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Title: Induction of an isoelectric brain state to investigate the impact of endogenous synaptic activity on neuronal excitability in vivo

Corresponding Author: Adrien E. Schramm 
Co-authors:  Tristan Altwegg-Boussac, Séverine Mahon, Mario Chavez, Stéphane Charpier 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

So some steps need to be filmed through our dissecting scope (Leica M80), we have a camera (IC80 HD) integrated in the scope (no trinoluclar, C-mount things here). It can record movies on an SD card (there are also digital and analog outputs), the resolution is 2048x1536 (for pictures, I think it is the same or half that for movies). The steps where the scope cam or screen capturing is needed are commented, otherwise the cameraman will be able to film. 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 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.

It is not a step by step software usage, but indeed we will need to show a lot of things from the computer screen (especially for the representative results), so we will probably use a screen capture soft. 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. __________________________________________

The nicer things to show are the trachea (step 2.4-2.6), the cranio-durotomy (step 2.8), the pipette insertion (steps 3.2-3.3), the induction of the isoelectric state (step 4.2) and maybe how to set the artificial respiration (step 2.11)
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 to be filmed by their protocol numbers. (Please do not list an entire section.) ______________________

Step 4.2 is probably the most difficult but we have a backup since we can just replay our best recordings. One step that we can’t do anything about is the brain surgery (step 2.8), if this goes wrong we could do another hole but the chances of success becomes slim. Worse come to worst, we can do another animal right away.
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? ___________________________________________________ 

Everything will be in one room, except the electrode pulling but it is just next door. Also it might be nice to do the introduction and conclusion in front of our windows (we have a nice view of Paris), but again it is in the same building.
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 protocol is to induce a general state of cerebral inactivity in vivo to study single neurons’ integrative properties in the absence of synaptic inputs. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors, please fill out the name of individuals who speak the following statements. Thank you.
1.1. Adrien Schramm: The method we present here can help to answer key questions in neurophysiology, such as assessing the impact of the network activity on single cell’s computation or studying the responsiveness of neurons in comatose state.  (take 2)
1.2. Tristan Altwegg-Boussac: The main advantage of this technique is that neuronal properties can be studied in isolation from the network in an intact in vivo preparation.    (take 2)
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 Charles Darwin Ethical committee (French governmental institution). 
Protocol (read by voice talent at JoVE):

2. Surgical Preparation

2.1. To begin this procedure, place a fully anesthetized rat on a heating blanket [2.1.1-MED-over the shoulder]. Insert a rectal probe in the animal to maintain core temperature around 37 °C [2.1.2-CU]. 
2.1.1. *Film as written (called 2.1)
2.1.2. *Film as written (called 2.2)
2.2. To place a catheter in the peritoneal cavity to facilitate subsequent injection of anesthetic agents, first, remove the hair over a small area on the stomach’s lower right or left quadrant using depilatory cream [2.2.1-CU].  After injecting the anesthetic locally, sterilize the surgical site, and make a 2-3 mm incision on the skin with sharp scissors [2.2.2-CU]. Using blunt scissors, remove the fat and muscle layers until the peritoneal cavity is visible [2.2.3-CU].
2.2.1. CU the rat as depilatory  cream is used to remove hair
2.2.2. CU the rat as site is swabbed with alcohol, and then as 2-3 mm incision is made on the skin
2.2.3. CU the rat as the fat and muscle layers are removed

2.3. Then, insert about 1 to 2 cm of a small catheter in the cavity [2.3.1-CU] and close the wound with surgical glue [2.3.2-CU]. Make a loop and suture the catheter to the skin to secure it in place [2.3.3-CU]. 
2.3.1. CU the surgical site as a small catheter is inserted
2.3.2. CU the surgical site as the wound is closed with surgical glue (with 2.3.1)
2.3.3. CU the surgical site as a loop is made and the catheter is sutured to the skin (with 2.3.1)
2.4. To install a tracheal tube to control ventilation during artificial respiration, remove the hair, [2.4.1-MED-over the shoulder], sterilize the site [2.4.2-CU], and incise the skin over the trachea right above the manubrium [2.4.3-CU].  Blunt dissect the first layer of fat and muscles, move the salivary gland aside and expose the trachea by gently dissecting the last layer of muscles [2.4.4-CU]. 
2.4.1. *Film as written
2.4.2. [added, combined to 2.4.4] Show talent swabbing site

