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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____NO_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)________ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. __5.4, 6.1, 6.3, 7.3, 9.4, 9.5

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.___5.4___________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___NO____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to combine transcranial direct current stimulation with proton M-R-S measurements to investigate the effects of bilateral stimulation on primary motor cortex metabolism. (Intro)
This is accomplished by first carefully positioning the stimulating electrodes over the target area and securing them to the participant scalp while the participant is outside the scanner. (P1)
Editors, please use P1 of “graphic overview” as this point is narrated.  Start with the skull image by itself and then bring in the C3 and C4 labels along with the “Electrodes” label and “Vertex” label.
After determining the position of the M-R-S voxel using an anatomical scan of the participant brain, 4 blocks of 64 metabolite scans are run with an M-R-S MEGA-PRESS sequence. (P2)
Editors, please use P2 of “graphic overview” as this point is narrated and trace-highlight the scan as the second half of the sentence is narrated. 
Next, with the participant still in the MRI scanner, bilateral stimulation of the primary motor cortex is performed for 20 minutes at an intensity of 1 milli-ampere. (P3)
Editors, please use P3 of “graphic overview” as this point is narrated.  To animate, perhaps a ball of light could travel from the DC stimulator in the MR control room to the Magnet to indicate power to the machine.  The dotted lines around the test subject and the 50 mt border line could then flash to indicate a magnetic field is on. 
The final step is to run the same metabolite scans as the pre- transcranial direct current stimulation, or pre-tDCS (pronounced “t-d-c-s”) scan. (P4)
Editors, please use P4 of “graphic overview” as this point is narrated and trace-highlight the scan as narrated.
Ultimately, combining transcranial direct current stimulation with magnetic resonance spectroscopy is used to show modulations in GABA and Glutamate concentrations associated with bilateral stimulation of the primary motor cortex. (P5)
Editors, please start with figure 6.eps and then have figure 7.eps appear to come out of the figure 6 images, to indicate the data came from the brain scans.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sara Tremblay:  This method can help answer key questions in the neuromodulation field, such as which neurotrasmitters are affected by specific stimulation protocols? How focal are the effects of stimulation? Does bilateral stimulation result in larger effects than unilateral stimulation? How long are the effects of tDCS?  
1.1.1. MED:  Sara speaks toward camera, interview style.
1.2. Hugo Théoret:  The implications of this technique extend toward therapy (or diagnosis) of depression because recent studies have shown that tDCS can alleviate symptoms of depression. A better understanding of the mechanism of action of tDCS could help better define individual stimulation parameters and lead to individualized therapy.  It could also serve as a way to predict which patient will respond to the intervention and which will not.
1.2.1. MED:  Hugo speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):

2. Placement of electrodes 
2.1. Begin this protocol with preparatory steps as described in the text protocol.  
2.1.1. Title Card.
Move step 3.1 (multimeter) above step 2.2 (position of th electrodes)
2.2. After determining the positions of the electrodes, move as much hair as possible away from the targeted areas that will be stimulated.  Apply an EEG-type exfoliating gel with a cotton-swab to clean the targeted areas.
2.2.1. MED:  Talent moves as much hair as possible away from the targeted area as possible.
2.2.2. CU:  Participant’s scalp as talent applies an exfoliating gel with a cotton swab to clean the targeted areas.
2.3. Further clean the targeted areas with a 70% isopropyl alcohol and pumice prepping pad to enhance electrode contact.
2.3.1. MED-over the shoulder:  Talent cleans the targeted areas with a 70% isopropyl alcohol and pumice prepping pad to enhance electrode contact.
2.4. Then, generously cover the entire electrode with an EEG-type conductive paste.  Ensure that the paste is approximately 5 mm thick across the entire surface.  Make sure the entire rubber area is covered with paste.  Lightly wet the target areas and the conductive paste on the electrodes with a saline solution.
