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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? N

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Leica GZ6.  The dissection scope has 10x/22mm oculars and 0.67 to 4x objective zoom, with total magnification 6.7 to 40x.  No camera port is present. Your scope kit will need to image via one of the oculars. 
B.   Software Usage: Does your protocol include detailed descriptions of software usage? Y
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.)
Being able to see the location of the nerves and how to cut them from the brainstem is probably the most beneficial: 2.6, 2.7, 2.8, and 2.9.
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.) 
Positioning the head correctly in the gimbal for both the calibration and for a good approach for the attachment of the suction electrode is probably the most difficult: 3.9 and 4.4.  Doing a mock run prior to the day of filming for ideal positioning for one of the sides (left or right eye) should help minimize the time needed for adequate positioning.  Having a backup, another head that has been dissected and ready to go to serve as an alternative, also would be a good idea.  If the calibration is not filmed explicitly, as identified in 3.9, then this is probably not an issue.  Therefore, we could place the head as though we would do the calibrations, but not actually carry out to completion, and instead focus on providing the best approach for the electrode.
E.  Will the filming need to take place in multiple locations? N. There may be different rooms used based on lighting and space requirements for shooting the videos, but  the furthest difference would be one floor  difference in the same building.

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this electrophysiological protocol is to provide the ability to measure the kinematics of eye movements of the red-eared slider turtle using an in vitro isolated head preparation. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. James R. Dearworth Jr.: This method can help answer key questions in the oculomotor field, such as how vision evolved in turtles [1-MED]. 
1.1.1. Named author states the above, looking slightly off frame, interview style.
1.2. James R. Dearworth Jr.: The main advantage of this technique is that it does not require animals to be trained to track targets and uses a gimbal to calibrate eye movements [1-MED].

1.2.1. Named author states the above, looking slightly off frame, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** James R. Dearworth Jr.: Demonstrating the procedure will be Steven Nesbit, an undergraduate student from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4 Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Lafayette College.
Protocol: (read by voice talent at JoVE)
2. Dissection of the Brain and Cranial Nerve
2.1. Begin with the turtle head in a dissection dish with enough turtle Ringer’s solution to irrigate the tissue [1-MED]. Maintain the tissue at 4 °C by placing ice around the outside of the dish [2-MED-over the shoulder-TXT]. 
2.1.1. Talent places the turtle head into a dissection dish containing Ringer’s solution. 
2.1.2. Talent places ice around the dissection dish. TEXT: Oxygenize with 95% Oxygen and 5% CO2
2.1.3. A bubbler is placed into the dissection dish.  Video editor: I added the information into a text overlay because it seems like an important thing to note.
2.2. Place a blunt dissection probe through the mouth to provide easier handling of the head [1-CU]. Then while working under a dissection microscope [2-MED-over the shoulder], cut the joint connecting the dentary bone to the cranium with a scalpel [3-SCOPE]. 
2.2.1. The blunt probe is placed in the mouth of the turtle. 
2.2.2. Talent positions the plate to optimize the view through the dissection microscope, then looks through the oculars and adjusts the focus. 
2.2.3. The scalpel enters the field of view and cuts the joint connecting the dentary bone to the cranium. 
2.3. Next, use rongeurs [1-MED] to pull the lower jaw away from the cranium. Then pull off the skin and muscles from their attachments at the dorsal and lateral regions of the cranium [2-SCOPE]. 
2.3.1. Talent places the scalpel on a sterile surface on the bench (instrument roll or similar) and picks up the Rongeurs. 
2.3.2. The lower jaw is pulled off followed by the skin and muscles. 
2.4. After identifying the vertebral column at the caudal end of the cranium, bend the vertebral column ventrally to expose the spinal cord [1-SCOPE], and use microscissors [2-MED-over the shoulder] to snip the spinal cord [3-SCOPE].  
