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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  YES  
A microscope is required for 3.1.1, and stereo microscope is required for 4.2.2, 4.5.1, and 4.5.2.
[bookmark: _Hlk161354481]
Authors, please use your microscope camera to film the SCOPE shots and upload the files

3. 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
Please upload all screen captured video files to your project page as soon as possible.

4. 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: 30/06/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length
Number of Steps:  27
Number of Shots:  49 (23 SC) 

Interviews 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.
Answers are slightly edited according to journal guidelines

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Wei Zhu: In this study, we aim to use a syringe-pump system to evaluate the biomechanical properties of the trabecular meshwork, Schlemm’s canal, and the entire corneoscleral shell.
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. Wei Zhu: Linear regression has limitations for analyzing the outflow. This system hasn’t been applied to calculate ocular compliance.
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. 
1.3. Wei Zhu: This straightforward, low-cost syringe-pump system could be applied for measuring outflow facility and ocular compliance in ex vivo mouse eyes.
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. Wei Zhu: While performing this procedure, it is important to ensure proper cannulation, accurate calibration, and verification of system facility and compliance.


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Wei Zhu: This work helps us better understand how the conventional pathway functions and supports the screening of new drugs to treat glaucoma.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics Title Card
This research has been approved by Qingdao University Medical Center (QDU-AEC-2022069).	Comment by Poornima  G: Authors: Please fill this	Comment by Poornima  G: Authors: Can you also provide the approving committee name?


Protocol  
2. System Assembly and Calibration	Comment by Poornima  G: Authors: The procedure in protocol sections 2 and 3 is performed without the eye, is it correct?

Demonstrators: Pengchao Feng, Yuteng Li

2.1. To begin, obtain a 100-microliter syringe [1].
2.1.1. WIDE and Close-up: Talent showing 100-microliter syringe. Authors: Please film this shot in both wide and close up angles.

2.2. Connect the syringe to a pump and a flow-through pressure sensor [1]. Next, connect the sensor to a data acquisition system [2].
2.2.1. Talent connecting the syringe to a pump and a flow-through pressure sensor.
2.2.2. Talent connecting the sensor to the data acquisition system.

2.3. Fill the system with 1x PBS [1] and remove all air bubbles [2].
2.3.1. Talent filling the system with PBS.
2.3.2. Talent removing air bubbles from the system.

2.4. Open the data acquisition software [1]. Load the calibration setup file [2] and select the calibration function [3].
2.4.1. SCREEN: Show the data acquisition software opening.
2.4.2. SCREEN: Show the calibration setup file being loaded.
2.4.3. SCREEN: Show the calibration function being selected.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892][bookmark: _Hlk203166143]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21482113 

Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE 

2.5. Connect the system to a water reservoir at 2 defined heights [1] and input the measured and actual pressures [2].
2.5.1. Talent connecting the system to a water reservoir at 2 defined heights.
2.5.2. SCREEN: Show the measured and actual pressures being entered.

2.6. Open the module settings [1] and load the regulator configuration file [2].
2.6.1. SCREEN: Show the module settings being opened.
2.6.2. SCREEN: Show the regulator configuration file being loaded.

2.7. Select the pump device [1], input the maximum flow rate, and the syringe diameter [2]. Then, start recording [3]. Once done, input the next pressure value and repeat the process [4].
2.7.1. SCREEN: Show the pump device being selected.
2.7.2. SCREEN: Show the maximum flow rate and the syringe diameter being entered.
2.7.3. SCREEN: Show recording being started.
2.7.4. SCREEN: Show recording being stopped, inputting next pressure value and recording again.





3. Microneedle Preparation and System Characterization


3.1. Grind the tip of a glass micropipette to an inner diameter of 80 to 100 micrometers [1] and polish its tip [2].
3.1.1. SCOPE: grinding the micropipette tip to an inner diameter of 80 to 100 micrometers.
3.1.2. Talent polishing the needle tip.

3.2. Mount the needle on a micromanipulator [1] and connect the needle to the pressure transducer [2].
3.2.1. Talent mounting the needle on the micromanipulator.
3.2.2. Talent connecting the needle to the pressure transducer.

3.3. Fill the needle with PBS [1] and position the needle tip at the same height as the pressure sensor [1].
3.3.1. Talent filling the needle with phosphate-buffered saline.
3.3.2. Talent positioning the needle tip at the same height as the pressure sensor.

3.4. Apply a pressure of 1 millimeter of mercury and record the flow rate [1].
3.4.1. SCREEN: applying a pressure of 1 millimeter of mercury and recording the flow rate.

3.5. Select needles with a resistance of 0.01 to 0.5 millimeters of mercury per microliter per minute [1].
3.5.1. SCREEN: Shot of the needle resistance value displayed within the acceptable range.

3.6. Perfuse the system with PBS [1] and seal it using a three-way valve [2]. Apply pressure steps of 6, 8, 10, 12, 14, and 16 millimeters of mercury [3].
3.6.1. Talent perfusing the system with phosphate-buffered saline.
3.6.2. Talent sealing the system using a three-way valve.
3.6.3. SCREEN: applying the defined pressure steps.

3.7. Record pressure and flow rate for 10 minutes at each step and calculate average values from the last 5 minutes [1].
3.7.1. SCREEN: Show pressure and flow rate data being recorded and averaged from the last 5 minutes.

3.8. Perform linear regression and interpret the slope as the system facility [1].
3.8.1. SCREEN: Show linear regression being performed and show the slope value identified as the system facility.

3.9. After repeating the measurements 3 times, confirm that the system facility is less than 0.2 nanoliters per minute per millimeter of mercury [1].
3.9.1. SCREEN: Show the calculated system facility value meeting the acceptance criterion.

