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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes. Carl Zeiss S5 surgical microscope (preferred), Leica M651 surgical microscope (backup)
Note: We can further liaise with the videographer to make sure the scope kit works.  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No 
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.) 
Step 3.7 Performing hemi-laminectomy

Step 3.10 Needle insertion for DRG injection

Step 3.15 Performing dorsal root crush injury

Step 5.3 Performing CTB injection
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 3.7 Performing hemi-laminectomy without damaging the spinal cord. Gentle vertebral bone removal with the ronguers and ensure clear visualization of the incision site at all times.
Step 3.10 Inserting the needle into the center of the DRG. Stabilize the needle with a stereotaxic frame to allow gentle insertion of the needle into the DRG.
E.  Will the filming need to take place in multiple locations? Yes (2) 

If yes, how far apart are the locations? 5 min walk to a different building
Interview: In an office
Procedures: In an animal facility which requires changing into clean surgical scrub clothing provided. 

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 goal of this surgical approach is to directly apply treatments at the level of the neuronal cell body and assess axon regeneration following therapeutic intervention, without having to perform a more damaging lesion within the central nervous system. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Menghon Cheah: This method can help answer key questions in the field of axon regeneration, such as ‘Can therapeutically treated axons regenerate in the spinal cord and possibly reach the brainstem targets?’ 
1.2. Menghon Cheah: The main advantage of this technique is that researchers can examine CNS axon regeneration without having to directly injure the spinal cord. This reduces post-surgical complications and improves animal welfare. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects were conducted in accordance with the United Kingdom Animals (Scientific Procedures) Act 1986. 
Protocol (read by voice talent at JoVE):
Dear Videographer and Video Editor please note: Due to strict UK and university regulations on animal procedures, the identity (name and face) of the demonstrator cannot be shown explicitly in the video. 
2. Preoperative Procedures
2.1. Begin by properly anesthetizing the animal [1-MED-TXT], confirming a surgical plane of anesthesia by the absence of reaction to a toe-pinch [2-CU]. Then weigh the animal and record the preoperative weight [3-MED-over the shoulder]. 
2.1.1. Talent removes the anesthetized rat from the induction chamber. TEXT: 4% isoflurane in 2.0 L/min of oxygen for induction. 2-3% isoflurane in 1.5 L/min of oxygen for maintenance.  
2.1.2. A toe pinch is performed, no reaction is seen. 
2.1.3. Talent (viewed from the back – Talent’s face is not to be shown at all in this video) looking at the rat and writing the weight in a lab book. 
2.2. For a cervical DRG injection, shave the fur on the neck from between the ears to just distal to the scapulae [1-MED]. Disinfect the shaved area with an antiseptic product [2-MED].
2.2.1. Talent’s hands shave the fur as described. 
2.2.2. The revealed skin is swabbed with disinfectant. 
2.3. Inject 2 milliliters of saline subcutaneously on the flank of the animal [1-MED-over the shoulder], along with an appropriate dose of analgesic and antibiotic [2-MED]. 
2.3.1. Talent performing sc injection. Detail not required. 
2.3.2. Analgesic is drawn into a syringe. TEXT: 5 mg/kg Carprofen and 5 mg/kg Enrofloxacin is used here. 
2.4. Apply eye ointment to both eyes to prevent corneal drying during the procedure [1-MED].
2.4.1. *film as written. 
2.5. Place the animal in a spinal stereotaxic frame [1-MED] and place a heating pad at 37 °C underneath the animal [2-MED]. 
2.5.1. Show the final steps of Talent fitting the animal in the stereotaxic frame. 
2.5.2. Show the temperature of the heating pad at 37 °C.  
3. DRG Injection and Dorsal Root Crush Injury