2.4.1. The closed rongeurs indicate the vertebral column at the caudal end of the cranium. 
2.4.2. Talent picks up microscissors and moves towards the spinal cord. 
2.4.3. The spinal cord is snipped. 
2.5. Use rongeurs to remove the vertebral column [1-MED] and other tissue from the cranium by pulling caudally [2-SCOPE].
2.5.1. Talent begins removing the vertebral column with the Rongeurs. Focus on the movement of Talent’s hands. 
2.5.2. The last of the vertebral column is removed followed by any remaining cranial tissue. 
2.6. Then, make two superficial cuts on the dorsal cranium starting at the foramen magnum, and carefully pull off the dorsal cranium [1-SCOPE]. 
2.6.1. The rongeurs make two cuts as described then the dorsal cranium is pulled off. 
2.7. Use microscissors to remove the meninx and expose the rest of the brain [1-MED-over the shoulder]. Remove enough meninx to allow identification of the olfactory bulbs in the anterior cranial cavity [2-SCOPE]. Continue to irrigate the brain with turtle Ringer’s solution, as necessary [3-MED].
2.7.1. Talent picks up microscissors and moves to cut the membrane layer covering the brain.  
2.7.2. The membrane is removed all the way up to the olfactory bulbs which are then indicated with the closed tips of the microscissors. 
2.7.3. Talent gently dispenses Ringer’s solution onto the brain. 
2.8. Next, use curved forceps to gently pull the cerebrum caudally and produce slight tension on the cranial nerves. Carefully cut away and remove the olfactory bulbs and cerebrum with curved forceps [1-SCOPE].
2.8.1. The forceps grasp the cerebrum and pull. Then the forceps cut away the olfactory bulbs followed by the cerebrum. 
2.9. Then use microscissors [1-MED-over the shoulder] to gently push the midbrain toward the midline and expose the cranial nerves. Cranial nerve 3 can be seen in front of cranial nerve 4. The diameter of nerve 4 is slightly less than nerve 3 [2-SCOPE]. 
2.9.1. Talent puts down curved forceps and picks up the microscissors.
2.9.2. The midbrain is pushed towards the midline with the closed microscissors. The cranial nerves are then visible to camera. The tips of the microscissor indicate cranial nerve 3 for a few seconds and then move to point out cranial nerve 4. 
2.10. Cut nerves 3 and 4 where they attach to the midbrain. Repeat this on the other side. Then cut the left and right sides of the optic nerve, or cranial nerve 2 [1-SCOPE]. 
2.10.1. Nerves 3 and 4 are cut on one side then the other. Then the scissors move to cut the optic nerve after it bifurcates into left and right sides. 
2.11. Tilt the brainstem to one side [1-CU] and observe cranial nerve 6, the abducens nerve, emerging from the ventral surface near the junction of the pons and the medulla. Cut cranial nerve 6 on both the left and right side [2-SCOPE]. 
2.11.1. Talent uses an appropriate tool to tilt the brainstem. 
2.11.2. As the brainstem tilts, cranial nerve 6 becomes visible and is then cut on both sides with the microscissors. 
2.12. Remove the remaining parts of the brainstem from the head with fine forceps and microscissors [1-CU]. Once the cranium is empty, examine the cranial cavity floor and identify nerves 3, 4, and 6 [2-SCOPE].
2.12.1. Talent’s hands clearing the remaining brainstem from the cranial cavity with fine forceps and microscissors. 
2.12.2. The closed tips of the fine forceps indicate cranial nerves 3, 4 and 6. 
2.13. Lastly, remove the upper and lower eye-lids with fine forceps and microscissors [1-MED]. 
2.13.1. Talent removing the eyelids. 
3. Calibration of Eye Movements 
3.1. Place the turtle head into the gimbal chuck [1-CU]. Then use a small bubble-level to check that the dorsal surface of the head is parallel to the horizon [2-MED-over the shoulder-TXT].  Position one of the eyes at the center of the gimbal’s horizontal and vertical rotations [3-CU].
3.1.1. *film as written. 
