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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? 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. 
Surgical microscope (SMZ745T, Nikon) 
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.
Step 2.2 and 2.3 for renal denervation surgery is the most important.
4. 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. 
Separating renal artery from vein (Step 2.2 and 2.3) is difficult, because vein wall is very thin and weak so that it can easily tear and bleed.
Since Step 4 for evaluating kidney NE level has too much steps, it can take a long time to filming or editing. 
Step 5.1 (Kidney embedding and section) will probably not be necessary, because it is very general and besides it is being processed by UNMC core facility, not by our lab.
5. Will the filming need to take place in multiple locations? N, two rooms within walking distance
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Babu Padanilam: Our studies using the renal denervation approach is the first to demonstrate a role for nerves and nerve-derived factors in development of fibrosis in any tissue, independent of blood pressure effects, and thus are paradigm-shifting. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Babu Padanilam: A large array of molecules contribute to renal fibrosis.  Experimental strategies targeting a single molecule or a pathway, including the current standard of care, rarely achieve a reduction of fibrosis of more than 50%.   Our results showed that renal denervation can reduce fibrosis in the kidney by about 70%. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




Introduction of Demonstrator: (Said by you on camera)

1.3. Babu Padanilam: Demonstrating the procedure will be Hee-Seong Jang and Mi Ra Noh, post-docs from my laboratory. 

1.3.1. INTERVIEW: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects were performed in accordance with the policies of the Institutional Animal Care and Use Committee (IACUC) at the University of Nebraska Medical Center (UNMC), and the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals.


Section - Protocol
2. Renal Denervation
2.1. Begin by making sure that mice are properly anesthetized with a toe pinch [1-TXT] and shaving the left side of the mouse’s back with an electric shaver [2]. Clean the region with an alcohol prep pad, then use an iodine-based prep pad to ensure asepsis, maintaining the mouse’s body temperature with a heating pad [3-TXT].  
2.1.1. Talent performing toe pinch on mouse. TEXT: Use male 129S1/SvImJ mice (8–10 weeks old)
2.1.2. Talent shaving the mouse. 
2.1.3. Talent wiping the mouse with alcohol pad, then with an iodine pad, with the mouse on the heating pad. TEXT: 36 – 38 °C Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.1.1.
2.2. Use a surgical blade to make a 1.5-centimeter long incision on the mouse’s back, 5 millimeters lateral to the spine [1]. Under a surgical microscope, expose the left kidney through the left flank incision [2], then carefully separate the artery and vein from the surrounding connective tissue using micro-dissection forceps [3]. Videographer: This step is difficult and important!
2.2.1. SCOPE: Talent making the incision. 
2.2.2. SCOPE: Talent exposing the left kidney. 
2.2.3. SCOPE: Talent separating the artery and vein from the surrounding tissue.  
2.3. To strip the nerves, paint the kidney vessels with filter paper soaked in 95% ethanol for 2 minutes, then wash them for 2 minutes with PBS [1]. Close the muscular layer with absorbable sutures [2] and the skin with an autoclip [3]. Videographer: This step is difficult and important!
2.3.1. SCOPE: Talent painting the kidney vessels with ethanol, then washing the vessels with PBS. 
2.3.2. SCOPE: Talent closing the muscular layer. 
2.3.3. SCOPE: Talent closing the skin. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.2.3.

2.4. Perform a sham operation in the same manner, but do not strip the nerves [1]. After the surgery, inject buprenorphine subcutaneously once per day for 3 days to reduce surgical pain [2-TXT]. 

2.4.1. Use 2.2.1. or 2.2.2. 
2.4.2. Talent injecting buprenorphine. TEXT: 0.1 µg/kg body weight Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.3.2.
3. Renal Fibrosis Models 
3.1. To induce unilateral ureteral obstruction, anesthetize and prepare two male mice for surgery as previously described [1]. Create a left flank incision on the mouse’s back, 1-centimeter lateral to the spine, and use an autoclaved cotton swab to expose the left kidney [2]. 
3.1.1. Use 2.1.3.
3.1.2. SCOPE: Talent exposing the kidney with the swab. 
3.2. Completely ligate the left ureter near the kidney and pelvis with a 5-0 (pronounce ‘five-zero’) silk tie [1], then close the muscular layer with absorbable sutures [2] and the wounded skin with an autoclip [3]. 
3.2.1. SCOPE: Talent ligating the ureter. 
3.2.2. SCOPE: Talent closing the muscular layer. 
3.2.3. Use 2.3.3. 
3.3. Perform a sham operation on the other mouse in the same manner, without ligating the ureter [1]. After the surgery, manage pain by injecting the mice subcutaneously with buprenorphine once per day for 3 days [2].
3.3.1. Talent at the dissection microscope. 
3.3.2. Use 2.4.2. 

