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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___Yes__ If yes, please list make and model of your microscope: ___WPI,   Model: PZMIII-BS__
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.1, 2.4,     3.3, _3.12,   4.3,   5.1 .___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __3.11.   We put a pencil under the neck of rat and easily advance the modified tube reaching to the origin of the MCA._
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 develop a model of embolic stroke in the rat. (Intro)
This is accomplished by first ligating (Video editor, please add the 1# “knot” at the bottom and label “slip knot”) the common carotid artery (Text overlay: CCA: common carotid artery) temporarily with a slip knot, and (Video editor, please add the 2# “knot” at the top and label “tie tightly”) the external carotid artery (Text overlay: ECA: external carotid artery) as tight as possible.  Then (Video editor, please add the 3# “knot” in the middle and label “loose knot”) place a loose suture around the ECA above the bifurcation. (P1)
Video editor, please use only the right cartoon for P1.
The second step is (Video editor, please add the 4# “knot” on the left cartoon for P2 and label “slip knot”) to isolate the pterygopalatine artery (Text overlay: PPA: pterygopalatine artery) and the internal carotid artery (Text overlay: ICA: internal carotid artery), and (Video editor, please add the 5# “knot” and label “slip knot”) temporarily ligate them with slip knots, then (Video editor, please use the right cartoon for P2 and add text “cut”) cut a small hole into the ECA between the tight and loose ligatures. (P2)
Next, (Video editor, please have the solid black “blood clot” moving down the artery in the left cartoon for P3) the modified PE-50 tube containing a blood clot is introduced into the ECA.  Then, (Video editor, please use the middle cartoon for P3) the catheter is inverted into the ICA and (Video editor, please use the right cartoon and have the black “blood clot” moving along the green arrow direction) the tube is gently advanced until the tip of the catheter reaches the origin of the MCA. (P3)
The final step is to (Video editor, please use the left cartoon for P4) inject the blood clot through the catheter along with saline and then (Video editor, please use the right cartoon for P4 and have the “blood clot” moving along the broken green arrow direction) withdraw the catheter from the ECA 5 minutes later. (P4)
Ultimately, 24 hours after stroke, TTC staining is used to show the infarct areas in the brain slices. (P5)
Video editor, please use LAB_MEDIA_51956_Li_Figure 6B.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Dr. Li: The main advantage of this technique over existing methods, like suture MCAO models, is that this embolic model closely mimics human ischemic stroke and is suitable for preclinical study of thrombolytic therapy for ischemic stroke.   

1.2. Dr. Guohong Li: Demonstrating the procedure will be Dr. Rong Jin, a post doc from my laboratory. Dr. Jin has more than 10 years of surgical experience performing rat stroke models. 

1.2.1. Interview style: Author saying the above 

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

1.3. Dr. Jin:  Visual demonstration of this method is critical as the steps are difficult to learn.   

Protocol (read by voice talent at JoVE):

2. Preparation of PE-50 tube and homologous blood clots 
2.1. To prepare the PE-50 tube, gradually soften and stretch a 30-cm-long PE-50 tube above a gas fire.  Select a point on the stretched tube using a digital caliper, then cut it into a 25-cm long segment with a 1-cm long tip and an outside diameter between 0.30 and 0.34 mm.
2.1.1. MED-over the shoulder:  Talent gradually softens and stretches a 30-cm-long PE-50 tube above a gas fire.
2.1.2. CU:  The tube as a digital caliper is used to select a point.

2.1.3. CU:  The tube as it is cut into a 25-cm long segment with a 1-cm long tip.
2.2. Next, collect the femoral artery blood from an anesthetized rat with a 20-cm-long PE-50 tube.  Place the tube at room temperature for 2 hours for the blood to clot.  Then, retain the tube for 22 hr at 4°C.  
2.2.1. MED-over the shoulder:  Talent collecting the femoral artery blood from an anesthetized rat with a 20-cm-long PE-50 tube.
2.2.2. CU:  The tube as it is placed aside.

