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Title: Visual Evoked Potential Recording in a Rat Model of Experimental Optic Nerve Demyelination
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No
C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed?  List 4-6 steps.  Steps 1 and 2
D.  Will the filming need to take place in multiple locations? (Y/N) __No
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to monitor demyelination in the optic nerve in vivo. (Intro)  This is achieved by first implanting micro electrodes over the visual cortex. (P1)  As a second step, lysolecithin is micro-injected into the optic nerve, which induces a focal lesion of demyelination. (P2)  Then, visual evoked potential recordings can be made. (P3)  Ultimately, regression analysis shows a strong linear correlation between the visual evoked potential latency delay and the lesion volume. (P4)
[image: image1.png]



Video editor:

P1 – Fade on the mouse alone.  Next, fade on the oval-like structure between the eyes.  Next, drop the three small circles onto the oval, moving them in from off-screen from the side/above.

P2 – Introduce a narrow syringe with needle (Hamilton syringe, stock 50330) and animate the needle poke behind the eye and then animate the plunger push inward.  Finish by retracting the 50330 image off screen.

P3 – Add the lines extending from the dots on the head and add the monitor.  Next, add the flashlight and start revealing the waveform on the screen (left to right).  Time out the following: the flashlight “rays” flash on and at the same time the wave dips down.  Then, the flashlight rays go off and the wave goes up and flat.  This should be a fairly quick animation, but if timed right it will be one of those nice details.

P4 – show Figure 1.
B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
1.1. Stuart: This video will demonstrate our technique for recording visual evoked potentials from rats using implanted skull electrodes, and an optic nerve micro-injection technique for inducing focal demyelination in the optic nerve. All experiments are performed here in our laboratory at Macquarie University in the Faculty of Medicine.
1.2. Stuart: Demonstrating the procedure will be Nitin Chitranshi, a PhD student from my laboratory.  

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
I wrote that Nitin would be the student demonstrating based on seeing his name near this statement.  Fix 1.2 as needed, but be sure to read it.
C. The Protocol Section (read by voice talent at JoVE)
1.3. EXTRA TITLE CARD: All procedures involving animals were conducted in accordance with the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes and the guidelines of the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research, and were approved by the Animal Ethics Committee of Macquarie University.
2. VEP Electrode Implantation
2.1. To begin, anesthetize an adult rat, older than 12 weeks, (2.1.1 - WID) with an intraperitoneal injection of ketamine and medetomidine.  (2.1.2 – MED/TEXT)

2.1.1. setting up at bench with rat cage

2.1.2. loading syringe, TEXT: 75 mg Ket + 0.5 mg Med / kg 

2.2. Before beginning the surgery, check for the absence of withdrawal reflexes. [ECU]

2.2.1. performing a toe pinch, no reflexes should be seen

2.3. Be prepared to administer 10% doses of ketamine as needed [2.3.1 – MED] to deal with any reflexes that should return to the animal during the surgery. [2.3.2 - MED]

2.3.1. Loading a syringe/needle with anesthetic, to have ready

2.3.2. setting the loaded syringe near the operation site, ready for use, pan over to the anesthetized animal

2.4. Next, shave the skin at the surgical site and then place the animal on a heat pad. [MED]. 

2.4.1. film as written, panning to follow animal

2.5. To complete the preparations, scrub the skin with povidone-iodine, [2.5.1 – CU] drape the animal and apply ophthalmic ointment. [2.5.2 - MED] [LM*]

2.5.1. film as written. PROVIDED AS SCOPE FOOTAGE FROM AUTHOR
2.5.2. covering animal and preparing to add ointment to eyes, PROVIDED AS SCOPE FOOTAGE FROM AUTHOR
VIDEO EDITOR: the lab media [LM*] from 2.5 to 2.10 refers to the file ”Electrode Implantation.mp4”, which is of good quality and can serve as added footage

2.6. Also, be sure to maintain asepsis by using sterile instruments. [CU] [LM*]

2.6.1. setting up sterilized instruments to use during the surgery PROVIDED AS SCOPE FOOTAGE FROM AUTHOR
2.7. To begin the surgery, make a longitudinal skin incision on the midline of the head.  Then, clear the connective tissue to get good exposure of the skull. [SCOPE] [LM*]