3.1.2. The bubble-level is placed on the head and then the gimbal is adjusted slightly so that the bubble indicates that the dorsal surface is parallel to the horizon. TEXT: Critical step. 
3.1.3. The gimbal is moved horizontally so that one of the eyes is positioned at the center. 
3.2. Angle an infrared camera 45-degrees above the line of sight of the eye [1-MED]. The infrared LED should be at the 11 o’clock position when looking at the camera lens to center the LED along the optical axis of the eye [2-MED-over the shoulder]. 
3.2.1.  Talent moves the mounted infrared camera so that it is 45-degrees above the line of sight of the eye. 
3.2.2. Our view includes the back of Talent’s head as Talent looks at the camera lens and moves the infrared LED to the 11 o’clock position. 
3.3. Adjust the distance of the camera from the eye [1-MED] so that the camera view is maximally filled by the eyeball. Ensure that the corners of the eyes are at the edges of the horizontal view [2-SCREEN].
3.3.1. Talent looks at the monitor showing the camera output, reaches out an arm and adjusts the camera distance. 
3.3.2. SCREEN CAPTURE: Footage of the camera view as the small adjustments are made. The eye fills the screen and the corners of the eyes are at the edges of the horizontal view.(3.3.mov)
3.4. Focus the camera to obtain a clear image of the eye [1-MED-over the shoulder]. Then use the three degrees of linear adjustment provided with the gimbal [2-CU-TXT] to fine-position the eye at the center of the camera view [3-SCREEN]. 
3.4.1. Talent reaches over and gently adjusts the focus of the camera. 
3.4.2. The gimbal is moved slightly in the x, y, and z planes. TEXT: x, y, z. 
3.4.3. SCREEN CAPTURE: The eye moves slightly into position at the center of the camera view. (3.4.mov)
3.5. Detect the dark pupil by setting the threshold and contrast appropriately using the program provided with the video-based eye tracking system [1-BROLL]. 
3.5.1. Footage of Talent at the set up working on the keyboard and mouse to manipulate the software. Videographer please get footage from different angles and zoom settings. Shots should include Talent using the keyboard and looking at the screen, Talent using the mouse and looking at the screen, Talent’s hand clicking the mouse etc. (3.6.1, 3.9.1, 5.5.1, 5.5.3). This footage will be interspersed throughout the final video to break up multiple consecutive screen captures. 
3.6. Using the mouse [1-CU], click on the “Video” menu and under “Mode” select “High Precision” to capture images at a sampling rate of 30 Hz giving a resolution of 640 pixels x 480 lines. Also under “Video”, open “Pupil Type” and select “Dark Pupil” and “Ellipse (rotated ellipse)” for “Pupil Segmentation Method” [2-SCREEN].
3.6.1. Use BROLL from 3.5.1. Talent’s hand clicks the mouse button. 
3.6.2. SCREEN CAPTURE: The manipulations described in the narrative are performed in order in the software (Video>Mode>High Precision (short pause) Video>Pupil Type>Dark Pupil>Pupil Segmentation Method>Ellipse (rotated ellipse)) 
3.7. In the “EyeCamera” window, click on the “Pupil Search Area Adjustment” icon. Use the mouse to drag out a rectangle that limits an area around the pupil, avoiding dark areas that could be confused with the pupil [1-SCREEN].
3.7.1. SCREEN CAPTURE: The manipulations described in the narrative are performed in order in the software (EyeCamera>Pupil Search Area Adjustment. Then the rectangle is drawn as described). 
3.8. Then in the “Controls” window, confirm that boxes for “Auto Image” and “Positive-Lock Threshold-Tracking” are checked. Click on “Auto-Threshold” to optimize the density of scanning, which will show as green dots over the dark pupil [1-SCREEN]. 
3.8.1. SCREEN CAPTURE: The manipulations described in the narrative are performed in order in the software (Controls>Auto Image>Positive-Lock Threshold-Tracking (short pause) Auto-Threshold (green dots appear). (3.8.mov). 
