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

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

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: 
OLYMPUS  SZ30 Stereozoom
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? 
NO, but data examples from electrophysiological recording should be shown in the video___ 
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.) 
4.3.3,  4.5.2,  4.9.2,  4.10.2,  4.12.3,  5.2.2
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.) 
There is no single most difficult step. 

E.  Will the filming need to take place in multiple locations? 
Yes, Office and Labroom, on the same floor 

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 demonstrate how to perform acute in-vivo electrophysiological recordings of local field potentials and multi-unit activity from the cortico-basal ganglia loop of anesthetized rats. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jens Haumesser: This method can help answer key questions in the neuroscience field, such as how pathological oscillations contribute to the complex pathophysiology of neuropsychiatric diseases. 
1.2. Jens Haumesser: The main advantage of this technique is that it can be used to record extracellular potentials from various cortical and subcortical target of the brain simultaneously.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Maximilian Beck: The implications of this technique extend toward therapy of different neuropsychiatric diseases, because local field potentials can be potentially used as a biomarker for neuromodulatory treatments such as closed-loop deep brain stimulation.  

1.4. Christopher Güttler: Though this method can provide insight into the pathophysiology of the basal ganglia, it can also be applied to other brain areas.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Experimental procedures were conducted in accordance with the German Animal Welfare Act (last revised in 2014) and European regulations (2010/63/EU). Experiments were approved by the local animal welfare authority (LaGeSo, Berlin), and conformed to local department and international guidelines. 
Protocol: (read by voice talent at JoVE)
2. Construction of epidural Ag/AgCl epidural electrodes
2.1. To begin this procedure [1-WIDE], prepare a 5 cm length of silver wire with a diameter of 200 µm and remove any coating if necessary [2-MED-over the shoulder]. Next, hold the wire tip downwards in a flame until the tip starts to melt and forms a ball with a diameter of 1 mm [3-CU]. 
2.1.1. EST Lab situation

2.1.2. Talent removing the coating of the silver wire 
2.1.3. CU the wire tip as it is held downwards in a flame and the tip starts to melt and forms a ball
2.2. Then, cut off the electrode to a total length of 15 mm from the beginning of the ball-shaped tip to the wire end [1-CU]. Solder a precision connector to the end of the wire, which fits the electrophysiological recording system [2-MED]. Then, cover the soldering point from the wire end to the connector with conductive silver varnish to improve conductivity [3-CU].
2.2.1. CU the electrode as it is being cut off to a total length of 15 mm
2.2.2. Talent solders a precision connector to the wire end
2.2.3. CU the wire as it is covered with conductive silver varnish
2.3. After the conductive varnish has dried, cover the soldering point with a 1-3 mm heat shrinking tube [1-CU]. Carefully flatten the ball-shaped tip to half the thickness using a watchmaker’s hammer [2-CU].
2.3.1. CU the soldering point as it is covered with a 1-3 mm heat shrinking tube
2.3.2. CU the ball-shaped tip as it is flattened to half the thickness using a watchmaker’s hammer
2.4. Subsequently, put on examination gloves and use a lint-free cleaning cloth with 100% ethanol to remove any dirt and grease [1/2/3-MED]. Then, place the electrodes in a 15-mL centrifuge tube or a cell culture tube, and fill it up with household chlorine bleach until the ball-shaped tip is fully covered [4-CU-TXT]. 
2.4.1. WIDE Talent removes the dirt and grease from the wire with 100% ethanol, with gloves on

2.4.2. CU Talent removes the dirt and grease from the wire with 100% ethanol 

2.4.3. Talent removes the dirt and grease from the wire with 100% ethanol with the gloves on
2.4.4. CU the electrodes as they are placed in a 15-mL centrifuge tube or a cell culture tube and show that it is filled with household chlorine bleach until the ball-shaped tip is fully covered. Text: 23 min
2.5. After 23 minutes, take the electrodes out and flush them generously with distilled water [1-MED]. The electrode surface should appear homogenously dark purple in the successful application of silver chloride [2-CU]. Following that, leave the electrodes to dry in air [3-CU]. 
2.5.1. Talent flushes the electrodes with distilled water
2.5.2. CU an electrode while being held as it appears as dark purple 
2.5.3. CU the electrodes as they are put aside for air dry
2.6. Take the electrodes with fine tweezers after they have been fully dried [1-MED-over the shoulder]. Then, use a fine paintbrush to apply liquid electrical insulation onto the electrodes [2-CU]. Start from the wire directly behind the electrode tip and cover everything up to the heat shrinking tube [3-CU]. Afterward, let the insulation dry for at least 2 hours [4-CU-TXT].
2.6.1. *Film as written MEDIUM
2.6.2. *Film as written CU
2.6.3. CU the wire as liquid electrical insulation is applied from the electrode tip to the heat shrinking tube
2.6.4. CU the electrodes as they are placed aside. Text: > 2 h
3. Affixing the electrodes to a stereotaxic holder 

3.1. In this step, loosely fix the first pair of electrodes to the acrylic block of the holder with pieces of adhesive tape [1-MED-over the shoulder]. The electrodes should protrude from the acrylic block by approximately 12 mm [2-CU]. 
3.1.1. *Film as written

3.1.2. CU the electrodes and show that they protrude the acrylic block by approx. 12 mm
3.2. Next, carefully fix the second bipolar electrode next to the first electrode [1-MED]. For targeting the structures of the hyperdirect pathway, the distance between the electrode pairs should be 2 mm [2-CU]. 