4. Evaluation of Kidney Norepinephrine Level
4.1. To evaluate kidney norepinephrine level, use a glass tissue homogenizer to homogenize the frozen kidneys at negative 80 degrees Celsius in a deep freezer. Use 400 microliters of 0.1 normal hydrogen chloride with 1 millimolar EDTA and 4 millimolar sodium metabisulfite as homogenizing solution [1]. 
4.1.1. Talent adding homogenizing solution to the homogenizer and homogenizing the kidneys. 
4.2. Centrifuge the homogenates at 13,600 x g [1] and transfer the supernatant to a new tube [2]. 
4.2.1. Talent putting the samples in the centrifuge and closing the lid.
4.2.2. Talent transferring supernatant into a new tube.
4.3. To extract norepinephrine from the samples, transfer 300 microliters of the sample lysates into a 48 well plate [1], add 10 microliters of standards and control into a few wells, and add 250 microliters of distilled water to wells for standards and control [2], followed by 50 microlites of assay buffer and 50 microliters of extraction buffer [3]. 
4.3.1. Talent transferring lysate to the plate.
4.3.2. Talent adding water to a few wells. 
4.3.3. Talent adding assay buffer or extraction buffer to wells. 

4.4. Cover the plate with adhesive foil [1] and incubate it for 30 minutes at room temperature on a shaker [2-TXT]. Then, remove the foil [3], empty the plate, and blot it dry by tapping it on a hand towel [4]. 

4.4.1. Talent covering the plate with foil. 
4.4.2. Talent putting the plate on a shaker. TEXT: 600 rpm  Videographer: Obtain multiple reusable takes of this shot because it will be reused in 4.6.5.
4.4.3. Talent removing the foil. 
4.4.4. Talent emptying the plate and patting it dry. Videographer: Obtain multiple reusable takes of this shot, specifically the part where the plate is patted dry, because it will be reused in 4.5.2, 4.6.1, 4.6.3, and 4.8.2.

4.5. To wash the plate, add 1 milliliter of washing buffer and shake it at room temperature on a platform shaker for 5 minutes. Repeat the wash once [1], then blot the plate dry [2]. Add 150 microliters of acylation buffer and 25 microliters of acylation reagent into the wells [3] and incubate the plate for another 15 minutes [4]. 

4.5.1. Talent adding washing buffer to the plate and starting the shaker. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 4.6.2.
4.5.2. Use 4.4.4.
4.5.3. Talent adding acylation buffer or reagent into wells. 
4.5.4. Talent placing the plate on the shaker and starting it. 

4.6. Empty the plate [1], wash it as previously described [2], and blot it dry [3]. Add 150 microliters of 25 millimolar hydrochloric acid into each well [4], cover the plate with adhesive foil and incubate it for 10 minutes on the shaker [5]. 

4.6.1. Use 4.4.4.
4.6.2. Use 4.5.1. 
4.6.3. Use 4.4.4. 
4.6.4. Talent adding hydrochloric acid into a few wells. 
4.6.5. Use 4.4.2.

4.7. After the incubation, add 25 microliters of enzyme solution to the pre-coated norepinephrine microtiter strips [1], followed by 20 microliters of supernatant and standard solutions [2]. Incubate for 30 minutes on a shaker, then add 50 microliters of the norepinephrine antiserum to the strips with adhesive foil [3] and incubate them for another 2 hours [4].

4.7.1. Talent adding enzyme solution to the strips. 
4.7.2. Talent adding supernatant and standard solutions to a few strips, with the tubes with standard solutions in the background. 
4.7.3. Talent adding norepinephrine antiserum to the strips. 
4.7.4. Talent putting the strips on a shaker. 

4.8. Discard the buffer and wash the microtiter strips three times with 300 microliters of washing buffer [1], then remove the buffer and blot the plate dry [2]. Add 100 microliters of enzyme conjugate to each well [3] and incubate it for 30 minutes while shaking [4]. 

4.8.1. Talent adding washing buffer to the strips. 
4.8.2. Use 4.4.4. 
4.8.3. Talent adding enzyme conjugate to wells. 
4.8.4. Plate on the shaker. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 4.9.2.

4.9. After discarding the buffer and washing the strips, add 100 microliters of substrate into each well [1], incubate the plate for another 25 minutes [2], then add 100 microliters of stop solution [3]. 

4.9.1. Talent adding substrate to a few wells. 
4.9.2. Use 4.8.4.
4.9.3. Talent adding stop solution to a few wells.

4.10. Use a microplate reader to read the absorbance of the solution and calculate the norepinephrine concentration using standard solution as control [1]. 

4.10.1. Talent using the microplate reader. 

5. Immunohistochemistry for Tyrosine Hydroxylase 

5.1. [bookmark: _GoBack]Fix the kidneys in 4% PFA and paraffin embed the central part of the fixed kidney with a cross section of 3 to 4-millimeter thickness [1]. Place the paraffin-embedded kidney on a microtome [2], cut to 3 to 4 micrometer thickness [3], and attach the section to the microscope slide [4]. Videographer: This step is difficult!