3.9. Calibrate the video-display of the video-based eye tracking program to the rotations of the gimbal, and calibrate torsional rotation as described in the text [1-BROLL]. 
3.9.1. Talent working at the computer 3.5.1. 
3.10. Place a ruler in the same focal plane as the pupil [1-MED-over the shoulder] and record the width of the full camera view [2-MED-TXT]. 
3.10.1. Talent places the ruler. 

3.10.2. Talent checks the measurement and then writes in a notebook. TEXT: The value will be used later to determine the actual width of the pupil. 
4. Positioning of Suction Electrode on Cranial Nerve to Evoke Eye Movement 
4.1. To position the electrodes, first insert a pin reference electrode into the connective or muscle tissue remaining on the head [1-CU]. 
4.1.1. The pin electrode is inserted into a suitable place on the head. 
4.2. Match the size of the nerve to be stimulated to a fire-polished capillary glass tip [1-MED-TXT], and place the glass tip onto the suction electrode [2-CU]. Fill the suction electrode with Ringer’s solution [3-MED-over the shoulder] and adjust the volume within the syringe to about half of its capacity [4-SCOPE]. 
4.2.1. Talent selects a fire-polished pulled capillary from a selection in a suitable container. If possible have the container lableled with ‘nIII, nIV, nVI) and have Talent select from the nIII section. TEXT: nIII: 0.4 to 0.8 mm. nIV: 0.3 to 0.6 mm. nVI: 0.2 to 0.4 mm. 
4.2.2. *film as written. 
4.2.3. Talent fills the electrode. 
4.2.4. Ringer’s solution is ejected from the pipette until it is full. 
4.3. Ensure that the cranial nerves are clearly visible [1-MED]. Then, while looking through a boom-mounted dissection scope, use the micromanipulator to carefully move the glass tip of the electrode [2-MED-over the shoulder] to a position above the cut-end of the selected nerve and below the surface of the Ringer’s solution that fills the cranium [3-SCOPE]. 
4.3.1. Talent moves the fiber optic light to illuminate the cranial nerves. 
4.3.2. Talent looking through the dissection scope and moving the micromanipulator to bring the electrode close to the nerve. 
4.3.3. The electrode moves down through the meniscus of the Ringer’s solution and is positioned above the nerve to be stimulated (oculomotor nerve). 
4.4. Pull back on the plunger of the syringe [1-CU]. The vacuum will draw the nerve into the end of the capillary tip. 
4.4.1. *film as written. 
4.4.2. The nerve is drawn into the capillary tip and remains within the tip. 
5. Stimulation of Cranial Nerve
5.1. Connect the suction electrode to the current isolation device using a cable [1-MED]. Connect the lead from the pin reference electrode to the ground connection of the isolation device [2-MED-over the shoulder].
5.1.1. Talent connect a cable from the current isolation device to the suction electrode. 
5.1.2. Talent lifts the lead from the pin reference electrode and plugs it into the current isolation device. 
5.2. Use the dials and switches on the stimulator and isolation device to input the stimulation parameters [1-MED]. Use a range of currents from one- to 100-microamps, with frequency of 10 to 400 Hertz. Use one- or two-millisecond pulses in trains lasting 100, 500, or 1,000 milliseconds [2-CU].
5.2.1. Talent manipulating the dials and switches of the stimulator. 
5.2.2. Talent’s gloved hand selects a current between 1-100 mA, a frequency between 10-400 Hz and 1 or 2 ms pulses of either 100, 500, 1000 ms. 
5.3. To visualize the timing of the current applications and their influence on eye movements [1-MED-over the shoulder], click on the “PenPlots” menu. Select “X Gaze Position”, “Y Gaze Position”, “Torsion”, and “Pupil Width” to show real time raw data plots for X and Y eye positions, torsion, and pupil width [2-SCREEN]. 