3.1. Begin the surgery by locating the prominent C2 and T2 spinous processes over the skin [1-CU]. Then use a #10 scalpel [2-MED-over the shoulder] to make a skin incision between the C2 and T2 spinous processes [3-CU]. Once the skin is opened, a white, fibrous-tissue midline should be visible on the first layer of muscle; which has a “jelly-like” texture [4-SCOPE].
3.1.1. Talent palpates the spine at C2 and T2. 
3.1.2. Talent’s hand picks up the scalpel. 
3.1.3. The incision is made. Maybe show the scalpel handle moving shot without showing the blade incising the skin. 
3.1.4. The skin is opened and the layer of muscle is seen. 
3.2. Make a similar-sized incision on the first layer of muscle along the white midline [1-SCOPE]. Do not go beyond the prominent T2 spinous process, as there is a major blood vessel located near there [2-SCOPE]. 
3.2.1. The incision is slowly made in the muscle and stops before the T2 spinous process. 
3.2.2. The tip of the scalpel indicated the T2 process. {Author Comment: Sequentially, the shot 3.2.2 was filmed and shown better after the shot 3.5.3}
3.3. Retract the first layer of muscle using two retractors [1-MED], one placed rostrally and one caudally [2-CU]; the second layer of muscle, with a striated appearance, should now be visible [3-SCOPE].
3.3.1. Talent picks up retractor. 
3.3.2. The retractors are placed as described. 
3.3.3. Show the retractors in place and the muscle visible. 
3.4. Locate the midline of the second layer of muscle, where two longitudinal muscles can be observed connected by a thin, membranous tissue [1-SCOPE]. Then use a pair of microscissors to dissect the membranous tissue and separate the two longitudinal muscles [2-SCOPE-TXT].  
3.4.1. The tips of the microscissors trace the midline where the two longitudinal muscles meet. 
3.4.2. *film as written.  TEXT: Avoid using a scalpel blade, as this may result in unnecessary muscle damage and bleeding.
3.5. Adjust the retractors [1-CU] to expose the third layer of thin muscle covering the spine [2-SCOPE]. The spinous processes can be felt by lightly touching with a pair of forceps over the third layer of muscle [3-SCOPE].
3.5.1. Talent’s hands adjust the retractors. 
3.5.2. The layer of thin muscle covering the spine is seen. 
3.5.3. The forceps touch the thin layer of muscle to feel the spinous processes.  
3.6. Use microscissors to make a small incision on the third layer of muscle [1-SCOPE], and gently scrape off the muscle from the bone using a curette or scalpel in a sideway manner to clearly expose the vertebrae [2-SCOPE-TXT]. 
3.6.1. Talent’s hands make the small incision as described. 
3.6.2. The muscle is scraped off. The shot ends after the vertebrae are clearly exposed. TEXT: If required, cut away the muscle or tendon.
3.7. To expose the left C5 to C8 DRGs, use a pair of fine rongeurs [1-MED-over the shoulder] to perform a left hemi-laminectomy on the C4 to T1 vertebrae by carefully removing part of the lamina and pedicle [2-SCOPE]. 
3.7.1. Talent picks up fine rongeurs. 
3.7.2. Part of the lamina and pedicle is removed. 
3.8. Once enough of the DRG has been exposed for injection [1-SCOPE], prepare the syringe by placing the virus-filled microliter syringe fitted with a custom-made, 33-gauge blunt needle [2-MED] onto the stereotaxic syringe holder [3-MED-over the shoulder]. 
3.8.1. Show the optimal exposure of the DRG. 
3.8.2. Syringe fitted with needle is shown to camera. 
3.8.3. Talent fits syringe onto holder (Videographer – please remember not to capture Talent’s face).  
3.9. Next, use a 30-gauge beveled needle to make a small superficial opening on each of the targeted DRG to assist with the insertion of the injection needle [1-SCOPE]. 
3.9.1. The tip of a needle pokes superficial openings in the one DRGs. 
3.10. Gently adjust the stereotaxic co-ordinates [1-MED] to insert the 33-gauge needle into the center of the DRG [2-SCOPE]. 
3.10.1. Talent gently turning the knobs on the stereotax to lower the needle. 
3.10.2. Show the needle in the DRGs. 
3.11. Menghon Cheah: Ideally, the needle should be placed at the very center of the DRG to ensure uniform diffusion of the injected solution throughout the DRG [1-INT].

