterile scalp vein, then talent attaches disposable syringe, and fills syringe with filtered methylene blue solution, TEXT: Place needle tip above the syringe filled with solution.
3. Dissection of Prenatal Embryos
3.1. Clean dissecting scissors and forceps with 70% ethanol [1-MED]. To collect perinatal embryos at E18.5 or E19.5, first euthanize pregnant mice using CO2 inhalation [2-MED]. Then perform cervical dislocation according to NIH guidelines [3-CU/ECU]. 
3.1.1. Talent cleans scissors and forceps with ethanol 
3.1.2. Talent euthanizes pregnant mice with carbon dioxide
3.1.3. Focus on mouse as talent goes through the motions, without detail of performing the cervical dislocation 

3.2. Next, spray 70% ethanol on the ventral abdominal surface of the embryo.  Then using the sterile dissecting scissors and forceps, open the abdominal cavity ventrally [1-CU]. Lift the entire uterus and separate it from the body at the tips of the uterine horns [2-CU]. Voice Talent to Editor: Pretty sure this is wrong, so recorded another take.
3.2.1. Focus on abdominal surface, talent sprays ethanol on the abdomen then positions the scissors and forceps and opens the abdominal cavity ventrally
3.2.2. Talent lifts uterus and separates it from the body at the tips of the uterine horns 
3.3. Then rinse the entire uterus with 1x PBS in a petri dish [1-CU]. Cut the uterus segmentally with dissecting scissors…and remove placental decidua with dissecting forceps to expose the embryos in yolk sacs [2-CU].
3.3.1. Talent rinses uterus, capture how well the uterus is rinsed when talent is done rinsing

3.3.2. Talent cuts uterus with scissors and removes placental decidua with forceps, then points out the embryos in the yolk sacs 
3.4. Remove the yolk sac first and then remove the amniotic membrane with dissecting forceps to liberate the perinatal embryos [1-CU-TXT]. Decapitate the embryo with dissecting scissors [2-CU]. [3-CU]. 
3.4.1. Talent removes yolk sac, then removes amniotic membrane and points out that the perinatal embryos are liberated, TEXT: Perform injections one embryo at a time

3.4.2. Talent decapitates embryo
3.4.3. Excess blood is wiped away with pads, show how much blood remains after wiping has finished 

3.5. Pin the embryo down with its ventral surface up on a dissecting microscope equipped with a digital camera for imaging [1-CU-SCOPE-TXT]. Collect its tail for genotyping [2-CU-SCOPE]. 
3.5.1. Embryo is on its ventral surface 
3.5.2. The tail is collected 
3.6. Using forceps, carefully tear the skin to open the abdominal cavity of the embryo [1-SCOPE]. 
3.6.1. Skin is torn to open the abdominal cavity 
3.7. Then, carefully remove excess organs and tissues such as liver, stomach, and intestines with forceps by cutting them or pulling them out to expose the kidneys…the ureters…and the bladder that are located dorsally [1-SCOPE]. 
3.7.1. The liver, stomach, and intestines are removed, then the kidneys are pointed out, the ureters are pointed out, and the bladder

3.8. Absorb excess blood from the dissected embryo with sterile gauze pads then continue to dye injection [1-CU-TXT]. 

3.8.1. Talent absorbs excess blood from the embryo, show the dissected embryo after excess blood is removed for a beat, TEXT: Excess blood interferes with ID of renal pelvis 
4. Dye Injection and Flow Monitoring 

