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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?  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?  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.

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/YYYY02/25/2025

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:  30
Number of Shots:  55

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud.
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Sulaiman Al-Hashmi: The research scope is to develop an advanced bioactive wound dressing designed for effective chronic wound management. The scaffold will ensure controlled degradation and efficient local delivery of EVs. 
What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter 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 30 or fewer words.

1.6. What research gap are you addressing with your protocol?

1.7. Fatemeh Jamshidi-adegani:  The current protocol aims to overcome the limitations of conventional wound dressings in managing chronic inflammation, particularly the lack of controlled degradation and timely EV release.

What advantage does your protocol offer compared to other techniques?
1.8. Fahad Al-Fahdi: This protocol offers a tunable approach to deliver therapeutic agents, including genes, in a timely manner for various applications.
How will your findings advance research in your field?
1.9. Enter 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 30 or fewer words.
What new scientific questions have your results paved the way for?
1.10. Saeid Vakilian: Our results provide new insights into customizing scaffolds for various wound types and enhancing regenerative therapies by loading EVs with specific bioactive molecules
What research questions will your laboratory focus on in the future?
1.11. Sulaiman Al-Hashmi: Our lab is going to build up a translational research platform to address diabetic wound healing. 

Ethics Title Card
This research has been approved by the Animal Ethics Committee of the University of Nizwa


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. Mesenchymal Stem Cell (MSCs) Culture and Extracellular Vesicle (EV) Isolation for Wound Management 
Demonstrator: Fatemeh Jamshidi-adegani	

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, rapidly thaw a vial of mesenchymal stem cells in a 37-degree Celsius water bath [1]. Remove the vial when a small ice fragment remains [2]. Centrifuge the cells at 200 g for 5 minutes at room temperature [3].
2.1.1. WIDE: Talent places a vial of mesenchymal stem cells in a 37-degree Celsius water bath 
2.1.2. Talent removing it as soon as a small ice fragment remains.
2.1.3. Talent placing the vial in a centrifuge. 

2.2. Aspirate the supernatant and resuspend the cell pellet in 1 milliliter of pre-warmed complete medium [1]. Then transfer the cells into a T25 (T-Twenty-five) flask containing 4 milliliters of complete medium [2]. 
2.2.1. Talent aspirating the supernatant from the centrifuge tube and resuspending the cell pellet in pre-warmed complete medium 
2.2.2. Shot of the suspension being transferred into a T25 flask with 4 mL complete medium.
2.3. Gently tilt the T25 flask to ensure the cells are evenly distributed [1]. Incubate the flask at 37 degrees Celsius with 5% carbon dioxide [2-TXT].
2.3.1. Talent tilting the flask gently to distribute the cells evenly.
2.3.2. Talent placing the flask in an incubator set to 37 degrees Celsius with 5% carbon dioxide. TXT: Replace medium every 2 days
2.4. When the cells have reached 70% to 80% confluence, aspirate the spent medium from the T25 flask [1]. Add 3 milliliters of fresh PBS to the flask to remove any residual cells [2]. 
2.4.1. Talent aspirating spent medium from the T25 flask.
2.4.2. Talent pipettes 3 mL fresh PBS into the flask. 

2.5. Next, add 1 milliliter of 0.25% trypsin solution to flask and incubate [1-TXT]. Monitor the detachment under the microscope at 4X magnification [2].
2.5.1. Talent adding 1 mL trypsin solution to the T25 flask. TXT: Incubation: 37 °C ,3 - 7 min
2.5.2. SCOPE: Cells detaching under 4x magnification during incubation at 37 degrees Celsius.
Authors: Please create scope videos of the shots labeled as SCOPE and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20668068

2.6. Now, add 4mL pre-warmed complete medium to the flask and pipette up and down over the surface to aid detachment [1]. Then transfer the cell suspension into a 15-milliliter centrifuge tube [2-TXT]. 	Comment by Sulakshana Karkala: AUTHORS: Please specify the volume added. 
2.6.1. Talent adding complete medium and pipettes the suspension up and down. 
2.6.2. Talent transferring the cell suspension into a centrifuge tube. TXT: Centrifugation: 200 x g, 5 min, RT

2.7. After centrifugation, resuspend the cell pellet in fresh complete medium and count the cells [1-TXT]. Then, transfer the cells to a T75 flask with a seeding density of 5,000 cells per square centimeter [2].
2.7.1. Talent resuspending the cell pellet in complete medium. TXT: Perform cell count using a Neubauer hemocytometer
2.7.2. Talent seeding the cells into a T75 flask.