3.11.1. NB: Interview filmed in office not as part of surgery procedure. Named Talent speaks the soundbite to camera. 
3.12. Once the needle is inserted, use the infusion syringe pump to inject 1 microliter of the virus into each DRG [1-MED]. During the injection, the DRG will slowly change color if the virus solution contains a colored dye [2-ECU-LM]. 
3.12.1. Talent operating the infusion pump. TEXT: 0.2 μL/min speed. 
3.12.2. Show the DRG as it changes color (Video Editor - footage can be sped up if necessary. TEXT overlay to convey playback speed). 
{Author Comment: Due to the limitation of the scope kit in capturing microscopic images, we had a huge difficulty in obtaining this shot with the videographer’s camera. We obtained additional MP4 footages using our own camera and have uploaded the lab media into the submission folder as directed. As this is the most crucial step of the entire protocol, please use the best footage from us.}

LAB MEDIA: 55535_Andrews_3-12-2_DRGinjection   
3.13. Do not over-insert the needle, as this may cause fluid to leak out from the ventral side of the DRG [1-CU-LM(video and picture)]. Should leakage occur during the injection, adjust the position of the needle immediately [2-MED]. 
3.13.1. Leakage is seen around the DRG during the injection.
{Author Comment: Due to the limitation of the scope kit again, we have obtained additional footage and still-picture using our own camera. Please use both the best footage and picture from us. The picture is a layered TIF file and points out where the leakage is which would help the viewer to understand how a leakage should look like.}

LAB MEDIA (video): 55535_Andrews_3-13-1_Video_Leakage

LAB MEDIA (picture): 55535_Andrews_3-13-1_Picture_Leakage 
3.13.2. Talent’s hands adjust the position of the needle.
3.14. Three minutes after the end of injection, withdraw the injection needle [1-MED]. 
3.14.1. Show the injection needle being withdrawn from the animal.
3.15. To perform a concurrent C5-C8 dorsal root crush injury, crush each root three times for 10 seconds using a pair of fine-tipped forceps [1-SCOPE]. Completely oppose the ends of the forceps. A white line in the tissue should appear at the crush site [2-SCOPE-TXT]. 
3.15.1. The first root is crushed with the forceps and then the forceps move to the next root. 
3.15.2. The second root is crushed. Show the forceps being opposed. TEXT: Do not go deeper than required with the forceps, as this may cause damage to the ventral root.
{Author Comment: Due to the limitation of the scope kit again, the white line is not highly visible in the footage. We have alternatively use a pair of forceps to point out the supposed location of the white line in the footage.} 
4. Postoperative Procedures
4.1. Following the surgeries, ensure that there is no bleeding or small pieces of bone fragments left at the incision site before closing-up [1-SCOPE]. If preferred, place a small piece of surgical absorbable sponge on top of the exposed spinal cord and DRG [2-SCOPE].
4.1.1. Talent examines the surgical site. Talent may be looking through the scope to do this. 
4.1.2. The small piece of sponge is placed on top of the exposed area. 
4.2. Allow the third layer of the muscle to retract back naturally onto the spine without suturing [1-SCOPE]. Loosely suture the two longitudinal muscles on the second layer with absorbable 6-0 suture material [2-CU-SCOPE]. 
4.2.1. Removal of retractors to allow closure of the incision site. Show the muscles after they have retracted back into position. If the retraction is a relatively quick process, this could be filmed and edited to speed up playback (if so, please use TEXT overlay to convey playback speed). 
4.2.2. The two muscles are loosely sutured. {Author Comment: We captured using both cameras. Please use the best footage: either CU or SCOPE} 
4.3. Suture the first layer of muscle with absorbable 6-0 suture material [1-CU-SCOPE]. 
4.3.1. Talent’s hands suturing the first layer of muscle. {Author Comment: We captured using both cameras. Please use the best footage: either CU or SCOPE}  
4.4. Suture the skin with absorbable 5-0 suture material [1-CU-SCOPE-over the shoulder – TXT]. 

