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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? NO 

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.) 2.7, 2.8, 2.9, 3.2, 3.3, 3.10, 3.11
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 using the step numbers listed in this document. (Please do not list entire sections.) 3.13, 3.14.
E.  Will the filming need to take place in multiple locations? NO
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. 
(AUTHORS: Please memorize the interview statements prior to filming)

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this surgical procedure is to allow for reliable and repeated transcranial electrical brain stimulation in alert rodents. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Brita Fritsch: This method can help answer key questions in the field of neuromodulation and neuroplasticity by targeted electrical stimulation of brain networks to improve motor functions or deficits.

1.2. Brita Fritsch: The main advantage of this technique is that it allows for repeated noninvasive electrical brain stimulation sessions in alert rodents without inducing discomfort and with minimal interference with behavioral measurements.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Anne-Kathrin Gellner: Individuals new to this method will struggle because finding the correct path for the chest to head tunneling as well as bone preparation before electrode socket placement is often difficult to perform for inexperienced investigators.

1.4. Janine Reis: Visual demonstration of this method is critical as the surgical steps for electrode socket placement as well as the electrode preparation and placement for stimulation will be crucial for the success of the experiments. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
(Authors: The purpose of this section is to introduce anyone on camera who will complete procedures for the experiment. For those who have speaking statements, they will already be shown in the intro, therefore I have removed their names from this section)
1.5. ** Brita Fritsch: Our doctoral candidate Stefanie Haschka will assist in performing the NEBS procedures in alert rats. 
1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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 local authorities “Commission for Animal Experimentation of the Regional Council of Freiburg” and “Commission for Animal Experimentation of the University Medical Center Freiburg”.
Protocol: (read by voice talent at JoVE)
2. Chest Electrode Implantation
(AUTHORS: Prep steps in section 2 of the manuscript were not included in order to keep the script length within the guidelines.)
2.1. Begin by placing the rodent on its chest on the operation table [1-MED]. 
2.1.1. *Film as written
2.2. Disinfect the shaved scalp with a swab soaked in antiseptic agent. Let it air-dry [1-CU-TXT].
2.2.1. Talent wipes a swab over the scalp area. TEXT: Repeat 2x; Disinfectant spray may also be used
2.3. Then, after checking the depth of anesthesia… [2.3.0.] cut the skin with a scalpel in one line from the rostral eye level to the mid ear level [1-CU].
2.3.0 Added shot: Talent checks toe pinch reflex on the rodent’s hindlimb 

2.3.1 *Film as written
2.4. Next turn the rat to supine position, so that the chest is exposed [1-MED], and disinfect the chest [2-CU].
2.4.1. *Film as written

2.4.2. Talent wipes an antiseptic swab over the chest area. 

2.5. Stretch the lateral skin of the right chest with two fingers… [1-CU], and make a straight sagittal cut in cranial orientation [2-ECU].
2.5.1. *Film as written

2.5.2. *Film as written

2.6. Form a subcutaneous pouch by atraumatically disconnecting the skin from the left major pectoral muscle. Do so by repeatedly opening the small scissors [1-CU].

2.6.1. Talent disconnects skin from left major pectoral muscle with small scissors. 

2.7. Next, turn the animal on its right side [1-MED]. Tunnel the cable path from the left occipital corner of the opened head skin along the neck to exit into the pectoral pouch [2-CU] by penetrating the superficial fascia using homeostatic forceps. [3]
2.7.1. Talent turns the animal on its right side. 

2.7.2. Talent inserts the homeostatic forceps into the open skin on the head and tunnels the subcutaneous tissue by moving the forceps along the neck, to the Pectoral area. 
2.7.3. Added shot: Talent penetrates the superfascial fascia with the homepstatic forceps. 
2.8. Carefully open the homeostatic forceps to grab the end of the electrode cable attached to the platinum electrode without allowing sharp wires to stray [1-ECU]. 
2.8.1. Talent grabs the end of the electrode cable by opening the forceps. 

2.9. Pull the cable through the tunnel until the electrode enters the pouch, oriented with the soldering point towards the rodents left hind limb [1-CU]. Then, turn the rodent back to the prone position [2-MED].
2.9.1. Talent pulls the cable through the tunnel

2.9.2. *Film as written

2.10. Next, fix the platinum plate with a sterile synthetic braided non-absorbable suture to the pectoral fascia at the two opposing corner holes [1-CU]. Similarly attach the cable to the fascia by a loose knot, forming a slight loop before the entrance of the tissue tunnel [2-ECU-TXT]
2.10.1. Talent affixes a platinum plate with one suture as an example. 

2.10.2. Talent attaches the cable with a knot. TEXT: 4–5 knots are recommended for stability
2.11. Finally, close the skin with 3–4 cutaneous sutures depending on the size of the cut [1-CU].