2.8. Incubate the T75 flask at 37 degrees Celsius with 5% carbon dioxide [1]. After 72 hours, collect the conditioned medium from the cells for extracellular vesicle isolation [2-TXT]. 
2.8.1. Talent placing the T75 flask in an incubator. 
2.8.2. Talent collecting conditioned medium from the T75 flask. TXT: Use medium immediately after collection 

2.9. To isolate the extracellular vesicles or EVs (ee-vees), centrifuge the 13 milliliters of collected conditioned media at 800 g for 15 minutes to remove cellular debris [1]. Use a 0.22-micrometer syringe filter to filter the supernatant gently and remove large particles [2].
2.9.1. Talent placing the conditioned media in the centrifuge and setting the spin parameters. 
2.9.2. Shot of the supernatant being filtered through a 0.22-micrometer syringe filter.

2.10. Now, add 5 milliliters of precipitation buffer to the filtered conditioned media [1]. Vortex the mixture thoroughly to ensure it is homogenous [2].
2.10.1. Talent adding precipitation buffer to the filtered media using a pipette.
2.10.2.  Talent vortexing the mixture until thoroughly mixed.

2.11. Incubate the mixture overnight at 4 degrees Celsius to allow extracellular vesicles to precipitate [1]. Then centrifuge the mixture at 3,220 g for 30 minutes at 20 degrees Celsius, ensuring the tubes are balanced [2].
2.11.1. Talent placing the mixture in a refrigerator set to 4 degrees Celsius.
2.11.2. Talent operating the centrifuge for 30 minutes at 3,220 times gravity and 20 degrees Celsius.
2.12. Carefully discard the supernatant without disturbing the pellet and centrifuge again for 5 seconds [1]. Now, gently resuspend the EV pellet in 200 microliters of PBS to avoid damaging the vesicles [2]. 
2.12.1. Talent pipetting out the supernatant without disrupting the pellet. 
2.12.2. Talent gently resuspending the pellet in 200 μL of PBS using a pipette.

2.13. Perform Western blotting to detect extracellular vesicle-specific markers including CD63 (C-D-sixty-three), CD81(C-D-eighty-one), and CD9 (C-D-nine)[1]. 
2.13.1. Talent looking at Western blot results showing markers CD63, CD81, and CD9 bands.
3. 3D Bioprinting of Alginate-Carboxymethyl Cellulose Alginate Lyase Scaffold Structure
[bookmark: _GoBack]Demonstrator: Fahad Al-Fahdi/Saeid Vakilian

3.1. Prepare a fresh 4.5% sodium alginate solution in sterile ultra-pure water [1]. Stir the solution overnight at 60 degrees Celsius to ensure complete dissolution [2].
3.1.1. Talent measuring sodium alginate and adding it to sterile ultra-pure water.
3.1.2. Talent places the sodium alginate solution on a stirrer at 60 degrees Celsius.

3.2. Next, dissolve carboxymethyl chitosancellulose in sterile ultra-pure water to achieve a 1.5% solution [1-TXT]. 
3.2.1. Talent dissolving carboxymethyl chitosancellulose in ultra-pure water. TXT: Stir overnight at 60 °C
3.3. Centrifuge the prepared bioinks at 3,220 g for 10 minutes to remove bubbles that may interfere with the printing process [1].
3.3.1. Talent placing the bioink solutions in a centrifuge. 

3.4. Now use a syringe mixer and mix 3 milliliters of the prepared sodium alginate solution with labeled EVs or the dye-only control [1-TXT]. Gently mix well to ensure a uniform suspension [2]. 
3.4.1. Talent adding labeled extracellular vesicles to 3 mL of the sodium alginate solution. TXT: EV Concentration: 0.01% (w/v)
3.4.2. Talent mixing the solution gently using a syringe mixer.

3.5. Use another syringe mixer to combine 1 milliliter of carboxymethyl chitosancellulose with freshly prepared alginate lyase solution in sterile ultra-pure water to achieve a final concentration of 0.5 milliunits/milliliter [1].
3.5.1. Talent combining carboxymethyl chitosancellulose and alginate lyase solution using a syringe mixer.

3.6. Simultaneously load the sodium alginate-EV bioink into the core part [1] and the carboxymethyl chitosancellulose-alginate lyase bioink into the sheath part of syringe setup [2-TXT]. 
3.6.1. Talent loading the sodium alginate-EV bioink into the core part.
3.6.2. Talent loading the carboxymethyl chitosancellulose-alginate lyase bioink into the sheath part of syringe setup. TXT: Let the bioinks rest for 15 min before printing

3.7. Launch the 3D-bioprinter software [1]. Select a Cylindrical shape with a Diagonal Infill Pattern to create the scaffold structure and set the cylinder diameter to 20 millimeters and the pore size to 1 millimeter [2].
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=20668068
3.7.1. SCREEN: The 3D bioprinter software is being launched. ‘
3.7.2. SCREEN: Cylindrical shape with a Diagonal Infill Pattern is being used to create a scaffold structure and the cylinder diameter and height are is being set adjusted to 20 mmand  1.10 mm, respectively. and theThe pore size to is being configured to 1 mm. 