4.4.1. Talent filmed from the back suturing the skin. TEXT: Ensure the sutures are not too tight—bulging of the skin is a sign of over-tightening and may cause discomfort to the animal. {Author Comment: We captured using both cameras. Please use the best footage: either CU or SCOPE}  
4.5. If heavy bleeding occurred during the surgery, subcutaneously inject 1 to 2 milliliters of saline to replenish the loss of fluid from the animal as permitted under local regulations [1-MED].
4.5.1. Talent hands insert a syringe needle into vial of saline and withdraw 1 to 2 milliliters. 
4.6. Provide edible hydrating gel and allow the animal to recover fully from anesthesia [1-MED]. Frequently monitor the animal for at least 1 hour before returning to the holding area [2-MED-LM].
4.6.1. Talent adds gel and places a lid on the cage containing the sleeping rat. 

4.6.2. Talent lifts the lid on the cage and the animal is observed to be freely moving around inside as if surgery/anesthesia never happened. {Author Comment: Due to time constraint, the videographer was not able to obtain this footage herself. We have obtained this shot using our own camera. Please use the lab media file submitted by us in the submission folder.}

LAB MEDIA: 55535_Andrews_4-6-2_Recovery
4.7. The following images show recovery of post-surgical animals at Day 1 [1-LM], Day 7 after skin suture removal [2-LM], and at Day 14 [3-LM].

4.7.1. LAB MEDIA: 55535_Andrews_Day1

4.7.2. LAB MEDIA: 55535_Andrews_Day7

4.7.3. LAB MEDIA: 55535_Andrews_Day14

5. Anterograde CTB Injection for Axonal Tracing
5.1. One week prior to tissue collection, properly anesthetize the animal as before [1-MED-TXT], and then stabilize the left forepaw by taping the limb to the table [2-MED]. 
5.1.1. The anesthetized rat is placed onto the injection surface and the TEXT: Perform cholera toxin B subunit (CTB) axonal tracing a week prior to tissue collection.
5.1.2. Taping of the limb to the table.
5.2. Before injection of CTB, use a 30-gauge beveled needle [1-MED] to make a small superficial opening on the skin, to assist with the insertion of the injection needle [2-CU]. 
5.2.1. Talent’s hand picks up the 30G beveled needle. 
5.2.2. The superficial opening on the skin is made. 
5.3. Then use a microliter syringe fitted with a custom-made, 33-gauge short needle [1-MED] to slowly inject 1 microliter of 1% CTB subcutaneously into the center of the glabrous footpad and four digits [2-CU-LM]. 
5.3.1. Shot of Talent’s hands showing the syringe.  
5.3.2. *film as written. 
{Author Comment: We did not film the entire procedure of injection into the footpad and four digits as this would take too long for the video. We have obtained a still-picture of the injection. Please use both the footage obtained by the videographer and the lab media file submitted by us in the submission folder.}

LAB MEDIA: 55535_Andrews_5-3-2_FootpadDigits  
5.4. Allow the animal to recover fully from anesthesia before returning to the holding area [1-MED].   
5.4.1. Talent places animal in recovery cage. 
6. Results: Sensory Axon Regeneration Visualized with GFP and CTB after Dorsal Root Crush Injury
6.1. This image shows the result of a DRG injection without dorsal root crush injury. GFP-positive cell bodies and axons in the spinal cord are clearly visible four weeks after the injection of AAV5-GFP [1-LM-TXT]. 
6.1.1. LAB MEDIA: 55535_Andrews_Figure1A. Show image. Boxed heading not required. TEXT: Scale bar: 650 µm 
6.2. This higher magnification image shows the axons in the dorsal column and dorsal horn [1-LM-TXT]. 

