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Brief Questionnaire:
A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (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?  
Authors, everything will be filmed that is in this script, but can you select 4-6 specific steps in this script that the videographer take the most care when filming, please?  Simply highlight these steps. 
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?


1.4 – success dependent on dissection

E.
i) Will the filming need to take place in multiple locations? (Y/N) Yes, multiple locations on the same floor 
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this in vitro eye model is to simulate physiological tear volume, natural tear flow, air exposure and mechanical wear produced during blinking, to assess the performance of contact lenses. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Chau-Minh Phan: This method can help answer key questions in the contact lens field, such as predicting the performance of contact lenses and related ophthalmic devices on the eye. 

1.2. Chau-Minh Phan: The main advantage of this technique is that it provides a simple and cost-effective in vitro model to simulate multiple on-eye factors, which is not currently available

1.3. Hendrik Walther: Though this method is designed to provide insights into contact lens performance, it can also be used to test other ophthalmic systems, such as the glucose smart contact lens currently being developed by Google and Novartis.

1.4. Hendrik Walther: Visual demonstration of this method is important to understand how the eye model operates, and how it can be used effectively in various research scenarios.
Protocol (read by voice talent at JoVE):
2. Synthesizing Eyepieces from PDMS and Agarose
2.1. The eyelid and eyeball parts of the model are made from PDMS. [LM]
2.1.1. Figure 1
2.2. Frist prepare the PDMS. [2.2.1-WID] Using a syringe, transfer 10 mL of PDMS base into a 15 mL or 50 mL centrifuge tube. [2.2.2-MED]  Then weigh out and mix in a 10% weight-by-volume addition of elastomer solution. Use a stir rod to mix the solution well. [2.2.3-MED]

2.2.1. establishing shot of talent at bench

2.2.2. film as written

2.2.3. film as written.

2.3. Now, pour the PDMS solution into the eyeball and eyelid molds. [2.3.1-MED]  Fill the molds carefully to avoid trapping air bubbles. Allow the PDMS to settle at room temperature, overnight, [2.3.1-CU] during which it will polymerize and small air bubbles will dissolve out of the mold.  [2.3.3-CU]
2.3.1. film as written, filing one mold

2.3.2. detail of showing solution filling one mold showing crevices being filled first
2.3.3. details of filling the second mold, avoiding formation of air bubbles

2.4. The next day transfer the molds to an oven set to 75 ºC for an hour.  [WID]

2.4.1. loading the molds into an oven and then starting a count-down timer

2.5. Then, put the molds in a negative 80ºC freezer for a few minutes.  [WID]

2.5.1. following shot, moving molds from oven to freezer

2.6. The PDMS will shrink a little.  [ECU]

2.6.1. evidence of PDMS shrinking after cooling molds in freezer

2.7. Then, release the samples from the mold using a spatula. [CU]

2.7.1. film as written
2.8. Next, connect a PTFE tube to an equal-leg coupler [2.8.1-MED/TEXT] and attach it to the eyelid piece.  This tube introduces fluids between the samples. [2.8.1-CU]

2.8.1. attaching tube to coupler, TEXT: 1/16” x 1/8” PTFE
2.8.2. attaching coupler-tube to the eyelid piece
2.9. Now synthesize the eyeball piece from agarose, or a similar agar. [2.9.1-MED] First, make 100 mL of 2% agarose in solution.  [2.9.2-MED]

2.9.1. weighing out agar and adding to solution
2.9.2. melting agar into solution
2.10. When the solution cools to about 40 ºC, [2.10.1-MED] pour it into the eyeball mold. Excess agar can be frozen for later use. Allow the solution to cool for 30 minutes at room temperature [2.10.2-CU] and, then, remove the eyeball pieces with a spatula.  [2.10.3-CU]

2.10.1. thermometer removed from beaker of molten agar and talent prepares to pour the mold

2.10.2. pouring agar into eyeball mold

2.10.3. popping cooled agar out of mold with spatula

2.11. For microbiology studies, sterilize the eyeball molds with an autoclave or UV-irradiation.  [WID] 
2.11.1. in hood, unpacking autoclaved mold from beaker/foil setting it up under the UV lamp, then dropping the hood door and turning on the UV lamp 
3. Incorporating a Bovine Cornea on the PDMS Eyeball
MOVE 3.2 BEFORE 3.1
3.1. Perform this procedure with the bovine corneas under sterile conditions in a laminar flow hood.  [3.1.1-WID] Dissect the eyes immediately after they have been harvested. [3.1.2-WID]

3.1.1. bringing dissection tools, solutions, etc. to hood, perhaps set outside the hood

3.1.2. brings eyes, on ice, to the hood, set outside the hood

3.2. After running the ventilation in the hood for at least 10 minutes, sanitize the surfaces with 70% ethanol alcohol. [MED]

3.2.1. wiping down hood surfaces 
3.3. Use only autoclaved tools and place nothing within four inches of the front edge of the workspace. [MED]

3.3.1. setting up tools in the hood

3.4. Begin working with the bovine eye by immersing it in 0.5% povidone-iodine solution for 2 minutes.  [MED]

3.4.1. pouring bath and immersing eyes in bath
3.5. Then, remove the eye from the povidone-iodine solution and rinse the eye with PBS at a pH of 7.4. [MED]

3.5.1. film as written
3.6. Now, use forceps to gently transfer the eye to a glass Petri dish, corneal face up. [CU]

