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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  

Can you record movies/images using your own microscope camera? (Y/N)___Y____  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.)
3.3, 3.4, 3.5, 3.6, 4.1, 4.2
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.) 
4.1, 4.2
E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to record epileptiform activity from rodent brain slices coupled to microelectrode arrays and evaluate the efficacy of electrical stimulation protocols in controlling ictal discharges. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gabriella Panuccio: This method can help answer key questions in the field of neuromodulation for epilepsy treatment, such as what brain area and stimulation protocol are best suited [1-MED]. 
1.1.1. Interview style
1.2. Ilaria Colombi: The main advantage of this technique is that rodent brain slices represent simplified yet realistic models of brain circuits, while microelectrode arrays allow multiple observation points at known inter-electrode distance [1-MED].   
1.2.1. Interview style
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
. 
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Istituto Italiano di Tecnologia and by the Italian Ministry of Health, in compliance with the EU directive 2010/63/EC on animal welfare (authorization n. 860/2015-PR).

Protocol: (read by voice talent at JoVE)
2. Preparation of the MEA/Custom Chamber Assembly and Recording Bench

2.1. To prepare the MEA, evenly spread the elastomeric sealant on the bottom surface of the recording chamber and make sure that there are no bubbles [1-MED-over the shoulder-TXT]. Next, mount the recording chamber onto the MEA with the help of tweezers and apply gentle pressure [2-CU]. 
2.1.1. Talent spreading the elastomeric sealant on the bottom surface of the recording chamber and show there are no bubbles. Text: MEA: microelectrode arrays

2.1.2. CU the MEA as the recording chamber is mounted onto it with gentle pressure
2.2. Spread a sealant layer around the outer border of the recording chamber [1-CU]. Then, place the MEA/chamber assembly in a closed moist environment and let it cure at room temperature overnight [2-CU-TXT].
2.2.1. CU the recording chamber as a sealant layer is spread around the outer border
2.2.2. CU the MEA/chamber assembly as it is placed inside a moist environment. Text: RT, moist environment, overnight.
2.3. To prepare the recording bench, set the warm bath to 32 °C [1-MED]. Next, pour the 
holding ACSF into the holding and the pre-warming chambers [2-MED-over the shoulder].
2.3.1. *Film as written

2.3.2. *Film as written 
2.4. Bubble the solutions with 95% oxygen and 5% carbon dioxide mixture [1-MED-over the shoulder], and remove any trapped bubbles using an inverted Pasteur pipette [2-CU]. Keep the holding chamber at room temperature and place the pre-warming chamber in the warm bath [3-MED]. 
2.4.1. Talent places the carbogen tubings into the two solutions 

2.4.2. CU the solutions as an inverted Pasteur pipette is used to remove trapped bubbles. Show the chambers are covered after bubble removal

2.4.3. Talent places the holding chamber aside on the bench and the pre-warming chamber in the warm bath.
ADDED STEP: Prepare horizontal hippocampus-cortex brain slices according to standard procedures and let them recover in the holding chamber at room temperature for at least 60 min.

3. Preparation of the MEA Set-up
3.1. In this procedure, pour 80 mL of 4AP-ACSF into an incubating chamber [1-MED-TXT]. Then, bubble it with 95% oxygen and 5% carbon dioxide mixture, and remove any trapped bubbles using an inverted Pasteur pipette [2-CU]. Subsequently, cover the chamber and transfer it to the warm bath [3-MED-over the shoulder].  
3.1.1. *Film as written. Text: 4AP: 4-aminopyridine
3.1.2. CU the chamber as a carbogen tubing is placed into the solution 
3.1.3. Talent covers the chamber and transfers it to the warm bath 
3.2. 
Make sure that the pre-warming ACSF and the 4AP-ACSF temperatures are 30–32 °C [1-CU]. Use an inverted glass Pasteur pipette to transfer 1 brain slice into the pre-warming chamber and let the tissue rest for 25–30 minutes [2-MED-over the shoulder-TXT]. Then transfer the brain slice to the 4AP-ACSF incubating chamber and let it rest for 60 minutes [3-CU-TXT].
3.2.1. CU the bath and thermocouple to show the temperature around 30–32 °C.
3.2.2. Talent transferring a brain slice to the pre-warmed chamber. Text: 25-30 min
3.2.3. CU a brain slice as it is transferred to the 4AP-ACSF incubating chamber. Text: 60 min
3.3. 
Let the 4AP-ACSF flow through the perfusion tubing into a beaker until there is no air inside; then stop the solution flow [1-CU]. Place the dry MEA chip inside the MEA amplifier and secure the amplifier head [2-MED-over the shoulder]. 
3.3.1. CU the beaker as  4AP-ACSF flows through the perfusion tubing into it, then the solution flow is stopped
3.3.2. *Film as written