6.2.1. LAB MEDIA: 55535_Andrews_Figure1B. Show image with ‘GFP’ label. Boxed heading not required. TEXT: Scale bar: 650 µm 
6.3. The GFP-labeled cell bodies in the DRG are seen here [1-LM-TXT]. 
6.3.1. LAB MEDIA: 55535_Andrews_Figure1C. Show image with labels (‘Dorsal column’, ‘Dorsal horn’, ‘GFP’). Boxed heading not required. TEXT: Scale bar: 650 µm
6.4. This image shows CTB-positive sensory axon terminals in the cuneate nucleus one week following CTB injection [1-LM-TXT]. 
6.4.1. LAB MEDIA: 55535_Andrews_Figure1D. Show image with labels. TEXT: Scale bar: 250 µm 
6.5. The following images show results of a complete dorsal root crush injury. As seen here, GFP-labeled axotomized sensory axons can regenerate up to the dorsal root entry zone, but not into the spinal cord after injury [1-LM-TXT]. 
6.5.1. LAB MEDIA: 55535_Andrews_Figure2A_GFP. Show image with labels. TEXT: Scale bar: 250 µm. Video Editor: please add an arrow to highlight the intense green axons (that look like bright, spindly trails) to the left of the image. ‘Complete injury’ header not required). 
6.6. This is an image of the cuneate nucleus in the same animal. CTB-positive axon terminals are absent following a complete dorsal root crush injury [1-LM]. 

6.6.1. LAB MEDIA: 55535_Andrews_Figure2A_CTB. Show image with labels. 
6.7. The presence of labeled axons in the spinal cord after injury represents either incomplete injury or regeneration [1-LM-TXT]. 
6.7.1. LAB MEDIA: 55535_Andrews_Figure2B. Show image with labels. TEXT: Regeneration. Vid Ed: Can use the boxed header or a text overlay, whichever looks best. 
6.8. The presence of CTB-positive terminals in the cuneate nucleus suggests incomplete injury… [1-LM-TXT]. 
6.8.1. LAB MEDIA: 55535_Andrews_Figure2C. Show image with labels. TEXT: Incomplete injury. Vid Ed: Can use the boxed header or a text overlay, whichever looks best. 
6.9. …while their absence suggests complete injury and potentially partial regeneration into the spinal cord [1-LM-TXT].
6.9.1. LAB MEDIA: 55535_Andrews_Figure2D. Show image with labels. TEXT: Partial regeneration. Vid Ed: Can use the boxed header or a text overlay, whichever looks best. 
7. Conclusion (said by authors on camera)
7.1. Menghon Cheah: While attempting this procedure, it’s important to remove just the right amount of vertebral bones to expose the DRG and dorsal root, without inducing any unwanted damage especially to the spinal cord. Otherwise, this may result in unexpected post-surgical complications.  

7.2. Menghon Cheah: After watching this video, you should have a good understanding of how to perform a DRG injection. You can incorporate other techniques such as central spinal injury, electrophysiology, behavioral testing and anatomical analysis to examine axon regeneration. 
Provided Media

55535_Andrews_3-12-2_DRGinjection

55535_Andrews_3-13-1_Video_Leakage
55535_Andrews_3-13-1_Picture_Leakage

55535_Andrews_4-6-2_Recovery

55535_Andrews_5-3-2_FootpadDigits

55535_Andrews_Day1

55535_Andrews_Day7

55535_Andrews_Day14

55535_Andrews_Figure1A

55535_Andrews_Figure1B

55535_Andrews_Figure1C

55535_Andrews_Figure1D

55535_Andrews_Figure2A_GFP

55535_Andrews_Figure2A_CTB

55535_Andrews_Figure2B

55535_Andrews_Figure2C

55535_Andrews_Figure2D
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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