2.4.1. CU:  Electrode as talent covers with an EEG-type conductive paste at about 5 mm thick across the entire surface.
2.4.2. MED:  Talent lightly wets the target areas and the conductive paste with saline solution. 
2.5. Position the electrodes as demonstrated here and press the electrodes firmly onto the targeted areas.  Place a rubber band around the head of the participant to ensure optimal stability of the electrodes.  Adjust it in such a way that the participant will experience no pain or discomfort during the scanning session.
2.5.1. CU:  Subject’s scalp as talent positions the electrodes and presses them firmly onto the targeted area.
2.5.2. MED:  Talent places a rubber band around the subject’s head to stabilize the electrodes.
2.5.3. MED-over the shoulder:  Talent adjusts the rubber band so that the subject feels no pain or discomfort.
3. tDCS test outside the scanner room
3.1. Use a multimeter to verify the proper functioning of the electrode cable and resistance.  Then, turn on the transcranial direct current stimulation device and load the test stimulation settings as described in the text protocol.  
3.1.1. CU:  Multimeter as talent uses to verify the proper functioning of the electrode cable and resistance.
3.1.2. MED-over the shoulder:  Talent turns on the tDCS device and begins to load the test stimulation settings.
3.2. Press button 1 to start the stimulation.  The display will show the impedance level and automatically stop if it reaches more than 20 kΩ (pronounced “kilo ohm”).  If the impedance level is over 20 kΩ, unplug the electrode wires from the inner box and verify the placement of the electrodes.  
3.2.1. MED-over the shoulder:  Device as talent presses button 1 to start the stimulation.  
3.2.2. CU:  Device as the display shows the impedance level.    
3.2.3. MED:  Talent unplugs the electrode wires from the inner box to show what to do when the impedance level is over 20 kΩ.
3.3. Redo the test stimulation.  When a good level of impedance is reached and when the test stimulation is over, unplug the electrodes from the inner box.
3.3.1. MED-over the shoulder:  Talent repeats the test stimulation.
3.3.2. CU:  Inner box as talent unplugs the wires.
4. tDCS setup and MRI scan preparation
4.1. Place the tDCS device and the outer box in the scanner control room.  Plug the outer box wires into the tDCS device and then plug the long box cable into the outer box. 
4.1.1. MED:  Talent places the tDCS device and the outer box in place in the scanner control room.
4.1.2. MED-over the shoulder:  Talent plugs the outer box into the tDCS device and then plugs the long box cable into the outer box.
4.2. Run the tDCS box cable from the scanner control room into the magnetic resonance imaging, or MRI, room.  Make sure to run this cable as straight as possible, avoiding any kinks or loops, along the wall of the MRI room towards the back of the MRI scanner.  Put multiple MR compatible sandbags on the cable to ensure its stability.
4.2.1. WIDE:  Talent runs the box cable from the scanner control room into the MRI room.  Continue action in next shot.
4.2.2. MED-over the shoulder:  Talent continues to run the box cable, running it as straight as possible.
4.2.3. CU:  Cable as talent places an MR compatible sandbag on the cable.
4.3. Bring the inner box into the MRI room and plug the long box cable into it. 
4.3.1. MED:  Talent plugs the long box cable into the inner box, placing it outside the 50mT line.
4.4. Begin MRI scan preparation with instructions to the participant as well as positioning of the participant in the scanner as described in the text protocol.
4.4.1. WIDE or MED:  Talent helps the participant get into position in the scanner while giving instructions.
4.5. Use medical tape to stabilize the electrode cable on the right side of the back of the coil.  Plug the electrode wires located inside the scanner into the tDCS inner box.  Put the inner box on the right side of the scanner with a sandbag on it for maximal stability. 
4.5.1. CU:  Electrode cable as talent uses medical tape to stabilize the electrode cable on the right side of the back of the coil.
4.5.2. MED-over the shoulder:  Talent plugs the electrode wires into the tDCS inner box.
4.5.3. CU:  Inner box as talent places on the right side of the scanner with sandbag on it.
4.6. Move the table back into its final position.  Keep the tDCS turned on and the electrodes plugged into the outer box for the entire MRI session.
4.6.1. WIDE or MED:  Talent moves the table back into its final position.
5. Pre-tDCS 1H-MRS session
Editors, please use the zoom bubble to highlight the actions being performed on the SCREEN capture movies whenever helpful for the viewer to see.