3.2.1. *Film as written

3.2.2. CU the electrode pairs as they are positioned 2mm apart
3.3. Under the microscope, adjust the second bipolar electrode by sliding it carefully to a position in which the most ventral tip is approximately 200 µm recessed compared to the first electrode [1-SCOPE]. Press on the adhesive tape, and then secure the electrodes with the holder’s metal clamp [2-CU].
3.3.1. Show that the second bipolar electrode is slid carefully to a position approximately 200 µm recessed compared to the first electrode SCOPE
3.3.2. CU the electrodes as they are secured with the holder’s metal clamp
4. Surgery 

4.1. After anesthetizing the animal, shave its head to achieve a clean surgical field [1-MED-over the shoulder]. Fix the animal in the stereotaxic frame [2-CU], and then disinfect the incision site and the surrounding area with appropriate surgical disinfectant [3-CU]. 
4.1.1. *Film as written

4.1.2. CU the animal as it is fixed in the stereotaxic frame

4.1.3. CU the animal as the incision site is disinfected
4.2. Subsequently, perform a 2-cm long incision on the scalp in the sagittal direction with a scalpel [1-CU]. Use the scalpel to slightly scrape off the skull aponeurosis [2-CU] and disinfect the skull with 3% hydrogen peroxide [3-CU]. Then use cotton buds soaked in 3% hydrogen peroxide to remove any remaining tissue [4-CU]. 
4.2.1. CU the head of the animal as a 2-cm long incision is made on the scalp in sagittal direction 
4.2.2. CU the skull as the aponeurosis is slightly scraped off
4.2.3. CU the skull as it is disinfected with 3% H2O2
4.2.4. CU the skull as the remaining tissue is removed with cotton buds
4.3. Next, adjust the incisor bar until the top of the skull is leveled, which means the bregma and lambda as stereotaxic reference points are in the same plane [1-CU]. Under the microscope, use a standard stereotaxic rat alignment tool to calibrate the designated tip to the bregma [2-SCOPE] and adjust the incisor bar… [3-MED-over the shoulder] until the designated points for the bregma and lambda on the tool touch the skull at the same time.
4.3.1. CU the skull as the incision bar is adjusted until the top is leveled
4.3.2. Talent adjusting the incisor bar

4.3.3. Show that the designated points for the bregma and lambda on the tool touch the skull at the same time 
4.4. Using a stereotaxic holder with cannula, calibrate it to the bregma, and then calculate the position of all drill holes on the skull [1-SCOPE]. Then, mark the positions of the holes to be drilled either by carefully scratching the skull or by using a surgical color marker [2-SCOPE]. 
4.4.1. Show that the cannula touches the bregma
4.4.2. Show that the positions of the holes to be drilled are being marked
4.5. Then, using a microdrill, carefully drill all the holes with a diameter of about 1 mm [1-SCOPE]. For the STN and SNr, drill a common hole approximately 2 mm by 3 mm [2-SCOPE-TXT]. 
4.5.1. Show that a hole with 1 mm diameter is drilled

4.5.2. Show that a hole of 2 mm by 3 mm is being drilled. Text: STN: subthalamic nucleus; SNr: substantia nigra pars reticularis
4.6. Take one fine cannula and bend their tips to form two hooks [1-CU]. Then, use the hooks to remove any debris from the drill holes, and carefully cut and remove the dura mater in the common STN/SNr hole [2-SCOPE]. VO: recorded second take of the first sentence
4.6.1. Show that the tips of the cannula are bent to form hooks
4.6.2. Show that the hooks are used to remove debris and the dura mater
4.7. After that, flush the drill holes with physiological saline [1-MED-over the shoulder]. Apply a drop of physiological saline every 15 minute to the drill holes to prevent the brain and dura from drying out [2-SCOPE].
4.8. [2-SCOPE].

4.8.1. *Film as written

4.8.2. CU the skull as saline is applied to the drill holes
4.9. Then, take a microdrill and matching stainless steel micro-screw, drill a hole and screw in a micro-screw between the drill holes of the reference epidural electrodes above the cerebellum [1-CU] [2-CU].
4.9.1. CU the skull as a hole is drilled and a micro-screw is screwed in 
4.9.2. CU the skull as the hole is drilled and a micro-screw is screwed in the primary motor cortex. Text: M1: primary motor cortex; repeat micro-screw placement for the M1 epidural electrodes
4.10.  [1-SCOPE]. Next, guide the electrode tips with fine tweezers and slide them directly below the skull bone into the drill holes [2-SCOPE]. 

