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Authors, please fill out the brief questionnaire below.

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ If yes, please list make and model of your microscope:
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) _______ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
[bookmark: _GoBack]C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
1)	Dialysis overview
2)	Preparation of syringe for injection
3)	Retrobulbar injection
4)	Explanation of high-throughput protocol
5)	Sample collection and handling
6)	Measurement and analysis

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Complete retrobulbar injection and time sensitive blood sampling. Success can be achieved by practicing the injection technique and strictly adhering to the high-throughput protocol.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to show other investigators how to determine kidney function in awake mice. (Intro)

This is accomplished by first dialyzing fluorescein isothiocyanate, or FITC, inulin for 24 hours and determining its concentration for injection. (P1)
Suggested animation:  Dialysis tubing filled with FITC inulin is placed into a container of dialysis buffer.  This animation can be based on the following shot or the shot itself can be alternatively used.   

Shot 2.4.1 - Membrane as talent fills it with the dissolved FITC-inulin and seals it with the closures.

The second step is to weigh the mouse, prepare accurate volume of FITC inulin for retrobulbar injection and anesthetize the mouse. (P2)
Suggested animation:  A syringe is filled with FITC inulin and a mouse is placed on a scale.  These animations can be based on the following shots or the shots themselves can be alternatively used. 

Shot 3.2.1 - Hamilton syringe with a half inch long 26 gauge needle as talent aspirates the FITC-inulin.
Shot 3.1.1 - Talent weighs a mouse.

Next, the retrobulbar FITC inulin injection is performed and 8 blood samples are taken over a 75 min period. (P3)
Suggested animation: Mouse as the syringe from P2 is used to inject the FITC inulin into the retroorbital plexus of the mouse.  Then collection of a blood sample from the tail is animated. These animations can be based on the following shots or the shots themselves can be alternatively used. 

Shot 3.2.3 - Retroorbital plexus of mouse as talent injects the FITC-inulin (see this website for the approximate location of the retroorbital plexus behind the eye on the mouse: http://www.theodora.com/rodent_laboratory/blood_collection.html)
Shot 4.1.1 - Mouse tail as talent collects blood into a heparin coated hematocrit capillary.

The final step is to measure FITC inulin using a micro-volume fluorospectrometer and to calculate kidney function by employing a two-phase exponential decay model. (P4)
Figure 1 can be shown as P4 is narrated.

Ultimately, combining the sensitivity of the FITC-inulin single bolus injection method with the micro-volume capability of the fluorospectrometer allows for detecting differences in kidney function caused by genetic modifications in mice, dietary changes or drug applications. (P5)
Figure 2 can be shown as P5 is narrated.

