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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)______N___  (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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ________ step 2.7.1, step 3.1.1. ~ , step 2.11 ~ step 2.13
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.) step 2.12 , step 2.13
E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___________________________________________________

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 technique is to create a circumscribed capsular infarct model with a persistent motor impairment using photothrombotic technique. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Hanlim Song: This method can help answer key questions in the stroke research field, particularly subcortical white matter stroke research. 

1.2. Hanlim Song: The main advantage of this technique is that it can selectively destroy the  internal capsule while preserving the structure of the adjacent gray matter.

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 Institutional Animal Care and Use Committee (IACUC) at Gwangju Institute of Science and Technology (GIST). 
Protocol (read by voice talent at JoVE):

2. Identification of the Forelimb Area in the Internal Capsule using AAV-GFP 

2.1. Before creating the capsular infarct, it is necessary to identify the forelimb area in the internal capsule by introducing an adeno-associated virus expressing GFP to the forelimb area of the motor cortex [1-LM]. 
2.1.1. 53281_Kim_Figure1A. Show Image. Video editor please remove all white lables except for the dotted line and letters ‘IC’. 
2.2. Begin by placing an anesthetized rat into a stereotaxic frame [1-MED-TXT]. Then shave the head of the rat [2-MED-over the shoulder], and sterilize the scalp using 70% alcohol, and povidone and iodine solution [3-CU]. 
2.2.1. Show the final steps of the rat being placed in the stereotaxic frame. TEXT: Confirm a surgical plane of anesthesia by the absence of reaction to a toe-pinch. 
2.2.2. *film as written. 

2.2.3. The scalp is wiped with a pad/swab soaked with 70% alcohol and then a pad/swab soaked with povidone iodine. 

2.3. Inject 2% lidocaine hydrochloride under the scalp in the area of the intended scalp incision to reduce intraoperative pain [1-MED-over the shoulder]. 
2.3.1. Talent injects lidocaine in the area of the scalp where the incision will be made. 
2.4. Apply ophthalmic ointment to prevent drying of the eyes [1-CU], and place a sterile drape over the animal [2-MED-TXT]. 
2.4.1. *film as written. 
2.4.2. *film as written. TEXT: Maintain all procedures in sterile conditions.
2.5. After making a midline incision of 2 centimeters in the scalp [1-MED], position the stereotaxic arm to identify the forelimb area of the motor cortex according to the stereotaxic co-ordinates [2-MED-TXT]. Drill an entry hole at this position [3-CU].
2.5.1. Shot of the rat head after the incision has been made. 
2.5.2. Talent moves the stereotaxic arm to the appropriate position. TEXT: AP: +2.5 from bregma, ML: ±2.5 from the midline.
2.5.3. *film as written. 
2.6. Move the needle to the drilled hole [1-MED], and lower the needle 1 millimeter through the dura and into the motor cortex [2-CU]. 
2.6.1. Talent moves the needle so that it is over the hole. 
2.6.2. The needle is lowered into the hole and beyond. 
2.7. Use a high precision micropump [1-MED] to slowly inject one microliter of virus [2-ECU-TXT]. Leave the needle in place for an additional 10 minutes to prevent backflow up the needle tract [3-MED-over the shoulder]. 
2.7.1. Talent operating micropump to perform injection. 
2.7.2. Show meniscus or plunger lowering as virus is injected.  TEXT: 2 x 109 virus molecules
2.7.3. After finishing injection, Talent presses start on a lab timer set to 10 min. 

2.8. Once 10 minutes have elapsed, slowly withdraw the needle [1-MED].

2.8.1. Talent manipulates the stereotax to raise the needle out of the skull.  
2.9. After cleaning the operative site with saline irrigation, secure the wound with 3-0 nylon suture [1-MED-over the shoulder]. 
2.9.1. Talent suturing the wound. 
2.10. Then release the rat from the stereotactic frame and transfer it to a recovery chamber for monitoring [1-MED]. Administer analgesic for postoperative pain control [2-MED-over the shoulder-TXT]. 
2.10.1. *film as written. 
2.10.1A 
Added shot: same as shot 2.10.1 with alternate angle (optional)
2.10.2. Talent performs subcutaneous injection. Detail not required. TEXT: 2 mg/kg ketopropen. 
2.11. After 2 to 3 weeks, sacrifice the rat according to approved methods and section the cryoprotected brain [1-MED-TXT]. 
2.11.1. Show Talent sectioning on the cryostat. Film from the side so that this can be mock staged. TEXT: 40 (m thickness and 200 (m interval. 
2.11.1A 
Added shot: same as shot 2.11.1 with alternate angle (optional)
2.12. After staining for GFP, observe the AAV-GFP transduced axons in the internal capsule with a fluorescent microscope [1-MED-TXT]. 
2.12.1. Talent at the microscope with a slide on the stage. Talent looks through the oculars.  TEXT: excitation wavelength 470nm, emission wavelength 525nm, magnification 5X. 
2.13. Compare the locations of transduced axons as seen on the fluorescent image [1-LM] with the Rat Brain Atlas to accurately determine the stereotactic coordinates of the transduced axons [2-MED-over the shoulder]. 
2.13.1. LAB MEDIA: 53281_Kim_Figure1A* Show image. 
2.13.2. Talent looking at the atlas and writing down co-ordinates. 
3. Construction of the Optical Neural Interface
3.1. To prepare the optical neural interface, first use a cutting drill to cut approximately 4 cm of a 27-gauge spinal needle with a stylet inside [1-MED-TXT].
3.1.1.   Talent cuts a 4cm length of the spinal needle with a cutting drill. TEXT: ONI. 
3.1.1A 
Added shot: same as shot 3.1.1 with alternate angle (optional)
3.2. Then strip 10 centimeters of the jacket of an optical fiber [1-CU-TXT]. 

