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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  yes  
If Yes, can you record movies/images using your own microscope camera?
Yes (record Images only)  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Leica S9i

If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   NO

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. NO
Current Protocol Length
Number of Steps:  41
Number of Shots:  55

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Yong Wang: We aim to determine whether internal carotid artery injury modulates retinal perfusion and leads to retinal injury.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Yong Wang: Prior models occlude the common carotid artery, while our model targets the retina-feeding internal carotid artery.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Dawei Zeng: Acute retinal ischemia induces retinal structural damage and optic nerve dysfunction.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.4. Ruoyao Huang: Gently dissect the internal carotid artery while preventing vascular and neural injury.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Yue Zhang: This model supports studies of retinal damage in clinical conditions such as diabetes.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the Experimental Animal Ethics Committee of Chengdu University of Traditional Chinese Medicine



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Internal Carotid Artery Ligation and Postoperative Care
Demonstrator: Yue Zhang 

2.1. To begin, obtain a mice aged 8 to 10 weeks, weighing 20 to 25 grams and randomly assign to the sham or ligation group [1-TXT]. 
2.1.1    WIDE: Talent sitting with the mice cages on the work bench. TXT: Mice Strain: C57BL/6 
2.2. Anesthetize the mice intraperitoneally [1-TXT]. Keep the mice in a transparent cage until they enter an anesthetized state [2].
2.2.1. Talent administering pentobarbital sodium to a mouse by intraperitoneal injection. TXT: Anesthesia: Pentobarbital sodium (60 mg/kg)
2.2.2. Talent placing the mice in a transparent cage until they enter an anesthetized state.
2.3. After securing the mice in a supine position, apply animal depilatory cream to depilate the neck region [1].
2.3.1. Talent applying animal depilatory cream to the neck region.
2.4. Assess the surgical plane of anesthesia by confirming loss of the righting reflex [1] and absence of the hind-limb pedal-withdrawal reflex following gentle toe-pinch stimulation [2].
2.4.1. Talent assessing the loss of the righting reflex.
2.4.2. Talent gently applying toe-pinch stimulation and assessing the absence of the hind-limb pedal-withdrawal reflex.
2.5. Disinfect the skin of the cervical surgical field with povidone-iodine [1], and make a sagittal incision at the thyroid cartilage of the neck [2]. Under a microscope, carefully isolate the left common carotid artery from the respective vagus nerve and accompanying veins [3].
2.5.1. Talent disinfecting the skin of the cervical surgical field with povidone-iodine.
2.5.2. Talent making a sagittal incision at the thyroid cartilage of the neck.
2.5.3. SCOPE: Talent carefully isolating the left common carotid artery from the respective vagus nerve and accompanying veins.
		Authors: Please create a scope summary and upload the scope files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=22501423  
2.6. Carefully isolate the internal carotid artery, or ICA (I-C-A) [1]. Permanently occlude it with a 6-0 (six-oh) silk suture. For the sham group, perform the same procedure but omit ligation of the left ICA [2].
2.6.1. Talent carefully isolating the internal carotid artery.
2.6.2. Talent performing the same procedure for the sham group without ligating the left internal carotid artery.
2.7. Suture the cervical wound [1] and disinfect it with povidone-iodine [2].
2.7.1. Talent suturing the cervical wound.
2.7.2. Talent disinfecting the sutured cervical wound with povidone-iodine.
2.8. Apply 0.1 percent purified sodium hyaluronate eye drop solution for ocular protection [1].
2.8.1. Talent applying 0.1 percent purified sodium hyaluronate eye drop solution for ocular protection.
2.9. Dilute meloxicam injectable solution at 5 milligrams per milliliter with sterile 0.9 percent saline to a working concentration of 1 milligram per milliliter [1]. Upon completion of surgery, administer meloxicam at 3 milligrams per kilogram subcutaneously in the interscapular region for postoperative analgesia [2].
2.9.1. Talent diluting meloxicam injectable solution at 5 milligrams per milliliter with sterile 0.9 percent saline to prepare a working concentration of 1 milligram per milliliter.
2.9.2. Talent administering meloxicam subcutaneously in the interscapular region.
2.10. Repeat the meloxicam dose every 24 hours for 2 consecutive days [1]. Once the mice righting reflex returns, transfer the animals to a warm recovery cage once sternal recumbency is regained [2].
2.10.1. Talent administering the repeat meloxicam dose.
2.10.2. Talent transferring the animals to a warm recovery cage after sternal recumbency is regained.
2.11. Briefly rinse the intact eyeballs in pre-cooled 1-fold PBS [1]. Under a dissecting microscope, perform the globe-penetration technique using a 30- to 32-gauge needle at the sclera, 1 to 1.5 millimeters posterior to the limbus [2].
2.11.1. Talent briefly rinsing the intact eyeballs in pre-cooled 1-fold phosphate-buffered saline.
2.11.2. SCOPE: Talent performing the globe-penetration technique with a 30- to 32-gauge needle at the sclera, 1 to 1.5 millimeters posterior to the limbus.
2.12. Fix the punctured eyeballs with formalin-acetic-saline fixative at 4 degrees Celsius for 10 hours, using at least a 20-fold volume of fixative relative to the tissue sample [1].
2.12.1. Talent placing the punctured eyeballs in formalin-acetic-saline fixative for fixation.