5.1. For the pre-tDCS M-R-S session, run a localizer sequence to acquire images needed to verify the proper positioning of the head and to compare to a second localizer which will be acquired at the end of the session to check for overall movement.
5.1.1. MED-over the shoulder:  Talent runs the localizer sequence to acquire images for positioning verification.  
5.2. Then, acquire anatomical T1-weighted MPRAGE (pronounced as “T-1-weighted-M-P-rage”) images for the positioning of the M1 voxel and detection of possible structural abnormalities.
5.2.1. SCREEN:  Screen capture movie as talent acquires anatomical T1-weighted MPRAGE images. TEXT overlay:  see text for parameters  
5.3. Next, perform a multi-planar reconstruction of the images in planes that are more appropriate for visualization of the spectroscopy volume-of-interest, or V-O-I.  First, in the 3D card, browse the MPRAGE raw images.  
5.3.1. MED-over the shoulder:  Talent performs a multi-planar reconstruction by first browsing the MPRAGE raw images.
5.4. Then, from the “creating parallel ranges” window, select “axial 2 by 2”.  Adjust the position of the parallel lines and click on save to create the axial orthogonal view.  From the “creating parallel ranges” window select “coronal 2 by 2”.  Adjust the position of the parallel lines and click on “save” to create the coronal orthogonal view.  
5.4.1. SCREEN:  Screen capture movie as talent selects “axial 2 by 2” from the “creating parallel ranges” window.  Talent then adjusts the position of the parallel lines and clicks on save to create the axial orthogonal view.  From the “creating parallel ranges” window talent selects “coronal 2 by 2”.  Talent adjusts the position of the parallel lines and clicks on “save” to create the coronal orthogonal view.  
5.5. Locate the left M1 anatomical landmarks on the three orientation slices.  Then, position the VOI on the area without any angulation relative to the scanner axis. 
5.5.1. SCREEN:  Screen capture movie as talent locates the left M1 anatomical landmarks on the three orientation slices.  Then, talent positions the VOI on the area without any angulation relative to the scanner axis. 
5.6. Acquire a line-width scan by first selecting the spectroscopy card to measure water line-width on the real part of the signal from this line-width scan.  Load the line-width raw data from the browser.  Then, load the line-width measurement protocol.  
5.6.1. SCREEN:  Screen capture movie as talent acquires a line-width scan by first selecting the spectroscopy card to measure water line-width on the real part of the signal.  Talent then loads the line-width raw data from the browser.  Then, talent loads the “line-width measurement protocol” by going to the protocols menu and selecting “select the protocol.”
5.7. Next, adjust the phase using the scanner software interactive post-processing tools. Select the phase correction section and adjust the phase for the baseline with the cursor. 
5.7.1. SCREEN:  Screen capture movie as talent adjusts the phase using the scanner software interactive post-processing tools.  Talent then selects the phase correction section and adjusts the phase for the baseline with the cursor.
5.8. In order to reduce the line-width, run the FAST(EST)MAP (pronounced “fastest map”) sequence three times.  Repeat the line-width scan and the line-width measurement.  Note the final water line-width.  
5.8.1. SCREEN:  Screen capture movie as talent runs the FAST(EST)MAP sequence 3 times.
5.8.2. MED-over the shoulder:  Talent repeats the line-width scan and the line-width measurement.
5.8.3. CU:  Notebook or screen as talent notes the final water line-width.
5.9. Next, start 4 blocks of 64 metabolite scans with the MEGA-PRESS sequence, where VAPOR, O-V-S and individual storage of F-I-Ds are enabled.  
5.9.1. SCREEN:  Screen capture movie as talent starts 4 blocks of 64 metabolite scans with a MEGA-PRESS sequence, where VAPOR, OVS and individual storage of FIDs are enabled.  TEXT overlay:  see text for parameters
5.10. Acquire a water reference using the MEGA-PRESS sequence without MEGA water suppression, with VAPOR suppression and with a delta measurement at 0 ppm.  Then, acquire a single block of 4 metabolite scans instead of 64.