3.4. Subsequently, use a plastic Pasteur pipette to transfer 4AP-ACSF to the inlet and outer reservoir of the recording chamber [1-MED-over the shoulder]. Secure the heating cannula to a magnetic holder and place its tip inside the recording chamber inlet port [2-MED-over the shoulder]. Then, attach the magnetic holder to a magnetic strip on the MEA amplifier head; connect the perfusion tubing to the cannula and the cannula to the thermostat [3-MED-over the shoulder].
3.4.1. *Film as written

3.4.2. *Film as written + Talent attaching the magnetic holder to a magnetic strip on the MEA amplifier head
3.4.3. Talent attaching the magnetic holder to a magnetic strip on the MEA amplifier head, and 
Talent connecting the perfusion tubing to the cannula and the cannula to the thermostat
3.5. Afterward, place the suction needle in the outlet reservoir [1-CU]. Verify that there is negative pressure by submerging the suction needle into the ACSF and check for a constant low-frequency suction noise [2-CU]. Next, set the flow regulator to allow a flow-rate of 1 mL/minute and start perfusing [3-MED-over the shoulder].
3.5.1. CU the suction needle as it is placed in the reservoir
3.5.2. CU the suction needle as it is submerged into the ACSF and a constant low-frequency suction noise is heard
3.5.3. Talent sets the flow regulator
3.6. Once 4AP-ACSF is flowing through the cannula, turn on the thermostat [1-MED]. Set the heating cannula to 37 °C and the MEA base to 32 °C to achieve a temperature of 32–34 °C inside the recording chamber [2-MED]. Then place the external reference electrode in the recording chamber inlet reservoir [3-CU].
3.6.1. Talent turns on the thermostat merged + 3.6.2
3.6.2. Talent sets the heating cannula to 37 °C and the MEA base to 32 °C

3.6.3. CU the recording chamber inlet reservoir as the external reference electrode is placed in it
4. MEA Live Mapping
4.1. Once the 4AP-ACSF level and the recording temperature are stabilized as desired, turn the perfusion and the suction stopcocks to the off position to temporarily stop them [1-MED]. Quickly transfer one brain slice onto the MEA recording chamber using an inverted glass Pasteur pipette [2-MED-over the shoulder]. 
4.1.1. Talent turns the perfusion and the suction stopcocks to the off position
4.1.2. *Film as written

4.2. Adjust its position on the MEA recording area as needed using a fire-polished curled Pasteur pipette or a soft compact small brush [1-CU]. Place the hold-down anchor on the brain slice [2-CU]. Restart the perfusion and the suction by turning their stopcocks back to the on position [3-MED-over the shoulder].
4.2.1. CU the brain slice as its position is adjusted on the MEA recording area
4.2.2. CU the brain slice as a hold-down anchor is placed on it
4.2.3. Talent turns the stopcocks back to on position
4.3. Take a picture of the brain slice using a camera mounted on an inverted microscope stage [1-MED]. Then run the script mapMEA on the computer software to start the GUI to map the electrodes [2-SCREEN].
4.3.1. Talent looking at the slice via the monitor connected to the camera and taking a picture. 
4.3.2. *To be submitted by authors. Show that the script mapMEA is run to start the GUI to map the electrodes

4.4. Click the Browse button to load the picture of the brain slice [1-SCREEN]. Make sure that the reference electrode appears in the upper column of the left half-side of the MEA. Then, click the Activate Pointer button [2-SCREEN]. 
4.4.1. *To be submitted by authors. Show that Browse button is clicked to load the picture of the brain slice
4.4.2. *To be submitted by authors. Show that the reference electrode appears in the upper column of the left half-side of the MEA
. Then, the Activate Pointer button is clicked

4.5. Select the top and bottom electrodes in the leftmost column of the array to mark the XY coordinates for image straightening and electrode mapping [1-SCREEN]. From the slice type drop-down menu, select Horizontal. Tick the Default structures checkbox [2-SCREEN].
4.5.1. *To be submitted by authors. Show that the top and bottom electrodes in the leftmost column of the array are selected to mark the XY coordinates for image straightening and electrode mapping