3. Behavioral and Retinal Analyses
Demonstrator: Dawei Zeng, Ruoyao Huang 

3.1. Habituate the mice to the testing room for a minimum of 1 hour before testing [1].
3.1.1. Talent habituating the mice to the testing room.
3.2. Gently place each mouse in the center of a 40-by 40-by 35-centimeter open-field arena and allow free exploration for 10 minutes [1]. Record behavioral activity for 10 minutes using an overhead camera [2].
3.2.1. Talent gently placing a mouse in the center of the open-field arena.
3.2.2. Talent recording the mouse's behavioral activity using an overhead camera.
3.3. Analyze the video files using tracking software [1]. Once the arena floor is partitioned into central, side, and corner zones, quantify the total travel distance and time spent in each zone [2].
3.3.1. SCREEN: Talent analyzing the recorded video files using the tracking software.
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3.3.2. SCREEN: Talent quantifying the total travel distance and time spent in each zone.
3.4. After anesthetizing the mice, secure them in the supine or prone position to fully expose the eyeballs or common carotid arteries [1].
3.4.1. Talent securing a mouse in the supine or prone position to fully expose the eyeballs or common carotid arteries.
3.5. Acquire local blood-flow alterations using a laser speckle imaging system [1].
3.5.1. Talent acquiring local blood-flow alterations using the laser speckle imaging system.
3.6. Analyze dynamic temporal changes in blood perfusion within the regions of interest using the corresponding analysis software [1].
3.6.1. SCREEN: Talent analyzing dynamic temporal changes in blood perfusion within the regions of interest using the corresponding analysis software.
3.7. Harvest the left eyeballs on days 3 and 7 after ICA ligation [1]. After performing the globe-penetration technique, fix the eyeballs with formalin-acetic-saline fixative at 4 degrees Celsius for 10 hours [2].
3.7.1. [bookmark: _GoBack]Talent harvesting the left eyeballs on days 3 and 7 after internal carotid artery ligation.
3.7.2. Talent placing the eyeballs in formalin-acetic-saline fixative for fixation.
3.8. Embed the fixed eyeballs in paraffin and collect 5-micrometer-thick sections [1].
3.8.1. Talent embedding the fixed eyeballs in paraffin and collecting 5-micrometer-thick sections.
3.9. Perform hematoxylin and eosin staining [1].
3.9.1. Talent performing hematoxylin and eosin staining according to the previously published method.
3.10. Using image-analysis software, quantify the relative retinal thickness, outer nuclear layer thickness, inner nuclear layer thickness, and ganglion cell number [1].
3.10.1. SCREEN: Talent quantifying the relative retinal thickness, outer nuclear layer thickness, inner nuclear layer thickness, and ganglion cell number using image-analysis software.
3.11. Harvest the left eyeballs on days 3 and 7 after ICA ligation [1]. After performing the globe-penetration technique, fix the eyeballs with 4 percent paraformaldehyde for 3 hours at room temperature [2].
3.11.1. Talent harvesting the left eyeballs on days 3 and 7 after internal carotid artery ligation.
3.11.2. Talent placing the eyeballs in 4 percent paraformaldehyde for fixation.
3.12. After dissecting the retinas under microscope, permeabilize the retinas using cold methanol at 4 degrees Celsius for 30 minutes [1].
3.12.1. Talent placing the retinas in cold methanol for permeabilization.
3.13. Incubate the retinas for 2 to 3 hours with blocking solution containing 0.2 percent BSA, 5 percent goat serum, and 0.5 percent Triton X-100 in PBS [1].
3.13.1. Talent placing the retinas in the blocking solution for incubation.
3.14. Incubate the retinas with isolectin B4 overnight at 4 degrees Celsius [1].
3.14.1. Talent placing the retinas with isolectin B4 for overnight incubation.
