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Title:  Multi-electrode array recordings of human epileptic postoperative cortical tissue
Corresponding Author:  Nathalie Rouach
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y_________ If yes, please list make and model of your microscope: __________ Leica Surgiscope ____________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N________ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps Neurosurgical procedure with the resection of the epileptic tissue, preparation of the tissue for slicing (removal of blood clots, vessels and meninges), transfer of slices into the interface chamber for recovery after cut  and from this to the MEA chip for recording___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Preparation of the tissue by removing blood clots, vessels and meninges; this step is performed very carefully in order not to damage the cortex, but guaranteeing the complete removal of the meninges which can prevent a good slicing if not completely removed ________
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 perform multi-electrode array recordings of ex vivo interictal and seizure-like events from human epileptic cortical tissue, thus providing a way to address the basic mechanisms underlying epileptic activities initiation, propagation and the effects of antiepileptic drugs at both the cellular and network levels. (Intro)
This is accomplished by first carefully resecting the human cortical tissue from patients with pharmacoresistant epilepsy during surgery.  (P1)
Video editor, please refer to the animation created by authors in powerpoint (LAB_MEDIA:  51870_Rouach_schematic illustrations_slide 2)
The second step is to remove the blood clots, vessels and meninges, and (video editor, use the scalpel to cut two blue lines at this point) the excess white matter before slicing. (P2)
Video editor, please refer to the animation created by authors in powerpoint (LAB_MEDIA:  51870_Rouach_schematic illustrations_slide 4)
Next, cut the block of tissue into 400 µm slices. (P3)
Video editor, please refer to the animation created by authors in powerpoint (LAB_MEDIA:  51870_Rouach_schematic illustrations_slide 6)
The final step is to keep the slices in the interface conditions of (Video editor, have the green text “CO2/O2” and green arrow appeared at this point) high oxygenation (Video editor, have the orange text “heating”, orange smoke and arrow appeared at this point ) and controlled temperature with slow perfusion. (P4)
Video editor, please refer to the animation created by authors in powerpoint (LAB_MEDIA:  51870_Rouach_schematic illustrations_slide 8)
Ultimately, the multielectrode array technique is used to record spontaneous interictal-like activity and evoked ictal-like events. (P5)
Video editor, please refer to the animation created by authors in powerpoint (LAB_MEDIA:  51870_Rouach_schematic illustrations_slide 10)
[image: image1.png]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Nathalie Rouach:  Our laboratory investigates the role of neuroglial interactions in cerebral physiopathology. To study how neural cells can generate pathological network activity in humans, we have recently established multi-electrode array recordings of human epileptic postoperative cortical tissue, in collaboration with Necker and La Pitie Salpetriere hospitals. Gilles Huberfeld, an epileptologist and researcher at La Pitie Salptriere hospital; Thomas Blauwblomme, a neurosurgeon at Necker hospital; and Elena Dossi, a postdoc in my laboratory, will demonstrate how to perform and make good use of such technique, from the collection of human epileptic tissue to MEA recordings ex vivo.
1.2. Gilles Huberfeld:  The use of human cortical tissue resected to cure epileptic patients allows direct exploration of functionally maintained human epileptic neurons and glial cells, which are interconnected in specific networks.  In vitro investigations on human tissues give access to single cells and network activities, ionic based mechanisms, which cannot be fully addressed in vivo.
1.3. Thomas Blauwblomme: MEA recordings of human epileptic tissue can help answer key questions in the epilepsy field, such as cellular mechanisms of ictogenesis and seizure propagation. The implications of this technique extend toward the therapy of lesional epilepsies, because it allows studying the mechanisms of pharmacoresistance and the effects of antiepileptic drugs on seizure-like events recorded from cortical slices.  
1.4. Elena Dossi:  The main advantage of multi-electrode arrays over existing methods, like EEG and in vivo microelectrodes, is that they allow the non-invasive simultaneous stimulation and recording of field potentials and multiunit activity from several sites of the tissue.       
Protocol (read by voice talent at JoVE):

2. Preparation of interface chamber and tools for dissection 
2.1. To begin the procedure, prepare the interface chamber by first filling the lower section with distilled water.  Then, connect the chamber to a carbogen source.
2.1.1. MED-over the shoulder:  Talent fills the lower section of the interface chamber with distilled water.

