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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 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
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.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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.

[bookmark: Text5]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: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our China Location Producer, Yuan Yue.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  46
Number of Shots:  74  (49 + 25 SCs) 

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

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. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Microfluidic Chip Fabrication for Studying Pulsatile Shear Stress 
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, use computer-aided design software to design the microfluidic chip structure [1]. Make the SU-8 master mold through a commercial company [2].
2.1.1. WIDE: Talent at the computer screen with the microfluidic chip structure displayed on the monitor.
2.1.2. Shot of the completed SU-8 master mold.
2.2. In a clean mixing cup, mix the polydimethylsiloxane curing agent and prepolymer at a 10 to 1 ratio by weight and stir the mixture vigorously by hand for 5 minutes [1]. Then, place the container in a vacuum chamber under minus 0.08 megapascal for a minimum of 15 minutes to remove air bubbles trapped during mixing [1].
2.2.1. Talent adding the polydimethylsiloxane curing agent and prepolymer to a clean mixing cup and stirring it
2.2.2. Talent placing the container in the vacuum chamber.
2.3. Now, pour the polydimethylsiloxane onto the wafer placed in a glass Petri dish [1]. Degas the polydimethylsiloxane poured onto the wafer in a desiccator for an additional 15 minutes to remove any bubbles formed during casting [2].
2.3.1. Talent pouring the polydimethylsiloxane onto the wafer in the glass Petri dish.
2.3.2. Talent placing the glass Petri dish with the wafer and polydimethylsiloxane in the desiccator.
2.4. Place the Petri dish containing the mold and polymer in a hot oven set to 80 degrees Celsius for 2 hours [1].
2.4.1. Talent placing the Petri dish containing the mold and polymer in the oven. 
2.5. Using a scalpel, carefully peel the solidified polymer slab from the master mold [1]. Using a core punch tool, create inlet and outlet ports at the designated channel ends on the polymer slab [2].
2.5.1. Talent peeling the solidified polymer slab from the master mold with a scalpel.
2.5.2. Talent creating the inlet and outlet ports on the polymer slab with the core punch tool.
2.6. Now, clean the glass coverslip and the patterned face of the polymer slab with adhesive tape [1].
2.6.1. Talent cleaning the glass coverslip/polymer slab with adhesive tape.

2.7. Next, treat both the polymer slab and the glass coverslip with a plasma cleaner at 65 watts under room air for 60 seconds [1]. Immediately align the polymer channel face to the treated side of the glass coverslip and press gently to create a permanent closed microfluidic channel [2].
2.7.1. Talent placing the polymer slab and glass coverslip into the plasma cleaner.
2.7.2. Talent aligning the polymer channel face with the treated side of the glass coverslip and pressing the polymer slab.



3. Endothelial Cell Preparation for Microfluidic Chamber Seeding
Demonstrator: Click here to enter name of demonstrator(s)
3.1. Place the bonded microfluidic chip in a boronized glass bottle filled with deionized water [1]. Sterilize by autoclaving at 121 degrees Celsius and 15 pounds per square inch for 20 minutes [2].
3.1.1. Talent placing the bonded microfluidic chip into a boronized glass bottle filled with deionized water.
3.1.2. Talent placing the bottle into the autoclave.
3.2. Place the sterilized chip into a 60-millimeter culture dish filled with an equimolar mixture of PBS and low glucose DMEM [1].
3.2.1. Talent placing the sterilized chip into the culture dish containing the medium mixture.
3.3. Then, using a 1-milliliter syringe, introduce 100 micrograms per milliliter fibronectin into the channel [1] and incubate at 37 degrees Celsius for 4 hours [2].
3.3.1. Talent introducing fibronectin into the microfluidic channel using a syringe.
3.3.2. Talent placing the chip for incubation.
3.4. Next, add 24.5 millimolar D-mannitol to low glucose DMEM to elevate osmotic pressure [1]. Add 5 millimolar D-glucose to high glucose DMEM to obtain a final concentration of 30 millimolar glucose [2]. Prepare normal glucose culture medium and high glucose culture medium supplemented with 20 percent fetal bovine serum and 1 percent penicillin streptomycin [3].
3.4.1. Talent adding D-mannitol to low glucose Dulbecco’s Modified Eagle Medium.
3.4.2. Talent adding D-glucose to high glucose Dulbecco’s Modified Eagle Medium.
3.4.3. Talent adding FBS to the culture media.
3.5. Then, warm PBS, trypsin, normal glucose culture medium, and high glucose culture medium in a water bath at 37 degrees Celsius [1]. 
3.5.1. Talent placing containers of phosphate buffered saline, trypsin, and culture media into a water bath.
3.6. Harvest the human umbilical vein endothelial cells from the culture dish at 90 percent confluency [1]. Detach the cells using 0.25 percent trypsin-ethylenediaminetetraacetic acid solution [2]. 
3.6.1. Talent observing and collecting human umbilical vein endothelial cells from a culture dish at confluency.
3.6.2. Talent adding trypsin-ethylenediaminetetraacetic acid solution to the culture dish.
3.7. After incubating the cells at 37 degrees Celsius for 30 seconds, count the harvested cells [1]. Adjust the concentration to 1 × 106 cells per milliliter in normal glucose medium and high glucose medium, respectively [2].
3.7.1. Talent counting the harvested cells using cell counter.
3.7.2. Talent adjusting the cell concentration in separate media.
3.8. Using a 1 milliliter syringe, inject 100 microliters of the cell suspension into the inlet port of the microfluidic chip with normal glucose medium for the control group and high glucose medium for the experimental group [1]. Place the microfluidic chips in a humidified incubator at 37 degrees Celsius with 5 percent carbon dioxide for 48 hours [2].
3.8.1. Talent injecting the cell suspension into the inlet port of the microfluidic chip using a syringe.
3.8.2. Talent placing the microfluidic chips into the incubator.