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Timo Rieg:  The main advantages of this technique over existing methods, like continuous infusion under anesthetized conditions, implantation of osmotic minipumps or using radioactive inulin, are that: no surgery is needed; it is not a terminal experiment; no urine has to be collected; and it is possible to measure up to 24 mice per day.
1.1.1. MED:  Timo speaks toward camera, interview style.
1.2. Timo Rieg: The implications of this technique extend toward therapy of acute kidney injury and chronic kidney disease, because it allows for analysis of novel genes and therapies with impact on these conditions.  
1.2.1. CU:  Timo speaks toward camera, interview style. Not shown
1.3. Timo Rieg: We first had the idea for this method, when we started analyzing a large number of diabetic animals while investigating the impact of dietary changes on kidney function. Using this method allowed us to use every animal as its own control and gave us the statistical power of a paired experiment.
1.3.1. MED:  Timo speaks toward camera, interview style. Not shown
1.4. Timo Rieg: Visual demonstration of this method is critical as the retroorbital injection and timely blood collection steps are difficult to learn.  If not administered completely, or if blood collections are not perfectly timed, determination of kidney function will be inaccurate.
1.4.1. CU:  Timo speaks toward camera, interview style. Not shown
1.5. **Timo Rieg: I will be demonstrating the procedure along with Maria Gerasimova, a research associate from my laboratory.
1.5.1. MED:  Timo speaks toward camera, interview style.
1.5.2. MED:  Maria looks up from workbench or desk and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Preparation of FITC-inulin injection solution
2.1. To prepare the FITC-inulin injection solution, weigh enough FITC-inulin for 2 ml of a 5% solution.  Dissolve the labeled inulin in 0.85% sodium chloride solution by heating to 90ºC until completely dissolved.
2.1.1. MED:  Talent at balance weighs out the FITC-inulin.
2.1.2. CU:  Sodium chloride solution on hotplate, stirring, as talent adds labeled inulin. We do not use a hotplate to dissolve.
2.1.3. CU: Setting temperature and showing the tin foil covered tube shaking in thermo shaker.
2.2. Weigh and record the dissolved FITC-inulin solution.
2.2.1. MED-over the shoulder:  Talent observes the weight of the solution on the balance and records in a notebook. Not shown.
2.3. Place a piece of 20 cm dialysis membrane in double distilled water for 30 minutes to remove residual sodium azide from the membrane.  Flush the membrane a few times afterwards.
2.3.1. MED:  Talent places a piece of 20 cm dialysis membrane into a container of double-distilled water.  TEXT overlay:  molecular weight cut-off: 1000
2.3.2. CU:  Membrane as talent flushes it with water.
2.4. Fill the dialysis membrane with dissolved FITC-inulin,n and seal properly with closures, and then weigh the enire membrane..   
2.4.1. CU:  Membrane as talent fills it with the dissolved FITC-inulin and seals it with the closures.
2.4.2. MED or MED-over the shoulder:  Talent weighs the entire dialysis membrane. Use 2.6.1 
2.5. Allow the dissolved FITC-inulin to dialyze in 1 liter of 0.85% sodium chloride solution, and stir slowly protected from light for 24 hours at room temperature.
2.5.1. MED or WIDE:  Talent places the filled dialysis membrane into a container with 1 liter of 0.85% NaCl solution.  Container should either be protected from light with tin foil or by some other method. 
2.6. Following dialysis, weigh the entire dialysis membrane again and calculate the new concentration.  Water will osmotically move into the membrane and unbound FITC will move out of the membrane; thus, the concentration of FITC-inulin will decrease substantially.
2.6.1. MED:  Talent weighs the dialysis membrane again. Use 2.6.1 as an inset over 2.6.2.  
2.6.2. CU:  Notebook as talent records the new weight near the previously recorded weights.
2.7. Calculate the new FITC-inulin concentration using this formula, where c is the new concentration, n is the initial FITC-inulin amount, and V is the new volume, which is the difference in weight of dialysis tubing before and after dialysis plus the volume of initial FITC-inulin solution. 
2.7.1. TEXT:  c = n/V
Editors, please make the fraction line appear as a horizontal line with the n on top and the V on the bottom.  Please highlight each variable as narrated.
2.8. Next, sterilize the dialyzed FITC-inulin solution by filtration through a 0.22 micron syringe filter.
