

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 71713
Scriptwriter Name: Pallavi Sharma
Project Page Link: https://review.jove.com/files_upload.php?src=21872513

Title: Fabrication of a Vertically Stacked Dentin–Pulp Complex Organ-on-a-Chip Device Using a Human Dentin Disc

Authors and Affiliations: 
Cristina Bucchi1,2, Josefa Baeza-Fernández3, Diego Benavente4, Sebastian Arteaga2, Karina Godoy5, Mauricio Zamorano1,6

[bookmark: _heading=h.x0dj5cpkimip]1Center of Excellence in Physics and Engineering in Health, Universidad de La Frontera
2Faculty of Dentistry, Universidad de La Frontera
3Master in Dentistry Program, Faculty of Dentistry, Universidad de La Frontera
4Center for Science and Technology of Valparaíso (CCTVal), Universidad Técnica Federico Santa María
5Scientific and Technological Bioresource Nucleus (BIOREN), Universidad de La Frontera
6Department of Chemical Engineering, Faculty of Engineering and Sciences, Universidad de La Frontera



☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Mauricio Zamorano 			(mauricio.zamorano@ufrontera.cl)

Email Addresses for All Authors: 

Mauricio Zamorano 			(mauricio.zamorano@ufrontera.cl)
Cristina Bucchi 			(cristina.bucchi@ufrontera.cl)
Josefa Baeza-Fernández 		(j.baeza02@ufromail.cl)
Diego Benavente 			(diego.benavente@usm.cl )
Sebastian Arteaga 			(s.arteaga01@ufromail.cl)
Karina Godoy 				(Karina.godoy@ufrontera.cl)
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 Content Manager, Utkarsh Khare. 

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:  xx
Number of Shots:  xx 

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
1. 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.
1. Enter the full name of the author who will deliver the statement.
1. Speak naturally and avoid reading the lines.
1. Limit the length of each statement to 20 words or fewer.
1. 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.
0. 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.
0. 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.
0. 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. 
0. 
0. 
0. 
0. 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.
0. 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?
0. 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.
0. 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.
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1. 

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.) with purple font 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 the videographer will capture. 

1. Fabrication of the Microstructured Mold
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.
1.1. To begin, prepare the biopsy punches before the device assembly [1].
1.1.1. WIDE: Talent preparing the biopsy punches on the workbench. 
1.2. Perform all fabrication procedures in a clean, dust-free environment [1]. Wear gloves, protective eyewear, and the appropriate personal protective equipment throughout the device fabrication and assembly [2].
1.2.1. Talent cleaning the workspace.
1.2.2. Talent wearing gloves, protective eyewear, and the appropriate personal protective equipment before beginning the procedure.
1.3. Fabricate the microstructured mold on a 4-inch, single-side polished silicon wafer [1]. Clean the wafer sequentially in acetone, isopropanol, and ultrapure water for 10 minutes each under ultrasonication [2]. Then, dry the wafer with compressed air [3].
1.3.1. Talent handling the silicon wafer for mold fabrication.
1.3.2. Talent placing the wafer into the cleaning solutions under ultrasonication.
1.3.3. Talent drying the wafer with compressed air.
1.4. Bake the wafer at 200 degrees Celsius for 10 minutes on a hot plate to remove the residual moisture [1]. Allow the wafer to cool to room temperature [2]
1.4.1. Talent placing the wafer onto the hot plate.
1.4.2. Shot of the wafer cooling to room temperature.
2. Photolithographic Patterning of the Master Mold
Demonstrator: Click here to enter name of demonstrator(s) 
2.1. Activate the silicon wafer surface using a vacuum plasma cleaner operated with air plasma at level 7 for 120 seconds [1].
2.1.1. Talent placing the silicon wafer into the vacuum plasma cleaner.
2.2. Spin coat GM 1060 (G-M-One-Zero-Six-Zero) epoxy-based negative photoresist at 300 rpm for 10 seconds [1], then 565 rpm for 100 seconds, and finally 965 rpm for 1 second, with an acceleration of 200 rpm per second [2].
2.2.1. Talent applying the GM 1060 epoxy-based negative photoresist onto the silicon wafer using the spin coater.
2.2.2. Talent setting the parameters.
2.3. Then, allow the coated wafer to rest for 10 minutes [1].
2.3.1. Shot of the coated wafer resting on the workbench.
2.4. Perform a pre-bake at 65 degrees Celsius for 10 minutes, then at 95 degrees Celsius for 1 hour, followed by cooling the wafer at room temperature [1].
2.4.1. Talent placing the coated wafer onto the hot plate and setting the temperature.
2.5. Next, expose the photoresist using a direct laser lithography system at a dose of 1,950 millijoules per square centimeter [1].
2.5.1. Talent placing the wafer into the direct laser lithography system.
2.6. Perform a post-bake at 65 degrees Celsius for 10 minutes. Continue the post-bake at 95 degrees Celsius for 30 minutes [1].
2.6.1. Talent placing the wafer onto the hot plate.
2.7. Then, allow the wafer to cool to room temperature. Let it rest for 10 minutes. [1].
2.7.1. Shot of the wafer cooling to room temperature.
2.8. Develop the pattern in propylene glycol monomethyl ether acetate for 4 minutes. If residual photoresist remains, extend development in 30-second increments [1]. Stop the development by rinsing the wafer with isopropanol [2].
2.8.1. Talent immersing the wafer in propylene glycol monomethyl ether acetate for pattern development.
2.8.2. Talent rinsing the wafer with isopropanol.
2.9. Once the wafer is dried, perform a hard bake at 135 degrees Celsius for 2 hours [1].
2.9.1. Talent placing the wafer onto the hot plate for the hard bake.
2.10. Obtain a microstructured master mold containing microchannels measuring 1 millimeter in width and 50 micrometers in height [1].
2.10.1. Shot of the completed microstructured master mold showing the fabricated microchannels.
3. Preparation and Degassing of the PDMS Mixture
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Mix the polydimethylsiloxane or PDMS (P-D-M-S) base and curing agent at a 10 to 1 weight ratio [1]. Using a glass rod, stir the mixture in the plastic beaker for approximately 5 minutes, maintaining slow, continuous circular motions [2].
3.1.1. Talent adding the polydimethylsiloxane base and the curing agent into a plastic beaker.
3.1.2. Talent stirring the polydimethylsiloxane mixture with a glass rod in slow, continuous circular motions.
3.2. Dispense approximately 8 grams of the PDMS mixture around the dentin disc to fabricate the dentin embedding layer [1]. Adjust the height of the PDMS to the dentin disc thickness, ensuring it does not cover the dentin surface [2].
3.2.1. Talent dispensing approximately 8 grams of the polydimethylsiloxane mixture around the dentin disc.
3.2.2. Talent adjusting the height of the polydimethylsiloxane to match the dentin disc thickness.
3.3. Then, dispense approximately 0.26 grams of the PDMS mixture into each mold unit to fabricate each microchannel layer [1]. Place the PDMS mixture in a vacuum desiccator connected to a vacuum pump and degas at approximately 700 millimeters of mercury for 5 minutes [2].
3.3.1. Talent dispensing approximately 0.26 grams of the polydimethylsiloxane mixture into each mold unit.
3.3.2. Talent places the polydimethylsiloxane mixture into the vacuum desiccator and applies a vacuum.
3.4. Briefly release the vacuum to allow surface bubbles to burst. Reapply the vacuum. Repeat this cycle until no visible bubbles remain [1].
3.4.1. Talent briefly releases the vacuum from the desiccator and reappplies it.

