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 Arianne van Koppen
Title: 5/6th Nephrectomy in Combination with High Salt Diet and Nitric Oxide Synthase Inhibition to Induce Chronic Kidney Disease in the Lewis Rat
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  N__________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _N________

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.7, 2.8, 2.10, 3.2, 3.3, 3.4______
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success? 

The most difficult procedure is isolating the kidney without inducing damage to the tissue. To successful isolate the kidney without touching the kidney itself, the perirenal fat is used to get hold on the kidney and to gently externalize it.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to induce chronic kidney disease in the Lewis rat.
This is accomplished by first administering the nitric oxide blocker, NG-nitro-L-Arginine, or L-NNA, for a period of four weeks (P1, Editor, use 50398_figuren.pptx, show the timeline (remove P1 and P4), and highlight the first blue line.   Show the rat drinking from the L-NNA bottle. Add in the word ‘week:’ to the left of the numbers).
Next, the entire right kidney is removed (P2, Editor, Water bottle disappears, have the kidney graphic on the far left emerge out of the rat, but start with the “right kidney (on left of figure) still attached. Then show the right kidney becoming separated and it disappears. The remaining blood vessels and left kidney shrink down back into the rat. On the timeline, highlight the “UNX” and green arrow.).
Then, one week later, two thirds of the left kidney is removed (P3, Editor, The left kidney and vessels emerge out of rat, then remove the top and bottom portions of the kidney (as shown by hatch marks in the P3 image, but you don’t need to show the hatch marks on the kidney. On the timeline, highlight the “SNX” and purple arrow.)).
Finally, while being treated with L-NNA and a high salt diet, the development of renal failure in the rat is followed over time (P4, Editor, the rat drinks from the L-NNA bottle again and bring in the list one item at a time. On the timeline, highlight the 3rd blue arrow and the red NaCl arrow.).
Ultimately results can be obtained that show established chronic kidney disease through measurements of protein, creatinine, and urea in blood plasma and/or urine, and systolic blood pressure.  Renal function is ultimately determined by inulin and Para Aminohippurate, or PAH clearance (P5, Editor, use the panels in Figure 5 here.  Begin with D and C, then B, then A). 
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Arianne: This method can help answer key questions in the field of nephrology, such as a better understanding of the pathology of CKD and to study the effect of therapeutic interventions.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Preparation for Surgery

2.1. TEXT on White Background: All experiments are executed in accordance with the animal experimental ethical guidelines of the Utrecht experimental animal committee. The protocol is performed under the guidance and approval of the institution’s animal care and use committee.
2.2. Four weeks prior to the initial nephrectomy procedure, start administering 20 mg/L of the nitric oxide synthase inhibitor, L-NNA in the rat’s drinking water according to this timeline.

2.2.1. LAB MEDIA Figure 1 (top half showing the timeline without the text at the bottom)

2.3. To prepare for surgery begin by sterilizing the following instruments:  a blanket, one 12 cm student tissue forceps with 1-2 teeth, 1 student standard pattern forceps, 2 Semken forceps, 1 Mayo scissors, 1 student iris scissors, 1 Olsen-Hegar needle holder with scissors, and a.

2.3.1. WIDE Talent approaches bench with sterilized instruments and places them down

2.3.2. MED/CU Instruments laid out on sterile surface and filmed in the order of the VO
2.4. Then, have the following inventory ready: an operating table with warming pad and lamp, O2 and isoflurane, tissues, a shaver, the sterile surgical instruments, 5x5 and 10x10 sterile gauze, 70% alcohol, 0.9 NaCl solution, a 1 ml syringe, 25 gauge needles, gel foam pads, 4.0 and 5.0 vicryl, 0.03 mg/kg Buprenorphine, and a clean cage for the rats after surgery. 

2.4.1. WIDE/MED Broll of operating table with warming pad and lamp, O2/isoflurane

2.4.2. CU: zoom in on syringe filled with buprenorphine
2.4.3. MED Talent places clean cage near surgical area for after surgery
2.5. Before beginning the procedure, use 70% alcohol to disinfect the table. Put on a head cap and a mask; then wash and disinfect hands before putting on sterile surgical gloves.

