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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
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.
Enter make and model of microscope.
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?  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.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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:  26
Number of Shots:  42 

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

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
Answers will be slightly edited in accordance with journal guidelines.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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 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 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.


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

Ethics Title Card
This research has been approved by the Naval Medical University Animal Ethics Committee


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· 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. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Ex Vivo Everted Gut-Sac Preparation
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, obtain intact intestinal tissue from fasted 8-week-old Sprague–Dawley rats under sterile conditions [1], and immediately transfer it into ice-cold oxygenated Tyrode’s solution [2].
2.1.1. WIDE: Talent picking up the isolated intestinal tissue from a dish.
2.1.2. Talent placing the tissue into a container filled with cold tyrode’s solution.

2.2. Select an 8 centimeter intestinal segment located 10 centimeters distal to the pylorus as the duodenal segment [1].
2.2.1. Talent pointing and picking an 8 centimeter intestinal segment located 10 centimeters distal to the pylorus as the duodenal segment.

2.3. Then, collect an 8 centimeter jejunal segment starting 16 centimeters distal to the duodenal segment [1].
2.3.1. Talent pointing to and collecting an 8 centimeter jejunal segment starting 16 centimeters distal to the duodenal segment.

2.4. Next, obtain an 8 centimeter ileal segment starting a further 16 centimeters distal to the jejunal segment [1].
2.4.1. Talent pointing to and picking up an 8 centimeter ileal segment starting a further 16 centimeters distal to the jejunal segment.

2.5. For the colon, isolate an 8 centimeter segment located 5 centimeters proximal to the cecal blind end [1].
2.5.1. Talent pointing to and isolating an 8 centimeter colonic segment located 5 centimeters proximal to the cecal blind end.

2.6. Now, using a 2-milliliter syringe, rinse the intestinal lumen with ice-cold, oxygenated Tyrode's solution [1].
2.6.1. Talent rinsing the intestinal lumen with a 2 milliliter syringe filled with ice-cold, oxygenated Tyrode's solution.

2.7. Dispose of the effluent following institutional biohazard waste protocols to maintain sterility and prevent contamination [1].
2.7.1. Talent disposing of the effluent in a container labeled ‘biohazard waste’.

2.8. Now, obtain a 4-millimeter polished glass rod with smooth surface to prevent mucosal tearing [1]. Insert the proximal end of the intestinal segment onto the rod and advance it carefully [1]. 
2.8.1. Shot of the smooth surface of the 4 millimeter polished glass rod.
2.8.2. Talent inserting the proximal end of the intestinal segment onto a 4 millimeter polished glass rod and advancing it carefully.


2.9. Using a 2-0 (2-oh) silk suture, tie the distal end of the intestinal segment to secure the tissue onto the rod and confirm that the tissue remains stable [1].
2.9.1. Talent tying the distal end of the intestinal segment with a 2-0 silk suture onto the rod.

2.10. Gently evert the intestinal segment by sliding the tissue along the rod until the mucosa is completely exposed [1]. Avoid excessive stretching or twisting to maintain tissue integrity [2].
2.10.1. Talent gently everting the intestinal segment by sliding the tissue along the rod.
2.10.2. Shot of pointing to the fully exposed mucosal surface without visible stretching or twisting.

2.11. Next, instill 2 milliliters of ice-cold Tyrode's solution into the lumen to check for leakage [1]. Ensure the leakage, if any, is less than 5 percent within 1 minute [2]. If leakage is detected, adjust the sutures and verify complete inversion of the mucosal surface [3].
2.11.1. Talent instilling 2 milliliters of ice-cold Tyrode's solution into the lumen.
2.11.2. Shot of the talent pointing to the intestinal segment showing no leakage.
2.11.3. Talent adjusting sutures and inspecting the mucosal surface for proper inversion.

