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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: _____________________________________________
B.  Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_N______ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.11; 2.14; 2.17; 2.19; 2.20________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._2.14_______________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N____ If yes, how far apart are the locations? ___________________________________________________

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 a recording-guided implantation of microelectrodes into the subthalamic nucleus of rats and thereafter a long-term stimulation of this nucleus. (Intro – Title Slide)
This is accomplished by first drilling an electrode hole through the exposed skull. (P1. Show the rat head on the left but remove the grey splodge (this could be recolored pink for visibility) and the yellow bar with the red lines and instead have a black spot –a hole- appear in the position where the yellow bar is currently). 
The second step is to advance the electrode through the electrode hole into the brain and simultaneously record the electrical activity in different regions of the brain until the specific activity of the STN is detectable. (P2 – the yellow bar with the red lines appears in position. Then switch to the image on the right with the gray box and green line removed). 
Next, the electrode is fixed by applying dental cement around the electrode shank and the head plug is attached to the electrode pin. (P3 – Return to the image on the left. Add the gray or pink splodge (dental cement) and the green line Authors – please confirm that this is correct). 
The final step is to fix the plug by dental cement and to connect it to the wire leading to the stimulator. (P4 Authors – please provide direction to the video editor on which part of the image should be used here)
Ultimately, the harvested brain is cut in 8 m thick slices and stained with hematoxylin & eosin to show that the tip of the electrode is placed in the subthalamic nucleus. (P5 – show second image of stained brain). 
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Fluri: The main advantage of this technique over existing methods, like a blind electrode implantation, is that a recording-guided implantation of microelectrodes improves targeting the subthalamic nucleus with high accuracy.  
Protocol (read by voice talent at JoVE):
2. Preparation for Surgery
2.1. Animal experiments were approved by the University of Würzburg and the legal state authorities and performed according to the recommendations for research in experimental stroke studies and the current Animal Research: Reporting of In Vivo Experiments guidelines. 
2.1.1. EXTRA TITLE SLIDE. 
2.2. Begin by anesthetizing the rat in an induction chamber with air delivered at 2 liters per minute and isoflurane at 3.5% [2.2.1-MED]. 

2.2.1. Talent adjusts the isoflurane control to run at 3.5% on the anesthesia machine. 

2.3. Remove the rat from the induction chamber [2.3.1- MED – over the shoulder] and shave the area between the ears and the eyes [2.3.2-MED]. Use a cotton swab soaked with antiseptic solution to swab the shaved area to remove any loose hair [2.3.3-CU].
2.3.1. *film as written. Ensure that the animal is fully anesthetized as JoVE does not show animals losing or regaining consciousness. 

2.3.2. *film as written. 

2.3.3. *film as written. 

2.4. Switch the air-flow to the nosecone and adjust the anesthesia to 2.5% isoflurane delivered at a flow rate of 1 liter per minute [2.4.1-MED]. 
2.4.1. *film as written. 

2.5. Position the rat on the nose cone [2.5.1-CU] and place it in the stereotaxic frame [2.5.2-MED]. Check the level of anesthesia by pinching the interdigital area. If the rat is anesthetized adequately, the defensive reflexes are abolished [2.5.3-CU].

2.5.1. *film as written. 

2.5.2. *film as written. 

2.5.3. A toe pinch is administered. No reaction is seen. 

2.6. Apply vet ointment on eyes to prevent dryness while under anesthesia [2.6.1-CU]. Monitor and maintain the rat’s body temperature at 37 °C [2.6.2-MED].
2.6.1. *film as written. 
2.6.2. Talent places a heating mat under the rat and inserts a thermometer. 
2.7. Inject 0.2 ml of mepivacaine and 1% epinephrine subcutaneously into the center of the shaved area to anesthetize the surgical area and to decrease the amount of bleeding [2.7.1-CU]. 
2.7.1. The subcutaneous injection is administered. 
3. Surgical Implantation of Electrode into the STN
3.1. Ensuring sterility from this point on [3.1.1-MED], use a scalpel to make a midline incision starting at the back of the eyes and extending posteriorly for about 2 cm [3.1.2-MED-over the shoulder]. Ensure that the periosteum is also incised and then expose the skull with four clamps [3.1.3-CU]. 
3.1.1. Talent opens autoclave pouch containing the scalpel while wearing appropriate PPE. 

3.1.2. Talent makes the incision. 

3.1.3. The periosteum is touched with the scalpel tip to either incise it or show that it has been incised and then the clips are placed. 

3.2. Use a cotton bud to gently remove the periosteum until the coronal and sagittal sutures are exposed.  Stanch any blood with cotton wool [3.2.1-CU]. 

3.2.1. *film as written. 

3.3. Fix a needle onto a probe holder [3.3.1-MED], and then mark the tip of the needle with a black felt-tip pen [3.3.2-CU]. 
3.3.1. *film as written. 