4.5.2. *To be submitted by authors. Show that Horizontal is selected from the slice type drop-down menu, and the Default structures checkbox is ticked
4.6. Using the numbered pushbuttons below the brain slice picture, select the electrodes corresponding to the ROI and click the corresponding pushbuttons in the structures panel to assign them; repeat this step for each ROI [1-SCREEN].
4.6.1. *To be submitted by authors. Show that the electrodes corresponding to the ROI are selected and the corresponding pushbuttons in the structures panel are clicked to assign them
4.7. Afterward, press the Save button; the software will generate a result folder containing a table reporting the selected electrodes and ROIs [1-SCREEN]. 
4.7.1. *To be submitted by authors. Show that Save button is pressed and a result folder named #EXP_LabelledElectrodes containing a table reporting the selected electrodes and ROIs is generated
5. Recording and Electrical Modulation of the Epileptiform Activity 

5.1. For electrophysiology study, turn on the stimulus unit at least 10 minutes prior to the stimulation protocol to allow self-calibration and stabilization [1-MED]. Then, start the stimulus control software and verify that stimulator and MEA amplifier are correctly connected as indicated by a green LED in the main panel of the stimulus control software [2-SCREEN].
5.1.1. Talent turns on the stimulus unit
5.1.2. *To be submitted by authors. Show that the stimulus control software is started and a green LED in the main panel is on to indicate correct connection between the stimulator and MEA amplifier

5.2. Set up the stimulation in bipolar configuration. Connect the stimulus unit to the ground, then connect the electrode pairs in contact with the pyramidal cell layer of the CA1/proximal subiculum among the ones mapped with the script mapMEA [1-CU]. 

5.2.1. Show that the wires are being connected from the stimulus unit to the MEA amplifier

5.3. To acquire data, press the PLAY button in the main panel of the recording software. Record at least 4 ictal discharges [1-SCREEN]. 
5.3.1. *To be submitted by authors. Show that the PLAY button in the main panel is pressed and ictal discharges are recorded

5.4. Next, run a fast input/output test to identify the best stimulus intensity. To do so, use the main panel to design a square biphasic positive-negative current pulse with a duration of 100 µs/phase; in the pulse amplitude tab, enter an initial pulse amplitude of 100 µA/phase; set the stimulation pulse at 0.2 Hz or lower by adding an inter-pulse interval of 5 seconds or longer [1-SCREEN].
5.4.1. *To be submitted by authors. Show that a square biphasic positive-negative current pulse duration of 100 µs/phase and intensity of 100 µA/phase is designed in the main panel, and that stimulation frequency is set at 0.2 Hz or lower by adding an inter-pulse interval of 5 seconds or longer.
5.5. Increase the stimulus amplitude by 50–100 µA steps at each trial until the stimulation can reliably evoke interictal-like events in the parahippocampal cortices [1-SCREEN].
5.5.1. *To be submitted by authors. Show that a fast input/output test is run and it can reliably evoke interictal-like events in the parahippocampal cortices.
5.6. For electrical modulation of limbic ictogenesis, program the stimulus unit to deliver the stimulation protocol of interest and use the stimulus amplitude identified during the input/output test [1-SCREEN]. After the stimulation stops, verify the network recovery to pre-stimulus condition by recording at least 4 ictal discharges [2-SCREEN].
5.6.1. *To be submitted by authors. Show that the stimulus unit is programmed and stimulation is being delivered
5.6.2. *To be submitted by authors. Show the ictal discharges
Added shot: TALENT AT COMPUTER
6. Results: Representative Experiment of Electrical Modulation of Ictogenesis Using Brain Slices Coupled to MEAs
6.1. This figure shows the recordings of 4AP-induced ictal activity in the entorhinal cortex and perirhinal cortex during the control condition, periodic pacing at 1 Hz and during the recovery upon stimulus withdrawal [1-LM].
6.1.1. 57548_Panuccio_ 57548fig5large.jpg 6.1.1 - 57548_Panuccio_Fig5A_large.mp4 (Figure 5A): Show the top panel, then add the middle panel, then add the bottom panel
6.2. This graph shows the quantification of the effect of periodic pacing at 1 Hz, which indicates a significant reduction of the total seizing time during stimulation [1-LM]. 
6.2.1. 57548_Panuccio_ 57548fig5large.jpg 6.2.1 – 57548_Panuccio_Fig5B_large.mp4 (Figure 5B): Show the graph
7. Conclusion (said by authors on camera)

7.1. Gabriella Panuccio: Once mastered, this technique can be done in 3-4 hours if it is performed properly [1-MED].
7.1.1. Interview style

7.2. Gabriella Panuccio: While attempting this procedure, it’s important to remember to quickly and correctly place the brain slice onto the MEA [1-MED].
7.2.1. Interview style