2.2.3. MED:  Talent places the tube in 4°C refrigerator.

2.3. Cut the PE-50 tube into 50-mm segments, and flush out the clot from the tube into a sterile Petri dish containing normal saline.  Transfer the 50-mm-long clot into a 60-mm-long PE-10 tube.  Then, connect each end of the PE-10 tube to a 20-cm-long PE-50 tube which is connected to 1 mL syringe containing normal saline with a 23 gauge needle. 
2.3.1. MED-over the shoulder:  Talent flushing out the clot from the tube into a sterile Petri dish containing normal saline.

2.3.2. MED-over the shoulder:  Talent transfers the 50-mm-long clot into a 60-mm-long PE-10 tube.
2.3.3. CU:  The PE-10 tubes as both ends are connected to the 20-cm-long PE-50 tubes.
2.4. To remove the blood cells without disrupting the fibrin core, move the clot from one syringe to the other, and vice versa, continuously for 5 min.  After that, cut the clot into a 40-mm-long segment, and transfer the clot segment into a modified PE-50 catheter. 
2.4.1. MED-over the shoulder:  Talent moving the clot from one syringe to the other, and vice versa, for 10 times.

2.4.2. CU:  The clot as it is cut into a 40-mm-long segment.

2.4.3. MED-over the shoulder:  Talent transfers the clot segment into a modified PE-50 catheter.
3. Embolic middle cerebral artery occlusion  
3.1. In this procedure, sterilize all the surgical tools by autoclaving and sanitize the surgery table and the associated surgical equipment with 70% ethanol.
3.1.1. MED-over the shoulder:  Talent sanitizing the surgery table and the associated surgical equipment with 70% ethanol.
3.2. Next, anesthetize the rat with isoflurane and ensure the depth of anesthesia by performing a toe pinch on the rear feet.  Apply a small amount of ointment on the eyes to prevent dryness.
3.2.1. MED-over the shoulder:  Talent giving toe pinches on the rear feet of the rat.

3.2.2. CU:  The rat as ointment is applied on the eyes.
3.3. Then, place the rat in the supine position on a heating pad.  Insert a rectal probe, and maintain the body temperature at around 37°C using a homeothermic blanket control unit.  After that, shave the fur on the ventral neck region with the electric clipper.  Disinfect the skin and the surrounding fur with 70 % ethanol.
3.3.1. MED-over the shoulder:  Talent places the rat in the supine position on a heating pad.
3.3.2. CU:  The rat as a rectal probe is inserted in it.
3.3.3. CU:  The rat as the fur on the ventral neck region is shaved with the electric clipper.

3.3.4. CU:  The rat as the skin and the surrounding fur are disinfected with 70 % ethanol.
3.4. Then, under a dissecting microscope, make a 2-cm-long midline incision on the neck.  Use the retractors to expose the surgical field.  
3.4.1. SCOPE:  A microscope movie to show that a 2-cm-long midline incision is made on the neck.

3.4.2. SCOPE:  A microscope movie to show that the retractors are used to expose the surgical field.
3.5. Dissect the CCA free from the surrounding nerves without harming the vagal nerve, and place a sterile 5-0 silk suture under the artery.  Tie a slip knot and pull the suture toward the body. 
Use the second take on scenes 3.5.1 through 3.7.4
3.5.1. SCOPE:  A microscope movie to show that the CCA is dissected free from the surrounding nerves, and a sterile 5-0 silk suture is placed under the artery.

3.5.2. SCOPE:  A microscope movie to show that a slip knot is tied and the suture is pulled toward the body.
3.6. Next, dissect the ECA and its two branches – the OA (Text overlay: OA: occipital artery) and the STA (Text overlay: STA: superior thyroid artery).  Coagulate the two branches using a veterinary electrosurgical unit.  Then, place two pieces of sterile 6-0 silk suture under the ECA. 
3.6.1. SCOPE:  A microscope movie to show that the ECA and its two branches are dissected.  Text overlay: OA: occipital artery.  Text overlay: STA: superior thyroid artery.