4. Casting and Curing of PDMS 
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Place the mold on a flat surface [1] and clean it with compressed air, avoiding contact with the patterned surface. Ensure it is free of dust and contaminants [2].
4.1.1. Talent placing the mold on a flat work surface.
4.1.2. Talent cleaning the mold with compressed air.
4.2. Pour the degassed PDMS mixture onto the mold [1]. Cover the mold with a lid or a flat cover, ensuring it does not contact the PDMS surface [2].
4.2.1. Talent pouring the degassed polydimethylsiloxane mixture onto the mold.
4.2.2. Talent placing a lid or a flat cover over the mold without touching the polydimethylsiloxane surface.
4.3. Gently tap the mold or apply vibration to facilitate filling of the microstructures and allow the PDMS to settle into the smallest features [1].
4.3.1. Talent gently tapping the mold or applying vibration.

4.4. Position the dentin disc on a silicon wafer placed over a polytetrafluoroethylene or PTFE (P-T-F-E) base [1]. Using the tip of a tweezer, hold the dentin disc in position with gentle downward pressure [2].
4.4.1. Talent positioning the dentin disc on the silicon wafer over the polytetrafluoroethylene base.
4.4.2. Talent holding the dentin disc in position using the tip of a tweezer.
4.5. Pour the degassed PDMS around the dentin disc in small increments, ensuring it doesn’t overflow onto the surface [1]. Ensure intimate contact between the dentin disc and the surrounding polydimethylsiloxane [2].
4.5.1. Talent pouring the degassed polydimethylsiloxane around the dentin disc.
4.5.2. Close-up showing intimate contact between the dentin disc and the surrounding polydimethylsiloxane.
4.6. Place the molds in an oven at 50 degrees Celsius and cure the PDMS for 4 hours [1].
4.6.1. Talent placing the molds into the oven.
4.7. Gently peel the cured PDMS layers from the mold, taking care not to damage the microstructures [1]. 
4.7.1. Talent carefully peels the cured polydimethylsiloxane layers from the mold.
5. Bonding of the PDMS Layers and Fabrication of Inlet and Outlet Ports
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. Using a 1-millimeter biopsy punch, create perforations at the designated inlet and outlet locations with the microchannel side facing upward during punching [1].
5.1.1. Talent creating perforations at the designated inlet and outlet locations using a 1 millimeter biopsy punch. 
5.2. Create two perforations in the top layer corresponding to the upper microchannel [1].
5.2.1. Talent creates two perforations in the top polydimethylsiloxane layer corresponding to the upper microchannel.
5.3. Clean the PDMS layers using isopropyl alcohol or ethanol [1]. Use sterile adhesive tape to remove dust particles. Ensure all bonding surfaces are free of contaminants before assembly [2].
5.3.1. Talent cleaning the polydimethylsiloxane layers with isopropyl alcohol or ethanol.
5.3.2. Talent removing the residual dust particles from the polydimethylsiloxane layers using sterile adhesive tape.
5.4. Position the top and middle PDMS layers for the plasma treatment [1]. Activate the surfaces using a handheld corona plasma treater operating at approximately 25 watts, with ambient air as the working gas [2]. Maintain a working distance of about 1 millimeter between the plasma source and the PDMS surface [3].
5.4.1. Talent positioning the top and middle polydimethylsiloxane layers for the plasma treatment.
5.4.2. Talent activating the polydimethylsiloxane surfaces using the handheld corona plasma treater.
5.4.3. Close-up of the handheld corona plasma treater maintained approximately 1 millimeter above the polydimethylsiloxane surface.
5.5. Activate the plasma treatment device and allow it to stabilize for 5 seconds [1]. Verify the generation of a uniform plasma beam before the treatment [2].
5.5.1. Talent activating the plasma treatment device.
5.5.2. Close-up of the uniform plasma beam generated by the device.
5.6. Treat the top and middle PDMS layers for 10 seconds each with a continuous back-and-forth motion at about 5 millimeters per second [1]. Apply an additional 1-second plasma treatment to the top layer immediately before the bonding [2].