3.3.2. *film as written. 
3.4. Using the anterior/posterior [3.4.1-MED-over the shoulder-TXT], midline/lateral [3.4.2-MED-over the shoulder-TXT] and dorsoventral drive screws [3.4.3-MED-over the shoulder-TXT], position the tip of the needle directly over bregma [3.4.4-CU].
3.4.1. Talent moves the AP driver. Please ensure that the movement of the needle in the AP direction is seen. TEXT: AP
3.4.2. Talent moves the ML driver. Please ensure that the movement of the needle in the ML direction is seen. TEXT: ML

3.4.3. Talent moves the DV driver. Please ensure that the movement of the needle in the DV direction is seen. TEXT: DV
3.4.4. Show the needle moving in the DV direction towards bregma. 
3.5. Take the AP and ML Vernier scale readings: subtract 3.6 mm from the AP reading and 2.5 mm from the ML reading for electrode implantation into the right STN [3.5.1-MED-over the shoulder-TXT]. 

3.5.1. Talent writes the AP and ML readings on a piece of paper/notebook and then performs the subtractions and writes the amended values on the paper. TEXT:  Alternatively, add 2.5 mm for electrode implantation into the left STN.
3.6. Lower the tip of the needle to the surface of the skull to mark the injection site with the dye from the felt-tip pen [3.6.1-CU]. 
3.6.1. *film as written. 
3.7. Clamp the dental drill onto the large probe holder of the stereotaxic instrument [3.7.1-MED]. Move the dental drill to the marked point on the skull [3.7.2-MED], and while looking through the microscope [3.7.3-MED-over the shoulder], drill a hole of about 1 mm diameter through the skull until the dura is visible. This is the hole for the electrode [3.7.4-SCOPE]. 
3.7.1. *film as written. 

3.7.2. *film as written.

3.7.3. Talent looks through microscope. 

3.7.4. *film as written. 
3.8. Retract the dura using micro-dissection forceps or a sterile needle, as the dura is tough enough to destroy the tip of the electrode [3.8.1-CU].
3.8.1. The dura is retracted. 

3.9. Drill a hole with the dental drill in each frontal squama 3.9.1-CU] and in the parietal squama opposite to the hole for the electrode [3.9.2-CU]. Thereafter, drill a hole in each interparietal squama. 

3.9.1. *film as written. Frontal squamas
3.9.2. *film as written. Take 1: parietal opposite squama – Take 2 interparietal squama
3.10. Screw a bone screw into each of the five holes. Avoid threading the screws in too deep, which will put pressure on the brain. The number of turns will depend on the pitch of the screw; 2-3 turns of each screw is used here [3.10.1-CU]. 
3.10.1. Bone screws are screwed into the holes using 2-3 turns per screw. 
3.11. Disconnect the probe holder from the stereotaxic instrument and clamp the probe holder with the electrode in the micromanipulator [3.11.1-MED]. 
3.11.1. *film as written. 
3.12. Using the AP, ML and DV drive screws [3.12.1-MED], move the probe holder with the electrode until the tip is almost touching bregma [3.12.2-CU]. Note the AP, ML and DV Vernier scale readings at bregma [3.12.3-MED-over the shoulder]. 
3.12.1. Talent moving using the drive screws to move the probe holder. 

3.12.2. The electrode tip touches bregma. 

3.12.3. Talent checks the Vernier scale and then writes a reading on the piece of paper/notebook. 
3.13. Then raise the electrode a few millimeters to prevent the electrode from scraping the skull during movement [3.13.1-CU]. To determine the coordinates of the position where the electrode has to be inserted into the hole, add 3.6 mm to the AP reading and add 2.5 mm to the ML reading [3.13.2-MED-over the shoulder].
3.13.1. *film as written. 

3.13.2. Talent adds 3.6 mm to the AP reading written on the piece of paper/notebook and 2.5 mm to the ML reading. 

3.14. Using the AP and ML drive screws, move the electrode to the calculated position. At this point, the electrode tip should be situated directly over the drilled electrode hole [3.14.1-MED].
3.14.1. The electrode is moved until it is located over the hole. 
3.15. Next, while looking through the microscope, lower the electrode to the level of the dura [3.15.1-SCOPE]. Note this as zero in the DV direction [3.15.2-MED-over the shoulder]. Then gently insert the tip of the electrode into the brain while looking through the microscope [3.15.3-SCOPE]. 
3.15.1. *film as written. 

3.15.2. Talent makes a note of the zero reading on the piece of paper/notebook. 

3.15.3. *film as written. 
4. Placement of the Electrode

4.1. Connect the electrode pin to the connector of the recording system. Ground the stereotaxic instrument with the counterpoise of the room [4.1.2-MED]. Then place a Faraday cage over the rat in the stereotaxic instrument [4.1.1-MED]. In place of a Faraday cage, you can also use aluminum foil as shown here, since its effect is the same as that of a Faraday cage.
4.1.1. *film as written

4.1.2. *film as written. 