2.7.1. film as written PROVIDED AS SCOPE FOOTAGE FROM AUTHOR
2.8. Next, using a micro hand drill, carefully put small burr holes 7 mm behind the bregma and 3 mm lateral to the midline. [SCOPE/ECU] [LM*]

2.8.1. film as written, its possible an ECU would be better than a scope shot here PROVIDED AS SCOPE FOOTAGE FROM AUTHOR
2.9. Into the holes, implant screw electrodes through the skull and about 0.5 mm into the cortex. Then, implant a reference screw electrode on the midline, 3 mm rostral to the bregma.  As needed, apply dental cement to encase and fix the screw electrodes. [SCOPE/ECU] [LM*]

2.9.1. film as written, its possible an ECU would be better than a scope shot here – be sure to show some cement being added during this shot PROVIDED AS SCOPE FOOTAGE FROM AUTHOR
2.10. Lastly, suture the skin closed.  The electrodes can be left exposed, so that skin doesn’t need to be reopened for each recording. [SCOPE/ECU] [LM*]

2.10.1. film as written, its possible an ECU would be better than a scope shot here PROVIDED AS SCOPE FOOTAGE FROM AUTHOR
2.11. Now, quickly administer a non-steroidal, anti-inflammatory drug, such as NSAID [2.11.1 - MED] or an opioid analgesic, before the animal recovers from the anesthesia. [2.11.2 – CU]

2.11.1. preparing the syringe of NSAID

2.11.2. injecting the NSAID

2.12. To finish, treat the skin with an antibiotic ointment … [ECU]

2.12.1. film as written

2.13. ... put the animal in a recovery cage with a warming pad … [MED]

2.13.1. film as written

2.14. … and monitor it constantly until it is fully ambulatory.  [MED]

2.14.1. [combined with 2.13.1] watching the mouse recover in recovery cage.
2.15. Then, allow it to recover for at least a week before making VEP recordings. [WID]

2.15.1. returning animal to home cage and returning home cage to normal shelving or wheeling away on cart
3. Optic Nerve Injection

VIDEO EDITOR: covering the SCOPE footage of section 3, the lab has provided “ON injection.mp4”, which can be used as additional footage.

3.1. Prepare the animal for surgery as previously described [3.1.1 – WID] and make a one to one point five centimeter skin incision above the orbit of either eye.  With fine iris scissors, open the subcutaneous tissue and access the orbital cavity.  [ECU]

3.1.1. establish the setting, show animal being prepared for surgery under dissecting scope

3.1.2. film as written

3.2. Then, under a stereoscope, open the conjunctiva and anterior Tenon's capsule.[SCOPE]

3.2.1. film as written

3.3. Next, retract the extra-ocular muscles and intraobital lacrimal glands to expose about 3 mm of the optic nerve. [SCOPE]

3.3.1. film as written

3.4. Around the optic nerve, use an ophthalmic blade to open the dura and arachnoid matter layers, longitudinally. [SCOPE]

3.4.1. film as written

3.5. Then, insert a glass micropipette attached to a Hamilton syringe into the nerve, [3.5.1 - CU] 2 mm posterior to the globe.  Over 30 seconds, inject a bolus of lysolecithin with dye. [3.5.2 – SCOPE/TEXT]
3.5.1. handling of syringe and orientation to optic nerve
3.5.2. film the insertion of the needle and injection, TEXT: 0.4-1.0 µl 1% lysolecithin +  0.02% Evan’s Blue 

3.6. To complete the procedure, suture the skin incision … [ECU/SCOPE]

3.6.1. film as written, choose level of detail that seems most appropriate

3.7. apply antibiotic ointment to prevent infection … [CU]

3.7.1. film as written Use 2.12.1
3.8. … move the animal to a warming pad, and monitor it until it recovers.  [MED]

3.8.1. film as written
4. VEP recording 
4.1. After anesthetizing the animal and preparing the skin, as before, [4.1.1 - WID/TEXT] transfer it to a dark room. [4.1.2 - WID]