7.3. Ilaria Colombi: Following this procedure, other methods like pharmacological manipulations can be performed in order to answer additional questions about the contribution of neurotransmitters or ion channels to epileptiform activity and to the effect of neuromodulation [1-MED].
7.3.1. Interview style
7.4. Ilaria Colombi: After its development, this technique paved the way for researchers in the field of Neuroscience to explore neuronal network interactions in health and disease in cultured neurons as well as in brain slices [1-MED].
7.4.1. Interview style
7.5. Gabriella Panuccio: After watching this video, you should have a good understanding of how to record and electrically modulate the epileptiform activity induced by 4-aminopyridine in rodent brain slices coupled to MEA [1-MED].
7.5.1. 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.  

Insert your media filenames here.

4.3.2_57548_Panuccio_mapMEA_01.mp4

4.4.1_57548_Panuccio_mapMEA_02.mp4
4.5.1_57548_Panuccio_mapMEA_03.mp4
4.5.2_57548_Panuccio_mapMEA_04.mp4
4.6.1_57548_Panuccio_mapMEA_05.mp4
4.7.1_57548_Panuccio_mapMEA_06.mp4 
5.1.2 – 57548_Panuccio_STIM-SW-ONLINE.tiff

5.3.1a – 57548_Panuccio_REC.mp4

5.3.1b – 57548_Panuccio_ictal_01.mp4

5.4.1 – 57548_Panuccio_IO_01.mp4

5.5.1 – 57548_Panuccio_IO_02.mp4

5.6.1 – 57548_Panuccio_STIM_01.mp4

5.6.1 – 57548_Panuccio_STIM_02.mp4

5.6.2 – 57548_Panuccio_ictal_02.mp4

6.1.1 - 57548_Panuccio_Fig5A_large.mp4 

6.2.1 – 57548_Panuccio_Fig5B_large.tiff
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.

�MEA/custom chamber assembly and Recording Bench preparation must be kept separate.


�Start NEW SECTION here: PREPARATION OF THE RECORDING BENCH.


�I had to add this step, since there is no mention of when the brain slices are prepared and to what the holding chamber is used for. There is only mention about the pre-warming and 4AP-incubating chambers.


This can be shown in writing as a still image on screen.


�This must be moved after step 2.4 and related takes.


�All these steps must be moved after the added step in section 2..


�Deleted sentence filmed at the end of take 3.4.2


�Merged with take 3.6.1


�Show that the reference electrode appears in the upper... merged with take 4.4.1


�This step is merged with take 4.5.1. You will find it in the movie for take 4.5.1.


�Provided is the screenshot of the software, taken from the PC used for recording. NOTE: the movies of the stimulus protocol being set were taken from another PC in offline mode. Therefore, the LED is not green, but red. You need to zoom in the movies (trim the frames) so as to hide that the LED is not green.


Same comment added to the media file names.


�In order to start recording, first the red RECORD button must be pressed. I have added a screenshot to show that the button is pressed and it should be merged with the movies showing the recordings, as the very first frame.


Comment added to the media files list.


�Provided is the screenshot of the software, taken from the PC used for recording. Here the LED is GREEN.


NOTE: the movies of the stimulus protocol being setted were taken from another PC in offline mode. Therefore, the LED is not green, but red. You need to zoom in the movies (trim the frames) so as to hide that the LED is not green.


�In order to start recording, first the red RECORD button must be pressed. This movie shows that the REC button is pressed and then the PLAY button is pressed. It should be merged with the movies showing the recordings, from 5.3.1b onwards. 


In these movies, the frames showing the PLAY button being pressed must be removed.


�


Remove the frames showing the PLAY button being pressed.


Add 5.3.1a – 57548_Panuccio_REC.mp4


at the beginning.


�Movies taken from another PC in offline mode. Therefore, the LED is not green, but red. You need to zoom in the movies (trim the frames) so as to hide that the LED is not green.


�


Remove the frames showing the PLAY button being pressed.


Add 5.3.1a – 57548_Panuccio_REC.mp4


at the beginning.


�Movies taken from another PC in offline mode. Therefore, the LED is not green, but red. You need to zoom in the movies (trim the frames) so as to hide that the LED is not green.


�


Remove the frames showing the PLAY button being pressed.


Add 5.3.1a – 57548_Panuccio_REC.mp4


at the beginning.


�


Remove the frames showing the PLAY button being pressed.


Add 5.3.1a – 57548_Panuccio_REC.mp4


at the beginning.
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