4. Dynamic Microfluidic Flow Setup 
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Fill two 100 milliliter reservoirs with normal glucose culture medium and high glucose culture medium, respectively [1]. Connect the reservoirs to the corresponding channels of the programmable pressure control system [2].
4.1.1. WIDE: Talent filling two reservoirs with normal glucose and high glucose culture media.
4.1.2. Talent connecting the reservoirs to the programmable pressure control system.
4.2. Link the reservoirs, the two-position three-way magnetic valve, and the microfluidic chip using silicone tubing [1].
4.2.1. Talent connecting the reservoirs, magnetic valve, and microfluidic chip with silicone tubing.
4.3. Using 1.3-millimeter diameter 90-degree angled stainless steel connectors, attach the inlet and outlet ports of the polydimethylsiloxane chip to the tubing [1].
4.3.1. Talent attaching the tubing to the inlet and outlet ports of the polydimethylsiloxane chip using angled stainless steel connectors.
4.4. Calculate the flow rate required to achieve the target pulsatile shear stress using the presented equation [1-TXT].
4.4.1. TEXT ON A PLAIN BACKGROUND
τ = (6µQ)/(wh2)
µ: viscosity, w: channel width, and h: channel height
4.5. Set a target physiological pulsatile shear stress corresponding to a flow rate of approximately 200 microliters per minute [1].
4.5.1. SCREEN: Display the programmable pressure control system interface showing the set pulsatile shear stress and flow rate.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21666333
4.6. Program the programmable air pump to generate a sine wave function to maintain the pulsatile shear stress [1]. Next, program the valve controller to switch channels every 5 minutes to generate a square wave glucose oscillation during dynamic stimulation [2].
4.6.1. SCREEN: Show the programmable air pump interface while setting a sine wave function.
4.6.2. SCREEN: Show the valve controller interface while setting channel switching every 5 minutes.
4.7. Start the programmable pump system to deliver the combined oscillatory glucose and pulsatile shear stress for a total of 30 minutes [1].
4.7.1. Talent starting the programmable pump system.

5. Micro-Particle Image Velocimetry (PIV) Setup for Flow Field Verification
Demonstrator: Click here to enter name of demonstrator(s)
5.1. Prepare normal- and high-glucose media containing 0.05% fluorescent microparticles, ensuring the particles are uniformly dispersed without aggregation [1]. Then, place a clean cell-free microfluidic chip onto the stage of the inverted fluorescence microscope [2].
5.1.1. Talent adding fluorescent microparticles to normal glucose and high glucose media.
5.1.2. Talent placing the microfluidic chip onto the microscope stage.
5.2. Connect the pressure source to the pressure controller [1]. Connect the pressure controller to the valve controller linked to the computer for automated control of pressure waveforms [2].
5.2.1. Talent connecting the pressure source to the pressure controller.
5.2.2. Talent connecting the pressure controller to the valve controller and computer.
5.3. Then, connect the pressure controller outlets to the high glucose and normal glucose reservoirs via separate tubing lines [1].
5.3.1. Talent connecting tubing from the pressure controller outlets to both reservoirs.
5.4. Connect both reservoirs to the three-by-two pressure valve that switches between high glucose and normal glucose media according to the programmed oscillatory glucose protocol [1].
5.4.1. Talent connecting both reservoirs to the three by two pressure valve.
5.5. Next, connect the outlet of the three-by-two pressure valve to the inlet of the microfluidic chip via tubing [1]. Connect the microfluidic chip outlet to the waste reservoir [2].
5.5.1. Talent connecting the valve outlet tubing to the inlet of the microfluidic chip.
5.5.2. Talent connecting the outlet tubing of the microfluidic chip to the waste reservoir.
5.6. Now, place the microfluidic chip on the microscope stage for live cell imaging throughout the experiment [1].
5.6.1. Talent adjusting the microfluidic chip position on the microscope stage for imaging.
5.7. Trigger the high speed camera after the flow is steady to capture sequential image pairs of the flowing microparticles [1]. Set the time delay between the two frames of each pair to 80 microseconds [2].
5.7.1. SCREEN: Show the high speed camera interface while triggering acquisition at 15 hertz in double frame mode.
5.7.2. SCREEN: Display the camera settings panel while setting the frame delay to 80 microseconds.
5.8. Capture images for the region of interest or ROI (R-O-I) within channel [1]. Select the ROI at the center of the straight channel section equidistant from both the inlet and outlet to avoid end effects and ensure representative flow measurements [2].
5.8.1. SCREEN: Show live imaging of the microfluidic channel while selecting the region of interest.
5.8.2. SCREEN: Highlight the selected region of interest at the center of the channel.
5.9. Process the acquired image pairs using PIV (P-I-V) analysis software [1]. Use an adaptive multi-pass cross-correlation algorithm, refining interrogation areas from 64 by 64 to 16 by 16 pixels with an 8 by 8 pixel grid step, to calculate particle displacement vectors between frames [2].
5.9.1. SCREEN: Show the particle image velocimetry software interface loading the acquired image pairs.
5.9.2. SCREEN: Display the analysis settings panel showing interrogation areas and grid step configuration.
5.10. Calculate the velocity vector for each interrogation area using the presented formula [1].
5.10.1. TEXT ON A PLAIN BACKGROUND
v = Δx / Δt