2.4.3. CU the rat as the skin over the trachea right above the manubrium is incised

2.4.4. *Film as written
2.5. Carefully isolate the trachea and slide a thread below it using small forceps [2.5.1-CU].  Then make a loose surgeon’s knot with the thread [2.5.2-CU].  Incise the trachea transversally between two cartilaginous rings [2.5.3-CU].
2.5.1. [2.5.1 to 2.6.2 combined] *Film as written (take 2)
2.5.2. *Film as written
2.5.3. *Film as written
2.6. Next, insert a tracheal tube with the appropriate diameter [2.6.1-CU], and tighten the thread’s knot in order to secure the tube [2.6.2-CU].  For additional stability, the thread can further be attached to a higher point of the trachea tube [2.6.3-CU].  Suture or use surgical staples to close the wound [2.6.4-CU]. 
2.6.1. CU the rat as a tracheal tube is inserted
2.6.2. *Film as written
2.6.3. CU the trachea tube as the thread is attached to a higher point
2.6.4. CU the rat as suture or surgical staples are used to close the wound (with 2.6.3 MED at the end)
2.7. Subsequently, transfer the animal to a stereotaxic frame [2.7.1-MED-over the shoulder] and apply eye ointment to avoid desiccation [2.7.2-MED/CU]. Then, place appropriate probes to monitor its physiological variables, such as the electrocardiogram, the blood oxygen saturation, and the end tidal CO2 pressure [2.7.3-MED-over the shoulder].    

2.7.1. Talent places the rat in the stereotaxic frame
2.7.2. [added] Talent applies eye ointment.
2.7.3. Talent places probes on/ into the rat to monitor its physiological variables

2.7.3B EXTRA MED CO2
2.8. After that, clip the hair over the scalp [2.8.1-CU], and sterilize the surgical site [2.8.2-CU]. Make a 2 cm longitudinal incision and resect the connective tissues overlying the skull using a scalpel [2.8.3 CU]. Then, apply surgical glue on the skull and tissues to stabilize the preparation [2.8.4-CU].
2.8.1. CU the head as the hair is clipped
2.8.2. [added] CU as site is being swabbed (take 2)
(TAKE 1 : hair removed and lidocaine injection)
2.8.3. CU the head as a 2 cm longitudinal incision is made and the connective tissues are resected (with 2.8.2)
2.8.4. CU the head as surgical glue is applied. *Film as written 
2.9. Then, make a small craniotomy of 1.5 mm diameter over the region of interest with a dental drill [2.9.1-SCOPE].  Afterward, use a pair of extra fine forceps to gently make a small hole in the dura [2.9.2-SCOPE].  Reserve a 0.5 mm region within the cranial trepanation to place the electrocorticographic electrode [2.9.3-SCOPE].  Be sure to keep the cortex moist with 0.9% NaCl solution or ACSF [2.9.4-CU]. 
2.9.1. A SCOPE movie to show that a small craniotomy is made.  
2.9.2. A SCOPE movie to show that a small hole is made in the dura
2.9.3. A SCOPE movie to show the 0.5 mm region within the cranial trepanation (talent can point it out with forceps)
2.9.4. CU the head as cortex is moisten (also be send by authors)
2.10. Next, place a reference electrode on a contralateral scalp muscle on the other side of the head [2.10.2-CU] and a low impedance electrocorticographic electrode on the dura [2.10.1-CU]. 
Switch order of 2.10.1 and 2.10.2
2.10.1. CU SCOPE the head as  a low impedance electrocorticographic electrode is placed on the dura
2.10.1B CU of the 2.10.1 
2.10.2. CU the head as the reference electrode is placed on a scalp muscle on the other side of the head (with 2.10.1)
2.11. Adjust the artificial ventilation system so that the respiratory frequency and volume are similar to those of the rat’s spontaneous breathing [2.11.1-MED-over the shoulder-TXT]. If all the physiological variables and electrocorticographic patterns are within the normal values, inject gallamine triethiodide in each leg to paralyze the animal [2.11.2-CU-TXT].Then, connect the mechanical ventilation to the tracheal tube and verify the proper thoracic cage inflation on both sides [2.11.3-MED-over the shoulder]. 
2.11.1. *Film as written. Text: Normal range: 70–115 breath/min
2.11.2 and 2.11.3 were switched
2.11.2. CU the rat as gallamine triethiodide is injected in the leg.  Text: 40 mg/kg for the first injection, then 20 mg/kg every 2h
2.11.3. Talent connects the mechanical ventilation to the tracheal tube
3. Intracellular recordings 

3.1. In this step, pull a glass micropipette with a 0.2 µm tip [3.1.1-MED-over the shoulder] and fill it with 2 M potassium acetate solution [3.1.2-CU].  Place the pipette in a specific holder with a silver/silver-chloride wire to connect the pipette solution to an intracellular amplifier [3.1.3-CU].  Then place a silver/silver-chloride reference electrode on the rat’s neck muscles [3.1.4-CU]. 
3.1.1. B Talent pulling a glass micropipette
3.1.2. *Film as written (called 3.1.1)
3.1.3. CU the pipette as it is placed in the holder 
3.1.4. CU the rat as the reference electrode is placed on the neck muscles (take 2)
3.2. Slowly insert the pipette into the brain down to the region of interest [3.2.1-CU], using the buzz button of the amplifier to clear the pipette if needed [3.2.2-MED-over the shoulder]. Compensate for the pipette resistance by zeroing the voltage drops in response to current steps using the bridge circuit of the amplifier [3.2.3-SCREEN]. 