3.2.1. *film as written. TEXT: 125 µm optical fiber with a 62.5 µm core.  
3.3. Insert the unjacketed piece of the optical fiber into a metal tube [1-MED-TXT], and clamp the tube around the fiber.  Then use a presser to clamp the lower half of the metal tube twice [2-CU]. The metal tube fills the space between the optical fiber and the hub of the spinal needle [3-CU]. 
3.3.1. *film as written. TEXT: External diameter: 3.8mm, internal diameter: 3.3mm and length: 17mm. 
3.3.2. *film as written.
3.3.2A 
Added shot: same as shot 3.3.2 with alternate angle (optional)
3.3.3. The clamped portion is shown to camera and the hub of the spinal needle is seen. 
3.4. [moved to 3.3] Then use a presser to clamp the lower half of the metal tube twice [1-MED].
3.4.1. [moved to 3.3] *film as written. 
3.5. Apply heat-curable epoxy on the optical fiber [1-MED]. Apply additional epoxy to the empty space in the hub [3-CU], and insert the optical fiber into the spinal needle [2-CU]. Cure the epoxy for 20 minutes at 100°C for stable fixation [4-MED-over the shoulder].
3.5.1. *film as written. 
3.5.2 and 3.5.3 were switched and combined
3.5.2. *film as written. 
3.5.3. *film as written. 

3.5.4A 
Added shot: Shrinking the heat shrinkable tube (optional)
3.5.4. Talent places the fiber into the oven and closes the door. 
3.6. Once cured, cleave the optical fiber that protrudes out of the spinal needle [1-CU], and then use diamond lapping sheets [2-MED] to polish the optical fiber at the tip of the spinal needle [3-CU].
3.6.1. *film as written. 
3.6.2. Talent selects a diamond lapping sheet. 
3.6.3. The tip of the optical fiber is polished. 
3.7. Lastly, connect the FC/PC connector part of the patch cord to the coupler of the green laser system [1-MED-over the shoulder]. Then use a digital optical power and energy meter to measure the light intensity from the tip of the optical fiber to ensure accurate emission of light [2-MED]. 
3.7.1. *film as written. 

3.7.2. Talent measuring the light intensity at the tip.
4. Photothrombotic Infarct of the Internal Capsule
4.1and step 4.2 switched
4.1. Begin by anesthetizing and preparing the rat for surgery as before [1-MED].
4.1.   Place a heat pad under the body of the animal to maintain body temperature at 37.5(C throughout the surgery [1-MED-TXT].
4.1.1. Talent places an anesthetized rat into the stereotaxic frame.
4.1.1. Heat pad is placed under the animal. TEXT: A lower body temperature during photothrombosis may reduce the extent of infarction.

4.2. Place a heat pad under the body of the animal to maintain body temperature at 37.5(C throughout the surgery [1-MED-TXT]. 
4.2. Begin by anesthetizing and preparing the rat for surgery as before [1-MED].

4.2.1. Heat pad is placed under the animal. TEXT: A lower body temperature during photothrombosis may reduce the extent of infarction. 
4.2.1. Talent places an anesthetized rat into the stereotaxic frame.