2.8.1. MED or CU:  Talent pushes the dialyzed FITC-inulin solution through a 0.22 μm syringe filter into some sort of collection container.
2.9. Keep the FITC-inulin protected from light at 4ºC.  Dialyzed and sterilized FITC-inulin can be used for up to 2 weeks.  Precipitated FITC-inulin can be dissolved by re-heating at 90ºC for a few minutes Remember to always keep FITC-inulin protected from light to avoid photobleaching.  
2.9.1. CU:  Tube of sterilized, dialyzed FITC-inulin as talent covers with tin foil.
2.9.2. MED:  Talent places the foil covered tube into the refrigerator.
2.10. Alternatively a new labeled FITC-polysaccharide, FITC-sinistrin, can be used, which does not require dialysis.
2.10.1. CU:  Labeled container of FITC-sinistrin as talent displays to the camera.  Authors, if possible, please provide an image of FITC-sinistrin chemical that we can show here as an alternative to this shot.
3. Injection and blood collection
3.1. Prior to the experiment, take the body weight of the mice.  After anesthetizing the mice briefly with 4-5 % isoflurane, check anesthesia depth by toe pinch reflex.  
3.1.1. CU:  Mouse on scale as it is weighed.
3.1.2. MED-over the shoulder:  Talent checks the depth of anesthesia by toe pinch reflex.
3.2. Aspirate 2 μl/g of body weight of dialyzed FITC-inulin using a 100 µl Hamilton syringe with a half inch long 26 gauge needle to remove air bubbles.  Then switch to a half inch long 30 gauge needle for injection.  Proceed to inject the dialyzed FITC-inulin into the retroorbital plexus.  
3.2.1. CU:  Hamilton syringe with a half inch long 26 gauge needle as talent aspirates the FITC-inulin.
3.2.2. MED or MED-over the shoulder:  Hamilton syringe as talent switches into a half inch long 30 gauge needle.
3.2.3. ECU:  Retroorbital plexus of mouse as talent injects the FITC-inulin.
3.3. Cut 3-5 mm of mouse tail with scissors once and collect blood at multiple time points after injection in Sodium-Heparin minicapillaries.  Allow mice to recover spontaneously in their home cage.
3.3.1. MED-over the shoulder or MED:  Talent prepares to cut the mouse tail with scissors.
3.3.2. ECU:  Mouse tail as talent cuts 3-5 mm with scissors and collects one blood sample in a 10 µl minicapillary..  TEXT overlay:  3, 5, 7, 10, 15, 35, 56, 75 minutes
3.3.3. MED:  Mice running around home cages after recovery.  Note to videographer and editor:  If camera equipment is not allowed in mouse room, this shot can be omitted and the existing shots can be used to cover narration.
3.4. Seal minicapillaries after blood collection with Châ-seal, and keep the samples protected from light.  Put the sealed minicapillaries inside hematocrit capillaries and centrifuge for 5 minutes.
3.4.1. CU:  Minicapillary as talent seals with Châ-seal.  Measures should be taken to protect the minicapillaries from light.
3.4.2. MED-over the shoulder/MED:  Multiple takes as talent places the sealed minicapillaries inside hematocrit capillaries into the centrifuge.  Shot will be reused once.
3.5. Following centrifugation, break minicapillaries by using a diamond cutter and transfer entire plasma by pipetting into a 0.2 ml tube.
3.5.1. CU:  Centrifuged minicapillaries as talent uses a diamond cutter to break and a pipette the transfer the entire plasma into a 0.2 ml tube.
3.5.2. ECU:  Transfer of plasma from cut minicapillary into the pipette tip.
3.5.3. CU:  Transfer from pipette tip into a 0.2 ml tube.
3.6. Make a 1 to 10 dilution by using 2 μl of plasma and 18 μl of 0.5 mol/L HEPES in a new 0.2 ml tube.
3.6.1. MED or MED-over the shoulder:  Talent pipettes 18 μl of 0.5 mol/L HEPES in a new 0.2 ml tube.
3.6.2. MED: Talent pipettes 2 μl of plasma in tube with 18 μl of 0.5 mol/l HEPES.
3.6.3. We show the standard curve here because the standard curve is pipetted before the samples are measured
3.7. Next, measure 2 μl of the diluted sample with the NanoDrop 3300 in duplicates. 
3.7.1. MED/CU:  Multiple takes as talent applies 2 μl of diluted sample to the NanoDrop and closes lid.  Use both shots here.
3.8. For high-throughput of 6 mice please follow the flow chart protocol provided in the text protocol.  To measure whole kidney GFR by the single bolus injection method, 8 blood samples must be collected at 3, 5, 7, 10, 15, 35, 56 and 75 minutes after FITC-inulin injection.  
3.8.1. LAB MEDIA:  Figure 3.  Editors, please zoom into the top row (black font) and highlight the corresponding number in the top row that are not in parentheses as each time point is narrated. 
