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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 you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __ Stereo Microscope from Leica model MZ9.5 and beveler from Science Products model BV-10
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 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.) The viewers will benefit most from the filming of the steps outlining the injection of the magnetic microbeads into the anterior chamber. These steps are shown in 3.12  to  3.17.
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.) __ The careful preparation of the glass microneedle with a facetted bevel is essential to ensure success of the procedure. These steps are shown in 2.4 and 2.5.
E.  Will the filming need to take place in multiple locations? (Y/N) _Yes___ If yes, how far apart are the locations? _ The filming of steps 3.12  to 3.17  will occur in the animal facility located on the 12th floor of the CRCHUM while steps 2.4 and 2.5 will occur on the 9th floor of the same building. 

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 surgical procedure is to induce ocular hypertension-dependent glaucoma by injecting magnetic microbeads into the anterior chamber of the mouse eye.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Yoko Ito: This method can help answer key questions in the glaucoma field, such as what early pathophysiological changes occur in the eye prior to overt retinal ganglion cell degeneration. 

1.2. Nicolas Belforte: The main advantage of this technique is that intraocular pressure can be reliably elevated while causing minimal damage to the eye during the procedure.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Jorge Cueva Vargas: Generally, individuals new to this method will struggle with puncturing the cornea during the injection and damaging nearby structures such as the lens due to an improperly prepared microneedle or incorrect positioning of the microneedle. 

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 Canadian Council on Animal Care for the Use of Experimental Animals and the Statement for the Use of Animals in Ophthalmic and Visual Research from the Association for Research in Vision and Ophthalmology (ARVO). 
Protocol (read by voice talent at JoVE):

2. Preparation of Microneedle for Anterior Intracameral Injection
2.1. To begin, use a capillary puller to pull a microneedle from a borosilicate glass capillary [2.1.1-WIDE].
2.1.1. Talent places capillary into needle puller and pulls needle

2.2. Under a microscope [2.2.1-MED], use a sharp blade to carefully create an opening at the tip of the microneedle so that the tip has an elliptical shape with a major and minor axis diameter of approximately 190 um and 70 um, respectively [2.2.2-SCOPE].
2.2.1. Talent at scope places microneedle on microscope stage
2.2.2. Talent cuts tip with blade; Videographer, have them point out the major and minor axes; Editor, point out the major and minor axes

2.3. In the micropipette beveling system, place the microneedle at a 20 degree angle relative to the beveling plate so that the microneedle opening is touching the plate [2.3.1-CU/ECU]. Bevel for approximately 10 minutes, using drops of water [2.3.2-CU], until the edges are flat and smooth [2.3.3-ECU/SCOPE].
2.3.1. Film as written

2.3.2. Talent bevels and applies drops of water

2.3.3. Shot of flat and smooth edges

2.4. Next, rotate the needle to bevel the two edges surrounding the opening until the microneedle tip is sharp [2.4.1-CU/ECU].
2.4.1. Film as written

2.5. Then with an aerosol duster, clean all debris and water from the microneedle tip opening [2.5.1-CU]. Carefully examine the finished microneedle under a microscope [2.5.2-SCOPE]. Discard microneedles with fractures [2.5.3-SCOPE].  
2.5.1. Film as written

2.5.2. Film as written

2.5.3. Shot of a needle with a fracture; Editor, if authors don’t provide an example, convert the last sentence to a TEXT note with 2.5.2
3. Induction of Ocular Hypertension

3.1. TEXT ON WHITE BACKGROUND: The following procedure requires two people to complete. When a particular action is to be performed by a specific person, the person to perform the action will be indicated as “Person 1” or “Person 2” [3.1.1-TXT].
3.1.1. TEXT of the above statement
3.2. Prepare the magnetic microbead solution according to the text protocol [3.2.1-CU].

