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Title: Rose Bengal Photothrombosis by Confocal Optical Imaging in vivo:  A Model of Single Vessel Stroke
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes, a Nikon SMZ2800 dissecting scope.  It is equipped with a camera already but not sure if it is adequate.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Authors indicate “no”, but there is one shot where a screen capture would be appropriate. 
C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed?  List 4-6 steps. 
3.5 – 3.7: Preparing the animal for surgical dissection (this requires video through the microscope)  

5.3: Injecting Rose Bengal into tail vein (this part is tricky and doesn’t always go well by they way because it is a mouse and the vein is hard to hit sometimes).  I can take video of this just in case it doesn’t work on the day of filming as back up.
5.6: Watching clot form.  I have videos of this already though as back up.
D.  Will the filming need to take place in multiple locations? NO 
1. Introduction (Schematic Overview and Interview)

A. The Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to use a semi-invasive optical microscopy approach to induce a Rose Bengal photothrombotic clot in the somatosensory cortex of a mouse.  (Intro)  This is accomplished by anesthetizing the mouse (P1) and preparing a thin-skull cranial window for imaging. (P2)  Next, the Rose Bengal is injected and a laser is used to induce a photothrombosis. (P3)  Ultimately, the affects of the clot made by the Rose Bengal photothrombosis can then be immediately analyzed after recovery from anesthesia. (P4)
Video Editor: Consult the multi-slide PPTX file for this animation.
P1 – animate scalpel approach on slide 1.

P2 – continuing to slide 2, use the blow up to animate the drill bit making an cut in, and then the scalpel cleaning it out (slide 3).  Finish with slide 4, showing view of skull.

P3 – Switch to the multi-angle view of slide 5.  Animate the syringe making an injection into the tail.

P4 – Now go return to the top angle only view on slide 6, the image in the blow out should be different from the image in slide 4 (we are presently waiting for an update).

B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
1.1. Lora Watts: The main advantage of this technique over existing methods, like the middle cerebral artery occlusion method, is that this technique permits visualization of in vivo cellular responses immediately following induction of Rose Bengal photothrombosis.
1.2. Lora Watts: Generally, individuals new to this method will struggle because the ability to create the thin-skull cranial window is difficult and time consuming.
C. The Protocol Section (read by voice talent at JoVE)
1.3. EXTRA TITLE CARD: All animal procedures were approved by the Institutional Animal Care and Use Committee of the University of Texas Health Science Center San Antonio and were consistent with the ARRIVE guidelines.
2. Preparations for the Surgery
2.1. To begin, anesthetize the mouse with 2 to 3 % isofluorane mixed with oxygen.
2.1.1. WID: removing mouse from anesthesia chamber
2.2. Take note of a decrease in respiration as the mouse is induced.
2.2.1. ECU: mouse breathing slowly, chest cavity alone - not the face
2.3. Then, pinch the paw of the mouse to confirm the anesthetic state.
2.3.1. CU: film as written
2.4. Lora Watts:  Obtaining a proper level of anesthesia is critical to any in vivo preparation and care should be taken not to induce a level that will cause global ischemia.  
2.4.1. WID: interview shot at bench
2.5. Once the anesthesia is confirmed, transfer the animal to the surgery and imaging platform.
2.5.1. CU: mouse being secured to platform
2.6. Next, attach a nose cone to deliver 0.8 to one percent isofluorane throughout the procedure.

2.6.1. CU: film as written
2.6.2. CU: adjusting the gas flow for 0.8 – 1 %
2.7. Use a heating pad and temperature probe to maintain the body temperature within half a degree of 37 Celsius throughout the procedure.
2.7.1. MED: setting up pad and probe
2.7.2. CU: reading on temp probe
2.8. Then, apply ophthalmic ointment.
2.8.1. MED: as written
2.9. To monitor the animal’s vitals, clip an oximetry system to the tail or foot.  
2.9.1. CU: attaching oximetry system to tail or foot
2.10. Adjust the anesthetic to maintain 50 to 65 breaths per minute and a heart rate between 300 and 450 beats per minute.  Oxygen saturation is ideally maintained at 97 to 98 %.  If all these parameters are maintained, long-term survival is possible.
2.10.1. MED: talent checking oximetry system readings and fiddling with gas flow
2.10.2. CU: system reading showing breaths per minute and then showing heart rate and then oxygen saturation.
2.10.3. MED: talent checking readings on oximetry system and temperature probe, making adjustment where needed, then preparing to shave fur
2.11. Lastly, prepare the skin for surgery.  Shave the hair from the cranium and use repeated scrubbing of betadine followed by ethanol to clean the skin.
2.11.1. CU: shaving fur
2.11.2. CU: cleaning skin with alternating solution scrubs
3. Surgery

