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Title: Oxygen-Glucose Deprivation and Reoxygenation as an In Vitro Ischemia-Reperfusion Injury Model for studying Blood-Brain Barrier Dysfunction
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  _____________________________________________
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 by their protocol number. ______Steps 2 (2.4 to 2.11), 3 (3.2- 3.4) and 4 (4.1-4.12).
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._There is not a single difficult step involved – COOL!
E.  Will the filming need to take place in multiple locations? (Y/N) ____N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to demonstrate the role of oxygen glucose deprivation as an in vitro ischemia-reperfusion injury model for studying the blood-brain barrier dysfunction. (Intro)  This is accomplished by exposing brain endothelial cells grown in chamber slides to oxygen-glucose deprivation by replacing the media with deoxygenated no-glucose media and exposing them to a hypoxia chamber environment for two hours. (P1)  The cells are then returned to normal conditions for an hour to achieve reoxygenation. (P2)  After processing the cells, immunofluorescence staining of zonula occludens-1 and rhodamine phalloidin labeling of filamentous actin is performed. Cells are then imaged using a 60X water immersion lens on a confocal microscope to obtain single optical slices for analysis. (P3)
Video editor: please see the PPTX with 12 slides.

P1 – Slides 2-5 cover this, slide 1 isn't needed.  First use slide 2-3 to animate the pipette changing the color in the 8-boxes from dark to light red.  Use the text on slide 3 to explain this action.  Then animate the light red 8-box graphic tilting and sliding into the chamber in the slide 4 graphic, then better detailed in slide 5.  Add the sub-text “2 hrs”.

P2 – Basically show the reverse of P1, remove the 8box graphic and reverse the pipette's action so the color of the box content is switched back to dark red.  Then animate the 8box entering an incubator like in slide 6 (do not show the larger graphic of the incubator set up in slide 5 at this point because this is a different incubator).  Add the sub-text: “normal conditions, 1 hr”  

(Slides 7-11 aren't needed.)

P3 – Slide 12 have two sets of images, you can each square separately without any need for labels.  Images to the right are zooms of the images to the left.  Basically go from left to right, top to bottom.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Binu Tharakan: This method can help answer key questions in the brain research field, such as ischemic stroke.  

1.2. Binu Tharakan: Demonstrating the procedure will be Himakarnika, a graduate student from my laboratory.

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.
Protocol (read by voice talent at JoVE):
2. Seeding Endothelial Cells (RBMECs)
2.1. To begin the procedure, have primary culture RBMECs made from adult Sprague Dawley rats on hand.  Commercially available lines are also acceptable.

2.1.1. WID: talent unloading plates from incubator

2.1.2. CU: talent holding cells, focus on the label of the culturing plate, showing the cell's identity and culturing info – the label RBMEC should be present 

2.2. Cultivate the RBMECs in 100 cm dishes coated with fibronectin (TEXT: 50 µg fibronectin / mL), culture them in rat brain endothelial cell growth medium and change the medium every other day.

2.2.1. [added] Check the plates under microscope, and then carry them to the hood.
2.2.2. MED: talent at hood, removing media on RBMEC dishes

2.2.3. MED: 2nd angle, loading pipette with medium and ejecting to plate

2.3. Grow the cells until they are 80 to 90 percent confluent.  Then, gently wash the cells with 5 milliliters of PBS. 

2.3.1. WID: checking plates under scope, then carrying them to hood

2.3.2. MED: removing media and washing plates with PBS

2.4. Next, detach the cells from the plate by first adding 1 mL of warm 0.25% trypsin-EDTA solution and swirling the plate.  (TEXT: Warm solutions to 37 ºC.)

2.4.1. CU: loading pipette with Trypsin-EDTA, labelled bottle

2.4.2. MED: adding solution to plate and swirling

2.5. Then, incubate the cells for two to five minutes.  

2.5.1. WID: loading cells into incubator

2.6. Tap the side of the dish to increase the cell's detachment and view the cells under a microscope to confirm their detachment. 
2.6.1. MED: at incubator, checking plates, tapping their edges, closing door

2.6.2. WID: arriving to scope with plates and checking their status

2.7. To end the trypsinization, add 5 mL of complete medium.  Then, pipette out the medium with the detached cells and collect it into a 15 mL centrifuge tube.
2.7.1. MED: loading pipette with complete media and ejecting onto plate(s)

2.7.2. MED: collecting media with cells to a 15 mL tube

2.8. Centrifuge the media with the cells at 220 G for 5 minutes – aspirate and discard the supernatant.

2.8.1. WID: unloading the 15 mL tube from centrifuge

2.8.2. [2.8.2 to 2.9.2 combined] CU: aspirating supernatant, show remaining pellet

2.9. Then, re-suspend the cell pellet in 3 to 5 milliliters of fresh medium (TEXT: rat brain endothelial cell growth medium) by gently flowing the cells through a five milliliter pipette.