2.1.2. MED CU:  Talent connects the chamber to a carbogen source.
2.2. Next, cut a piece of lens tissue to fit the flat area of the slice chamber.  Place it next to the input tubing in order to allow bubbles to escape from the input line before reaching the slices.
2.2.1. MED-over the shoulder CU:  Talent cuts a piece of lens tissue to fit the flat area of the slice chamber.

2.2.2. CU:  The input tubing as a piece of lens tissue is placed next to it. 
2.3. After that, cut two pieces of stranded cotton thread with the same length as the piece of lens tissue.  Place them on the sides of the flat area of the chamber. 
2.3.1. MED-over the shoulder CU:  Talent cuts two pieces of stranded cotton thread.

2.3.2. MED-over the shoulder CU:  Talent places the stranded cotton threads on the sides of the flat area of the chamber.
2.4. Set the flow rate of the peristaltic pump to 1 ml/min.  Subsequently, turn on the oxygenation for the water at the bottom part of the chamber.  Then, set the temperature controller to 37°C.  Cover the upper part of the interface chamber with a piece of parafilm and wait at least 30 min for the temperature to increase and stabilize.
2.4.1. MED-over the shoulder:  Talent sets the flow rate of the peristaltic pump to 1 ml/min.

2.4.2. MED CU:  Talent turns on the oxygenation for the water at the bottom part of the chamber.

2.4.3. MED CU:  Talent sets the temperature controller to 37°C.

2.4.4. CU:  The interface chamber as the upper part is covered with a piece of parafilm.
2.5. Now, prepare the dissection tools, which include two fine forceps, a spatula, a small spoon and a blade, two glass petri dishes, two brushes and the cyanoacrylate glue.  Next, prepare the vibratome by setting the parameters (Text overlay: Refer to the accompanying manuscript for vibratome settings) for slicing.
2.5.1. MED:  Talent places the dissection tools (two fine forceps, a spatula, a small spoon and a blade, two glass petri dishes, two brushes and the cyanoacrylate glue) one by one on the bench or the dissection table. 

2.5.2. CU:  The vibratome as the parameters are being set.  Text overlay: Refer to the accompanying manuscript for vibratome settings. Note: two takes, one of the screen while the parameters are being set (first 30 sec of take 1) and a take with hands (take 2), to be joined.
3. Surgical resection of human cortical epileptic tissue (This section is filmed in the surgery room in another location) 
3.1. In this procedure, remove the prepared sucrose-based ACSF from the -80°C freezer and crush it into slush.  Oxygenate it with carbogen.  Then, transfer 250 ml of the ACSF slush to a glass bottle and keep it in a Dewar bottle filled with ice for tissue collection. 
3.1.1. MED-over the shoulder:  Talent crushes the frozen sucrose-based ACSF into slush. Note: two takes (two different angles).
3.1.2. CU:  The ACSF as talent places a tubing in it to supply carbogen.

3.1.3. MED-over the shoulder:  Talent transfers 250 ml of the ACSF slush to a glass bottle. Note: show the beginning of the transfer and then the end with the filled bottle. 
3.2. In the surgery room, under standard general anesthesia, use a neuronavigation system to allow a precise localization of the lesioned cortex.  Afterward, make an incision in the skin.  Then, create a burr hole in the bone followed by a craniotomy. 
3.2.1. MED-over the shoulder:  Talent uses a neuronavigation system to allow a precise localization of the lesioned cortex. Note: file “JOVE 51870 3.2.1”.
3.2.2. CU/over the shoulder SCOPE:  The skull as an incision is made on the skin. Note: file “JOVE 51870 3.2.2”.
3.2.3. CU/over the shoulder SCOPE:  The skull as a burr hole is created in the bone followed by craniotomy. Note: file “JOVE 51870 3.2.3”.
3.3. Next, gently elevate the bone flap, and open the dura with scissors. 
3.3.1. CU/over the shoulder SCOPE:  The skull as the bone flap is gently elevated. Note: file “JOVE 51870 3.3.1”.
3.3.2. CU/over the shoulder SCOPE:  The skull as the dura is opened. Note: file “JOVE 51870 3.3.2”.
3.4. Subsequently, perform en bloc resection of the epileptic cortex and avoid extensive coagulation.  Cut a 1 cm thick cortical block and place it into the frozen oxygenated sucrose-based ACSF.

3.4.1. CU/over the shoulder SCOPE:  The skull as en bloc resection of the epileptic cortex is performed. Note: file “JOVE 51870 3.4.1”.
3.4.2. CU/SCOPE:  The skull as 1 cm thick cortical block is cut.

