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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar? YES

Authors: Please use your microscope camera to film all SCOPE shots and upload them to your project page: https://www.jove.com/account/file-uploader?src=19281233.


2. Software: Does the part of your protocol being filmed demonstrate software usage? NO 


3. Interview statements: Please select one.
☒ 	Interview Statements are read by JoVE's voiceover talent. 



3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 04/12/2022

When you are ready to submit your video files, please contact our Content Engineer, Devon Halley. 




Protocol Length
Number of Steps: 18
Number of Shots: 29

 

Introduction

1. Introductory Interview Statements

1.1. We set up ex vivo and in vivo animal models for studying mechanical and chemical corneal injury in the protocol. 

1.1.1. [bookmark: _Hlk93488573]2.4.1. and 2.1.2.



1.2. The technique provides an easily built-up platform for researchers to study mechanical and chemical injury of the cornea.

1.2.1. 3.2.1.



Ethics Title Card

1.3. Procedures involving animal subjects have been approved by the Research Ethics Committee at the Chang Gung Memorial Hospital and adhered to the ARVO statement for use of animals in ophthalmic and vision research.


Protocol
2. Ex Vivo Wound Healing Model of Mouse Corneal Epithelium
Videographer: The below mentioned procedures takes place under a stereomicroscope.
2.1. To create a murine corneal epithelial wound, mark the central cornea of the anesthetized mouse using a skin biopsy punch to confirm a well-circumscribed and well-measurable area of the wound [1-TXT]. Gently indent the punch over the central cornea to leave a circular mark [2]. 
2.1.1. SCOPE: To be provided by the author: 2 mm diameter area being marked on the central cornea of the mouse using a skin biopsy punch. TXT: Anesthesia: Intraperitoneal delivery of 2 mg/g Ketamine Hydrochloride and 0.4 mg/g Xylazine, Topical anesthesia: 0.5% Proparacaine Hydrochloride on both eyes
Authors: Please use your microscope camera to film all SCOPE shots and upload them to your project page: https://www.jove.com/account/file-uploader?src=19281233.
2.1.2. SCOPE: To be provided by the author: Talent gently indenting the punch over the central cornea leaving a circular mark.

2.2. Debride the corneal epithelium down to the Bowman's layer utilizing a hand-held corneal rust ring remover with a 0.5-millimeter burr, ensuring not to damage the Bowman's layer [1]. Remove the residual, loose tissues in the wound margin with corneal forceps [2]. Videographer: This step is important!
2.2.1. SCOPE: To be provided by the author: The corneal epithelium being removed using hand-held corneal rust.
2.2.2. SCOPE: To be provided by the author: The loose tissue inner to the wound margin being removed.

2.3. Confirm the area of debridement with fluorescein staining by putting a drop of normal saline onto a fluorescein paper to dissolve fluorescein, [1] and then placing the fluorescein-containing drop onto murine epithelial defect for visualizing it under cobalt blue light [2]. Videographer: This step is important!
2.3.1. Talent putting a normal saline drop onto a fluorescein paper.
2.3.2. SCOPE: To be provided by the author: Talent placing a fluorescein-containing drop onto the murine epithelial defect.

2.4. Proceed with ex vivo culture of the murine corneal abrasion wound model by gently pressing at the superior and inferior orbital rims of euthanized mice to push the eyeball out [1]. 
2.4.1. SCOPE: To be provided by the author: Talent gently pressing the tip of the forceps at the superior and inferior orbital rim.

2.5. Introduce the tip of the closed corneal scissors into the retrobulbar space along the inferior orbital wall, ensuring not to penetrate the eyeball [1]. Hold the eyeball steady with 0.3-millimeter corneal forceps, and then cut the optic nerve and periorbital soft tissue with corneal scissors to isolate the eyeball [2].
2.5.1. SCOPE: To be provided by the author: Talent introducing the tip of the closed corneal scissors into the retrobulbar space.
2.5.2. SCOPE: To be provided by the author: Talent cutting the optic nerve and periorbital soft tissue with corneal scissors to isolate the eyeball

2.6. For ex vivo culturing murine eyeballs, prepare a 9648-well plate with melted wax inside the well and wait for solidification [1]. Then, with the tip of conjunctiva forceps, create a round hole on solidified wax's surface to accommodate the eyeballs [2]. 
2.6.1. A 4896- well plate with molten wax being seen.
2.6.2. Talent creating a round hole on the surface of solidified wax.

2.7. Place the harvested eyeballs directly onto the 9648-well plate with wax-covered bottoms and sidewalls to establish stabilization [1]. Culture the eyeballs with DMEM containing 1 percent fetal bovine serum with or without antibiotics, depending on the purpose of the study [2-TXT].
2.7.1. Talent placing the harvested eyeballs directly onto the 4896-well plate with wax-covered bottoms.
2.7.2. Talent adding DMEM containing 1% fetal bovine serum to the 4896-well plate with the cultured eyeball.



