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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? 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. 2.4, 2.6, 3.9, 4.2, 4.4, 5.1
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. 4.4, 4.5
E.  Will the filming need to take place in multiple locations? Y 200 meters
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this method is to produce high quality images of peripheral nerve cross sections (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Richard: This method can help answer key questions in the field of peripheral nerve injury and regeneration fields, such as: what is the morphometry of a peripheral nerve; how many axons are present; what is the state of myelination; is there fibrotic tissue present?
1.1.1. Named author states the above, looking slightly off frame, interview style.

1.2. Adel: The main advantage of this technique is that it allows for high resolution visualization of nerve features. 
1.2.1. Named author states the above, looking slightly off frame, interview style.

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 University of Wyoming. 
Protocol: (read by voice talent at JoVE)
2. Surgery and In Vivo Nerve Fixation
2.1. Begin by placing an anesthetized rat in the prone position on the top of a dissection mat [1-MED]. Place a nose cone to maintain anesthesia with 1 to 2% of isoflurane [2-CU]. To ensure adequate depth of anesthesia, test animals for pedal withdrawal and palpebral reflexes the of hind feet [3-MED-over the shoulder]. 
2.1.1. Talent removes the rat from the anesthesia chamber and positions it on the dissection mat. 
2.1.2. The nose cone is placed over the snout of the rat. 
2.1.3. Talent administers a toe pinch to both feet of the rat. No reaction occurs. 
2.2. Once an appropriate depth of anesthesia is achieved, shave the hair of the hind limbs [1-MED-over the shoulder] and sterilize the shaved areas with 70% ethanol [2-MED]. 
2.2.1. Talent shaves the hind limbs of the rat. 
2.2.2. The hind limbs of the rat are wiped with a gauze soaked in 70% ethanol. 
2.3. Palpate the femur to identify the proper location for the incision. The femur is located just proximal to the most accessible segment of the sciatic nerve [1-CU]. 
2.3.1. The femur is palpated until the optimal incision site is identified. 
2.4. After making a 2 to 3-centimeter incision in the skin along the hind limb from the knee up to the greater trochanter [1-MED-over the shoulder-TXT], locate the plane between the biceps femoris muscle and the gluteus maximus muscle [2-ECU]. 
2.4.1. Talent finishes making the incision and places the scalpel/scissors on the instrument area of the bench. TEXT: Maintain sterile techniques throughout. 
2.4.2. The plane between the biceps femoris muscle and the gluteus maximus muscle is indicated. 
2.5. Then use microdissection scissors to separate the underlying fascia and expose 2 to 3-centimeters of the underlying sciatic nerve [1-MED-over the shoulder]. Use a retractor to widen the gap between the two muscles [2-CU]. 
2.5.1. *film as written. 
2.5.2. A retractor is placed to hold the biceps femoris muscle and the gluteus maximus muscle apart. 
2.6. With fine forceps and iris scissors [1-MED], carefully separate the nerve from surrounding connective tissue, taking great care not to compress or cut the nerve [2-ECU]. 
2.6.1. Talent picks up forceps and iris scissors. 
2.6.2. The nerve is separated from the fascia.  Authors – please film a scope video in addition to the ECU shot obtained by the videography. 
2.7. Next, cover the exposed nerve with Trump’s fixative and let sit for ten minutes [1-CU-TXT]. If necessary, place gauze under the hind leg to improve the angle so that more fixative can be added into the cavity [2-MED-TXT]. 
2.7.1. Trump’s fixative is gently squirted into the cavity containing the exposed nerve TEXT: 4% formaldehyde, 1% glutaraldehyde in 1x PBS with 1.16 g of NaH2PO4·H2O per 100 mL
2.7.2. Gauze is placed to optimize the positioning of the leg and then more Trump’s fixative is added. TEXT: Do not leave animals unattended during any part of the surgical procedure. 