3.2.1. Talent at bench preparing solution
3.3. To measure baseline intraocular pressure, or IOP, in an awake mouse [3.3.1-MED], gently restrain the mouse by holding the skin between the ears [3.3.2-CU]. Place the mouse on the benchtop so that the animal is comfortable and the eyes are accessible [3.3.3-CU].
3.3.1. Talent places mouse on working area/bench

3.3.2. Film as written

3.3.3. Film as written
3.4. Apply one drop of proparacaine hydrochloride on the cornea [3.4.1-ECU], then hold the tonometer perpendicular to the corneal surface and take at least three sets of ten consecutive readings per eye to obtain an IOP average [3.4.2-CU-TXT][3.4.3-LM].
3.4.1. Film as written

3.4.2. Talent places tonometer perpendicular to corneal surface and takes a set of readings (TEXT: refer to text protocol for measuring IOP in anesthetized mice); Videographer, frame for an inset of a graph in 3.4.3

3.4.3. LAB MEDIA Figure 2, Editor, point out the IOP measurements at 0 weeks for the baseline average 

3.5. Next, after anesthetizing the mouse according to the text protocol, administer 0.05 mg per kg of body weight of buprenorphine subcutaneously [3.5.1-CU].
3.5.1. Talent places anesthetized mouse on bench and administers buprenorphine

3.6. Then treat the eye with a tropicamide eye drop to induce pupil dilation to aid with the visualization of the positioning of the microneedle during injection [3.6.1-CU].

3.6.1. Film as written
3.7. Apply a topical ointment on the contralateral eye to prevent drying of the cornea during the procedure [3.7.1-CU].
3.7.1. Film as written
3.8. Now, attach a clean microneedle to the injection assembly of the microsyringe pump [3.8.1-MED/CU-TXT]. 

3.8.1. Film as written (TEXT: replace the microneedle after each operation).

3.9. Then, transfer the anesthetized mouse to the operating platform [3.9.1-MED/CU]. 
3.9.1. Film as written
3.10. Under the microscope [3.10.1-MED], have Person 1 ensure that the pupil is fully dilated and that the ocular muscles are relaxed so that there is no eye movement to ensure stability during the procedure [3.10.2-SCOPE].

3.10.1. Person 1 looking through the eyepieces of the scope at the mouse eye

3.10.2. Shot of eye under scope showing pupil fully dilated and ocular muscles are relaxed
3.11. Use absorbent swabs to gently wipe the tropicamide eye drop from the eye [3.11.1-ECU/SCOPE].
3.11.1. Film as written
3.12. Have Person 2 mix the magnetic microbead solutionby pipetting up and down [3.12.1-CU].
3.12.1. Film as written
3.13. Then, using the microsyringe pump, load the microneedle with 1.5 ul of the homogenized magnetic microbead solution [3.13.1-CU-TXT]. Ensure that there are no air bubbles at the tip of the microneedle [3.13.2-ECU].
3.13.1. Film as written (TEXT: 2.4 x 106 beads)
3.13.2. Shot of needle showing no air bubbles at tip
3.14. As quickly as possible, position the needle at a 45 degree angle anteriorly relative to the limbus [3.14.1-SCOPE/ECU]. Have Person 1 use the plastic forceps to support the eye, keeping the angle between the microneedle and the plastic forceps at approximately 90 degrees [3.14.2-ECU].
3.14.1. Film as written

3.14.2. Film as written
3.15. Using the microsyringe pump, have Person 2 gently puncture the cornea with the loaded microneedle so that the tip of the microneedle enters the anterior chamber while avoiding the lens, iris, and posterior chamber [3.15.1-SCOPE].
3.15.1. Film as written; videographer, have talent point out anterior chamber, posterior chamber, lens, and iris; Editor, point out these structures when mentioned.
3.16. Without moving the mouse head, have Person 1 place the magnet beside the eye opposite the needle tip [3.16.1-CU], to attract the magnetic microbeads into the anterior chamber and minimize contact of the beads with the inner surface of the cornea [3.16.2-ECU/SCOPE].

3.16.1. Film as written

3.16.2. Closer shot of magnet opposite needle; Videographer, continue for shot 3.17.1 
3.17. With Person 1 continuing to hold the magnet [3.17.1-ECU], have Person 2 use the microsyringe pump [3.17.2-CU] to inject 1.5 ul of the magnetic bead solution into the anterior chamber over a period of 15 to 30 seconds [3.17.3-SCOPE].

3.17.1. Videographer, continue from shot 3.16.2

3.17.2. Person  2 engages microsyringe pump

3.17.3. Film as written
3.18. Once the full volume of beads has been injected, slowly withdraw the microneedle from the eye [3.18.1-SCOPE/ECU]. To avoid reflux of the microbeads, have Person 1 continue to hold the magnet next to the eye for an additional 30 to 60 seconds to attract the beads into the anterior chamber [3.18.2-ECU].

