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Script

0. Schematic Overview (read by voice talent at JoVE):
We graft segments of a peripheral nerve into a spinal cord hemisection lesion to provide a “bridge” for regenerating axons to cross the lesion site. The peripheral nerve graft (PNG) provides regenerating axons with a physical and chemical growth-promoting environment and directs axons towards a specific target area.  

Preparation for grafting of a peripheral nerve into a spinal cord injury site begins with predegeneration of the PNG 7-10 days prior to grafting. The tibial nerve branch from a donor rat is transected [PNG1]. A cervical level 5 (C5) hemisection is made by aspiration [PNG2]. The PNG is removed from the donor rat [PNG3] and apposed to the rostral wall of the lesion cavity and secured by suturing epineurium to the dura mater [PNG4].  Three weeks later a dorsal quadrant lesion is made at C7.  Gel foam saturated with ChABC is placed into the cavity for 15 minutes to digest proteoglycans of the glial scar [PNG5].  Two days later ChABC is microinjected adjacent to the lesion site [PNG6] and the distal end of the PNG is apposed to the dorsal quadrant lesion [PNG7].  

http://www.jove.com/index/Details.stp?ID=931
http://www.jove.com/index/Details.stp?ID=930
We require the completion of this section, text and images, in order to begin producing the video after it has been shot, so please address this aspect of your publication in a timely manner.
Please insert your schematic text here

1. Introduction (said by researcher to cam) Please select from single or multiple author intro and fill in the blanks.  You will say this part to the camera. 
1.1. Author 1: “Hi I’m Dr. John Houle from the Spinal Cord Research Center at Drexel University College of Medicine.”

1.2.  Author 2: “I’m Dr. Veronica Tom from the Houle lab”. 

1.3. Author 3: “And I’m Arthi Amin from the Houle lab”.

1.4. Author 1: Today we will show you a procedure for performing transplantation of a segment of a peripheral nerve into the injured spinal cord of adult rats. 
1.5. Author 2:  We use this procedure in our laboratory to study axon regeneration and recovery of function after spinal cord injury.  

1.6. Author 3:  So let’s get started…

2. Transection of the peripheral nerve (PN) and removal of PN segment (read by voice talent at JoVE)
2.1. To prepare for microscopic surgery, sanitize the surgical station and autoclave all surgical instruments. 

2.2. Prepare the thermal barrier and the small (< 2 mm3) pieces of Gel Foam for micro-hemostasis. Set out cotton swabs, gauze pads, and surgical instruments.

2.3. Place the anesthetized rat (text: 5% Isoflurane vaporized in oxygen, flow rate: 2.0 L/min) on the preparation table.  After confirming with a toe pinch that the animal is completely anesthetized, shave a wide area of fur from the intended surgical field. Wash with 70% isopropyl alcohol, then with Xenodine.
2.4. Next, place the rat on the thermal barrier. Cover its nose and mouth with the inhalation cone, and reduce the Isoflurane to 3% and flow rate to 0.2 L/min. 
2.5. Administer the appropriate dose of antibiotic (Ampicillin) by sub-cutaneous injection and analgesic (Buprenorphin) by intramuscular injection.
2.6. The peripheral nerve (PN) is transected 7-10 days prior to its removal to promote degeneration, which provides an environment more suitable for axonal growth than does a fresh nerve preparation. To begin transection of the PN, lay the animal on its side.  Make a straight line incision from the head of the femur to the knee, keeping parallel and approximately 3 mm from the femur. Cut through the superficial biceps femoris muscles along the same line as the skin incision to expose the underlying vastus lateralis muscle. 
2.7. Once the vastus lateralis muscle is exposed use scissors to make a small cut in it near the knee and extend this up toward the head of the femur. Gently separate (with scissors) the vastus lateralis until the conjoined tibial and peroneal nerve branches of the sciatic nerve are visualized (running parallel to the femur).
2.8. Next, trace these nerve branches toward the head of the femur until the main trunk of the sciatic nerve is identified. Just below the bifurcation of the sciatic nerve use fine forceps to carefully separate the connective tissue (epineurium) surrounding the tibial nerve branch (this is the larger branch).
2.9. Once the tibial nerve branch is isolated, slip a 6-0 silk ligature around it and tighten. Use micro scissors to transect the nerve rostral to the ligature. Pass the suture line through the vastus lateralis muscle and tie off in a knot. This will provide a line for easy location of the cut end of the tibial nerve when the nerve is harvested later.
2.10. Close the vastus lateralis muscle with 6-0 silk sutures. After that, close the biceps femoris muscle with 6-0 silk sutures. Finally, close the skin with Michel wound clips. 
2.11. Turn off the flow of Isoflurane and remove the inhalation nose cone. Place the animal in a holding cage on a thermal barrier.  Return the animal to its home cage once it is alert and active.
2.12. Seven to 10 days later, the PN segment is ready to be harvested for transplantation.  To begin, place the anesthetized animal on the thermal barrier.  