3.2.1. CU the pipette as it is inserted into the brain (+ SCOPE)
3.2.2 and 3.2.3 were switched
3.2.2. MED over the shoulder showing the buzz button pressed and the effect on the screen.
3.2.3. Either a screen (provided by authors) capture or MED over the shoulder on the screen to see the action of compensating for the pipette resistance. 
3.3. Next, use cotton swabs or synthetic absorption triangles to dry the craniotomy [3.3.1-CU] and cover it with silicone elastomer or 4% agarose to reduce brain movements [3.3.2-CU].
3.3.1. CU the head as the craniotomy is dried 
3.3.2. CU the head as the craniotomy is covered with silicone elastomer or 4% agarose
3.4. Afterward, lower the pipette in 1-2 µm steps [3.4.1-CU SCREEN] until its resistance increases when approaching a cell [3.4.2-SCREEN].  Use the buzz function of the amplifier to penetrate into the neuron [3.4.3-MED-over the shoulder SCREEN].
3.4.1. CU SCREEN the pipette as it is lowered
3.4.2. To be submitted by authors. A SCREEN movie to show the increase in resistance.
3.4.3. *Film as written (authors would like an In-picture of this one with the screen capture)
4. Induce the isoelectric state  

4.1. At this stage, compensate for the electrode resistance by adjusting the bridge parameter [4.1.1-MED-over the shoulder]. Ensure that the electrode is stable in the cell by verifying the steadiness of both membrane potential and action potential [4.1.2-SCREEN]. Then, perform the appropriate experimental protocol, such as injecting current intracellularly to extract intrinsic properties of the neuron or perform sensory stimulations [4.1.3-MED-over the shoulder SCREEN]. 

4.1.1. *Film as written (authors would like an In-picture of this one with the screen capture)
4.1.2. To be submitted by authors.  A screen movie to show the use of horizontal cursor to show that both parameters are stable 
4.1.3. SCREEN (provided by authors)  Talent injects current into the cell and change of activity shown on the computer monitor
4.2. Next, inject a high but infra-lethal dose of sodium pentobarbital via the intraperitoneal line [4.2.1-CU].  Within 15-20 minutes, the intracellular and electrocorticographic activities should slow down with intermittent electrical silences to transiently reach the so called “burst-suppression” profile, which progressively collapses to a complete isoelectric state [4.2.2-SCREEN].  It is expected that the heart rate significantly slows down, but the SpO2 and EtCO2 should stay relatively steady [4.2.3-MED-over the shoulder].
4.2.1. *Film as written 
4.2.2. To be submitted by authors.  A screen movie to show that the intracellular and electrocorticographic activities slow down with intermittent electrical silences to transiently reach the “burst-suppression” profile, which progressively collapses to a complete isoelectric state

4.2.3. Talent showing/ pointing at the heart rate monitor as it slows down
4.3. Then, repeat the stimulation protocol to compare the impact of the network dynamics on the recorded neuron’s integrative properties [4.3.1-SCREEN].  After the cessation of anesthetic injections, the electrical brain activity should fully recover within 3 to 4 hours [4.3.2-SCREEN].
4.3.1. To be submitted by authors.  A screen movie to show the delivery of the stimulation and the neuron’s response.
4.3.2. To be submitted by authors.  A screen movie to show the electrical brain activity is recovering
5. Results: Consequences of synaptic activity suppression on the membrane potential dynamics and on cortical neurons excitability
5.1. This figure shows spontaneous intracellular and ECoG activities in two anesthetic conditions mimicking the cortical dynamics endogenously-generated during the early stages of sleep [5.1.1-LM] or during waking [5.1.2-LM]. The sleep-like state is induced by sodium pentobarbital injection and the waking-like state by fentanyl. 
5.1.1. fig2Aaleft.tif: Show graph

5.1.2. fig2Ableft.tif: Show graph

5.2. In both cases, the subsequent injection of a high dose of sodium pentobarbital resulted in a complete abolition of spontaneous activity in the ECoG and the simultaneously recorded neurons, hence the term isoelectric [5.2.1-LM]. 
5.2.1. fig2Aaright.tif and fig2Abright.tif: Show graphs
5.3. Suppressing the ongoing synaptic activity resulted in a significant steady hyperpolarization of the neuronal membrane potential [5.3.1-LM].

5.3.1. fig2barrow.tif: Show graph

5.4. Current-evoked responses can be generated before and after the induction of the isoelectric state [5.4.1-LM]. 

5.4.1. fig3Aa.tif and FIG3Ab.tif: Show graphs

5.5. This allows for the comparison of different cerebral activities on the input-output transfer function of neurons, expressed as the mean evoked-firing rate in response to current steps of increasing intensity [5.5.1-LM]. 

5.5.1. fig3barrow.tif: Show graph
6. Conclusion (said by authors on camera)
Authors, please fill out the name of individuals who speak the following statements. Thank you.
6.1. Author Name: While attempting this procedure, it’s important to remember to keep the animal in the best physiological conditions to obtain good quality recordings associated with reliable cerebral dynamics. (take 4)
6.2. Author Name: This approach can be further employed as a model to study neurons’ responsiveness in the reversible or irreversible deep comatose states. (end of take 2)
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.

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.

( 2013, Journal of Visualized Experiments