2.11.1. Talent makes 2 sutures to close the cut. 
3. Placement of the Epicranial tES Socket 

3.1. Begin by scraping off the periosteum, the connective tissue on the skull, to the sides with the scalpel [1-CU] and thoroughly wipe off with cotton swabs [2-CU]. Fixate the connective tissue at the 4 corners of the cut with bulldog clamps and let them hang laterally to keep the surgery field open [3-MED].
3.1.1. *Film as written

3.1.2. *Film as written
3.1.3. Show top view of the cut with bulldog clamps in place. 
3.2. Next, apply 0.9% saline to clean the bone surface and tissue with cotton swabs [1-CU]. Then clean the bone surface with 3% H2O2 [2-MED].  Use a cotton swab to remove any residuals of the periosteum as they become visible [3-CU]. 

3.2.1. Talent uses a cotton swab to clean the bone surface.

3.2.2. Talent puts H2O2 onto the bone surface.

3.2.3. *Film as written. 

3.3. As fixation screws will improve set-up adherence, choose a drill bit fitting the screw size [1-MED]. Place two burr holes on two different bone plates by pre-drilling with a hand drill and then by slight vertical pressure with the bone drill [2-MED].
3.3.1. Talent chooses a drill bit, and attaches it to the drill.
3.3.2. Talent drills one burr hole with the hand drill, then switches to the bone drill. 

3.4. In case of an implanted counter electrode as shown in this video, burr a third hole located in the right posterior parietal bone for future fixation of the tunneled cable [1-CU].
3.4.1. Talent drills a third burr hole in the right posterior parietal bone
3.5. Place the plastic screws in the burr holes and screw until the first friction is felt [1-CU]. Then, perform three additional 180 ° screw turns [2-MED]. Use forceps to check for stability of the screw and add one more turn if not tight enough [3-CU]. 
3.5.1. Show all holes,one already with the screw in it. Then, talent places one plastic screw in the left posterior burr hole, and screws it in. 

3.5.2. Talent performs three additional 180 ° screw turns. 

3.5.3. Talent checks the stability of the screw with forceps. 
3.6. Turn on the soldering iron and pre-heat for approximately 5 min [1-MED]. Wind the cable exiting the tissue tunnel occipitally around the right parietal screw and then cut it, leaving approximately 1 cm cable behind the winding [2-CU]. Carefully strip the insulation at the end of the cable with a scalpel [3-ECU].
3.6.1. Talent turns on the iron and places it in the holder or on the table. 

3.6.2. *Film as written

3.6.3. *Film as written
3.7. Then, fix the winded cable to the screw and bone with cyanoacrylic glue [1-CU].
3.7.1. *Film as written
3.8. Next, apply a small amount of the lead-free tin-solder to the connector and to the bare wires of the counter electrode cable [1-CU], and connect both by briefly pressing both pre-soldered parts together while touching the soldering tip until the tin-solder melts [2-CU]. Remove the soldering tip immediately to avoid excessive metal heating of the cable with subsequent tissue damage [3-MED].
3.8.1. *Film as written

3.8.2. Talent presses both pre-soldered parts together and shows the tin-solder melting. 

3.8.3. Show talent removing the soldering tip after a portion melts off. 

3.9. Pick up the custom made tES (pronounced t-e-s) electrode socket with bent, serrated tip forceps [1-CU] and apply a thin layer of cyanoacrylic glue to the bottom rim of the socket [2-ECU].
3.9.1.  *Film as written: Talent picks up the electrode socket with forceps.
3.9.2. *Film as written: Talent applies glue to the bottom rim.
3.10. For stimulation of the motor cortex, use a 4 mm diameter socket.[1-CU] Pick up the custom made tES (pronounced t-e-s) electrode socket with bent, serrated tip forceps [3.9.1.] and apply a thin layer of cyanoacrylic glue to the bottom rim of the socket [3.9.2.].The inner medial border of the socket should end directly at the sagittal suture and the caudal border should end at the bregma [2-MED].
3.10.1. Talent places the mid socket point at 2 mm anterior and 2 mm lateral from the bregma.Show top view. Talent points to the alignment of the sagittal suture with the inner medial border, then points to the caudal border
3.10.2. Added shot: Talent places the socket according to the demonstrated sagittal and caudal border. 

3.11. Then, press the socket briefly onto the bone until the glue hardens [1-MED], and use a light to ensure that the bone within the area of the socket does not have any reflective glue on it [2-MED].
3.11.1. *Film as written
3.11.2. Talent shines light to look at the bone area. 
3.12. After the socket is in place and the future stimulation area is free of glue, seal the lateral border of the socket to the neighboring tissue with a small drop of cyanoacrylic glue to avoid a fluid bridge that could lead to shunting of current at this location [1-CU]. Then, cover all screws with cyanoacrylic glue [2-MED].
3.12.1. Talent places a small drop of glue to seal the border.