3.8. Set the core and sheath nozzle pumping speeds to 1 millimeter per second [1]. Configure the moving speed to 6 millimeters per second and print four layers with a thickness of 0.25 millimeters per layer at room temperature [2].
3.8.1. SCREEN: The core and sheath nozzle pumping speeds are being set to 1 mm/s with a perimeter of 0.
3.8.2. SCREEN: Thickness is being set to 0.25 mm/layer, and The the moving infill speed is being set adjusted to 6 mm/s and thickness is being set to 0.25 mm/layer. 

3.9. Begin printing the scaffold on polyester film [1]. Use a humidifier with aerosol calcium chloride to cross-link the scaffold during the extrusion process [2-TXT]. 
3.9.1. Shot of the 3D-bioprinter printing on polyester film.
3.9.2. Talent setting up a humidifier. TXT: Aerosol CaCl2: 2.2%

3.10. Position the humidifier nozzle approximately 20 centimeters away from the extrusion head to ensure effective cross-linking [1]. Immerse the scaffold in 2.2% calcium chloride solution for 10 minutes to complete cross-linking [2].
3.10.1. Talent positioning the humidifier nozzle 20 centimeters from the extrusion head.
3.10.2. Talent immersing the scaffold in calcium chloride solution.

3.11. Rinse the scaffold three times with sterile ultra-pure water to remove excess calcium chloride and non-bound bioink [1].
3.11.1. . Talent immersing the scaffold in sterile ultra-pure water.


4. Tracking Extracellular Vesicle (EVs) Release in Wound Healing
Demonstrator: Sulaiman Al-Hashmi
4.1. Shave the dorsal skin on an anesthetized Akita diabetic mouse with an electric clipper, avoiding skin irritation or injury [1-TXT]. Sterilize the shaved area with povidone-iodine solution [2].
4.1.1. Talent shaving the dorsal skin area of the mouse using an electric clipper. TXT: Anesthesia: Ketamine (70 mg/kg) and xylazine (10 mg/kg) injection (i.p)
4.1.2. Talent applying povidone-iodine solution to sterilize the shaved area.

4.2. Now use a sterile scissorseizer  to create a 6-millimeter circular full-thickness cutaneous wound on the dorsal surface of each mouse [1].	Comment by Sulakshana Karkala: AUTHORS: Did you mean scissors?
4.2.1. Talent creating a circular wound on the mouse's dorsal surface.

4.3. Gently place the 3D bioprinted scaffold containing PKH (P-K-H) -labeled extracellular vesicles onto the wound bed [1]. Ensure the scaffold fully covers the wound surface and press lightly with sterile forceps to minimize air pockets [2].
4.3.1. Shot of the 3D bioprinted scaffold being placed directly onto the wound bed.
4.3.2. Talent pressing the scaffold lightly with sterile forceps to eliminate air pockets.

4.4. Transfer anesthetized mice to the IVIS (eye-vis) imaging system at 2 hours, 4 hours, 8 hours, and 24 hours post-implantation [1-TXT]. Adjust the excitation wavelength to approximately 551 nanometers and the emission wavelength to approximately 567 nanometers for the PKH dye [2].
4.4.1. Talent transferring mice to the IVIS system for imaging at specified time points. TXT: Anesthesia: Isoflurane inhalation (2 - 3%)
4.4.2. SCREEN: The excitation wavelength is being set at 551 nm and emission wavelength at 567 nm.

4.5. Use the IVIS system to capture fluorescent signals from the PKH-labeled extracellular vesicles released from the scaffold [1]. In the imaging wizard, select the Fluorescence Imaging option and activate the excitation and emission filters for the PKH dye [2]. 
4.5.1. SCREEN: The fluorescent signals from the PKH-labeled extracellular vesicles are being released from the scaffold. 
4.5.2. SCREEN: The Fluorescence Imaging option is being clicked and the excitation and emission filters for PKH dye are being activated. 

4.6. Adjust the camera settings, including the field of view and subject height, to optimize signal detection [1-TXT]. Start acquiring images and save the resulting data [2].
4.6.1. SCREEN: The camera settings are being adjusted including the field of view and subject height. TXT: Ensure consistent positioning across all imaging time points
4.6.2. SCREEN: The images are being acquired and data are being auto-saved. 
4.6.3. SCREEN: The fluorescent signals from the PKH-labeled extracellular vesicles are being released from the scaffold.  
SCREEN: The images are being acquired and data is being saved. 



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: 31
· Please note that the video cannot include voiceover without an accompanying visual.

5. Representative Results 
5.1. The alginate-EVs in carboxymethyl chitosancellulose-alginate lyase scaffold exhibited a more rapid release profile compared to alginate-EVs in only carboxymethyl chitosancellulose, particularly at the 2 and 4-hour time points [1]. 
5.1.1. LAB MEDIA: Figure 1 B and C 
Video Editor: Please emphasize the images under 2h and 4 h of “Alg-EVs/CMCh-AlgLyase” and “ Alg-EVs/CMCh” of Figure 1 B and the dots corresponding to “Alg-EVs/CMCh-AlgLyase” and “ Alg-EVs/CMCh of Figure 1C
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