3.15. Using confocal microscopy, capture images of the retinas [1]. Using image-analysis software, quantify the relative vessel area of the superficial, intermediate, and deep retinal vascular layers [2].
3.15.1. Talent capturing images of the retinas using confocal microscopy.
3.15.2. SCREEN: Talent quantifying the relative vessel area of the superficial, intermediate, and deep retinal vascular layers using image-analysis software.
3.16. After deparaffinizing the retinal sections using xylene, perform antigen retrieval using an antigen-unmasking solution [1].
3.16.1. Talent performing antigen retrieval using an antigen-unmasking solution.
3.17. Incubate the sections with cluster of differentiation 31 or neuronal nuclei primary antibody [1], followed by a biotinylated secondary antibody [2].
3.17.1. Talent placing the sections with cluster of differentiation 31 or neuronal nuclei primary antibody for incubation.
3.17.2. Talent placing the sections with a biotinylated secondary antibody for incubation.
3.18. After incubating the sections with avidin-biotin complex reagent, visualize the immunoreactive signals using DAB (dab) substrate solution [1].
3.18.1. Talent visualizing the immunoreactive signals using 3,3′-diaminobenzidine substrate solution.
3.19. Manually quantify the number of retinal vessels based on cluster of differentiation 31-positive signals [1].
3.19.1. Talent manually counting cluster of differentiation 31-positive signals to quantify the number of retinal vessels.
3.20. Deparaffinize the retinal sections and permeabilize them with 0.3 percent Triton X-100 [1].
3.20.1. Talent deparaffinizing the retinal sections and permeabilizing the retinal sections with 0.3 percent Triton X-100.
3.21. After blocking the sections, incubate them with neuronal nuclei primary antibody [1], followed by an Alexa 488-conjugated secondary antibody [2].
3.21.1. Talent placing the sections with neuronal nuclei primary antibody for incubation.
3.21.2. Talent placing the sections with an Alexa 488-conjugated secondary antibody for incubation.
3.22. Once the nuclei is stained with DAPI (Da-pi), capture images using confocal microscopy [1].
3.22.1. Talent capturing images using confocal microscopy.
3.23. Quantify the number of ganglion cells based on neuronal nuclei- and DAPI-positive signals [1].
3.23.1. Talent quantifying the number of ganglion cells based on neuronal nuclei- and 4′,6-diamidino-2-phenylindole-positive signals.
3.24. Extract total RNA from the left retina on day 3 after injury using an RNA extraction reagent [1].
3.24.1. Talent extracting total ribonucleic acid from the left retina using a ribonucleic acid extraction reagent.
3.25. After assessing the quantity and quality of the RNA using a spectrophotometer, use 800 nanograms of RNA as the template for reverse transcription to obtain complementary DNA [1]. Use the listed primer sequences [2].
3.25.1. Talent using 800 nanograms of ribonucleic acid as the template for reverse transcription to obtain complementary deoxyribonucleic acid.
3.25.2. Talent using the listed primer sequences.
3.26. Perform duplicate reverse transcription quantitative PCR reactions for each sample using a real-time PCR system [1].
3.26.1. Talent performing duplicate reverse transcription quantitative polymerase chain reaction reactions for each sample using a real-time polymerase chain reaction system.
3.27. Using hypoxanthine-guanine phosphoribosyltransferase as the internal control, analyze the relative gene transcription levels using the 2 to the power of negative delta delta cycle threshold method [1].
3.27.1. SCREEN: Talent analyzing the relative gene transcription levels using the 2 to the power of negative delta delta cycle threshold method.
3.28. Perform statistical analyses [1].
3.29.1. Talent performing analyses in the computer.