2.8. Remove the fixative after 10 minutes and repeat this step two more times [1-MED-over the shoulder]. 
2.8.1. Talent aspirates the fixative from the cavity and then pipettes from a labeled bottle/tube of Trump’s fixative and dispenses it into the cavity. 
2.9. Under the dissecting microscope, cut the sciatic nerve from both sides using fine dissection scissors, making sure not to stretch or pinch the nerve [1-SCOPE]. 
2.9.1. The sciatic nerve is cut from both sides to release it from the leg. 
2.10. Immediately put the nerve sections in 15-milliliter tubes containing Trump’s fixative [1-CU] and fix at 4 °C for one week changing the fixative every 48 hours [2-MED-over the shoulder]. 
2.10.1. Shot of a tube containing fixative as the nerve is immersed in the fixative. 
2.10.2. Talent places a rack of tubes containing fixative and nerves into the fridge/cold room. TEXT: Euthanize the animal by cervical dislocation while under anesthesia. 
3. Osmium Tetroxide Treatment and Resin Embedding 
3.1. Post fixation, carefully remove any remaining fat and connective tissues from the nerve and use a sharp scalpel to cut the nerve into segments approximately 5-millimeters in length [1-SCOPE]. Nerve segments can be separated into different labeled tubes [2-MED-over the shoulder]. 
3.1.1. Fat and connective tissue is removed from one of the nerves. The nerve is then cut into 5 mm segments. 
3.1.2. Talent places one segment of nerve into a tube and then repeats the action with another section of nerve and another tube. 
3.2. Immerse nerve segments in freshly prepared 2% osmium tetroxide for 2 hours [1-CU]. 
3.2.1. A nerve segment is immersed in 2% osmium tetroxide in a 1.5 mL Eppendof tube.
3.3. Using an epoxy embedding kit, prepare the final embedding mixture [1-MED-over the shoulder-TXT]. Mix the epoxy embedding medium with DDSA solution [2-MED-TXT] and mix the epoxy embedding medium with NMA solution [3-CU]. Mix both solutions for at least 20 minutes with a magnetic stirrer [4-MED-over the shoulder]. 
3.3.1. Talent Wearing additional PPE or working in a fume hood opens the epoxy embedding kit box, and removes the contents (please don’t show the brand name of the kit). TEXT: All resin chemicals are toxic; take extra care to prevent skin contact or inhalation.
3.3.2. Talent mixes the epoxy embedding medium with DDSA solution. TEXT: Dodecenylsuccinic anhydride; mixture A. 
3.3.3. The epoxy embedding medium is added to NMA solution (or vice versa – however the lab usually mix these). TEXT: Methylnadic anhydride; mixture B. 
3.3.4. Both solutions are placed on stir plates and each stir plate is turned on so that the solutions begin mixing. 
3.4. Immediately before use, combine the accelerator DPM-to solution B [1-MED], and then combine this with solution A, such that the accelerator’s final proportion is between 1.5 and 2.0% of the total volume [2-CU]. 
3.4.1. Talent combines A and B in the usual manner the accelerator to solution B (Author Comment: The accelerator is added to the solution B first then both solutions A and B are combined.) (Editor: I’ve altered the shot descriptions and narration to hopefully reflect the authors’ changes)
3.4.2. The combined solution from 3.4.1 is added to the accelerator solution A. TEXT: 2,4,6-tris(dimethylaminomethyl) phenol-30
3.5. Transfer the nerve segments to 1.5-milliliter tubes [1-CU], and, after washing with PBS, start the dehydration process by replacing the PBS with increasing concentrations of acetone in distilled water for 10 minutes each [2-MED-TXT]. 
3.5.1. A nerve is transferred with fine forceps and placed in 1.5 mL Eppendorf tube. 
3.5.2. Talent aspirates the PBS from a tube then puts down the pipette and lifts a pastette from a labeled tube of 30% acetone and dispenses this volume into the tube. TEXT: 30%, 60%, 90%, 100% acetone. 
3.6. Richard: One critical step is the tissue dehydration. Water and resin will not interact, so any water remaining in the tissue will not be infiltrated by the resin, leaving holes in the section devoid of histological qualities [1-INT]. 