4.10.1. Show that the electrodes are being lowered to the skull
4.10.2. Show that the electrodes are inserted into the drill holes
4.11. Fix all epidural electrodes with two-component dental acrylic [1-MED-over the shoulder]. Make sure not to cover the bregma point nor affect the common STN/SNr hole [2/3-CU/SCOPE]. Then, insert the prepared holder with the tungsten microwire electrodes into the stereotaxic frame [3-MED-over the shoulder]. 
4.11.1. *Film as written

4.11.2. CU the skull as the dental acrylic is applied without covering the bregma point and the STN/SNr hole PLEASE USE 4.11.2 ONLY THE 2ND HALF, ADDITIONAL WIDE SHOT 4.11.1
4.11.3. SCOPE

4.11.4. *Film as written
4.12. Calibrate the most ventral electrode to the bregma, which is intended to target the STN [1-SCOPE]. Adjust to the calculated position above the common STN/SNr hole and lower the electrodes down to the brain [2-SCOPE]. Make sure that the tungsten microwire electrodes go inside the brain smoothly [3-SCOPE].
4.12.1. Show that the ventral electrode is calibrated/ touches the skull

4.12.2. Show that the electrodes are lowered down to the brain surface
4.12.3. Show that the tungsten microwire electrodes going inside the brain smoothly
5. Electrophysiological mapping and recordings
5.1. In this procedure, set up the recording software, such as Bandpass filter and amplify the raw data signal [1-MED-over the shoulder-TXT]. Then, use an online LFP and spike filter with appropriate settings. For all filters, use Hanning window function [2-SCREEN-TXT][3-SCREEN].
5.1.1. Talent setting up the recording software on the monitor. Text: Gain: 1500-2000x
5.1.2. Show that the online LFP and spike filter are used/opened. Text: Bandpass filter: 0.05-8000 Hz, LFP filter 0.05-250 Hz for LFPs, spike filter 300-8000 Hz for MUA, Filter type: Butterworth (note from AUTHORS: We have integrated the filter settings in 5.1.2, please note that the Hanning window is a function for digital signal processing and cannot be opened. Some recording softwares offer the possibility to set up different filter windows, but this differs between manufacturers. In the protocol, the setting should be mentioned as in 5.1.2).   
5.1.3. Show that Hanning window is opened. 
5.2. Set up a spike threshold for online spike sorting [1-MED-over the shoulder]. Most recording software allows for the setting up of a spike threshold, which is an amplitude value above the threshold that a signal is marked as a spike by the software [2-SCREEN]. 

5.2.1. Talent opens the spike sorting function

5.2.2. Show that a spike threshold for online spike sorting is set up I
5.3. Next, slowly lower the tungsten microwire electrodes to 1 mm above the STN [1-MED], and wait for the signal to stabilize if necessary [2-SCREEN].
5.3.1. Talent lowering the tungsten microwire electrodes USE 5.4.1
5.3.2. Show that the signal is getting stabilized
5.4. For the electrophysiological mapping, advance the electrodes ventrally in the steps of 100 µm [1-CU]. At each step, evaluate the firing pattern, firing rate and shape of spikes [2-SCREEN] by comparing those with the typical examples given in Figure 2 of the accompanying manuscript [3-LM]. 
5.4.1. CU the electrodes as they are advanced in steps of 100 µm USE 5.4.2
5.4.2. Show the firing of spikes
5.4.3. 55940fig2large.jpg: Show the figure 
5.5.  [1-CU]. Once the electrodes are in the desired structures, set up online filtering and spike-sorting, and then start the recording of the data [2-SCREEN].
5.5.1. CU the electrode as it is in the STN SAME AS 5.4.1
5.5.2. Show that online filtering and spike-sorting is set up, and the button is clicked to start recording
6. Results: Cortical synchronisation states in LFP recordings from the primary motor cortex during urethane anesthesia 
6.1. Here is a representative 600 seconds LFP recording of the primary motor cortex [1-LM]. Time periods with high frequency, low amplitude activity corresponding to the Activated State [2-LM] and the time periods with a slower rhythm and higher amplitude corresponding to the Slow Wave Activity state can be differentiated [3-LM]. 
6.1.1. 55940fig3large.jpg, Fig3.eps: Show Figure A left panel

6.1.2. 55940fig3large.jpg, Fig3.eps: Show Figure A right lower panel (ii)

6.1.3. 55940fig3large.jpg, Fig3.eps: Show Figure A right upper panel (i)

6.2. And this is the corresponding time-frequency plot over an interval of 600 seconds illustrating the 0-30 Hz relative power of the LFPs. 
6.2.1. 55940fig3large.jpg, Fig3.eps: Show Figure B
7. Conclusion (said by authors on camera)

7.1. Maximilian Beck: Once mastered, this technique can be done in 120 minutes if it is performed properly.

7.2. Jens Haumesser: After watching this video, you should have a good understanding of how to perform extracellular in-vivo electrophysiological recordings from the cortico-basal ganglia loop in the anesthetized rats.

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.  

5.4 Figure 2
6.1 Figure 3 and 4
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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