4.1.1. preparing skin of animal, TEXT: 40 mg Ket + 0.25 mg Med / kg

4.1.2. wheeling animal to dark room, following shot

4.2. There, maintain its body temperature within half a degree of 37 ºC using a [4.2.1 - MED] homeothermic blanket system and a temperature probe. [4.2.2 - CU] While being monitored, dark-adapt the animal for five to 30 minutes. [4.2.3 - WID]
4.2.1. checking blanket temperature setting and, then, putting animal on warm blanket

4.2.2. inserting rectal probe

4.2.3. talent overlooking animal, starts countdown timer
4.3. After half an hour, dilate the pupils with 1% tropicamide eye drops. [CU]

4.3.1. film as written, applying drops

4.4. Then, using scissors and forceps, open the skin over the skull [4.4.1 - CU] and access the pre-placed in situ screw electrodes. [4.4.2 – ECU]

4.4.1. film as written

4.4.2. the exposed screw electrodes

4.5. Connect the screws to the impedance meter, then measure and maintain the electrode impedance below 5 Kilo Ohms. [4.5.1 – ECU]  [4.5.2 – MED] Now, connect the screw over the contralateral visual cortex of the stimulated eye  [4.5.3] 
4.5.1. attaching leads to screws film as written
4.5.2. attaching other end of leads to amplifier film as written
4.5.3. film as written

4.6. Next, insert a needle electrode into the tail to serve as the ground. [ECU]

4.6.1. film as written

4.7. [moved to 4.5] Then, measure and maintain the electrode impedance below 5 kΩ. [CU]

4.7.1. instrument showing impedance
4.8. Now, place a calibrated mini-Ganzfeld stimulator [4.8.1 - ECU] onto the skin around the eyelids to improve the eye isolation. [4.8.2 - CU]  

4.8.1. the device in detail

4.8.2. placing the device over eye

4.9. Then, deliver photic stimulation using 100 flashes at 1 Hz, with low-pass filter at 1 Hz  [4.9.1 – MED] and the high band-pass filter at 100 Hz. [4.9.2 - ECU]

4.9.1. programming the stimulation and delivering the flashes to the eye

4.9.2. any escaping light from the flashing of the stimulator over eye

4.10. The signal sampling rate should be about 5 kHz, but the minimum is 250 Hz.  [CU]

4.10.1. the electrode read-out, showing data collected as flashes are delivered

4.11. Once completed, suture the skin closed … [ECU]

4.11.1. film as written, show sutures being completed

4.12. ... and keep the animal on a warming pad to recover from the anesthesia. [MED]

4.12.1. completing sutures, adjusting animal on warming pad and watching for recovery

4.13. Repeated recordings, from a few per week to one every few weeks, are feasible. [WID] 

4.13.1. returning recovered animal to home cage and taking animal out of dark room
Authors, I removed the euthanasia step as it is fairly obvious and somewhat non-tactful to show in a video.
5. Recordings and Histology 
5.1. Intra-sessional VEP traces show that there is a significant delay in the N1 latency after the optic nerve injection.   Recordings were taken daily to demonstrate their reproducibility.

5.1.1. Fig 1

5.2. Partial optic nerve lesions of demyelination could be observed in tissue sections stained with Luxol fast blue.  After measuring the lesion volume, correlation between the latency delay and the size of the lesion became apparent.

5.2.1. Fig 2
6. Conclusion 
6.1. Stuart: This technique can be used to induce lesions in the optic nerve, and to correlate nerve injury with VEP changes.  It can serve as an animal model of focal demyelination. Since the induced lesion size is variable, changes should be verified histologically.
List of Provided Media (provided by you)
2.4-2.9 Electrode implantation.mp4
3.1-3.6 ON Injection.mp4
5.1 Fig 1.jpg
5.2 Fig 2.tif
Please list all images, movie files (including screen captures) and animations that you are providing to be included in this video.  List the step in the script, the file name and a brief description.  For example:

5.1 –  51234_Figure1_panelA.tif -  dual color imaging of tumor angiogenesis at 40X 

5.2 –  51234_Figure1_panelB.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.  

GENERAL PREPARATION NOTES
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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