3.10. Then, introduce a 35-centimeter silicone tube into the system [1]. Measure compliance with or without the Teflon tubing [2]. Apply pressure steps of 6, 8, 10, 12, 14, and 16 millimeters of mercury [3]. 
3.10.1. Talent introducing the 35-centimeter silicone tube into the system.
3.10.2. Talent measuring compliance with and without Teflon tubing. 
3.10.3. SCREEN: Talent applying the defined pressure steps.


3.11. [bookmark: OLE_LINK3][bookmark: OLE_LINK2]Calculate the compliance with or without the Teflon tubing using a discrete-volume method and determine the system compliance [1]. Confirm that the detectable system compliance is greater than 9.9 nanoliters per millimeter of mercury [2].
3.11.1. SCREEN: Show the compliance with or without the Teflon tubing using the discrete-volume method and calculation of system compliance.
3.11.2. SCREEN: Show the detectable system compliance value exceeding 9.9 nanoliters per millimeter of mercury.




4. Eye Harvesting and Cannulation
4.1. Position the euthanized 5-month-old mouse with a 50% C57BL-6 and 50% BALB-c (balb-C) genetic background on the dissection table [1-TXT].
4.1.1. Talent placing the euthanized mouse on the dissection table. TXT: Euthanasia: CO₂ at a flow rate of 0.7 L/min for 3 min

4.2. Using sterile instruments, enucleate the eyeballs [1]. Dissect the extraocular muscles and optic nerves [2]. 
4.2.1. Talent enucleating the eyeballs.
4.2.2. SCOPE: dissecting the extraocular muscles and optic nerves using sterile instruments.

4.3. Immediately mount one eye in the holder at 35.5 degrees Celsius [1]. Store the contralateral eye at 4 degrees Celsius until use [2].
4.3.1. Talent mounting one eye in the holder at 35.5 degrees Celsius.
4.3.2. Talent placing the contralateral eye into storage at 4 degrees Celsius.

4.4. Measure both eyes one after the other using the same system [1].
4.4.1. Talent measuring the eye.

4.5. For cannulation, insert the needle through the central cornea at a 45-degree angle [1] and advance the needle 0.3 to 0.5 millimeters into the anterior chamber [2].
4.5.1. SCOPE: inserting the needle through the central cornea at a 45-degree angle.
4.5.2. SCOPE: advancing the needle 0.3 to 0.5 millimeters into the anterior chamber.

4.6. Stabilize the system and confirm that the pressure fluctuation is less than 0.4 millimeters of mercury [1].
4.6.1. SCREEN: Show the pressure fluctuation value at less than or equal to 0.4 millimeters of mercury.


5. Measurement of Ocular Outflow Facility and Ocular Compliance

5.1. Place the eye in the system and stabilize it at 8 millimeters of mercury for 30 minutes [1]. Adjust the settings to apply pressure steps of 6, 8, 10, 12, 14, and 16 millimeters of mercury [2], followed by a final step at 8 millimeters of mercury [3].
5.1.1. Talent placing the mounted eye in the system for stabilization at 8 millimeters of mercury.
5.1.2. SCREEN: Entering the settings to applying the defined pressure steps.
5.1.3. SCREEN: Entering the settings for the final pressure step as 8mmHg.

5.2. Record pressure and flow rate for 10 minutes at each step [2].
5.2.1. SCREEN: Show pressure and flow rate being recorded.

5.3. Analyze the pressure-time and flow rate-time data [1] using the power-law and modified Friedenwald equations to determine ocular outflow facility and ocular compliance [2].
5.3.1. Talent plotting the data on a system.
5.3.2. TEXT ON PLAIN BACKGROUND:
· Fit data to the power-law model:

 Define (after subtracting system facility) as ocular outflow facility.


· Analyze P–T and Q–T curves to identify Qₘₐₓ and flow deceleration.
· Calculate volume change from tₚ to tₘₐₓ using the discrete-volume method.
· Fit data to the modified Friedenwald equation:


· Set mmHg. 
· Define (after subtracting system compliance) as ocular compliance 




Results
6. Results 

6.1. The intraocular pressure, outflow facility, and ocular compliance were 14.0 millimeters of mercury [1], 5.2 nanoliters per minute per millimeters of mercury [2], and 46.0 nanoliters per millimeters of mercury, respectively [3].
6.1.1. LAB MEDIA: Figure 2A. 
6.1.2. LAB MEDIA: Figure 2B. 
6.1.3. LAB MEDIA: Figure 2C. 

6.2. The syringe-pump system produced outflow facility values [1] comparable to those obtained using the perfusion system [2].
6.2.1. LAB MEDIA: Figure 2D. Video editor: Highlight the black data point labeled Normal.
6.2.2. LAB MEDIA: Figure 2D. Video editor: Highlight the other data points labeled ref 1 2 3 4 

6.3. The ocular compliance values obtained using the syringe-pump system fell within the reported range of values [1] calculated using the perfusion system [2].
6.3.1. LAB MEDIA: Figure 2E. Video editor: Highlight the black data point labelled normal' 
6.3.2. LAB MEDIA: Figure 2E. Video editor: Highlight the other data points labeled ref 5 and 6


6.4. At 8 millimeters of mercury, the mean flow rate after pressure increments was lower than the value measured before the increments [1].
6.4.1. LAB MEDIA: Figure 2F. Video editor: Highlight the red curves and the red bar for “Q after pressure increments”.
6.4.2. LAB MEDIA: Figure 2F. Video editor: Highlight the black curves and the black bar for “Q before pressure increments”.

[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.13.1 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.13.1  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
2.13.2, SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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