4.1.3. [added] Placement of the aluminum foil
4.2. Start the recording system [4.2.1-MED-over the shoulder]. If available, use a loudspeaker to obtain an acoustic signal of discharges of single units while advancing the electrode [4.2.2-MED].
4.2.1. *film as written

4.2.2. Talent turns on loudspeaker system. 

4.3. Slowly insert the electrode into the brain [4.3.1-SCOPE] while recording the electric activity during the advancement of the electrode [4.3.2-MED]. During the recording, reduce anesthesia as much as possible to 0.8–1.0% as low-anesthetized animals show a clearer electric brain activity [4.3.3-MED].
4.3.1. The electrode advances into the brain. 

4.3.2. Show the output readings for electrical activity. 

4.3.3. Talent turns the dial to reduce the anesthesia. 
4.4. The specific electrical activity of the STN is usually detectable at a depth of between 7.5 and 8.1 mm from the dura [4.4.1-MED]. The typical activity of neurons in the STN is characterized by an irregular firing pattern and a high firing rate [4.4.2-LM-TXT]. 
4.4.1. Talent checks the DV Vernier scale. 
4.4.2. LAB MEDIA:  53006_Kleinschnitz_Figure_6 (Authors – could you please resubmit the STN trace from figure 6 as a single image?). TEXT: mean frequency: 40.9 ± 12.9 Hz
4.5. Now, swab away any blood or cerebrospinal fluid that was displaced at the surface of the skull when lowering the electrode [4.5.1-CU].
4.5.1. *film as written. 

4.6. Then mix up a small amount of dental cement [4.6.1-MED] and then use a small spatula to apply it around the electrode and around four of the five screws [4.6.2-CU].
4.6.1. *film as written. Show the end of the mixing process. 

4.6.2. *film as written. 
4.7. When the dental cement has hardened [4.7.1-CU], disconnect the electrode pin from the electrode holder and connector of the recording system [4.7.2-MED]. Then unscrew the fifth screw that was not fixed by dental cement [4.7.3-CU], put the plug on the electrode pin, and fix the ground wire of the plug with the fourth screw [4.7.4-CU]. 
4.7.1. All four screws surrounded by dental cement. 

4.7.2. *film as written. 

4.7.3. *film as written. 

4.7.4. *film as written. 

4.8. Apply dental cement around the plug [4.8.1-CU]. As the cement thickens, mold it around the plug to form a cap. Avoid sharp edges of the dental cement that may harm the animal and remove them during hardening [4.8.2-CU]. 
4.8.1. *film as written. 

4.8.2. The cement is molded to form a cap. 

4.9. Debride the wound edges and close them with a suture behind the cap [4.9.1-CU] and at the front [4.9.2-CU]. Disinfect the wound edges [4.9.3-CU]. 
4.9.1. *film as written

4.9.2. the second suture is placed. 

4.9.3. *film as written. 

4.10. Connect the head plug to the wire that is fixed on a swivel [4.10.1-CU]. Then remove the rat from the stereotaxic instrument [4.10.2-MED]. 
4.10.1. *film as written. 

4.10.2. *film as written. 
4.11. Administer appropriate post-operative analgesia; 12.5 mg/kg Tramadol is used here [4.11.1-MED-over the shoulder]. Place the rat in a clean cage with thermal support [4.11.2-MED] and fix the swivel on this cage [4.11.3-CU]. Observe the recovery of the animal [4.11.4-MED]. 

4.11.1. Talent administers Tramdol. 

4.11.2. *film as written. 

4.11.3. *film as written. 

4.11.4. Talent observing the animal. 

5. Results: Electrode Location in the STN
5.1. This image shows an 8-micron thick section, stained with hematoxylin & eosin from an animal sacrificed fourteen days after implantation and continuous stimulation to visualize the position where the tip of the electrode was located [5.1.1-LM-TXT]. A solid line surrounds the STN [5.1.2-LM]. A small lesion is visible where the electrode tip was located during a 14-day period of stimulation [5.1.3-LM]. It is of note that there is no penetration canal of the electrode visible, indicating that the electrode does not disrupt the surrounding tissue [5.1.4-LM]. 

5.1.1. 53066_Figure_11A. TEXT: 2.5x magnification. Show image without the diagonal outline and box if possible. 

5.1.2. Same image. Add the diagonal outline. 

5.1.3. Same image. Add the box. 

5.1.4. Same image. Show the whole thing. 
5.2. This image shows the same region at higher magnification [5.2.1-LM-TXT]. A small number of inflammatory cells were detected around the lesion due to the reaction of the brain tissue to the electrode tip [5.2.2-LM]. 

5.2.1. 53066_Figure_11B TEXT: 100x magnification. Show image without the arrow. 

5.2.2. Same image. Add the arrow. 
6. Conclusion (said by authors on camera)
6.1. Fluri: Once mastered, this technique can be done in one and a quarter hours if it is performed properly.

Provided Media

4.4.1.
LAB MEDIA:  53006_Kleinschnitz_Figure_6.tif

5.5.1.
LAB MEDIA: 53066_Figure_11A.tif

5.5.2.
LAB MEDIA: 53066_Figure_11B.tif
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.
( 2013, Journal of Visualized Experiments