2.9.1. MED: adding medium to tube

2.9.2. ECU: re-suspending pellet in solution with pipette flowing
2.10. Now, count the cells and transfer twenty to thirty thousand to each well of a fibronectin-coated, eight-well chamber slide.  Of course, they could also be grown differently for other applications. 

2.10.1. WID: talent counting cells at scope automated cell counter 
2.10.2. MED: measuring out suspension into pipette and applying to chamber slide

2.10.3. [combined with 2.10.2] CU: loading last well of chamber slide and applying cover
2.11. Then, incubate the chamber slide until the cells are confluent.  

2.11.1. WID: loading chamber slide into incubator
3. Oxygen and Glucose Deprivation-Reoxygenation in vitro Model
ADD TO TITLE CARD: Adapted from Zulueta et al. 1997; Zhu H et al. 20128,9.  

3.1. In preparation, set up and calibrate the hypoxia cell culture system according to the manufacturer’s instructions.  The chamber environment should be 95% nitrogen, 5% carbon-dioxide and at 37 ºC.
3.1.1. WID: setting up culture system, basic assembly

3.1.2. [combined with 3.1.1] MED: detail of connecting gas lines

3.1.3. CU: setting the temperature for incubation
3.2. Now deoxygenate glucose-free DMEM by placing it in the hypoxia chamber for 4 to 6 hours.

3.2.1. MED: filling container with DMEM to place into hypoxia chamber

3.2.2. MED: loading DMEM into hypoxia chamber
3.3. Later, begin stressing the cells by replacing their medium with the deoxygenated, glucose-free DMEM and, then, placing the cells into the hypoxia chamber for 2 hours.   

3.3.1. MED: changing media to the deoxygenated type

3.3.2. [combined with 3.3.1] CU: detail of changing media in one well

3.3.3. MED: loading chamber slide into hypoxia chamber

3.4. After two hours, put the cells back onto rat brain endothelial cell complete medium. 

3.4.1. MED: replacing media to standard media for RBMECs

3.5. Then reoxygenate the cells by returning them to normal conditions (TEXT: 37 ºC, 95% O2 and 5% CO2) for an hour.

3.5.1. WID: loading cells into normal incubator

3.6. After an hour, use the chamber slides for immunofluorescence localization and rhodamine phalloidin labeling.

3.6.1. Reuse 4.6.1, 4.7.2, 4.11.1
4. Immunofluorescence Localization and f-actin Labeling with Rhodamine Phalloidin
4.1. Begin with exposing each well of RBMEC monolayers to 100-200 μl of opti-MEM reduced serum media and continue their incubation for an hour. (TEXT: 1 hr, 37 ºC)

4.1.1. WID: changing media on cells, establishing talent at hood

4.1.2. [combined with 4.1.1] MED: loading pipette with opti-MEM and ejecting to plate wells

4.2. Then, wash the chamber slides three times using 100 to 200 μl of PBS per well per wash.  (TEXT: Wash 3X, PBS, pH 7.0 – 7.2)

4.2.1. WID: washing cells

4.2.2. MED: washing cells again, closer up view
Videographer: these two shots get re-used 4X in this section so include alternate takes and/or get a lot of footage on each take.
4.3. Then, fix each well of cells with 100 to 200 μl of 4% paraformaldehyde in PBS.  Let the fixation go for 15 minutes at room temperature …

4.3.1. MED: loading pipette with 4% PFA and ejecting onto chamber slide, repeats a few times
4.3.2. [combined with 4.3.1] CU: covering up chamber slide and setting a timer for 15 minutes

4.4. … and wash the cells off 3 times with PBS, as before.  (TEXT: Wash 3X, PBS, pH 7.0 – 7.2)

4.4.1. Reuse 4.2.1 and 4.2.2

4.5. Now, permeabilize the cells by applying 100 to 200 μl of 0.5% Triton X-100 in PBS to each well and let the plate incubate for another 15 minutes at room temperature.