3.1. Begin the surgery with a 5-mm incision into the scalp to expose the cranial fissure.
3.1.1. MED: establishing shot, preparing to make incision
3.1.2. ECU: making incision in scalp
3.2. Remove the overlying fascia with a cotton swab and locate the bregma.
3.2.1. ECU: removing tissues, exposing bregma lines
3.3. Next, glue a custom-made stainless steel ring to the bone overlying the parietal cortex.  Map this position from the Bregma, moving negative 1 to 3 mm horizontally and positive 2 to 4 mm laterally. 
3.3.1. CU: lining up coordinate location

3.3.2. CU: preparing to attach ring to bone, adding glue to bone or ring
3.3.3. ECU: attaching ring to cranium
3.3.4. LAB MEDIA: Fig 1 – ring, just for reference, shouldn’t be needed
3.4. After two minutes the glue will have set.  Then, attach the ring to a stereotaxic holder to stabilize the animal.
3.4.1. CU: film as written
3.4.2. LAB MEDIA: Fig 2 – ring/holder, just for reference, shouldn’t be needed
3.5. Now, under a surgical-grade dissecting microscope, slowly drill a one to two mm section in the cranium over the somatosensory cortex using a zigzag drilling pattern.   Be sure to keep the cranium level as it is drilled out.  
3.5.1. SCOPE: start of drilling
3.6. To prevent heat build, use the drill speed on a low speed and take frequent breaks.
3.6.1. MED: talent drilling, stops to take a break and proceeds with drilling
3.7. As the bone begins to shine, keep drilling with the zigzag pattern to thin out the skull.  A thin cranial window is critical for the laser to reach the Rose Bengal filled vessel and induce the clot.
3.7.1. SCOPE: zigzag drilling, shining bone

3.8. When the window is thin enough, use a scalpel to make small linear strokes with light pressure to remove thin layers of bone until the vasculature is clearly visible through the ocular.
3.8.1. SCOPE: end of drilling, use of scalpel to clear the bone window and see through to the vessels below

4. The Microscope Set-Up
4.1. To image the brain, use a microscope that has enough space between the objective and the stage to fit the animal on its platform.  An inverted scope is a good choice. 

4.1.1. WID: talent approaches microscope
4.1.2. CU:  objective inverter and space between it and the stage, talent uses a ruler to demonstrate the amount of open space there

4.2. The platform is designed to fit into a customized stage, comprised of a jack mounted to a plate with four poles.

4.2.1. CU: securing platform/mouse onto customized stage

4.2.2. CU: side view of set up showing different angle with jack and poles

4.3. After the mouse is positioned on the stage, position the objective inverter over the cranial window.  Then, illuminate the cranium with an external light source.  
4.3.1. MED: swinging the objective inverter into position

4.3.2. CU: objective inverter over the cranial window, light source is turned on

4.4. If a water-based objective is utilized, artificial CSF should be applied to the cranial window cavity, into which the objective can be lowered.

4.4.1. ECU: demonstrate use of water-objective, adding fluid to window

4.4.2. [combined with 4.4.1] ECU: lowering objective into the window

4.5. Now focus on the imaging area, with visible vasculature.

4.5.1. MED: talent adjusting focus on the vasculature

4.5.2. SCOPE: focusing image

5. Utilizing Rose Bengal Dye for Stroke Induction
5.1. After the mouse is set up at the microscope, prepare fresh Rose Bengal in artificial CSF at 20 mg per mL.  

5.1.1. WID: establish talent changing attention from scope to mixing Rose Bengal solution

5.1.2. CU: adding dye to CSF and mixing

5.2. Filter sterilize the mixture and dispose of it after the experiment is completed.  It must always be used fresh.

5.2.1. MED: filtering the mixture and collecting the filtered mixture into working solution container
5.2.2. MED: loading syringe with working solution
5.3. Now, while scanning the cranial window with a 561-nm laser, inject 0.1 mL of the mixture via the tail vein.  Within five seconds the dye should be easily seen in the cranial vasculature.