3.12.2. Talent places a drop of glue over the remaining screws. 

3.13. Next, mix the two-component dental acrylic cement in a small silicon tube or glass [1-MED]. As soon as it becomes viscous, apply it with a dental spatula to seal the remaining borders of the socket to the bone [2-MED-TXT]. 
3.13.1. *Film as written

3.13.2. Talent applies the dental cement to seal the socket to the bone. TEXT: Avoid any flow of dental acrylic cement into the stimulation area.

3.14. Finally cover the whole skull, screws, counter electrode cable, and up to one-third of the socket with dental acrylic cement [1-MED-TXT]. After all of the bone is covered and the cement has hardened, remove the bulldog clamps [2-MED] and reposition the skin. [3]
3.14.1. Talent applies dental cement to the entire skull. TEXT: Note: If the skin touches the built-up cement, suturing is not needed.
3.14.2. Talent removes the bulldog clamps. 

3.14.3. Added shot: show top view of the final built-up with the skin repositioned close to the built-up.
4. Transcranial Electrical Stimulation Procedure 

4.1. Begin by filling the tES electrode socket half with 0.9% saline and remove air bubbles [1-CU-TXT].
4.1.1. Talent fills the tES electrode with saline.  TEXT: 0.9% saline
4.2. Before cathodal tDCS (pronounced t-d-c-s) sessions, check chlorination, and if needed, re-chlorinate the Ag/AgCl (pronounced silver silver-chloride) electrode [1-MED-TXT].

4.2.1. Talent chlorinates the Ag/AgCl electrode. TEXT: Preparation for cathodal tDCS
4.3. Before anodal tDCS sessions, remove possible excess AgCl (pronounced silver-chloride) deposits from previous stimulations with sandpaper to allow for good conductivity during stimulation [1-MED-TXT]. Then, screw in the tES electrode cap [2-CU].
4.3.1. Talent removes AgCl with sandpaper. TEXT: Preparation for anodal tDCS
4.3.2. *Film as written

4.4. Connect the cables to the two connectors on the head [1-MED]. Then, place the rodent into the experimental cage, with the cables connected to a swivel above the cage that allows for free movement [2-MED].
4.4.1. *Film as written

4.4.2. Talent places the rodent in the experimental cage.

4.5. Turn on the stimulator, and adjust the stimulation parameters [1-MED]. Finally, after the end of the stimulation, disconnect the cables [2-MED], unscrew the electrode cap on the head [3-CU], and clean and dry the socket with a cotton swab [4-CU].
4.5.1. Talent turns on stimulator and adjusts parameters. 

4.5.2. *Film as written

4.5.3. *Film as written

4.5.4. Talent dries the socket with a cotton swab. 
5. Results: Dose response effects of DCS on microglia activation and neurodegeneration in rodent brain slices
5.1. Results indicated that microglial activation, assessed by morphological alteration, occurred first at 31.8 A/m², while the first signs of neurodegeneration were detected at 47.8 A/m². Samples 1 through 4 were rated as positive [1-LM]. 
5.1.1. Figure 4C: Add x-axis below with an arrow going from left to right, and label “0 (not activated) to 4 (severely activated). Highlight boxes 1–4. 
5.2. The anesthesia affected the magnitude of response to DCS as the percentage of brain slices with fluorojade C positive degenerating neurons in alert rats was higher at 47.8 A/m² [1-LM].
5.2.1. Figure 4A: Highlight the x-axis label. Highlight the y-axis label when ‘brain slices’ is mentioned. Then, highlight 47.8 and the corresponding column for it when mentioned in the VO. 

5.3. Further, behavioral or molecular effects of DCS at high intensities are expected to be mechanistically different compared to low intensity effects [1-LM].
5.3.1. Figure 5: Highlight the pentagonal ‘rodent’ shape.  Highlight ’150’ on the y-axis when ‘high’ is mentioned, and ‘5’ when ‘low’ is mentioned in the VO. 
6. Conclusion (said by authors on camera)
6.1. Anne-Kathrin Gellner: Once mastered, this technique including chest electrode placement can be done in 40-45 min if it is performed properly. A shorter duration of 10-15 minutes is usually needed if no counter electrode is surgically placed. 
6.2. Brita Fritsch: After watching this video, you should have a good understanding of how to place a permanent electrode setup for the different NEBS stimulation techniques and how to apply NEBS in alert rodents. 
6.3. Brita Fritsch Janine Reis: Don't forget that working with electrical currents can be harmful for the rodent if electrodes are not prepared sufficiently prior to stimulation. Precautions such as re-chlorination of the electrode before cathodal stimulation or removal of debris before anodal stimulation should always be taken before performing this procedure.   

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. 
4.4 – Fritsch_rat tDCS setup.tif  - rat with electrode cables connected 
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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