6. Assessment of Cell Viability and Intracellular ROS Using Fluorescent Probes
Demonstrator: Click here to enter name of demonstrator(s)
6.1. Prepare the Calcein-AM and propidium iodide working solution according to the manufacturer's instructions at the experimental endpoint [1]. 
6.1.1. Talent preparing the Calcein-AM and propidium iodide working solution.
6.2. After rinsing the channel one time with PBS, introduce the Calcein-AM and propidium iodide working solution into the channel [1] and incubate at 37 degrees Celsius with 5 percent carbon dioxide for 30 minutes in the dark [2].
6.2.1. Talent introducing the staining solution into the channel.
6.2.2. Talent placing the device for incubation.
6.3. Immediately capture fluorescent images of the stained cells using an inverted fluorescence microscope equipped with a 10 times objective lens [1]. Use the fluorescein isothiocyanate green filter for Calcein-AM and the tetramethylrhodamine or rhodamine red filter for propidium iodide [2].
6.3.1. SCREEN: Talent capturing fluorescent images using the inverted fluorescence microscope.
6.3.2. SCREEN: Show the microscope filter selection switching between FITC and TRITC or Rhodamine filters.
6.4. Prepare the live cell oxidative stress fluorescent probe working solution at a concentration specified by the manufacturer in PBS [1].
6.4.1. Talent preparing the live cell oxidative stress fluorescent probe solution in phosphate buffered saline.
6.5. After flushing the channel three times with PBS, introduce the live cell oxidative stress fluorescent probe solution into the channel and incubate as demonstrated earlier [2].
6.5.1. Talent introducing the probe solution into the channel and placing the chip for incubation.
6.6. Flush the channel three times with PBS to remove the unbound probe [1]. Immediately capture fluorescent images using the far-red filter set through a 20 times objective lens while maintaining identical exposure parameters for all groups [2].
6.6.1. Talent flushing the microfluidic channel with phosphate buffered saline.
6.6.2. SCREEN: Show the microscope interface capturing fluorescent images with the far red filter settings and consistent exposure parameters.