5.3.1. MED: setting laser to scan

5.3.2. ECU: injecting the mixture into tail
5.3.3. SCOPE: the dye starts to show up in vasculature

5.4. After sufficient dye has been injected, select a 40 to 80 micron vessel for thrombosis. Arteries can be differentiated from veins based on the flow of larger to smaller vessels and visa versa.  
5.4.1. [combined with 5.5.1] SCOPE: focusing on a vessel for thrombosis, several vessels should be panned over showing the difference between arteries and veins based on dye flow
5.5. Now, prepare to laser the selected vessel.  Increase the dwell time to whatever is appropriate for the system in use.  Increase the laser power to 100 %.  And set the image collection to one frame per second with maximum scan speed.  
5.5.1. SCREEN CAPTURE: setting the software to scan the selected vessel and starting image collection
5.6. Scan the mouse until a stable clot is formed.  Usually this takes about five minutes.  Ideally, only one field of view should be scanned to create the clot – choose the objective accordingly.  If no clot forms, try using more dye.
5.6.1. SCREEN CAPTURE: clot forming, a five minute capture is needed
5.7. Once the clot has formed, remove the mouse from the imaging area and prepare to complete the surgery under the dissecting microscope.  
5.7.1. CU: removing mouse/platform form custom stage

5.7.2. MED: setting up mouse under dissecting scope

5.8. First, carefully remove the ring while checking for bleeding.  If any bleeding occurs the experiment must be terminated.

5.8.1. SCOPE: Shot as written

5.9. Next, using a 6/0 suture, close the incision.  

5.9.1. SCOPE: as written

5.10. Then, apply an antibiotic to the incision line.

5.10.1. SCOPE: as written

5.11. For pain relief, provide subcutaneous injections of Buprenex for three days. (TEXT: 0.05 mg Buprenex / kg, every 12 hours)

5.11.1. MED: loading syringe with Bup and proving injection

5.12. After administering the first injection of Buprenex, place the mouse in a recovery chamber and monitor it until it is ambulatory.  Then, return it to its home cage, which should be cleaned.  Longitudinal imaging is detailed in the text protocol.

5.12.1. MED: moving mouse into recovery chamber, show heat lamp, etc.

5.12.2. MED: moving mouse from recovery chamber to home cage

5.12.3. WID: returning home cage to colony, or just taking it away from bench
E. The Results Section

6. Results: Vessel Occlusion and Stroke Confirmation 
6.1. Using this protocol strokes were induced by forming clots with cranial vessels.  Clot formation progressed from over several minutes.  Initially the vessel was entirely white with free flowing Rose Bengal.

6.1.1. LAB MEDIA: Fig 4 – 0 min

6.2. Gradually, irradiation of the dye produced reactive oxygen species and thus activated an immune response that induced clot formation.
6.2.1. LAB MEDIA: Fig 4 – 1 min

6.2.2. LAB MEDIA: Fig 4 – 1.5 min

6.3. Complete occlusion of the vessel was noted by accumulation of Rose Bengal in the vessel upstream of the clot.

6.3.1.  LAB MEDIA: Fig 4 – 2 min

6.4. To confirm that an ischemic stroke was generated by the blood clot, TTC staining was used to detect cerebral infarction.   Healthy tissue forms red formazan products, while infarcted areas do not react and remain white. 

Note to video editor: Two voiceover takes for pronunciation of “formazan”
6.4.1. LAB MEDIA: Fig 5 – Day 1
6.5. Evidence of a stroke was clearly apparent by five days after the procedure.

6.5.1. LAB MEDIA: Fig 5 – Day 5
7. Conclusion 

7.1. Lora Watts: After watching this video, you should have a good understanding of how to prepare a mouse and induce Rose Bengal photothrombosis in an intact mouse. 

7.2. Lora Watts: Following this procedure, other methods like loading the cells with additional imaging dyes, such as Fluo-4 AM, can help answer additional questions like how calcium levels change following ischemia.

G. List of Provided Media (provided by you)
Make a listing of your media filenames here, so there is no confusion about which files the video editors should use. 
Please list all images, movie files (including screen captures) and animations that you are providing to be included in this video.  List the step in the script, the file name and a brief description.  For example:
5.1 –  51234_Figure1_panelA.tif -  dual color imaging of tumor angiogenesis at 40X 

5.2 –  51234_Figure1_panelB.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.  

Figure 1:  Steel wand
Figure 2:  imaging platform

Figure 3:  mouse setup and cranial window

Figure 4:  Rose Bengal time lapse of clot formation

Figure 5:  TTC verification of clot formation

Figure 6:  sequence of events to do procedure

Screen capture of microscope setup

GENERAL PREPARATION NOTES
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.
( 2015, Journal of Visualized Experiments