5.3.1. BROLL of Talent working at computer (3.5.1)
5.3.2. SCREEN CAPTURE: The manipulations described in the narrative are performed in order in the software (PenPlots>X Gaze Position>Y Gaze Position>Torsion>Pupil Width). (5.3.mov)
5.4. Also, select the “Seconds & Markers” from the “PenPlots” menu to show a timing plot with tick marks, which appear at 1 second intervals [1-SCREEN]. 
5.4.1. SCREEN CAPTURE: The manipulations described in the narrative are performed in order in the software (PenPlots>Seconds & Markers). (5.4.mov). 
5.5. To help keep track of the type of currents applied [1-MED-over the shoulder], click on the “Windows” menu and select “Data Pad”. The “KeyPad/DataMarker” window will appear. Click on a letter or a number to identify parameters of the current stimulations being delivered to the nerve [2-SCREEN]. Analyze data as described in the protocol text [3-MED]. 
5.5.1. BROLL of Talent working at computer. 
5.5.2. SCREEN CAPTURE: The manipulations described in the narrative are performed in order in the software (Windows>Data Pad>KeyPad/DataMarker>letter or number). (5.5.mov). 
5.5.3. BROLL of talent working at computer to analyze data. 
6. Results: Example of Pupil Constriction Evoked by Stimulating the Oculomotor Nerve (nIII) in the Whole-Head Preparation
6.1. This trace shows the mean pupil diameter from six stimulations in one preparation, the dashed lines show standard deviation. The rectangular waveform on the x-axis denotes onset and offset of a 100-Hz train of 1-millisecond pulses with an amplitude of 50 microamps [1-LM]. 
6.1.1. LAB MEDIA: 56864_Figure2_trace. Video Editor please show this figure without the A, B, and C arrows and boxes and, initially, without the rectangular waveform. Add in the rectangular waveform at “The rectangular waveform on the x-axis…”. 
6.2. This sketch shows the orientation of the iris line in the eye prior to stimulation [1-LM].
6.2.1. LAB MEDIA: 56864_Figure2_sketchReflectedToMakeLeftEye. 
6.3. This image shows a still frame from a representative trial before stimulation [1-LM]. 
6.3.1. LAB MEDIA: 56864_Figure2_AReflectedToMakeLeftEye TEXT: White scale bar = 1 mm. Figure modified with permission33 and 56864_Figure2_trace. Video Editor please begin with 56864_Figure2_AReflectedToMakeLeftEye and then shrink this image to reveal 56864_Figure2_trace underlay. The image then comes to rest in the ‘A’ box on the trace (the A is not seen). 
6.4. This image shows the eye during stimulation [1-LM].
6.4.1. LAB MEDIA: 56864_Figure2_BReflectedToMakeLeftEye and 56864_Figure2_trace. Video Editor please begin with 56864_Figure2_BReflectedToMakeLeftEye and then shrink this image to come to rest in the ‘B’ box on the trace (the B is not seen).
6.5. Here, the eye is seen after stimulation [1-LM].
6.5.1. LAB MEDIA: 56864_Figure2_CReflectedToMakeLeftEye and 56864_Figure2_trace. Video Editor please begin with 56864_Figure2_CReflectedToMakeLeftEye and then shrink this image to come to rest in the ‘C’ box on the trace (the C is not seen).
7. Conclusion (said by authors on camera)
7.1. James R. Dearworth Jr.: While attempting this procedure, it’s important to remember to take your time during the dissection, to match the size of the suction electrode to each cranial nerve, and to place the head appropriately in the gimbal.

7.2. James R. Dearworth Jr.: Following this procedure, other methods like testing different temperatures or applying pharmacological agents including analgesics can be performed to answer additional questions like how these factors influence eye movements and nervous tissue survivability.     
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.  

56864_Figure2_trace
56864_Figure2_sketch_ReflectedToMakeLeftEye
56864_Figure2_A_ReflectedToMakeLeftEye
56864_Figure2_B_ReflectedToMakeLeftEye
56864_Figure2_C_ReflectedToMakeLeftEye
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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