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Title: Vagus Nerve Stimulation as a Tool to Induce Plasticity in Pathways Relevant for Extinction Learning
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No assistance needed.  AM SCOPE 2X-45X Extreme Widefield Binocular Stereo Microscope on 3D Boom Stand SKU: ZM-4B3.
So, you have a video camera hooked up to this scope and we can collect that video to document the surgical steps?
Our apologies, but we indeed need video equipment that is suited to film procedures under our stereo microscope.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? 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?  
Videographer: the most critical steps are highlighted in yellow.
D.  Will the filming need to take place in multiple locations? Yes: same building, same floor, 80 yards apart.
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to facilitate extinction of conditioned fear by stimulation of the vagus nerve. (Intro)  This is accomplished by first constructing electrodes for the delivery of current to the vagus nerve. (P1)  The next steps are to implant these electrodes around the mid-cervical section of the vagus nerve along with a headcap. (P2)  After a recovery period, animals next undergo auditory fear conditioning and extinction training with vagus nerve or sham stimulation. (P3) The final step is to test the expression of conditioned fear and (P4) to assess the reduction in the conditioned freezing response.  Ultimately, vagus nerve stimulation is used to enhance extinction learning by inducing plasticity in extinction networks. (P5)
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Video editor: 
P1 – Animate the Step 1 image by beginning with the C-shaped cylander, then adding the four holes.  Third, trace the path of the dotted lines.  Fourth, draw the blue lines.

P2 – Step 2. Add the mouse head while at the same time shrinking the P1 image to the same size as seen in the mouse image.  Just show the head at first, then fade the brain on (yellow-brown).  Next, move the Step 1 object into position and trace the path of the blue wires upwards, while fading out the dotted black lines.  When the lines reach the top of the mouse, add the pink adhesive followed by the black object above it, connecting the blue lines to black object as seen.

P3 – Begin with the Days 1+2 graphic of Step 3.  Begin with the mouse in the cage.  Have it vibrate around to simulate movement.   Then, add the shock and sound graphic together for a few seconds (pulse).  Repeat that pulse once more and this time, freeze the mouse's movement during the pulse.

P4 – Change the title to “Days 3-5 Extinction Training”.  Add the “Sham-VNS” title.  Show the mouse in the cage bouncing around a bit, pulse the sound graphic and have the mouse freeze during the pulse.  Next, change the title to “VNS (on day 4)” and show this mouse bouncing and even standing up.  Pulse the sound graphic but keep the mouse bouncing while the sound graphic is on.

P5 – Show Fig 3B and Fig 3C.  Note that this transition comes with “assess”, towards the end of the next-to-last sentence.
B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
Authors, please note who reads each statement.  Choose no more than one statement per person on camera, please, and scratch out the remainder(s), if any.  Note, that if somebody reads 1.4, be sure that 1.3 is also read.  Thanks.

The only thing that might be confusing is that during her interview part my graduate student, and the first author listed on the paper, stated her name as Jessica Pruett; however for publication purposes she goes by Jessica Childs.
1.1. _________: The main advantage of this technique over existing methods, like systemic drug treatment, is the ability to precisely regulate the timing of treatment in order to achieve network specific release of neurotransmitters that can be paired with ongoing behavior. 

1.2. ________: This method can help answer key questions in the field of emotional learning, particularly how the release of stress hormones like epinephrine or glucocorticoids during emotional arousal influences the consolidation of long-term memory.  

1.3. ________: The implications of this technique extend toward exposure therapies used to treat anxiety and trauma-related disorders, as well as rehabilitation from addictions. 

1.4. ________:  Additionally, vagus nerve stimulation can be applied to other models of learning and synaptic plasticity, such as motor learning, after stroke or traumatic brain injury. 
C. The Protocol Section (read by voice talent at JoVE)
2. Construction of VNS Cuffs and Headcap Connectors
2.1. In preparation, build a drilling tool from a needle.