2.12. Then, insert a 5 centimeter length of 3 millimeter glass capillary into the open end of the everted segment to serve as the inlet for perfusion [1]. Advance the cannula gently to avoid mucosal tears [2].
2.12.1. Talent inserting a 5 centimeter length of 3 millimeter glass capillary into the open end of the everted segment.
2.12.2. Talent gently advancing the glass capillary into position.

2.13. Using 2-0 silk sutures, secure the cannula in place, ensuring that the cannula remains fixed without collapsing or obstructing fluid flow [1].
2.13.1. Talent securing the cannula with 2-0 silk sutures.

2.14. Apply gentle tension to the sutures to maintain the proper shape of the gut sac [1]. Prevent kinking or twisting to ensure uninterrupted perfusion and accurate absorption [2].
2.14.1. Talent applying gentle tension to the sutures to shape the gut sac.
2.14.2. Shot of pointing to the gut sac maintained without kinking or twisting.

2.15. Maintain uniform tension and regularly examine the everted gut sac for leakage or structural damage [1]. If leakage exceeds 5 percent, repair or replace the segment before continuing [2].
2.15.1. Talent inspecting the everted gut sac for leakage or damage.
2.15.2. Talent repairing or adjusting the intestinal segment.


3. Ex Vivo Incubation of Everted Gut Sacs with AAV9-CMV-EGFP Virus and GZNG
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Place each everted sac into a 7-milliliter conical tube containing 4 milliliters of oxygenated Tyrode's solution tempered at 37 degrees Celsius [1].
3.1.1. Talent placing everted sac into a 7 milliliter conical tube containing 4 milliliters of 37 degrees Celsius oxygenated Tyrode's solution.

3.2. Next, add fresh oxygenated Tyrode’s solution tempered at 37 degrees Celsius into three tubes [1]. Add 1 x 1011 viral genomes per milliliter recombinant virus to the first tube [2], add GZNG to a final concentration of 200 milligrams per milliliter to the second tube [3], and add both the recombinant virus and GZNG to the third tube [4].	Comment by Poornima  G: Authors: What volume of buffer do you typically take?
3.2.1. Talent placing three tubes on the work surface and adding oxy-Tyrode’s solution tempered at 37 degrees Celsius into each tube. 
3.2.2. Talent adding recombinant virus alone into the first tube labelled ‘Virus only’. TXT: AAV9-CMV-EGFP: Adeno-Associated Virus 9 with Cytomegalovirus promoter-driven Enhanced Green Fluorescent Protein 	Comment by Poornima  G: Authors: Please check if this is correct
3.2.3. Talent adding GZNG into the second tube labelled ‘GZNG control’.
3.2.4. Talent adding both recombinant virus and GZNG into the third tube labelled ‘Virus + GZNG’.  

3.3. Now, dispense the prepared viral and control solutions to each experimental tube according to the assigned condition [1].
3.3.1. Talent adding viral solution to the conical tubes.

3.4. Incubate statically at 37 degrees Celsius for 2 hours with continuous bubbling of a gas mixture of 95 percent oxygen and 5 percent carbon dioxide into the solution [1].
3.4.1. Talent placing the conical tubes into the incubator with bubbling facility for static incubation.

3.5. Withdraw 50 microliters of serosal fluid from each gut sac at 0, 30, 60, 90, and 120 minutes using a calibrated microsyringe [1]. Ensure accurate sampling without introducing air bubbles [2].
3.5.1. Talent withdrawing 50 microliters of serosal fluid from a gut sac using a calibrated microsyringe.
3.5.2. Shot of the sample showing no air bubbles.

3.6. Immediately replace the withdrawn fluid with 50 microliters of prewarmed Tyrode's solution tempered at 37 degrees Celsius to maintain osmotic balance and internal volume [1]. 
3.6.1. Talent adding 50 microliters of prewarmed Tyrode's solution into the gut sac.