3.6.1. Named Talent speaks the text to camera. 

3.7. For resin infiltration, first place the nerve segments in a 1:1 mix of embedding mixture and 100% acetone for 30 minutes [1-MED]. 
3.7.1. Talent transfers a nerve from a 1.5. mL tube of 100% acetone to a 1.5 mL tube containing embedding mixture and acetone. 
3.8. After 30 minutes [1-MED] transfer the segments to a 2:1 mix of embedding mixture and 100% acetone for 30 minutes [2-MED-over the shoulder].
3.8.1. Talent picks up timer and shuts off the alarm. 
3.8.2. Talent transfers a nerve from the previous acetone/embedding mixture tube to a 1.5 mL tube containing a 2:1 mix of embedding mixture and acetone. (Author Comment: Steps 3.8 and 3.9.1 are the same.) (Editor: I’ve struck out 3.9 because of the author’s comment)
3.9.  [1-CU]. 
3.9.1. A nerve grasped with forceps is immersed in embedding mixture. 
3.10. Place the nerve segments in silicone rubber embedding molds [1-MED-over the shoulder] and gently add the resin on top of the nerves, making sure to cover the whole nerve segment while avoiding air bubbles [2-CU]. 
3.10.1. Talent places multiple nerve segments into multiple embedding molds. 
3.10.2. Resin is slowly added to one of the molds. When the nerve is covered resin is added to the mold next to it. 
3.11. Leave the resin to polymerize at 60 °C overnight [1-MED-over-the-shoulder].
3.11.1. Talent places the molds on a tray into the incubator and closes the door. 
4. Sectioning by Ultramicrotome
4.1. Place a resin block with embedded nerve into the ultramicrotome holder with the trapezoidal side facing up [1-MED-over the shoulder]. 
4.1.1. Talent (wearing something different to show that a day has passed) places the block into the holder of the microtome. 
4.2. While viewing through the ultramicrotome scope [1-MED], use a single-edged blade to trim excess resin surrounding the nerve tissue.  Do not penetrate the longitudinal surface of the nerve segment, which is recognizable by its dark staining by osmium tetroxide [2-LM-TXT]. 
4.2.1. Talent looks through the oculars of the ultramicrotome scope. 
4.2.2. LAB MEDIA: Scope footage. The excess resin is trimmed as described. Videographer please take a minimum of 30 seconds of footage.  TEXT: Maintain the block face in a trapezoid shape 
4.3. With a plain glass knife on the ultramicrotome [1-CU], make multiple cross sections to expose a uniform cross section surface of the nerve [2-SCOPE]. 
4.3.1. Shot focused on the knife of the microtome as a section is cut. 
4.3.2. Two or three cuts are made. The last cut exposes the uniform cross section of the nerve. 
4.4. Once this is done, switch to a glass knife with a boat filled with distilled water at room temperature [1-MED-over the shoulder] and adjust the ultramicrotome to 1 to 2 microns to cut thin sections [2-CU].
4.4.1. The glass knife on the microtome has been changed. Talent fills the reservoir of the knife with distilled water from a squeezy bottle or similar. 
4.4.2. The dial or buttons of the microtome is manipulated to change the section thickness to 1-2 microns. 

4.5. Use a metal loop to transfer floating thin sections from the glass knife boat [1-CU] to a drop of deionized water on glass slide [2-CU]. 
4.5.1. A metal loops picks a section from the boat. 
4.5.2. The section is deposited in a drop of water on a slide. 
4.6. Adel: Another critical step is during the transfer of thin sections from the glass knife to slide. These thin sections are very fragile and can break or fold [1-INT]. 