2.1.1. Establish talent preparing to attach tubing to drill bit, TEXT: See the text protocol for details.
2.2. To start making the cuff, slip four centimeters of micro renathane tubing onto a drill bit. [ECU]
2.2.1. film as written
2.3. Then, use the needle-drill to drill four holes, 2 mm apart, forming the corners of a square.  [ECU]
2.3.1. film as written
2.4. The holes should be clean with no rough edges. [LM]
2.4.1. LAB MEDIA: Fig 1A
2.5. Next, cut the tubing lengthwise between the holes. [ECU] [LM]

2.5.1. film as written

2.5.2. LAB MEDIA: Fig 1B

2.6. Now, using suture thread, build the rigging to secure the cuff to the Vagus nerve. [CU]

2.6.1. setting up, show sutures being cut to length

2.7. On either side, tie the sutures together about two centimeters from the plastic so the tubing and thread make a triangle.   Extend each suture length about 8 centimeters past the knot.  [ECU/SCOPE]

2.7.1. film as written, consider a scope shop show to show this in better detail

2.8. Next, cut insulated 7 stranded platinum-iridium wire into 70 millimeter segments. [2.8.1 – ECU]

2.8.1. cutting up the wire

2.9. Now, using a jewelry torch, [2.9.1 – MED] strip about a centimeter of insulation from one end of the wire.  Then, use the flame to melt the platinum-iridium where it is exposed.  [2.9.2 – ECU/SCOPE]

2.9.1. show the torch being lit, establish size of tools and how they are manipulated

2.9.2. film as written, consider a scope shot for better resolution

2.10. Using this technique, fuse together the seven exposed strands of platinum-iridium wire into a single stronger wire.  Melt the end of the wire into a ball.  [ECU/SCOPE]

2.10.1. film as written, consider a scope shot for better resolution

2.11. On the opposite end of the fused wire segment, melt the platinum-iridium wire into a small ball with minimal stripping of the insulation.  [ECU/SCOPE]

2.11.1. film as written, consider a scope shot for better resolution

2.12. Now, tape down the threaded plastic cuff [2.12.1 - CU] with the cut edge along the horizontal plane with the threads pulled tightly and the cuff outstretched. [2.12.2 – ECU]

2.12.1. establish handling of the plastic cuff

2.12.2. show how it is taped down
2.13. Using forceps, feed the exposed end of the wire preparation through the bottom right hole, and pull it to the middle of the cuff.   Then, push the wire through the top right hole and loop the wire back over the cuff.  [SCOPE]
2.13.1. film as written, 
2.14. Continue by pushing the wire through the top right hole again and, then, with a tug, tighten the wire and make sure that it is secure.   [SCOPE]

2.14.1. film as written
2.15. It is critical that the wire positioned in the ‘trough’ of the cuff is uninsulated, while the wire outside the cuff on the bottom end remains insulated, so the delivered current only goes to the vagus nerve. [SCOPE]

2.15.1. have the final position inside and outside the plastic be shown from rotating angles so the area where the wire is insulated and uninsulated relative to the plastic cuff is seen
2.16. Next, push the balled end through the bottom right hole from inside the cuff, thus completing a loop. [SCOPE]

2.16.1. film as written
2.17. Place a wire on the left side of the cuff in exactly the same way.  [SCOPE] 

2.17.1. show the completed cuff after or as the second wire is put into position

2.18. On the end of the wire not fixed to the cuff, solder the balled end of the wire to a gold pin.  [2.18.1 – SCOPE] Let the solder cool [2.18.2 – MED] and re-melt it, ensuring a good connection.  Add more solder as needed.  [2.18.1 – SCOPE]

2.18.1. all the soldering as seen with the scope

2.18.2. the talent taking a break from soldering, to serve as a visual break from so many consecutive SCOPE shots

2.19. Now prepare the connectors for the headcap of VNS input site.  [MED]

2.19.1. gathering wires for the headcap

2.20. For each input site, strip the ends of two 30 mm segments of 26 AWG copper wire, [2.20.1 - ECU] and cut the narrow end off a loose gold pin. [2.20.2]

2.20.1. stripping wires

2.20.2. cutting pin, show pin's thick and thin ends

2.21. Then, solder together each pair of wires to a pin.  Following this, solder the loose end of the wires to the two fluxed teeth of a connector.  [SCOPE]

2.21.1. Film as written, completing a headcap connector

2.22. Thus, the connectors are made. [LM]

2.22.1. LAB MEDIA: Fig 1G
3. VNS Surgery
3.1. After preparing the animal for surgery in a stereotaxic frame, [3.1.1 - WID] use a scalpel to incise the skin over the skull and expose the lambda and bregma. [3.1.2 – ECU]