3.4.3. MED-over the shoulder CU:  Talent places the cortical block into the frozen oxygenated sucrose-based ACSF. Note: file “JOVE 51870 3.4.2”.
3.5. Afterward, transfer the tissue in frozen sucrose-based ACSF to the lab as fast as possible, but avoiding mechanical shocks.

3.5.1. MED:  Talent packing the tissue with ACSF in a transporting box/ carrier. Note: file “JOVE 51870 3.5.1”.
4. Human cortical slice preparation 

4.1. Now, fill a petri dish and the vibratome buffer tray with the sucrose-based oxygenated ACSF slush, and continue to oxygenate the ACSF slush with carbogen.  Then, carefully take the tissue out from the bottle with a spoon and place it in the petri dish.
4.1.1. MED-over the shoulder:  Talent fills a petri dish and the vibratome buffer tray with the sucrose-based oxygenated ACSF slush.

4.1.2. MED-over the shoulder MED ( CU:  Talent taking the tissue out from the bottle with a spoon and places it in the petri dish.
4.2. Using the forceps, carefully remove the blood clots, vessels and meninges to avoid resistance during slicing.  Cut a side of the tissue with a blade to obtain a flat surface, as parallel as possible to the opposite side of the tissue.  Then, glue the tissue onto the vibratome specimen plate in order to prepare transverse cortical slices.  Subsequently, place it in the buffer tray and cut 400 µm-thick slices at low speed. 
4.2.1. CU/SCOPE:  The petri dish as the blood clots, vessels and meninges are removed from the tissue. Note: three successive takes, to show the progression.
4.2.2. CU:  The tissue as a side is cut with a blade to obtain a flat surface.

4.2.3. CU:  The vibratome specimen plate as the tissue is glued on it.

4.2.4. MED-over the shoulder CU:  Talent slicing a couple 400 µm thick slices at low speed.
4.3. Next, cut a few pieces of lens tissue.  With a spatula and a brush, transfer these slices of lens tissues to the interface chamber.  Incubate them at 37°C for at least 1 hr before recording.
4.3.1. MED-over the shoulder:  Talent cuts a few pieces of lens tissue.

4.3.2. MED-over the shoulder:  Talent transfers a few slices on the lens tissues to the interface chamber. Note: take 2, from around 1’33” to 2’10” and from around 2’40” to the end.
4.3.3. CU MED:  The slices as they are being incubated.
5. Preparation of MEA setup for recording
5.1. In this procedure, plug the perfusion system into a peristaltic pump, and the MEA (Text overlay: MEA: multi-electrode array) system into a computer.  Then, place an empty MEA chip inside the amplifier.
5.1.1. MED CU:  Talent plugs the perfusion system to a peristaltic pump.

5.1.2. MED:  Talent plugs the MEA system to a computer.  Text overlay: MEA: multi-electrode array.

5.1.3. CU:  A MEA chip as it is placed inside the amplifier.
5.2. Next, set the temperature controller for heating the cannula element in the MEA chamber to 37°C.  Start the perfusion of the oxygenated ACSF at 5-6 ml/min. 
5.2.1. MED-over the shoulder CU:  Talent sets the temperature controller for heating the cannula element in the MEA chamber to 37°C.

5.2.2. MED-over the shoulder:  Talent turns on the perfusion system/ pump.
5.3. After that, open the recording software.  Make sure all the MEA electrodes are well-connected and that there is no noise due to the perfusion.
5.3.1. MED-over the shoulder:  Talent opens the recording software on the monitor. Note: file CamStudio “JOVE 51870 5.3.1”.
5.3.2. MED-over the shoulder:  Talent checking on the connection of the MEA electrodes. Note: file CamStudio “JOVE 51870 5.3.2”.
5.4. Now, pour some warmed recording ACSF in a glass Petri dish.  Transfer a slice from the interface chamber to the petri dish by grabbing the lens tissue.  Then, carefully detach the slice from the tissue by submerging it in the solution or use a small brush to facilitate the detachment.
5.4.1. [5.4.1 to 5.4.3 combined] MED-over the shoulder MED(CU:  Talent pours some warmed recording ACSF in a glass Petri dish.

5.4.2. CU:  The slice as it is transferred from the interface chamber to the petri dish.
5.4.3. CU:  The slice as it is detached from the tissue.
5.5. Next, fill the MEA chip with some ACSF.  Transfer the slice to the MEA chip with a spatula.  With a plastic Pasteur pipette, gently remove the solution to make the slice adhere on the electrode area and keep it in place with a platinum anchor. 
5.5.1. [5.5.1 to 5.5.3 combined] MED-over the shoulder MED(CU:  Talent fills the MEA chip with some ACSF.