5.10.1. SCREEN:  Screen capture movie as talent acquires a water reference using MEGA-PRESS sequence without MEGA water suppression, with VAPOR suppression and with a delta measurement at 0 ppm.
5.10.2. MED-over the shoulder:  Talent acquires a single block of 4 metabolite scans.
6. tDCS procedure and Post-tDCS 1H-MRS session
6.1. To begin, inform the participant that the tDCS stimulation will start and that the scanner will be silent for the entire stimulation.
6.1.1. MED:  Talent instructing the participant.
6.2. Then, select one of the two previously programmed parameters according to the condition and start the stimulation.  Keep track of the impedance and voltage during the 20 minutes of stimulation.  When the stimulation is over, notify the participant that the post-tDCS MRS session will begin.  Do not turn off the tDCS device.
6.2.1. MED-over the shoulder:  Talent selects one of the two previously programmed parameters and starts the stimulation.
6.2.2. CU:  Screen or notebook as talent keeps track of the impedance and voltage.
6.2.3. MED:  Talent notifies the participant that the post-tDCS MRS session will begin.
6.3. For the Post-tDCS M-R-S session, run the same metabolite scans as the pre-tDCS scan but double the blocks of acquisition to acquire the metabolites at two different time points post-tDCS.
6.3.1. SCREEN:  Screen capture movie as talent sets up and then runs the same metabolite scans with MEGA-PRESS sequence as the pre-tDCS scan but doubles the blocks of acquisition to acquire the metabolites at two different time points post-tDCS.
6.4. As with the pre-tDCS session, acquire a water reference scan using the same parameters. Finish the session with a localizer sequence.
6.4.1. SCREEN:  Screen capture movie as talent acquires the water reference scan.
6.4.2. MED-over the shoulder:  Talent finishes the session with a localizer sequence.
Move step 6.6 before step 6.5
6.5. Then, visually compare the images with the localizer acquired at the beginning of the scanning session as an index of head movement. 
6.5.1. SCREEN:  Screen capture movie as talent visually compares the images with the localizer acquired at the beginning of the scanning session (as an index of head movement).
6.6. Access the viewing card and go to the browser menu.  Select the first and second localizer raw images.  Load the images in the viewing card and compare both images.  
6.6.1. SCREEN:  Screen capture movie as talent accesses the viewing card and goes to the browser menu.  Then talent selects the first and second localizer raw images, loads the images in the viewing card and compares the images.  
6.7. Finally, export data in the dicom format through the server.  See the text protocol for data analysis.
6.7.1. SCREEN:  Screen capture movie as talent exports the data in the dicom format through the server.
7. Results: Effects of bilateral tDCS on Glx and GABA
7.1. Shown here is the position of the voxel of interest in the primary motor cortex where all M-R-S measures were taken.  A 3D visualization shows a clear representation of the tDCS electrodes positioned on the scalp over the putative primary motor cortex. 
7.1.1. LAB MEDIA:  Figure 6.eps - Editors, please zoom into the bottom right image as the last sentence is narrated. 
7.2. Representative spectra acquired in the voxel of interest obtained from the ‘EDIT OFF’, ‘EDIT ON’ and difference spectra are shown.  Peaks corresponding to glutamate… GABA plus macro-molecules… as well as N-A-A can be clearly seen.  
7.2.1. LAB MEDIA:  Figure 7.eps - Editors, please zoom into the left side of the figure as “‘EDIT OFF’, ‘EDIT ON’” is narrated.  Then slide over to the right side as “difference spectra” is narrated.  Then zoom out and highlight the peak labeled Glx as glutamate is narrated, the peak labeled GABA+ as GABA plus macro-molecules are narrated, and the peak labeled NAA as NAA is narrated.  
7.3. The percentage of change between the M-R-S acquisition pre-tDCS and post-tDCS for the three different conditions in a single participant is shown.  Results from the post-tDCS session are separated into two time points to illustrate the evolution of change over time. 