3.1.1. setting up mouse in frame

3.1.2. making incision into scalp

3.2. Using blunt forceps, tunnel a path, subcutaneously from the incision down the left side, in front of the ear and to the left side of the neck.  The path will be for the cuff. [ECU]

3.2.1. film as written, this is digging out a tunnel through the skin

3.3. Next, using a scalpel, open two small starter holes for the anchor screws. Do not place these holes directly over the midline.  [ECU]

3.3.1. film as written

3.4. Then, with forceps and a screwdriver, [3.4.1 - MED] drive in two bone screws, leaving room for acrylic to fill in below the screws. [3.4.2 - ECU]

3.4.1. preparing to use tools

3.4.2. film as written

3.5. Then, fill in the space under, around and between the screws with acrylic.  Keep the acrylic off the surrounding tissues and apply extra acrylic between the screws. [ECU]

3.5.1. film as written, showing where acrylic contacts the animal

3.6. Next, grip the implant so that the marked wire is rostral to the unmarked wire [3.6.1 – ECU] and quickly position the implant into the acrylic.  Do not get any acrylic on the gold pins, the clasp area or the input site.  [3.6.2 – ECU]

3.6.1. gripping the implant with tool

3.6.2. placing the implant

3.7. Let this dry for five minutes and prepare to continue working under a stereoscope. [MED]

3.7.1. taking a break and setting up at the stereoscope

3.8. Make a small incision over the left jugular vein, directly between the jaw bone and the clavicle.  Widen the incision with a blunt dissection, down to the muscles.  Expose the sternomastoid, sternohyoid and omohyoid. [SCOPE]

3.8.1. Film as written, be sure the sternomastoid, sternohyoid and omohyoid are all seen 

3.9. Continue by bluntly dissecting along the furrows between the muscles to find the carotid artery.  The sheath containing the carotid also contains the vagus nerve. Using scissors, carefully dissect the sheath to expose a 5 mm length of the vagus nerve. [SCOPE]

3.9.1. film as written
3.10. Next, from the head incision, use the threads on the side of the cuff opposite the leads, to pull the cuff through the subcutaneous tunnel and into the neck incision site. [SCOPE]

3.10.1. film as written

3.11. Gently, lift the nerve with glass tools and push the cuff threads under the nerve.  Be careful to avoid rubbing against the nerve.  The top side of the cuff should be facing the animal's superior side. [SCOPE]

3.11.1. Film as written, show cuff orientation

3.12. Now, drop the nerve into the middle of the cuff and close the cuff. [SCOPE]

3.12.1. film as written

3.13. On the headcap, attach the pins connected to the cuff to the pins on the stimulation input site. [ECU]

3.13.1. film as written

3.14. To confirm that the cuff is properly positioned, perform a cessation of breathing test. [3.14.1 – MED/TEXT] Breathing should stop briefly and the heart rate also should drop.  [3.14.2 – ECU]

3.14.1. dialing in the current setting for the test, TEXT:  0.2 mA, 60 Hz, max 10 sec 

3.14.2.  mouse's heart rate monitor, dropping

3.15. After confirming the cuff position, secure the pins to the stimulation input site with acrylic. [SCOPE]

3.15.1. film as written

3.16. Then, close up the surgical site and treat the animal with Marcaine and topical antibiotics. [ECU]

3.16.1. finishing the suturing and applying antibiotic gel

3.17. Let the animal recover for five days, without housemates, prior to running tests. [MED]

3.17.1. transferring mouse from surgical setting to recovery cage
4. Auditory Fear Conditioning
Better footage of fear conditioning and memory retention testing (freezing) was taken later in the morning.
4.1. Set up the operant conditioning box under video camera surveillance.  [WID]

4.1.1. film as written

4.2. On the first day of behavioral training, [4.3.1 – MED] present the tone five times for thirty seconds to demonstrate there is no innate fear of the tone. [4.3.2 – CU/TEXT]

4.2.1. loading rat into box

4.2.2. rat in box (no shocks, rat gets used to sounds), record the audio, TEXT:  9 KHz, 85 dB

4.3. After the initial tone presentation, fear condition the rats.  [4.3.1 - MED] On day one and two, play a 30 second tone with a randomly placed one second, 0.5 mA foot shock.  [4.3.2- CU]

4.3.1. talent setting up and starting the fear conditioning program (computer control of stimulations)