Results
4. Results 

4.1. No ptosis was observed at 2, 8, and 28 hours after ICA ligation [1].
4.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the images labelled '2 h', '8 h', and '28 h'.
4.2. At 10 hours post-surgery, total travel distance was significantly reduced in both the ligated [1] and sham groups [2] relative to the normal group, while time spent in the center, side, and corner zones did not differ significantly across the groups [3].
4.2.1. LAB MEDIA: Figure 2C. Video editor: Highlight the bar labelled 'ICA ligation'.
4.2.2. LAB MEDIA: Figure 2C. Video editor: Highlight the bar labelled 'Sham'.
4.2.3. LAB MEDIA: Figure 2D. Video editor: Highlight the bars labelled 'Center', 'Side', and 'Corner'.
4.3. On day 3 after ICA ligation, ganglion cell number was significantly decreased, retinal ganglion cell axons appeared loosely arranged, and some retinal vessels within the inner nuclear layer were occluded by blood cells [1].
4.3.1. LAB MEDIA: Figure 3E. Video editor: Highlight the bar labelled 'Ligation day 3'.
4.4. On day 3 after ICA ligation, intermediate retinal vessels showed incomplete morphology and significantly reduced vessel number [1], while their relative area was markedly decreased [2].
4.4.1. LAB MEDIA: Figure 5A. Video editor: Highlight the 'Intermediate' images for 'Sham' and 'Ligation day 3'.
4.4.2. LAB MEDIA: Figure 5C. Video editor: Highlight the bars labelled 'Sham' and 'Ligation day 3'.
4.5. The number of retinal vessels was significantly decreased on day 3 after ICA ligation [1].
4.5.1. LAB MEDIA: Figure 5F. Video editor: Highlight the bars labelled 'Sham' and 'Ligation day 3'.
4.6. On day 7 after ICA ligation, intermediate retinal vessel number recovered and vascular morphological distortion was markedly alleviated [1].
4.6.1. LAB MEDIA: Figure 6A. Video editor: Highlight the 'Intermediate' images for 'Sham' and 'Ligation day 7'.
4.7. On day 3 after ICA ligation, NeuN (Noo-en) expression decreased dramatically in bipolar and ganglion cells [1], and mature ganglion [2] and bipolar cell numbers were significantly decreased [3].
4.7.1. LAB MEDIA: Figure 7A. Video editor: Highlight the NeuN images labelled 'Sham' and 'Ligation day 3'.
4.7.2. LAB MEDIA: Figure 7B. Video editor: Highlight the bars labelled 'Sham' and 'Ligation day 3'.
4.7.3. LAB MEDIA: Figure 7C. Video editor: Highlight the bars labelled 'Sham' and 'Ligation day 3'.
4.8. On day 3 after ICA ligation, Bcl-2, plectin, and BRAP (bee-rap) were dramatically reduced [1], Irak3 (eye-rack-three) increased dramatically while interleukin-1 beta significantly decreased [2], ANGPT2 (ang-P-T-two), Tie2 (tie-two), AKT1 (A-K-T-one), and Rreb1 (R-reb-one) significantly increased [3], and Sema3e (sem-uh-three-ee), Rbfox2 (R-B-fox-two), and Jagged1 (jagged-one) decreased [4].
4.8.1. LAB MEDIA: Figure 8A. Video editor: Highlight the bars labelled 'Bcl-2', 'PLEC', and 'BRAP'.
4.8.2. LAB MEDIA: Figure 8B. Video editor: Highlight the bars labelled 'IL-1β' and 'Irak3'.
4.8.3. LAB MEDIA: Figure 8D. Video editor: Highlight the bars labelled 'ANGPT2', 'Tie2', 'AKT1', and 'Rreb1'.
4.8.4. LAB MEDIA: Figure 8E. Video editor: Highlight the bars labelled 'Sema3e', 'Jagged1', and 'Rbfox2'.
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