5.5.2. MED-over the shoulder:  Talent transfers the slice to the MEA chip with a spatula.
5.5.3. CU:  The slice as the solution is gently removed to allow it to adhere on the electrode area.
5.6. After that, add 1 ml of recording ACSF to the MEA chip, and place it in the amplifier.  Then start the perfusion at 5-6 ml/min.
5.6.1. MED-over the shoulder MED(CU:  Talent adds 1 ml of recording ACSF to the MEA chip.

5.6.2 [combined with 5.6.1] CU:  The MEA chip as it is placed in the amplifier.
5.6.3
5.6.2   MED: Talent stars the ACSF perfusion.
5.7. Next, check the slice position in the MEA recording area by using the “MEA_Monitor” software.   Adjust it if necessary in order to record from the cortical layers and take a picture.  Start the recording.
5.7.1. MED-over the shoulder:  Talent opens the software on the computer monitor. Note: MED plus file CamStudio “JOVE 51870 5.7.1”.
5.7.2. MED-over the shoulder:  Talent presses the “record” button to start recording. Note: file CamStudio “JOVE 51870 5.7.2”.
6. Results:   MEA recordings of epileptic seizures in human cortical slices
6.1. (Video editor, please show panel Ai) This is a representative trace of human cortical slice activity recorded by an MEA electrode.  In normal ACSF, it is possible to observe interictal-like spontaneous activity (Video editor, please add small grey rectangle (above Ai) and panel Aii). Note: file CamStudio “JOVE 51870 6.1.Aii” to be added to show spontaneous activity in real time. 15 min after the perfusion with Mg2+free/ 6 mM K+ ACSF, the first seizure appears and is followed by other events at 2-3 min intervals (Video editor, please add the grey rectangle in the middle of Ai and panel Aiii). Note: file CamStudio “JOVE 51870 6.1.Aiii”.   (Video editor, add the blue arrow and blue line on the left and the blue waveform on the right in Aiii) The blue trace illustrates the activity zoomed in.  This panel (Video editor, please add panel iV) shows the data high-pass filtered at 250 Hz, which reveals multi-unit activity when zoomed in on (Video editor, add the blue line on the left and the blue waveform on the right in Aiv). 
6.1.1. LAB_MEDIA: 51870_Rouach_Figure 3A
6.2. (Video editor, please show panel B) Here is a representative recording of a seizure from all MEA electrodes in Mg2+ free/ 6 mM K+ ACSF.  Each square represents an electrode of 12x12 MEA array and shows an 80 sec time window. (Video editor, add the dotted line) The dotted line indicates the position of the cortical surface relative to the MEA array.
6.2.1. LAB_MEDIA: 51870_Rouach_Figure 3B

7. Conclusion (said by authors on camera)

7.1. Elena Dossi:  After watching this video, you should have a good understanding of how to safely transport human cortical tissue, prepare and store viable cortical slices, and perform MEA recordings of spontaneous and induced epileptic activities. 

7.2. Thomas Blauwblomme:  While attempting this procedure, it’s important to remember to have a close collaboration between the clinical team in the hospital, and researchers in the experimental laboratory. Don't forget that working with human tissue can be extremely hazardous and precautions such as wearing gloves should always be taken while performing this procedure to avoid any possible infectious disease.   
7.3. Gilles Huberfeld:  Following this procedure, other techniques, such as fluorescence imaging, patch clamp recording, spike sorting and post hoc histological analysis can be coupled to MEA recordings, to correlate synaptic properties, single cell behavior, ion dynamics and cellular and molecular abnormalities to population activities.
7.4. Nathalie Rouach:  Performing MEA recordings of human epileptic tissue can pave the way for researchers to explore lesional epilepsies, in order to clarify the mechanisms underlying ictogenesis and pharmacoresistance and the role of neuroglial interactions in these phenomena.  Thank you for watching and good luck with your experiments.
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, 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.
6.1 - LAB_MEDIA 51870_Rouach_Figure3Ai
6.1 - LAB_MEDIA 51870_Rouach_Figure3Aii

6.1 - LAB_MEDIA 51870_Rouach_Figure3Aiii

6.1 - LAB_MEDIA 51870_Rouach_Figure3Aiv

6.1 - LAB_MEDIA 51870_Rouach_Figure3B
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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.

( 2011, Journal of Visualized Experiments