5.1.1. Talent paraffin embedding the kidneys. 
5.1.2. Talent placing the kidney on the microtome. 
5.1.3. Talent cutting the kidney. 
5.1.4. Talent attaching kidney section to a slide. 

5.2. Deparaffinize the sections with xylene [1], then rehydrate them by submerging twice in 100, 95, and 90% ethanol [2]. Then, permeabilize the kidney sections in 0.1% SDS for 5 minutes and wash them 3 times with PBS [3]. 

5.2.1. Talent placing the sections in xylene. 
5.2.2. Talent moving the sections from one ethanol bath to another. 
5.2.3. Talent placing the kidney sections in SDS, then washing them with PBS. 

5.3. Autoclave the permeabilized sections in 10 millimolar sodium citrate at 120 degrees Celsius for 10 minutes [1]. After cooling and washing them according to manuscript directions, incubate the sections in PBS with 3% BSA for 30 minutes [2]. 

5.3.1. Talent starting the autoclave. 
5.3.2. Talent placing the sections in the PBS with 3% BSA. 

5.4. Aspirate the BSA and incubate the kidney sections with antibody against tyrosine hydroxylase, or TH, overnight at 4 degrees Celsius [1]. On the next day, wash the kidney sections 3 times with PBS [2] and incubate them with HRP-conjugated anti-rabbit antibody for 1 hour [3]. 

5.4.1. Talent placing the sections with antibody in the fridge. 
5.4.2. Talent washing the sections in PBS. 
5.4.3. Talent adding antibody to the sections. 

5.5. Then, wash the sections 3 times with PBS and stain them with DAB for up to 2 minutes [1]. Repeat the washes with PBS, dehydrate the kidneys with 90, 95, and 100% ethanol and xylene [2], then mount the coverslips with a 1 to 1 mixture of mounting medium and xylene [3]. 

5.5.1. Talent applying DAB to sections. 
5.5.2. Talent moving the sections from one ethanol bath to another. 
5.5.3. Talent mounting the coverslips. 



Section – Results
6. Results: Renal Denervation in UUO and IRI Models 
6.1. Renal denervation was carried out 2 days prior to kidney injury to define whether renal nerve contributes to kidney fibrosis and inflammation. To confirm successful denervation in the UUO model [1], tyrosine hydroxylase-positive sympathetic nerve fibers in adventitia of intrarenal arteries were observed by immunohistochemistry [2-TXT].  
6.1.1. LAB MEDIA: Figure 1 A. 
6.1.2. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the brown spots in the intact kidney that the arrows are pointing to. TEXT: TH = tyrosine hydroxylase
6.2. It was found that denervation significantly reduced TH expression in the kidney [1]. ELISA was then used to determine the level of norepinephrine. During UUO injury, intrarenal level of NE was the same in both sham and UUO kidneys [2], but denervation markedly suppressed the level [3]. 
6.2.1. LAB MEDIA: Figure 1 B. Video Editor: Emphasize the light RDNx TH band in the gel and the RDNx TH bar in the graph.   
6.2.2. LAB MEDIA: Figure 1 C. 
6.2.3. LAB MEDIA: Figure 1 C. Video Editor: Emphasize the RDNx line at the bottom. 
6.3. Similarly, denervation inhibited TH expression almost completely in both sham and IRI kidneys [1]. In IRI kidneys, NE level was increased at earlier timepoints and continued for at least 16 days post-injury [2]. 
6.3.1. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the RDNx bands for both sham and IRI. 
6.3.2. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the RDNx bars. 

6.4. Renal tubular injury, inflammation, and fibrosis were analyzed to confirm the effects of denervation [1-TXT]. PAS-staining (pronounce ‘P-A-S-staining’) was used to evaluate tubular damage [2], and it was found that UUO kidneys had severe necrotic cell death in all renal tubules [3], while IRI kidneys only showed damage in the proximal tubules of the outer medulla [4].

6.4.1. LAB MEDIA: Figure 3. 
6.4.2. LAB MEDIA: Figure 3 A and 4 A, just the PAS stain images. 
6.4.3. LAB MEDIA: Figure 3 A. 
6.4.4. LAB MEDIA: Figure 4 A.  

6.5. Kidney inflammation was analyzed by immunohistochemistry of PMN for neutrophils [1] and F4-80 for macrophages [2], as well as western blotting for proinflammatory cytokines [3]. Expression of neutrophil, macrophage, and proinflammatory cytokines were highly upregulated in both IRI and UUO kidneys [4].

6.5.1. LAB MEDIA: Figure 3 B and C and Figure 4 D and E. 
6.5.2. LAB MEDIA: Figure 4 F and G. 
6.5.3. LAB MEDIA: Figure 3 D. 
6.5.4. LAB MEDIA: Figure 3B-D and 4D-G






Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Babu Padanilam:  This method can provide insight for heart failure and diabetes research, where renal denervation is currently being investigated. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




 2019, Journal of Visualized Experiments	Page 13 of 13
image1.png