3.18.1. Film as written

3.18.2. Talent holding magnet next to eye and beads are seen accumulating in anterior chamber; Editor, point out the reddish-orange beads when mentioned.
3.19. Then, use the magnet to attract the beads to the iridocorneal angle while avoiding attracting beads to the inner surface of the cornea where they may stick [3.19.1-SCOPE/ECU]. Ensure that the beads form an evenly distributed ring around the circumference of the anterior chamber [3.19.2-SCOPE/ECU].
3.19.1. Film as written, Videographer, have talent point out iridocorneal angle; Editor point this out when mentioned.
3.19.2. Ring is seen formed around circumference of chamber; Editor, point out the reddish-orange ring of beads when mentioned.
3.20. Afterwards, treat the operated eye with an antibiotic eye drop to minimize the risk of infection [3.20.1-ECU].
3.20.1. Film as written

3.21. Allow the mouse to recover on a heat pad until fully awake with its operated eye facing upwards to prevent infection and the accumulation of beads to the inner surface of the cornea [3.21.1-CU].
3.21.1. Talent places mouse on heat pad with operated eye facing upwards

3.22. After at least two days of recovery, measure IOP as demonstrated earlier in the video and monitor at least once per week or more as needed, at the same time of day.  Analyze the results according to the text protocol [3.22.1-MED/CU].
3.22.1. Talent uses tonometer on animal’s eye and monitors the animal; Videographer, get enough footage for entire VO here (TEXT: use contralateral eye or non- or sham-operated mice as naïve controls)
4. Results: Magnetic Microbead Occlusion-Induced Ocular Hypertension Dependent Glaucoma
4.1. The injection of magnetic microbeads into the anterior chamber of adult mice described in this protocol resulted in a robust and reproducible elevation of IOP.  As seen here, one week after the procedure, IOP increased from an average baseline of 10 ± 0.6 mm of Hg to 19 ± 0.5 mm of Hg in hypertensive eyes [4.1.1-LM].  

4.1.1. LAB MEDIA Figure 2, Editor, in figure 2, point out the circles at 10 mm Hg when mentioned and then the black circles at the top right of the graph at about 20 mm Hg when mentioned.

4.2. This table shows that IOP stabilized thereafter and remained elevated at an average of 21 mm of Hg for at least 6 weeks, the longest time-point examined in this study. The average peak IOP in microbead-injected eyes at 2, 3, and 6 weeks after surgery was 25 mm of Hg [4.2.1-LM].
4.2.1. LAB MEDIA Table 1, Editor, for the first sentence, under the Mean IOP, point out the values of 19 and 20 in the Glaucoma column.  For the second sentence, in the Peak IOP Glaucoma column, point out the 25, 25, and 24 at 2, 3, and 6 weeks respectively when mentioned.

4.3. To assess retinal ganglion cell, or RGC loss, the number of Brn3a-positive cells was quantified on flat-mounts of retinas at 1, 2, 3, and 6 weeks after induction of ocular hypertension.  Although significant IOP elevation was detected at 1 week, no significant loss of RGC soma was observed within the first two weeks. However significant cell death was observed at 3 and 6 weeks post-operation [4.3.1-LM].

4.3.1. LAB MEDIA Figure 3, Editor, for no significant loss of RGC soma was observed within the first two weeks, point out the columns for 1 and 2 in ‘D’.  For the last sentence, point out panels B and C and the columns for 3 and 6 in ‘D’.
4.4. In this figure, toluidine blue-stained optic nerve cross sections show a substantial loss of RGC axons at 3 and 6 weeks compared to intact optic nerves, indicating that this operation results in axonal loss as observed in glaucoma [4.4.1-LM].
4.4.1. LAB MEDIA Figure 4, Editor, point out B and C and the columns for 3 and 6 in D when 3 and 6 weeks are mentioned and point out A and the column for intact in D when intact optic nerves are mentioned.
5. Conclusion (said by authors on camera)

5.1. Yoko Ito: Once mastered, the injection of one mouse can be done in 15 minutes. While attempting this procedure, it’s important to remember to take the appropriate measures to ensure that approximately the same number of microbeads are injected into the anterior chamber. This will reduce the variation that may occur between animals.

5.2. Nicolas Belforte: After watching this video, you should have a good understanding of how to induce ocular hypertension by injecting magnetic microbeads into the anterior segment of the mouse eye.

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, .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.  

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 are included in the email accompanying the finalized script.
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