2.5.1. MED Talent sprays ethanol on table and wipes down

2.5.2. MED Talent with cap on applies mask

2.5.3. MED Talent disinfects hands and then applies gloves 
2.6. After inducing anesthesia in an induction chamber with 4% isoflurane and administering pre-analgesia if necessary, transfer the rat onto the heating pad on its left side on the table and ventilate it using a nose cone with a mixture of 2% isoflurane and 1L of oxygen. (Authors: please have the heating pad covered with a towel to avoid burning the rat).

2.6.1. WIDE Talent carries anesthetized rat to lined heating pad , Talent places nose cone on rat

2.7. Shave the flank of the rat and use alcohol to disinfect the surgical site.  Next, using anatomical forceps and blunt scissors, make a 1 - 1.5 cm incision parallel to the ribs. Then, with blunt dissection of the back muscles, expose the right kidney. 
2.7.1. CU Talent finishes shaving flank and then disinfects site with alcohol

2.7.2. CU Talent makes incision parallel to ribs then exposes the right kidney with blunt dissection (please use second shot/take, this represents a more clear view of the technique)
2.8. Once the lower pole of the kidney is visible, use the small blunt forceps to carefully grip the perirenal fat tissue. Then use forceps to gently pull on the perirenal fat, taking care not to disturb the adrenal gland, and externalize the kidney. To separate the kidney from the adrenal gland, position a forceps at the medial site in the fat tissue and gently move the tissue upwards between the adrenal gland and the kidney.
2.8.1. CU/ECU With the lower pole of the kidney visible, talent carefully grips the perirenal fat tissue and externalizes the kidney (this has been combined with 2.8.3: ECU Talent moves fat tissue upwards to separate adrenal gland from kidney), from both, please use second shot/take
2.8.2. LAB MEDIA Figure 2 [Video Editor: If this figure works as an inset to the shots, please make it an inset]
2.9. Gently place the kidney on gauze and clear it of any surrounding fat and connective tissue. Identify the renal artery and vein and loosely place a ligature (TEXT: 5.0 vicryl) with a single knot around the vessels.  
2.9.1. CU Talent gently places kidney on gauze and clears surrounding tissue
2.9.2. CU/ECU with renal artery and vein visible (Talent, point out renal artery and vein.   Editor, point out renal artery and vein at this step
2.9.3. CU/ECU Talent loosely tie vessels with single knot
2.10. To prevent the ligature from slipping off after cutting, move the loose knot carefully along the vessels towards the aorta, approximately 0.5 cm, to create space between the kidney and the knot.
2.10.1. CU/ECU Talent moves the knot along the vessels towards aorta to create space
2.11. Next, tie two double knots without cutting the ends of the ligature. If perfusion is successfully halted, the color of the kidney will immediately turn brown.  Then cut the renal vessels close to the kidney and remove it.
2.11.1. CU/ECU Talent ties two double knots and the kidney turns brown
2.11.2. CU Talent cuts renal vessels and removes it
2.12. Gently pull on the long ends of the ligature to check for bleeding of the renal vessels. The ligature should stay in place on the vessel. Cut the long ends of the ligature. The remnant renal vessels will retract into the abdominal cavity immediately.
2.12.1. CU Talent gently pulls on the long ends of the ligature and it stays in place, Talent cuts the long ends and the renal vessel remnants retract into abdominal cavity  
2.13. Next, blot the excised kidney dry and weigh it.
2.13.1. MED/CU Talent blots kidney dry then places on scale and weighs