4.3. After making a midline incision of 2 centimeters [1-MED], adjust the height of the nose clamp until the bregma and lambda are aligned at the same level. The correct alignment is critical to correctly target the internal capsule [2-MED]. 
4.3.1. Show the skull with the incision made. 
4.3.2. Show the skull from the side as Talent adjusts the height of the nose clamp to flatten the skull. 
4.4. Position the stereotaxic arm to locate the site for photothrombosis [1-MED-TXT]. Then drill a 2 mm hole at this point [2-MED-over the shoulder].
4.4.1. Talent moves the stereotaxic arm to the appropriate position. TEXT: AP: -2.04 from bregma; ML: ±3.0 from the midline. 
4.4.2. Talent drills hole. 
4.5. Next, polish and clean the optical fiber tip of the ONI (read as letters) [1-CU], then fix it to the stereotaxic frame without bending [2-MED]. Check the tip of the ONI to ensure it is clean and intact [3-CU]. 
4.5.1. The tip of the ONI is polished. 
4.5.2. *film as written. 
4.5.3. Show the tip of the ONI attached to the frame. It should appear clean and intact. 
4.6. Measure the laser intensity from the tip of the optical fiber prior to the insertion of the optical interface to the target site of the rat brain [1-MED]. Adjust the laser intensity to 3.5 milliWatts at the tip of the optical fiber [2-MED]. 
4.6.1.   Talent measuring the laser intensity from the tip of the ONI which is close to the skull of the rat.
4.6.2. Talent adjusts the intensity. If possible show the laser light intensity change. 

4.7. Now, lower the ONI into the target area of the internal capsule using the dorso-ventral co-ordinate determined in the first section of the protocol [1-CU-TXT]. 

4.7.1. The tip of the ONI is lowered through the drilled hole and into the brain. TEXT: -7.8mm is used here. (No slating)
4.8. Then inject 2 milligrams per kilogram of Rose Bengal through the tail vein [1-CU-TXT], and then start a countdown timer set to one minute [2-MED]. 
4.8.1. A tail vein injection is shown. TEXT: For sham controls inject 0.2 cc/100 g sterile saline. 

4.8.2. Talent starts countdown timer set to 1 min. 
4.9. When the minute has elapsed, turn on the 532 nm green laser for 90 seconds to create the infarct [1-MED-over the shoulder]. 
4.9.1. Talent turns on the laser. Have the animal in the frame as this is done. 
4.10. After irradiation, gently remove the ONI from the brain [1-MED]. 
4.10.1. Talent removes the ONI from the brain. 
4.11. After cleaning the operative site, secure the wound with 3-0 nylon suture [1-MED]. Then remove the rat from the stereotactic frame [2-MED-over the shoulder] and transfer it to a recovery chamber [3-MED-TXT]. 
4.11.1. Talent suturing the skull. 
4.11.2. *film as written.
4.11.3. *film as written. TEXT: Administer antibiotics and analgesia according to the approved protocol. 
5. Results: Microscopic Appearance of Capsular Infarct After Photothrombosis
5.1 This image shows the extent of infarct lesions across varying intensities of laser light from 2 milliWatts to 5 milliWatts two weeks after photothrombotic lesioning [1-LM]. Arrows indicate the infarct lesion [2-LM]. The optimal light intensity is considered to be between 3 milliWatts and 4 milliWatts in this experimental setting [3-LM]. 
5.1.1 LAB MEDIA: 53281_Kim_Figure2. Show whole image throughout. 
5.1.2 LAB MEDIA: 53281_Kim_Figure2. Flash arrows. 
5.1.3 LAB MEDIA: 53281_Kim_Figure2. Place box around the images titled 3 mW and 4 mW

5.2. The next two images show the microscopic appearance of the capsular infarct three weeks after photothrombosis. In this coronal section of the rat brain the arrowheads indicate the tract of the needle containing the optical fiber in the thalamus and up to the internal capsule [1-LM].
5.2.1. LAB MEDIA: 53281_Kim_Figure4A* Show image. 
5.3. These serial Nissl stained sections show the extent of the infarct lesion in the internal capsule. The arrows indicate the infarct lesion [1-LM].
5.3.1. LAB MEDIA: 53281_Kim_Figure4B* Show image. 
6. Conclusion (said by authors on camera)
6.1 Hanlim Song: While attempting this procedure, it’s important to remember to accurately target the posterior limb of internal capsule and to deliver the optimal intensity of light.
6.2. Hanlim Song: Following this procedure, other behavioral testing such as single pellet reaching task can be performed in order to confirm the result of infarct lesioning.

6.3. Hanlim Song: After watching this video, you should have a good understanding of how to create a circumscribed subcortical stroke model which has a persistent motor impairment. 
Provided Media

2.15.1- 53281_Kim_Figure1A.tif - AAV-GFP transduced axons in the internal capsule with a fluorescent microscope (5X )
2.16.1- 53281_Kim_Figure1.tif - Compare the locations of transduced axons with the Rat Brain Atlas
5.1.1- 53281_Kim_Figure2.tif -The extent of infarct lesions across varying intensity of laser light from 2 mW to 5 mW
5.2.1- 53281_Kim_Figure4A.tif- The microscopic appearance of the capsular infarct three weeks after photothrombosis
5.3.1- 53281_Kim_Figure4B.tif- Serial Nissl stained sections show the whole extent of infarct lesion in the internal capsule
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