4.1. Remove bubbles in the needle and tubing by expelling methylene blue solution from the needle tip by hydrostatic pressure [1-CU]. Lift the syringe containing the dye solution above the level of the needle tip to start flow, and then lower the syringe to stop flow [2-CU].
4.1.1. Talent expels bubbles by hydrostatic pressure show dye being expelled from tip of needle
4.1.2. Talent lifts the syringe above the level of the needle tip, and it starts to flow, then lowers the syringe and the flow stops 
4.2. Next, insert the needle into the renal pelvis near the proximal ureter, taking care not to disturb it once placed [1-SCOPE]. Perform dye injection into a kidney to determine its urinary tract obstruction [2-SCOPE]. [3-MED-Interview Shot]
4.2.1. Needle is inserted into the renal pelvis near the proximal ureter 
4.2.2. Dye is injected into the kidney 
4.2.3. Kangsun Yun: Appropriate insertion of a needle into the renal pelvis determines the success of this test. A needle should be inserted into the renal pelvis toward the ureter, neither passing through the kidney nor toward blood vessel.
4.3. Lift the syringe up about 20 cm to provide hydrostatic pressure and let 15 μL – 60 μL of the dye solution flow [1-CU-TXT]. 
4.3.1. Focus on the syringe and the flow of the dye solution as talent lifts it about 20 cm (try to also capture the height that talent lifts the syringe) enabling the dye solution to flow, TEXT: Flow rate ~3 μL/s when syringe raised above embryo
4.4. Then, monitor the blue color of the dye starting first in the renal pelvis, then in the length of the ureter, and finally in the bladder lumen [1-SCOPE].
4.4.1. Blue color flows from renal pelvis through the length of the ureter, and into the bladder lumen 
4.5. Place the syringe down to stop the dye flow and remove the needle from the kidney [1-CU].  Take images of the kidney, the ureter, and the bladder traced with dye solution using the camera and imaging program connected to a stereomicroscope [2-MED]. 
4.5.1. Focus on the syringe setup as talent places it down, and show that the dye has stopped flowing

4.5.2. Over the shoulder, talent acquires images on computer generated from camera attached to stereomicroscope 
4.6. Make a record of hydronephrosis of the kidney, hydroureter, and the final position of the dye solution in a lab notebook [1-MED]. Finally, perform injection of the contralateral kidney and allow the dye to flow for 20 s total [2-MED]. 
4.6.1. Over the shoulder, talent observes organs and documents final position of dye solution in lab notebook, if possible, keep lab notebook notes and organs in focus as talent does this 

4.6.2. Talent injects contralateral kidney and allows the dye to flow, if possible, capture talent setting timer
5. Results: Methylene Blue Dye Identifies Urinary System Deficiencies 
5.1. After injection into one kidney, the methylene blue dye flows from the renal pelvis through the ureter and into the bladder resulting in a visible blue color in the ureter and bladder lumen [1-LM].
5.1.1. Figure 1B. Editor: Fade in the image without the letters. When “ureter” is said add the letters “U” on the image, when “bladder” is said add the letter “B” on the image and add an arrow pointing at the blue where the letter B is. 
5.2. A stronger blue appears in the bladder lumen due to a longer flow, about 20 s after injection of both kidneys with dye, indicating that the absence of urinary tract junction obstruction in the second urinary system [1-LM]. 

5.2.1. Figure 1C. Editor: Show the image with all markup. When the voiceover begins add an arrow pointing at the dark blue labeled “B” When “kidneys” is said flash the letters “K”
5.3. When injecting an abnormally dilated hydroureter, the final position of the dye solution is unclear and ureterovesical junction obstruction, or UVJO, cannot be verified despite the absence of the dye in the bladder lumen because the abnormal hydroureter was damaged in the middle [1-LM-TXT].
5.3.1. Figure 2A. Editor: Fade in the entire image with all letters. When “hydroureter” is said add an arrow pointing at the area labeled HU, TEXT: B: bladder, HK: hydronephrotic kidney, HU: hydroureter K: kidney, U: ureter, Ut: uterine horn
6. Conclusion (said by authors on camera)

6.1. Kangsun Yun: While attempting this procedure, it’s important to remember to carefully dissect perinatal embryos to get intact urinary system and remove bubbles not to block the dye flow.

Provided Media

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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