2.13. After confirming that the animal is fully anesthetized (toe pinch), remove the wound clips and separate the skin incision. Cut through the suture of superficial muscle to expose the vastus lateralis and cut through the suture in this muscle.
2.14. Trace the suture line to the cut end of the tibial nerve and remove the suture from the nerve. Use fine forceps to dissect the epineurium from a 15 mm length of the tibial nerve and cut through this distal end. Remove the nerve segment and immerse it in sterile Hanks Balanced Salt Solution.  

We are now ready for the next step, which is to induce a spinal cord injury in another rat for transplantation of the PN.
3. Cervical hemisection injury and transplantation of PN
3.1. Place the anesthetized rat on the thermal barrier and administer antibiotics and analgesics as described in the previous section.
3.2. To induce a hemisection spinal cord injury, first locate the occipital notch and the prominent T2 dorsal vertebral process.  Make an incision the full length between these external landmarks. Cut through the midline of the superficial trapezius muscle and separate the underlying cervical rhomboideus muscles. Insert a spreader to keep the muscles apart.
3.3. The deep supraspinal muscles should be cut from the C4, C5 and C6 dorsal vertebral processes. Using rongeurs perform a partial laminectomy of C5 to expose the entire right side and the medial portion of the left side of the spinal cord. Use the prominent dorsal vein as a landmark for the spinal cord midline.
3.4. Next, use a micro-scalpel blade to pierce the dura mater and extend the incision over the C5 spinal cord. Make a small incision in the underlying subarachnoid and pia mater.
3.5. With a pulled glass micro-cannula begin to aspirate the dorsal right side of the spinal cord, using gentle pressure and micro-forceps to separate the tissue and facilitate its removal. Continue through intermediate and ventral portions of the spinal cord to create a 2 mm long cavity that is complete from dorsal to ventral and from midline to the lateral meninges.
3.6. Place saline-soaked gel foam into the hemisection lesion cavity to achieve hemostasis.
3.7. Remove the previously harvested segment of peripheral nerve (PN) from the Hank’s solution. Gently peel the epineurium from the proximal 3 mm of the nerve segment and appose this end to the rostral wall of the hemisection lesion cavity. Secure the segment with 10-0 sutures through the epineurium to the dura mater, then suture the dura closed over the implanted end of the graft. 
3.8. Sandwich the graft between 2 pieces of silastic membrane (BioBrane). Place the graft alongside the C6, C7 and T1 vertebral processes. Do not appose the distal nerve end to spinal cord or muscle tissue.
3.9. Close muscles in layers with 4-0 sutures and close the skin incision with wound clips.
3.10. Finally, place the animal in a holding cage on a thermal barrier and return it to its home cage once it is alert and active. 

4. Treating the area of injury with chondroitinase
4.1. Regenerated axons that reach the distal end of the PN graft often fail to extend back into the spinal cord, so we use microinjections of chondroitinase to degrade the scar tissue surrounding the area of injury. This procedure is carried out 21 days after the PN transplantation.  To begin, confirm that the animal is completely anesthetized, then remove the wound clips and administer antibiotics and analgesics as previously shown. 
4.2. Cut through the superficial sutures to expose the silastic membrane surrounding the nerve graft. Using fine 
forceps and spring scissors, carefully free the length of nerve from the silastic membranes.  Reflect the nerve from the surgical field.