2.14. Use 5.0 Vicryl running sutures to close the skeletal muscle. Into the hind limb, intramuscularly inject 0.03 mg/kg of buprenorphine then use 4.0 Vicryl intracutaneous sutures to close the skin.
2.14.1. CU Talent closes skeletal muscle
2.14.2. CU Talent injects buprenorphine (2.14.1 and 2.14.2 have been combined in 1 shot)
2.14.3. CU Talent closes skin
2.14.4. MED/CU Talent removes nose cone (this is combined with 2.15.1) 
2.15. Allow the rat to recover in a clean, solitary cage, placed halfway on a heating pad, with access to food and water and monitor it according to the text protocol.
2.15.1. MED Sedated rat in clean cage containing food and water  (combined with 2.14.4)
3. Left Side Subtotal Nephrectomy
3.1. Seven days later, in preparation for a second surgery, calculate the weight of ~2/3 of the right kidney and prepare small pieces of gel foam.  Repeat the procedure shown to exteriorize the left kidney and detach the adrenal gland from it.  

3.1.1. TEXT on white background: Weight of right kidney x 2/3 

3.1.2. CU Small pieces of gel foam on sterile surface

3.1.3. ECU Talent exteriorizes left kidney

3.2. Place sharp scissors around the upper pole of the left kidney and resect the upper pole in one stroke (for scissor location, see figure 3). Cover immediately with a piece of gel foam and exert mild pressure with sterile gauze.
3.2.1. CU/ECU Talent resects upper pole of left kidney with scissors then covers with foam and exerts mild pressure 

3.3. Then, resect the lower pole of the kidney and cover it in a similar manner. To prevent clotting on the skin, lift the kidney and use sterile gauze to maintain mild pressure on both gel foam pads until the bleeding stops. If bleeding persists, add another foam pad.
3.3.1. CU/ECU Talent resects lower kidney and covers with foam, Talent uses sterile gauze to maintain pressure on both foam pads 
3.4. Place the remnant kidney with the adherent gel foam pads inside the abdomen and close the muscle and skin.  Follow the same procedure as described earlier to monitor the recovery of and house the rat (TEXT: see text protocol for sham surgery details). 
3.4.1. CU Talent places kidney remnant into abdomen
3.4.2. MED/CU Sedated rat in clean cage with food and water after surgery on right side
4. Representative Nephrectomy Results-(second to last section) 
4.1. After subtotal nephrectomy, approximately 1/6th of the total renal mass is left.  This figure shows the weight of the right kidney and the removed portion of the left kidney with the mean and standard deviation from previous experiments. In the week after uninephrectomy, hypertrophy of the left kidney occurs; resulting in a slight underestimation of the preferred amount of renal tissue that needs to be removed, which was based on the calculated weight of the right kidney.  However, since it is not possible to determine the weight of the left kidney, this is the most accurate way to remove ~5/6th of the renal mass.  
4.1.1. LAB MEDI Figure 4
4.2. Progression of renal failure is tracked by collection of urine for the measurement of protein and creatinine, blood for plasma urea and creatinine, and systolic blood pressure. Creatinine clearance can be calculated but tends to underestimate the decline in GFR due to extensive tubular creatinine secretion in rats, underlining the importance of the gold standard method to determine renal function by inulin and PAH clearance. Koeners et al. described the complete procedure. Inulin and PAH clearance are calculated from their concentration in the urine sample (U), urine flow rate (V), and their plasma concentration (P). 
Over time, rats with chronic kidney disease, or CKD, develop hypertension, uremia, anemia, proteinuria a significant decrease in glomerular filtration rate and effective renal plasma flow. After 6 weeks, established CKD has developed, which is a suitable time-point to test rescue interventions.  With increased time, strong progression of hypertension and proteinuria is observed while hematocrit and renal function show mild deterioration. Other symptoms not focused on in our experiments include derangements in calcium-phosphate and lipid metabolism, and many others. Depending on the strain of rats, development of CKD can vary markedly.  With the Lewis rat used here, a high salt diet and a nitric oxide blocker were added to induce hypertension and endothelial dysfunction.
4.2.1. LAB MEDIA Figure 5
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1.  Arianne: Once mastered, this technique can be done in approximately 15-20 minutes if it is performed properly.
5.2. Arianne: After watching this video, you should have a good understanding of how to induce chronic kidney disease in the Lewis rat by performing a stepwise subtotal nephrectomy.
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 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.

( 2010, Journal of Visualized Experiments