3.9. In this flow chart, the numbers indicate collection time points while the numbers in parentheses indicate sample number.  Time points left of the vertical red line indicate injection time points.  
3.9.1. LAB MEDIA:  Figure 3.  Editors, staying zoomed in, as “numbers indicate collection time points” is narrated, please highlight all of the numbers in that row that are not in parentheses.  As “numbers in parentheses indicate sample number” is narrated, please highlight all of the numbers in that row that are in parentheses.  Then zoom out to the full figure and highlight the numbers to the left of the vertical red line as the last sentence is narrated. 
3.10. Each mouse is marked with a different color.  To get sequential blood collections follow the arrows.  Grey boxes indicate when the next mouse must be prepared for isoflurane anesthesia prior to injection.  Using this protocol the minimum time between 2 blood collections from different mice is 1 minute.
3.10.1. LAB MEDIA:  Figure 3.  Editors, please highlight the black arrows as the 2nd sentence is narrated.  Then highlight the grey boxes as the 3rd sentence is narrated.
4. Preparation of standards
4.1. Collect blood from mice of the same background strain in heparin coated hematocrit capillaries as before.  Spin down and dilute 1 to 10 with HEPES buffer. This is not done this way, we skipped 4.1.1.
4.1.1. CU:  Mouse tail as talent collects blood into a heparin coated hematocrit capillary. Not shown
4.1.2. Shot 3.4.2 – talent places tubes into the centrifuge.
4.2. Dilute FITC-inulin injection solution with diluted mouse plasma to get the standard dilutions listed in the text protocol.  The concentration of the standards will depend on the dialysis and will always be different for each preparation of FITC-inulin, therefore it is necessary to enter the concentration for the standard curve each time.
4.2.1. MED:  Talent prepares standard dilutions using labeled tubes.  Continue action in next shot.
4.2.2. CU:  Labeled tubes as talent prepares standards.
4.3. Analyze data to calculate the glomerular filtration rate, or GFR, with appropriate software by using a two-phase exponential decay function as described in detail in the text protocol.
4.3.1. MED-over the shoulder:  Computer screen as talent analyzes the data to calculate the GFR using a 2-phase exponential decay function.
5. Results:  Ability of the FITC-inulin single-bolus injection technique to determine changes in GFR
5.1. To measure GFR in conscious mice, plasma kinetics of FITC-inulin following a single-dose intravenous injection is used.  For calculation of GFR, a two-compartment model is employed.  In the two-compartment model, the initial rapid decay phase represents redistribution of FITC-inulin from the intravascular compartment to the extracellular fluid.  The later phase, with slower decay in FITC-inulin concentration, predominantly reflects systemic clearance from the plasma.
5.1.1. LAB MEDIA:  Figure 1.  Editors, please zoom into the portion of the curve between 0 and 20 min as “the initial rapid decay phase” is narrated, and then slide over to the remainder of the curve as “The later phase, with slower decay…” is narrated.
5.2. Type I diabetes mellitus was induced by intraperitoneal application of streptozotocin.  GFR was determined before and 5 weeks after induction of diabetes.  Due to tubuloglomerular feedback, a primary increase in proximal reabsorption causes early diabetic hyperfiltration, indicated as an increase in GFR, a finding confirmed with this method in wild-type mice.
5.2.1. LAB MEDIA:  Figure 2.  Editors, please highlight the column labeled basal as “before” is narrated, and the column labeled STZ as “5 weeks after induction of diabetes” is narrated.

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


6. Conclusion (said by authors on camera)
6.1. Timo Rieg:  Once mastered, it is possible to measure GFR in up to 24 mice per day if this method is performed properly.  After its development, this technique paved the way for researchers in the field of nephrology and physiology to explore kidney function in awake rodents without the nature of a terminal experiment.
6.1.1. MED:  Timo speaks toward camera, interview style.

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, Illustrator, Powerpoint or Photoshop 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.

Figure 1
Figure 2
Figure 3

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, as well as an introduction to your videographer, closer to your filming date.
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