7.3.1. LAB MEDIA:  Figure 8.eps  
7.4. There is no notable modulation for the percentage of change in glutamate, in sham stimulation and bilateral stimulation 1.  A notable enhancement of the glutamate concentration is observed in the second time-point following stimulation in bilateral stimulation 2.
7.4.1. LAB MEDIA:  Figure 8.eps - Editors, please zoom into the top plot in figure 8 as this point is narrated.
7.5. GABA concentration displays no notable modulation in sham stimulation or bilateral stimulation 2.  In contrast, a notable increase of GABA concentration is seen in the second-time point after bilateral stimulation 1.  
7.5.1. LAB MEDIA:  Figure 8.eps - Editors, staying zoomed in- please slide down to the bottom plot in figure 8 as this point is narrated.
8. Conclusion (said by authors on camera)
8.1. Sara Tremblay:  Once mastered, this technique can be done in two hours if it is performed properly.
8.1.1. MED:  Sara speaks toward camera, interview style.
8.2. Hugo Théoret:  After watching this video, you should have a good understanding of how to measure the effects of tDCS on specific brain metabolites such as GABA and glutamate. 
8.2.1. MED:  Hugo speaks toward camera, interview style.
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.  

Graphic overview

Figure 6.eps
Figure 7.eps
Figure 8.eps
SCREEN Capture Movies

51631_Theoret_SCREEN_5.2.1:  Screen capture movie as talent acquires anatomical T1-weighted MPRAGE images. 
51631_Theoret_SCREEN_5.4.1:  Screen capture movie as talent selects “axial 2 by 2” from the “creating parallel ranges” window.  Talent then adjusts the position of the parallel lines and clicks on save to create the axial orthogonal view.  From the “creating parallel ranges” window talent selects “coronal 2 by 2”.  Talent adjusts the position of the parallel lines and clicks on “save” to create the coronal orthogonal view.  
51631_Theoret_SCREEN_5.5.1:  Screen capture movie as talent locates the left M1 anatomical landmarks on the three orientation slices.  Then, talent positions the VOI on the area without any angulation relative to the scanner axis. 
51631_Theoret_SCREEN_5.6.1:  Screen capture movie as talent acquires a line-width scan by first selecting the spectroscopy card to measure water line-width on the real part of the signal.  Talent then loads the line-width raw data from the browser.  Then, talent loads the “line-width measurement protocol” by going to the protocols menu and selecting “select the protocol.”
51631_Theoret_SCREEN_5.7.1:  Screen capture movie as talent adjusts the phase using the scanner software interactive post-processing tools.  Talent then selects the phase correction section and adjusts the phase for the baseline with the cursor.
51631_Theoret_SCREEN_5.8.1:  Screen capture movie as talent runs the FAST(EST)MAP sequence 3 times.
51631_Theoret_SCREEN_5.9.1:  Screen capture movie as talent starts 4 blocks of 64 metabolite scans with a MEGA-PRESS sequence, where VAPOR, OVS and individual storage of FIDs are enabled.  TEXT overlay:  see text for parameters
51631_Theoret_SCREEN_5.10.1:  Screen capture movie as talent acquires a water reference using MEGA-PRESS sequence without MEGA water suppression, with VAPOR suppression and with a delta measurement at 0 ppm.
51631_Theoret_SCREEN_6.3.1:  Screen capture movie as talent sets up and then runs the same metabolite scans with MEGA-PRESS sequence as the pre-tDCS scan but doubles the blocks of acquisition to acquire the metabolites at two different time points post-tDCS.
51631_Theoret_SCREEN_6.4.1:  Screen capture movie as talent acquires the water reference scan.
51631_Theoret_SCREEN_6.5.1:  Screen capture movie as talent visually compares the images with the localizer acquired at the beginning of the scanning session (as an index of head movement).
51631_Theoret_SCREEN_6.6.1:  Screen capture movie as talent accesses the viewing card and goes to the browser menu.  Then talent selects the first and second localizer raw images, loads the images in the viewing card and compares the images.  
51631_Theoret_SCREEN_6.7.1:  Screen capture movie as talent exports the data in the dicom format through the server.
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