3.6.2. SCOPE:  A microscope movie to show the coagulation of the two branches.

3.6.3. SCOPE:  A microscope movie to show that two pieces of sterile 6-0 silk suture are placed under the ECA.

3.7. Separate the two silk sutures placed under the artery; one piece towards the head and the other towards the body.  Tie a tight ligature on the side closest to the head.  Grasp the silk suture with small hemostats and pull toward the head.  Prepare a loose knot with the other silk suture for later use.
3.7.1. SCOPE:  A microscope movie to show that the two silk sutures placed under the artery are separated, one piece towards the head and the other towards the body.  

3.7.2. SCOPE:  A microscope movie to show that a tight ligature is tied on the side closest to the head.  

3.7.3. SCOPE:  A microscope movie to show that the silk suture is grasped with small hemostats and pulled toward the head.
3.7.4. SCOPE:  A microscope movie to show that a loose knot is prepared.
3.8. Now, dissect the ICA and PPA from the surrounding nerves without harming the vagal nerve.  Tie the PPA with a 6-0 suture.  Then, make a slip knot around the ICA or clip the ICA using a microvascular clip.      
3.8.1. SCOPE:  A microscope movie to show that the ICA and PPA are dissected from the surrounding nerves.

3.8.2. SCOPE:  A microscope movie to show that the PPA is tied with a 6-0 suture.

3.8.3. SCOPE:  A microscope movie to show that a slip knot is made around the ICA.
3.9. Next, cut a small hole into the ECA between the tight and loose ligatures with Vannas-style spring scissors.  Insert the modified PE-50 tube containing the blood clot into the incision and advance to the bifurcation of the CCA.  Tighten the loose ligature around the lumen just enough to securely preserve the mobility of the in-dwelling tube.
3.9.1. SCOPE:  A microscope movie to show that a small hole is cut into the ECA between the tight and loose ligatures.  
3.9.2. SCOPE:  A microscope movie to show that the modified PE-50 tube containing blood clot is inserted into the incision and advanced to the bifurcation of the CCA.
3.9.3. SCOPE:  A microscope movie to show that the loose ligature around the lumen is tighten just enough to securely preserve the mobility of the in-dwelling tube.

3.10. Then, cut off the ECA at the site of the small hole to free the stump.  Position the stump below the bifurcation of the ECA and ICA; this will allow the modified tube to easily slide into the ICA.  Open the ICA and gently advance the tube from the lumen of the ECA into the ICA until the tip of the catheter reaches the origin of the MCA (Text overlay: ~17 mm from the bifurcation).
3.10.1. SCOPE:  A microscope movie to show that the ECA at the site of the small hole is cut off to free the stump.

3.10.2. SCOPE:  A microscope movie to show that the stump is positioned below the bifurcation of the ECA and ICA.

3.10.3. SCOPE:  A microscope movie to show that the tube is advanced from the lumen of the ECA into the ICA until the tip of the catheter reaches the origin of the MCA.  Text overlay: ~17 mm from the bifurcation.

3.11. Now, inject the clot through the modified PE-50 catheter along with 10 μl of saline over 10 sec using a 100-μl Hamilton syringe.  5 minutes later, withdraw the catheter from the ECA. Tie the ECA and reopen the CCA.  Afterward, suture the incision on the neck.
3.11.1. MED-over the shoulder:  Talent injecting the clot through the modified PE-50 catheter along with 10 μl of saline using a 100-μl Hamilton syringe.  
3.11.2. CU:  The ECA as the catheter is withdrawn.