5.6.1. Talent treating the top and middle polydimethylsiloxane layer with the handheld corona plasma treater.
5.6.2. Talent applying the additional 1-second plasma treatment to the top polydimethylsiloxane layer.
5.7. Align the upper microchannel with the dentin disc immediately after the plasma treatment [1]. Bond the top and middle layers together [2]. Place the bonded assembly in an oven at 75 degrees Celsius for 5 minutes to consolidate the bond [3].
5.7.1. Talent aligning the upper microchannel with the dentin disc.
5.7.2. Talent bonding the top and middle polydimethylsiloxane layers together.
5.7.3. Talent placing the bonded assembly into the oven.

6. Fabrication of Lower Microchannel Ports
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. Use a 1-millimeter biopsy punch to create two aligned perforations through the bonded top and middle PDMS layers for the lower microchannel [1]. Place the bonded assembly on a firm cutting mat before punching and apply steady downward pressure in a single motion [2].
6.1.1. Talent creating two perforations through the bonded top and middle polydimethylsiloxane layers using a 1 millimeter biopsy punch.
6.1.2. Talent placing the bonded assembly on a firm cutting mat and applying steady downward pressure 
6.2. Using lint-free sterile gauze moistened with isopropyl alcohol, remove the debris from the perforation sites [1]. Check the perforations and nearby bonded areas in good lighting. Confirm there are no delaminations, tears, or incomplete perforations before proceeding [3].
6.2.1. Talent removing the debris from the perforation sites using lint-free sterile gauze moistened with isopropyl alcohol.
6.2.2. Close-up of the perforations and the surrounding bonded areas under adequate lighting.
6.3. Once the bottom PDMS layer is treated, align the inlet and outlet ports of the lower microchannel with the perforations in the top and middle layers [1]. Bond the bottom layer to complete the device assembly [3].
6.3.1. Talent aligning the inlet and outlet ports of the lower microchannel with the perforations in the bonded top and middle layers.
6.3.2. Talent bonding the bottom polydimethylsiloxane layer to complete the device assembly.

Video editor: Use a title card to show the following information  
· Leak test the microfluidic device
· Culture dental pulp stem cells
· Evaluate cell viability through confocal microscopy

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: 125.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. After 24 hours of culture, adherent cells covered 54.35% of the dentin surface within the microchannel [1], whereas the dentin surface covered by PDMS remained free of cell attachment [2].
7.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the area with black asterisks
7.1.2. LAB MEDIA: Figure 2A. Video editor: Highlight the area with white astericks.
7.2. Cell viability was characterized by a predominance of viable cells with green fluorescence and fibroblastic morphology [1], with only occasional non-viable cells stained red [2].
7.2.1. LAB MEDIA: Figure 2B. Video editor: Highlight the green fluorescent elongated cells.
7.2.2. LAB MEDIA: Figure 2B. Video editor: Highlight the occasional red fluorescent cells.
7.3. A fixed mold incorporating a predefined recess was evaluated to position the dentin disc within the middle PDMS layer [1]. Manual cutting of the cured PDMS layer resulted in interfacial gaps between the disc margins and the PDMS edges, causing leakage in approximately 50% of the fabricated devices [2].
7.3.1. LAB MEDIA: Figure 3A. 
7.3.2. LAB MEDIA: Figure 3A. Video editor: Highlight the manually cut square recess indicated by the white arrows.
7.4. Application of a sealing material at the disc–PDMS interface spread onto the dentin surface and prevented cell adhesion in the covered regions [1].
7.4.1. LAB MEDIA: Figure 3B. Video editor: Highlight the light-colored regions marked by the white and black asterisks where cells are absent.
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