4.5.1. MED: loading pipette with 0.5% Triton X-100 in PBS and ejecting onto chamber slide, repeats

4.5.2. CU: covering up chamber slide and setting a timer for 15 minutes

4.6. After the cells have been permeabilized, apply the blocking solution (TEXT: 100 – 200 μl of 2% BSA in PBS) and let this act on the cells for an hour at room temperature. 

4.6.1. MED: loading pipette with blocking solution and ejecting onto chamber slide, repeats
4.6.2. MED: transferring chamber slide to refrigerator and starting 1 hour timer

4.7. Next, either perform immunofluorescence for ZO-1 protein or label f-actin.  To conduct immunofluorescence of the cells for ZO-1, incubate them with the primary antibody, overnight at 4 ºC.  (TEXT: 1:150 anti-rabbit,  anti-ZO-1 in 2% BSA-PBS) 

4.7.1. WID: returning to hood with chamber slide

4.7.2. MED: loading pipette with 1º antibody and ejecting to chamber slide, repeats
4.7.3. WID: placing chamber slide in cold, show if any agitation to slide is used (rocker)

4.8. The next day, wash the cells three times in PBS, such as when removing the fixative.

4.8.1. Reuse 4.2.1 and 4.2.2

4.9. Then, incubate the cells in 100 to 200 μl of FITC-tagged anti-rabbit secondary antibody for an hour at room temperature.

4.9.1. CU: loading pipette with 2º Ab solution, show label

4.9.2. MED: ejecting to plate, covering plate and starting timer to count out an hour, show if plate put on a rocker

4.10. To label the cells with Rhodamine Phalloidin, after applying the blocking solution for an hour …

4.10.1. Reuse 4.6.1 and 4.6.2

4.11. … expose the cells to 100-200 μl of rhodamine phalloidin in a 1:50 dilution with 2% BSA-PBS for 20 minutes.

4.11.1. CU: loading pipette with Rhodamine Phalloidin solution, show label

4.11.2. [combined with 4.11.1] MED: ejecting solution to plate, closing lid of plate, starting 20 min incubation, show conditions of incubation
4.12. After the secondary antibody or rhodamine phalloidin incubation, wash the cells with PBS three times again, as before.

4.12.1.  Reuse 4.2.1 and 4.2.2

4.13. Then, remove the chambers by peeling off the elastic.

4.14. CU: removing the chambers by peeling off the elastic

4.15. Proceed with mounting the slides using medium containing anti-fade and DAPI. Image the cells with confocal microscopy in a single plane with a 60X objective.

4.15.1. CU: mounting a removed chamber, adding medium and coverslip

4.15.2. [combined with 4.14.1] MED: mounting another chamber, wider view of steps
5. An Oxygen-Glucose Deprivation and Reoxygenation (OGD-R) Experiment
5.1. Cells cultured on fibronectin-coated chamber slides were subjected to OGD-R by placing them in a hypoxia chamber, as described.  The cells were then processed for ZO-1 junctional staining.  Control cells showed continual junctional integrity while oxygen and glucose deprived cells had discontinuous junctions.

5.1.1. LAB MEDIA: Figure 2, show panel A, then panel B, retain left margin label, change bottom margin label with panel change
5.2. Additionally, cytoskeletal changes were observed using a rhodamine phalloidin label to show F-actin stress fiber formation.  Control cells showed no or minimal F-actin stress fiber formation, while cells subjected to OGD-R had increased stress fiber formation. 

5.2.1. LAB MEDIA: Figure 3, show panel A, then panel B, retain left margin label, change bottom margin label with panel change
6. Conclusion (said by authors on camera)
6.1. Himakarnika Alluri: After watching this video, you should have a good understanding of how to perform oxygen-glucose deprivation and reoxygenation. This can be used as an ischemia reperfusion injury model to study blood-brain barrier tight junction integrity and stress fiber formation.
Provided Media
4.13-Tharakan_Figure1. Tif
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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.
 2015, Journal of Visualized Experiments