3.11.3. CU:  The CCA as it is reopened.

3.11.4. CU:  The rat as the incision on the neck is sutured.
4. Monitoring regional cerebral blood flow 
4.1. In this procedure, make a 1.2-cm-long midline incision in the scalp of an anesthetized rat to expose the skull bone.  Remove the tissues on the skull bone with a dental scraper and sterile cotton swabs.
4.1.1. MED-over the shoulder:  Talent makes a 1.2-cm-long midline incision in the scalp of an anesthetized rat to expose the skull bone.

4.1.2. CU:  The skull as the tissues on the skull bone are removed.

4.2. Next, drill a 1.5 mm diameter burr hole located at 2 mm posterior and 5 mm lateral to the bregma using a 0.7 mm spherical stainless steel burr. 

4.2.1. CU:  The skull as a 1.5 mm diameter burr hole is drilled.
4.3. Place the probe 0.5 mm above the dura surface.  Measure the rCBF (Text overlay: rCBF: regional cerebral blood flow) using a blood flowmeter at 0, 5, 15, 30, 60, 90, and 120 min after the embolization. At 2 hours of embolization, treat the rat with tPA (Text overlay: tPA: tissue plasminogen activator), and continually monitor the blood flow at 5, 15, 30, 45 and 60 min after tPA treatment.
4.3.1. CU:  The skull as the probe is placed 0.5 mm above the dura surface.

4.3.2. MED-over the shoulder:  Talent measures the rCBF using a blood flowmeter.  Text overlay: rCBF: regional cerebral blood flow.

4.3.3. MED-over the shoulder:  Talent treats the rat with tPA.  Text overlay: tPA: tissue plasminogen activator.

5. Post-operative care 

5.1. After the surgery, inject 2.5 ml of saline solution in the animal subcutaneously to prevent dehydration, and inject Buprenex at 0.05 mg/kg subcutaneously immediately after the surgery and every 6 to 12 hours as needed for pain relief. 
5.1.1. MED-over the shoulder:  Talent injects saline solution and Buprenex in the animal subcutaneously.
5.2. Stop isoflurane anesthesia.  Place the rat in a 37 °C veterinary recovery chamber and keep monitoring it.  After about 10 minutes, place the animal in a sterilized cage with some wet food in a petri-dish before returning the cage to the animal sterilization room.
5.2.1. MED-over the shoulder:  Talent stops the isoflurane anesthesia 
5.2.2. CU:  The rat as it is placed in a 37 °C veterinary recovery chamber.

5.2.3. MED-over the shoulder:  Talent places the animal in a sterilized cage with some wet food in a petri-dish.
5.3. [added] 2 hr after embolization, the neurological score is assessed using the Bederson score. Rats showing no deficit are excluded from further study.
5.3.1.  MED-over the shoulder:  Talent raises the rat by tail, the rat flex the contralateral forelimb and twist its body.
6. Results:   Embolic middle cerebral artery occlusion (MCAO) for ischemic stroke with homologous blood clots in rats
6.1. This figure shows the rCBF measurement using a laser Doppler flowmeter.  The clot injection led to more than 70% rCBF reduction of the baseline value.  (Video editor, please add text “treatment started”) tPA treatment at 2 hr after the clot for 30 minutes restored rCBF close to baseline. 

6.1.1. LAB_MEDIA: 51956_Li_Figure 5
6.2. Here are the representative pictures showing the blood clots (Video editor, please add black arrows) in the origin of the MCA and ACA (Text overlay: ACA: anterior cerebral artery) 24 hours after stroke.
6.2.1. LAB_MEDIA: 51956_Li_Figure 6A.  Text overlay: ACA: anterior cerebral artery.
6.3. And these are the representative images of the TTC (Text overlay: TTC: 2, 3, 5-triphenyltetrazolium chloride)-stained brain slices 24 hours after stroke. 
6.3.1. LAB_MEDIA: 51956_Li_Figure 6B
7. Conclusion (said by authors on camera)

7.1. Dr. Jin: Once mastered, this technique can be done in 30min if it is performed properly.
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, 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.

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.

( 2011, Journal of Visualized Experiments