3.6.1. setting eye into dish, orienting eye

3.7. Remove the excess muscle and fatty tissue by cutting at the scleral attachment points with blunt end dissection scissors. [ECU]

3.7.1. film as written
3.8. Dispose of the excess tissue into a sterile beaker designated for animal waste. [MED]

3.8.1. film as written
3.9. Next, using micro-scissors, remove the conjunctiva from the eye.  Wrap the eye with sterile gauze, but keep the gauze at least a centimeter from the limbus.  Correct execution of this step is critical for success.  [ECU]

3.9.1. film as written, removing conjunctiva and wrapping eye

3.10. Then, using a scalpel, incise the sclera about two millimeters from the limbus region to avoid penetrating the underlying choroid and vitreous body.  [ECU]

3.10.1. Film as written

3.11. Next, carefully extend the incision 360 degrees around without deforming the cornea from its natural curvature. [ECU]

3.11.1. film as written
3.12. Now, using fine forceps, remove the cornea from the eye.  Take extra care when performing this step.  [ECU]

3.12.1. film as written
3.13. Then, carefully remove any adhering uveal tissue if there is any remaining, from the cornea [3.13.1-ECU] and rinse the cornea with PBS. [3.13.2-CU]

3.13.1. film as written

3.13.2. show duration of rinse
3.14. Store the cornea at 31 ºC in culture medium, such as Medium 199, containing 3% Fetal Bovine Serum. [MED]

3.14.1.  pouring the bath and moving eyeball into it, TEXT: 31 ºC, stays preserved for 5+ days

3.15. To add the cornea to the experimental model, rest it on the eyeball piece [3.15.1-CU] and clamp the two pieces together. [3.15.2-CU]

3.15.1. film as written

3.15.2. film as written, showing clamp type in detail
4. Blink Platform Assembly
4.1. Details on the design and production of the eyelid piece for the model are covered in the text protocol, [4.1.1-WID] this section covers its assembly and the addition of artificial tear solution. [4.1.2-MED]

4.1.1. talent making an eyelid piece for the model, any representative action 
4.1.2. talent completing the eyelid piece for the model, pre-assembly
4.2. To begin, secure the synthesized eyeball and eyelid pieces to the eye-model. [CU]

4.2.1. film as written
4.3. Next, attach tubing connected to a syringe and a microfluidic pump, to the model [4.3.1-CU] and check if consistent movement is generated.  First, prime the tubing with artificial tear solution. [4.3.2-MED]

4.3.1. attaching the tubing

4.3.2. starting the pump, observing tubing being filled and stopping pump

4.4. Then, manually put the eyeball and the eyelid in contact, on a level plane. [CU]

4.4.1. film as written

4.5. Now, start the pump at a physiological flow between 1 and 1.5 µL per minute. [CU]

4.5.1. setting pump to described setting and starting pump

4.6. For drug delivery experiments, place the drug-containing contact lens on the eyeball piece. [CU]

4.6.1. attaching contact lens to eyeball
4.7. Allow the flow-through fluid to drip into a 12-well plate. [CU]

4.7.1. collecting flow through, timer next to plate, to alert talent when to move to next well

4.8. At the desired time intervals, [4.8.1-CU] quantify the analyte or drug concentration in the flow-through using standard methods. [4.8.2-MED]

4.8.1. moving plate to collect flow-through into next well

4.8.2. talent observing the experiment, checking the timer and moving the plate again

4.9. To evaluate the deposition of tear components on a contact lens, [4.9.1-CU] run the experiment for the desired time, discarding the flow-through, [4.9.2-MED] remove the contact lens and analyze it as needed. [4.9.3-MED]

4.9.1. applying lens to eyeball

4.9.2. starting experiment with flow through going to waste container, not plate

4.9.3. removing the lens from the eyeball, transferring to pre-analysis solution
5. Results: Contact Lens Antibiotic Release and Cholesterol Deposition, Comparing Models
5.1. The described model is compatible with a variety of eyepieces that could be used for various in vitro analyses. In this example, the mounted eyeball pieces are synthesized from PDMS and agar, and the cornea used is an ex-vivo bovine cornea.

5.1.1. Figure 4

5.2. The release of an antibiotic, moxifloxacin, from contact lenses was evaluated.  When measured in the traditional vial model, drug release occurred within two hours followed by a plateau phase.  In contrast, the novel eye model showed that drug release was slow and sustainable for up to 24 hours.


5.2.1. Figure 5
5.3. The model was next used to study the deposition of cholesterol on contact lenses.  The cholesterol in the study was fluorescently tagged and viewed using laser scanning confocal microscopy. Substantial differences were seen in deposition studies performed in a vial, compared to the eye model.  

5.3.1. Figure 6
6. Conclusion (said by authors on camera)
6.1. Hendrik Walther: Once mastered, this eye model will take 10 minutes to set up if it is used properly.

6.2. Hendrik Walther: While attempting this procedure, it’s important to remember to make sure that tear fluid drops down into the collecting well plate.

6.3. Hendrik Walther: Following this procedure, other methods like confocal microscopy or spectrophotometry can be performed [in order – removed] to evaluate the deposition of tear components on the material or drug elution from the lens.

6.4. Hendrik Walther: After its development, this technique paved the way for researchers in the field of contact lenses to explore tear film deposition on contact lenses and drug delivery.

6.5. Jordan Rossy: Don't forget that when working with biologicals or chemicals to be safe and sterile. 
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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