2.8. Immerse the ocular surface with the culture medium without causing the eyeball to float and document the course of wound healing by fluorescein staining and collecting photographs with a digital camera under cobalt blue light [1].
2.8.1. The ocular surface is seen immersed with the culture medium without causing the eyeball to float.
3. In Vivo Rabbit Model of Corneal Alkali Injury
3.1. To induce an alkali burn injury, place a circular filter paper with a diameter of 8 millimeters in a Petri dish [1]. Using a dropper, add 0.5 Normal sodium hydroxide into the Petri dish to soak the filter papers and drain excess solution from the filter paper before placing them onto the anesthetized rabbit cornea [2-TXT]. 
3.1.1. Talent placing a circular filter paper in a Petri dish.
3.1.2. Talent adding 0.5 N sodium hydroxide into the Petri dish to soak the filter papers. TXT: Anesthesia: Intraperitoneal delivery of 35-44 mg/g Ketamine Hydrochloride and 5-10 mg/g Xylazine, Topical anesthesia: 0.5% Proparacaine Hydrochloride on both eyes	Comment by Kuo Hsuan Hung: 0.5N

3.2. After opening the eyelids with a lid speculum, ensure that the rabbit nictitating membrane is not interfering with the insertion of filter paper and place the alkali-soaked filter paper onto the central cornea for 30 seconds [1]. Remove the filter paper and rinse the ocular surface with 10 milliliters of normal saline to wash out alkali material [2].

3.2.1. Talent opening the eyelids with a lid speculum and placing the alkali-soaked filter paper onto the central cornea.
3.2.2. Talent washing the ocular surface with 10 milliliters of normal saline.

3.3. To complete the corneal defect, debride the corneal epithelium within the opacified area down to the Bowman's membrane using a corneal rust ring remover [1]. Confirm the debridement area with fluorescein staining under the cobalt blue light and remove residual corneal epithelium using corneal forceps [2].
3.3.1. SCOPE: To be provided by the author: The corneal epithelium within the opacified area down to the Bowman's membrane being removed.
3.3.2. SCOPE: To be provided by the author: Residual corneal epithelium being removed using corneal forceps.

3.4. To secure wound condition with tarsorrhaphy, confirm that the nictitating membrane smoothly covers the ocular surface and corneal epithelial defect at the nasal side [1]. 

3.4.1. SCOPE: Nictitating membrane smoothly covering the ocular surface being seen.

3.5. Perform a temporary tarsorrhaphy with or without topical agents using a 6-0 suture to protect the ocular surface and prevent the rabbit from scratching it [1]. Ensure that the suture for tarsorrhaphy is at 3 to 4 millimeters from upper and lower lid margins with 4 to 5 ties and longer knots to prevent the rabbit from breaking the sutures [2].
3.5.1. SCOPE: To be provided by the author: Talent performing a temporary tarsorrhaphy with or without topical agents using a 6-0 suture protecting the ocular surface.
3.5.2. Sutures and longer knots being seen.




Results
4. Results: Mechanical and Chemical Injury of Corneal Epithelium in Animal Models 
4.1. In the mouse corneal epithelium's ex vivo wound healing model, the mildly depressed central corneal area with positive fluorescein stain was observed in the central 2-millimeters after the in vivo debridement of the mouse corneal epithelium [1].
4.1.1. LAB MEDIA: Figure 3A-B. Video Editor: Please emphasize the eye region in Figures 3A and 3B.

4.2. [bookmark: _GoBack]The ex vivo culture of the murine eyeballs fixed onto a wax-coated 4896-well culture plate was examined and documented daily within a 4896-well culture plate under a stereomicroscope [1]. 
4.2.1. LAB MEDIA: Figure 3C.

4.3. A day after debriding the murine corneal epithelium, one circular fluorescein-stained epithelial defect of 2-millimeters in diameter was revealed in digital photographs obtained under cobalt blue light [1]. 
4.3.1. LAB MEDIA: Figure 3D.

4.4. After creating alkali injury to the rabbit corneal epithelium, positive fluorescein staining was observed with or without cobalt blue light over the central cornea [1] with a clear and complete circular margin [2].
4.4.1. LAB MEDIA: Figure 4. Video Editor: Please emphasize Figures 4 A and 4 B
4.4.2. LAB MEDIA: Figure 5B. 

4.5. The corneal epithelial wound re-epithelialization with pannus ingrowth was observed from the limbus [1].
4.5.1. LAB MEDIA: Figure 5C. 

Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements
5.1. The most important steps are procedures to create smooth and even epithelial defects on mouse and rabbit corneal surfaces.

5.1.1. 2.2.1, 3.3.1. and 2.2.2.  


5.2. New medical and surgical therapeutics can be tested on these platforms. The effect of re-epithelialization can be monitored after the procedures.

5.2.1. 3.5.1.




5.3. Corneal neovascularization and opacity after injury in this protocol would be an unmet need for further research.

5.3.1. 3.2.1. 
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