7. Quantitative Analysis and Evaluation of Oxidative Stress and Cellular Response
Demonstrator: Click here to enter name of demonstrator(s)
7.1. Open the acquired Calcein-AM green and propidium iodide red images in ImageJ [1]. Manually adjust the threshold for each channel to distinguish fluorescent signals from background [2]. Use the cell counter to quantify fluorescent cells, adjusting the minimum cell size based on observations to determine live and dead cell counts across multiple fields of view.[3].
7.1.1. SCREEN: Show ImageJ interface opening Calcein-AM and propidium iodide images.
7.1.2. SCREEN: Display threshold adjustment for both green and red channels.
7.1.3. SCREEN: Show the Cell Counter function being used with adjusted minimum cell size to count cells.
7.2. Now, calculate the percentage of live cells using spreadsheet software for each experimental condition [1]. Then, calculate the mean and standard deviation across multiple fields of view using statistical analysis software for comparison between groups [2].
7.2.1. SCREEN: Show spreadsheet software calculating the percentage of live cells.
7.2.2. SCREEN: Display statistical software calculating mean and standard deviation.
7.3. Drag the image of choice into ImageJ. Set the scale by calibrating the pixel size using the microscope metadata by selecting Analyze and choosing Set Scale [2].
7.3.1. SCREEN: Show dragging and opening an image in ImageJ. Display Analyze > Set Scale with calibration settings.
7.4. Then, remove non-specific uniform background signal from the entire image using the background subtraction function by selecting Process and choosing Subtract Background [1].
7.4.1. SCREEN: Show Process > Subtract Background being applied to the image.
7.5. Now, manually adjust the threshold slider to segment and define the intracellular reactive oxygen species signal by selecting Image and choosing Adjust, followed by Threshold [1]. Set the measurements by selecting Analyze and choosing Set Measurements to include area and mean gray value [2]. Set the minimum cell size based on observed cell dimensions, then measure the mean intensity of the segmented signal within the cell monolayer ROI by selecting Analyze and Analyze Particles.[3].
7.5.1. SCREEN: Show ImageJ interface adjusting threshold via Image > Adjust > Threshold.
7.5.2. SCREEN: Display Analyze > Set Measurements with area and mean gray value selected.
7.5.3. SCREEN: Show Analyze > Analyze Particles measuring the segmented signal.
7.6. Report the reactive oxygen species level for each experimental condition as the mean of measured values derived from at least three randomly selected fields of view per chip [1].
7.6.1. SCREEN: Show compiled measurement values from multiple fields of view in analysis software.
7.7. Input the quantitative results into data analysis and graphing software [1].
7.7.1. SCREEN: Show data entry into graphing or analysis software.
7.8. Determine statistical significance by comparing experimental groups with the control group using two-way analysis of variance followed by Tukey post hoc test with a significance level of 0.05 [1]. Use the software to perform the analysis and generate plots with error bars representing standard deviation [2].
7.8.1. SCREEN: Show statistical test selection for two way analysis of variance and Tukey post hoc test.
7.8.2. SCREEN: Display generated plots with error bars representing standard deviation.


Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 190.
· Please note that the video cannot include voiceover without an accompanying visual.

8. Results 

8.1. Representative fluorescence images showed a high proportion of viable cells across all groups [1], with negligible cell death observed in the normal glucose and normal glucose with pulsatile shear stress groups [2], while the oscillatory glucose and oscillatory glucose with pulsatile shear stress groups exhibited a visible increase in dead cells [3].
8.1.1. LAB MEDIA: Figure 3A. Video editor: Show the full set of fluorescence images for all groups
8.1.2. LAB MEDIA: Figure 3A. Video editor: Highlight the rows labeled NG and NG+PSS showing mostly green cells and very few red cells
8.1.3. LAB MEDIA: Figure 3A. Video editor: Highlight the rows labeled OG and OG+PSS showing more red cells compared to NG groups
8.2. Quantitative analysis showed that oscillatory glucose exposure resulted in a significant reduction in cell viability compared to the control group [1], and pulsatile shear stress application under oscillatory glucose conditions significantly increased viability compared to oscillatory glucose alone [2].
8.2.1. LAB MEDIA: Figure 3B. Video editor: Highlight the bar labeled OG and compare it to the NG group 
8.2.2. LAB MEDIA: Figure 3B. Video editor: Highlight the OG+PSS group and compare it to OG showing a higher value
8.3. Under normal glucose conditions, intracellular reactive oxygen species levels were low [1] and were further reduced following the application of shear stress [2], whereas osmolarity glucose conditions caused a marked increase in red fluorescence intensity indicating elevated reactive oxygen species [3].
8.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight the NG panel under None showing low red signal
8.3.2. LAB MEDIA: Figure 4A. Video editor: Highlight the NG panel under PSS showing reduced red signal compared to None
8.3.3. LAB MEDIA: Figure 4A. Video editor: Highlight the OG panel under None showing strong red fluorescence
8.4. The osmolarity glucose-induced increase in intracellular reactive oxygen species was reduced following the application of shear stress [1].
8.4.1. LAB MEDIA: Figure 4A. Video editor: Compare the OG panels under None and PSS, showing reduced red signal in PSS
8.5. Quantitative analysis showed that shear stress significantly reduced reactive oxygen species levels under normal glucose conditions [1], while osmolarity glucose conditions significantly increased reactive oxygen species levels compared to normal glucose [2], and shear stress significantly decreased reactive oxygen species levels under osmolarity glucose conditions [3].
8.5.1. LAB MEDIA: Figure 4B. Video editor: Highlight the NG bars for None and PSS showing a lower value in PSS
8.5.2. LAB MEDIA: Figure 4B. Video editor: Highlight the OG None bar showing a higher value compared to NG
8.5.3. LAB MEDIA: Figure 4B. Video editor: Highlight the OG PSS bar showing a lower value than OG None
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