4.3. Perform a partial laminectomy on the right side of the C7 vertebral process. Pierce the meninges with a micro-scalpel blade and by aspiration prepare a 1 mm3 dorsal quadrant lesion cavity in the C7 spinal cord. 
4.4. Place saline-soaked gel foam into the lesion cavity to achieve hemostasis.  After that replace the gel foam with one soaked with chondroitinase ABC. Treat the lesion site for 15 minutes, providing fresh chondroitinase-soaked gel foam every 5 minutes.
4.5. Cover the external length of the nerve graft with silastic membrane. Close the superficial muscles with 4-0 sutures and the skin incision with wound clips. Place the animal in a holding cage on a thermal barrier and return it to its home cage once it is alert and active.

4.6. Two days later (23 days after PN transplantation), surgery is performed again on the animal to microinject chondroitinase into the spinal cord. As before, the wound clips are removed from the anesthetized animal, and antibiotics and analgesics are administered. 
4.7. Cut through the superficial sutures to expose the silastic membrane surrounding the nerve graft. Expose the C7 graft site without disturbing the graft.  Then use a Hamilton syringe with a pulled glass cannula to microinject 1µl of chondroitinase ABC into the right side of the spinal cord approximately 1 mm distal to the apposition of graft to spinal cord.
4.8. Gently peel the epineurium from the distal 2 mm of the nerve segment and appose this end to the C7 lesion cavity. Secure the segment with 10-0 sutures through the epineurium to the dura mater.
4.9. Close superficial muscles with 4-0 sutures and the skin incision with wound clips. Place the animal in a holding cage on a thermal barrier and return it to its home cage once it is alert and active.
5. Representative electrophysiological and immunocytochemical results

6.1. When this procedure is optimized the peripheral nerve segment will closely integrate with the host spinal cord. Ascending and descending spinal axons will enter the graft, grow in a relatively straight line parallel to the length of the graft and extend to the distal end of the graft at a rate of approximately 1 mm per day. Upon reaching the distal end, axons will penetrate the adjacent spinal cord if chondroitinase has been used to remove inhibitory proteoglycans from the surrounding scar tissue. 

6.2 and 6.3 Functional connectivity is determined by electrophysiological and immunocytochemical detection of a response by spinal cord neurons to stimulation of the axons within the graft. Anatomical correlation for functional recovery will be assessed by tracing the number and length of the axons that have extended beyond the nerve graft back into the spinal cord. 
Narrative for images
6.1

To visualize axons that regenerate into the graft we diffusion-filled the graft with biotinylated dextran amine (BDA). Very few axons extend into host tissue after treatment with vehicle (A), however, if the distal interface was treated with chondroitinase, significantly more axons emerge from the graft to reinnervate the spinal cord, as shown in B. Figure 1C demonstrates a significant increase in axonal outgrowth after ChABC treatment.
6.2

This spinal cord region containing the distal apposition site was immunocytochemically stained 
for both biotinylated dextran amine (green) and the synaptic marker synapsin (red).  Arrowheads indicate areas in which there was colocalization of markers indicating that some fibers that regenerated out of the graft formed functional synaptic contacts.
6.3

Electrical stimulation of the graft will induce c-fos (a marker of transsynaptic activation to demonstrate functional reconnection) in host neurons beyond the distal interface.  We identified many c-fos+ neurons in tissue ipsilateral to the graft site, (A) and in higher magnification in (D). (B) Depicts a tracing of the stained section in A. There were very few c-fos+ neurons in tissue contralateral to the graft (C).  
We require the completion of this section, text and images, in order to begin producing the video after it has been shot, so please address this aspect of your publication in a timely manner.

5.1.  Please insert your results text here
6. Conclusion (said by authors to camera)

Please fill in the blanks.  You will say this part to the camera.
6.1. “We’ve just shown you how to prepare a spinal cord injury site for grafting of a segment of peripheral nerve to promote regeneration.
6.2. “When doing this procedure it’s important to remember to have sufficient nerve length prior to grafting and to ensure close apposition of the graft to the injured spinal cord.  
6.3. “So that’s it.  Thanks for watching and good luck with your experiments”

Provided Media
Please provide images for the following sections of the protocol:
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.   
6.1 – BDA labeled axons at the PNG-spinal cord interface after vehicle (PBS) or ChABC treatment.
6.2 – Confocal images of BDA labeled axons forming synapses with spinal cord neurons
6.3 – C-fos immunocytochemistry demonstrating synaptic activation of spinal cord neurons by graft stimulation.
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.  

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.










( 2008, Journal of Visualized Experiments