4.3.2. rat in box, during a tone the rat gets shocked and jumps, record audio should look like: tone_(several seconds)_ 1sec foot shock_conclusion of tone.
4.4. Deliver eight tone-shock pairings each day with three to five minutes between tone presentations. [MED]

4.4.1. talent observing animal while delivering the next tone/shock pairing – show both talent and animal in box in this shot

4.5. On the third day, test the strength of the tone/shock association.  [WID]

4.5.1. talent setting up on the next day, puts rat into box

4.6. Play the tone alone four times, three to five minutes apart.  [MED]

4.6.1. setting up to deliver the tone-only conditioning test

4.7. Record the animal’s freezing behavior.  [CU]

4.7.1. rat in box, freezing in response to tone, record audio should look like a very still rat during the entire duration of the 30 sec tone. The freezing response wasn’t great because we used the rat that was fear conditioned that day with the doors wide open and camera rolling (usually they get 2 solid days of fear conditioning). I would like to only show the time when the rat was being very still, even though our rat moved a little during the 30 sec tone.
4.8. On the fourth and fifth day, perform the extinction training [4.8.1 - WID] with vagus nerve stimulation or sham-stimulation.  Plug the rat into the stimulator [4.8.2 – CU] and place it in the operant conditioning box. [4.8.3 – MED]

4.8.1. talent arrives to box stim set up with rat

4.8.2. connects stimulator to the rat's connector 

4.8.3. putting connected rat in the box
4.9. 150 ms before each tone, stimulate the vagus nerve for 30 seconds.  [4.9.1 – CU/TEXT] Perform four stimulation-tone pairings with three to five minute gaps. [4.9.2 - MED]

4.9.1. rat in cage during stimulation-tone pairing, rat shows an absence of freezing in response to tone, record audio including onset of tone,  TEXT: 500 µsec 0.4 mA pulses at 20 Hz for 30 sec

4.9.2. talent observing rat during a subsequence stimulation-tone pairing

4.10. Periodically, check the electrical integrity of the VNS-cuff and input site using an oscilloscope. [MED/TEXT] 

4.10.1. representative action of testing connection with oscilloscope in use, TEXT: See the text protocol for details.
E. The Results Section
5. Vagus Nerve Stimulation During Fear Conditioning Extinction with Electrophysiology 
5.1. Using the described protocol, rats were trained on an auditory fear conditioning task with vagus nerve stimulation during extinction.  [LM]

5.1.1. Figure 3A

5.2. Animals that received a limited number of non-reinforced exposures to the conditioned tone during the extinction phase had a small reduction in conditioned fear compared to VNS-treated rats. [LM]

5.2.1. Figure 3B

5.3. VNS animals also showed reduced freezing behavior outside the presentation of the conditioned tone, suggesting that their extinction training generalized to the context. [LM]
5.3.1. Figure 3C
5.4. Further investigation showed that pairing VNS with extinction training alters metaplasticity in the pathway between the infralimbic cortex and the basolateral amygdala in anesthetized animals. [LM]

5.4.1. LAB MEDIA: Figure 4A

5.5. In fear-conditioned animals with no extinction training, brief burst stimulation of the infralimbic cortex induced long term depression of the evoked local field in the basolateral amygdala. [LM]
5.5.1. Fig 4B top left panel 

5.6. Whether given extended extinction training or VNS during a single extinction session, this synaptic depression was reversed in animals exhibiting significant extinction of the conditioned fear. [LM]

5.6.1. Fig 4B bottom left and right panels

5.7. However, administration of VNS during extinction promoted induction of long term potentiation.  [LM]

5.7.1. Fig 4B center left panel
6. Conclusion 
6.1. _________: After watching this video, you should have a good understanding of how to use VNS in conjunction with behavioral training.

6.2. ________: Once mastered, VNS component making and surgery can be done in about 3 hours if it is performed properly.  While attempting this procedure, it’s important to remember to keep electrical connections intact.

6.3. ________: Following this procedure, other methods like immunohistochemistry or electrophysiology can be performed in order to answer additional questions like ”How does VNS impact the factors known to contribute to plasticity?” and “Through which mechanism does VNS impact this plasticity?”.
Authors, please note who reads each statement.  Choose no more than one statement per person on camera, please, and scratch out the remainder(s), if any.
G. List of Provided Media (provided by you)
Make a listing of your media filenames here, so there is no confusion about which files the video editors should use. 
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.
 2015, Journal of Visualized Experiments