4.6.1. Named Talent speaks the text to camera. 
4.7. After sectioning, dry the sections on the slides by passing a slide over a flame several times, making sure not to overheat the sections [1-MED-TXT]. Slides can be stored at room temperature for several days if not immediately staining with toluidine blue [2-MED-over the shoulder]. 
4.7.1. Talent passes a slide over a naked flame several times. TEXT: Sections can also be dried using a plate warmer at 60 °C for 15 min. Slow drying makes the sections smooth.
4.7.2. Talent places the slide in a storage box next to other slides. 
5. Toluidine Blue Staining
5.1. To stain the nerve sections, use a plastic pipette or micropipettor [1-MED-TXT] to add a drop of toluidine blue solution on the top of the nerve sections [2-CU]. 
5.1.1. Talent dips a plastic pipette or micropipettor into the labeled bottle/tube of toluidine blue and sucks up a small amount. TEXT: See written protocol for details of toluidine blue preparation.
5.1.2. Toluidine blue is dispensed onto 2 or 3 sections. 
5.2. After 20 to 30 seconds, rinse off all toluidine blue solution excess by gently dipping the slides into a jar of deionized water. Repeat 3 to 4 times until sections are clear [1-MED-over the shoulder]. 
5.2.1. Multiple slides may be in a slide rack or Talent could be holding an individual slide. Either way, the slide or slides are immersed in a jar of deionized water, then lifted out and re-dipped 3 or 4 times. 
5.3. Dry the slides for at least 15 minutes at 60 °C or overnight at room temperature [1-MED]. 
5.3.1. Stained slides laid out on a tray are placed in the oven. Talent then closes the door. 
5.4. After drying add regular mounting medium and cover the sections with a coverslip [1-CU]. 
5.4.1. Mounting medium is added to a slide and then a coverslip is placed. 
5.5. Finally, examine the mounted sections under a light microscope. A 100X oil immersion lens is recommended for detailed images to calculate g-ratios [1-MED]. 
5.5.1. Talent places a slide on the stage and then turns the carousel to select the 100X objective, looks though the oculars and fiddles with the focus. 
6. Results: Transverse Section Images of a Rat Sciatic Nerve Stained with Toluidine Blue
6.1. Sciatic nerve sections embedded in resin medium and stained with toluidine blue showed clear images with optimal resolution at increasing magnification from 10X [1-LM], through 20X [2-LM], 40X [3-LM], and 60X [4-LM]. 
6.1.1. LAB MEDIA: 58031_Bushman_Figure3_10X. Show image then replace with the next throughout. 
6.1.2. LAB MEDIA: 58031_Bushman_Figure3_20X
6.1.3. LAB MEDIA: 58031_Bushman_Figure3_40X
6.1.4. LAB MEDIA: 58031_Bushman_Figure3_60X
6.2. This method preserves nerve structure and allows for high resolution, high magnification imaging [1-LM] which facilitates the measurement of several parameters such as the g-ratio which is the ratio of axon diameter, indicated by the arrow labeled B, to the total fiber diameter, labeled A [2-LM]. 
6.2.1. LAB MEDIA: 58031_Bushman_Figure4_100X
6.2.2. LAB MEDIA: 58031_Bushman_Figure4_inset. Please have this figure rise out of the red box in the prior image. 
6.3. A variety of factors can lead to less than optimal peripheral nerve sections including the presence of cracks in the section due to improper handling of the nerve [1-LM]. 
6.3.1. LAB MEDIA: 58031_Bushman_Figure5A_20X. Show image. 
6.4. Holes can also occur in the section due to insufficient dehydration [1-LM]. 
6.4.1. LAB MEDIA: 58031_Bushman_Figure5B_20X. Show image. 
6.5. Another possible error in the procedure is folding of the sections, which can be remedied by using inoculating loops for section transfer onto the glass slide [1-LM]. 
6.5.1. LAB MEDIA: 58031_Bushman_Figure5C_20X. Show image. 
7. Conclusion (said by authors on camera)

7.1. Richard: Following this procedure, other methods like axon quantification can be performed to answer additional questions like what is the degree of regeneration in regenerative nerves [1-INT].
7.1.1. Named author states the above, looking slightly off frame, interview style.
7.2. Adel: After watching this video, you should have a good understanding of how to obtain 1-2μm peripheral nerve sections to assess nerve morphometry [1-INT]. 
7.2.1. Named author states the above, looking slightly off frame, 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, .eps, 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.

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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