4. Sample Processing and Downstream Molecular and Histological Analysis
Demonstrator: Click here to enter name of demonstrator(s) 
Authors: This section is added to give the viewers a brief idea of what is done next and to give context to the results. You need not have actually sample for PCR/microscopy. These are representative shots
4.1. Extract total DNA from the serosal fluid using an appropriate genomic DNA extraction method [1]. Quantify viral genome copies by performing quantitative PCR using appropriate standards [2].
4.1.1. Talent adding the fuild to a column of DNA extraction kit.
4.1.2. [bookmark: _Hlk164193060][bookmark: _Hlk159527170][bookmark: _Hlk162445066]Talent loading samples into a quantitative polymerase chain reaction machine. Videographer: Please obtain multiple reusable shots for this step. It will be used again

4.2. Process the gut sacs and cut the tissue into uniform fragments [1].
4.2.1. Talent cutting intestinal tissue into uniformly sized fragments using surgical scissors.

4.3. Fix the tissue samples in paraformaldehyde to preserve cellular structure [1]. Embed the tissues and perform hematoxylin and eosin staining to assess morphology and structural integrity [2].
4.3.1. Talent placing tissue samples into paraformaldehyde solution for fixation.
4.3.2. Talent adding hematoxylin and eosin stain to the embedded sample section.

4.4. Use the remaining tissue for fluorescence microscopy to evaluate EGFP expression [1] and perform DNA extraction followed by quantitative PCR to quantify viral genome copies [2].
4.4.1. Talent placing the samples under a fluorescence microscope.
4.4.2. Reuse 4.1.2.
Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· 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: 190.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Brightfield images of the duodenum, jejunum, ileum, and colon showed normal histological architecture [1].
5.1.1. LAB MEDIA: Figure 1ABCD. Video editor: Show the top row of tissue images and sequentially highlight the 4 panels labelled A, B, C, and D when VO says duodenum, jejunum, ileum, and colon.

5.2. Corresponding fluorescence images showed clear EGFP expression in all the 4 segments, with the signal predominantly localized to intestinal epithelial cells lining the lumen [1].
5.2.1. LAB MEDIA: Figure 1EFGH. Video editor: Highlight green signals in the images

5.3. Negative control tissues showed no EGFP expression [1].
5.3.1. LAB MEDIA: Figure 1IJKL. 


5.4. Jejunal AAV9-CMV-EGFP titers peaked at 90 minutes post-administration [1]. The jejunal titers [2] exceeded duodenal titers [3] suggesting that the jejunum is a more efficient site for viral uptake [4]. Notably, increasing the external viral concentration increased peak titers in the jejunum, indicating that the transduction rate can be modulated by adjusting the viral dose [5].
5.4.1. LAB MEDIA: Figure 2A. Video editor: Highlight the blue jejunum line at the 90 min time point on X axis
5.4.2. L AB MEDIA: Figure 2A. Video editor: Highlight the blue jejunum line
5.4.3. LAB MEDIA: Figure 2A. Video editor: Show the red duodenum line
5.4.4. L AB MEDIA: Figure 2A. Video editor: Highlight the blue jejunum line
5.4.5. LAB MEDIA: Figure 2A. Video editor: Highlight the green line labelled jejunum 10X

5.5. Intentional disruption of the ileal barrier at 30 minutes [1] led to equilibration of intra- and extraluminal titers thereafter [2].
5.5.1. LAB MEDIA: Figure 2B. Video editor: Point to the black arrow at 30 minutes
5.5.2. LAB MEDIA: Figure 2B. Video editor: Highlight where the yellow ileum line and brown AAV solution line come together after 30 minutes in the 60, 90 and 120 min points


5.6. The effect of GZNG treatment on AAV9 absorption and gene expression in the jejunum was tested. The qPCR analysis showed that co-treatment with GZNG significantly increased the number of EGFP DNA copies in jejunal tissues, with a tenfold increase [1] compared with controls [2].
5.6.1. LAB MEDIA: Figure 4A. Video editor: Highlight the GZNG bar
5.6.2. LAB MEDIA: Figure 4A. Video editor: Highlight the control bar

5.7. Co-incubation with GZNG significantly enhanced the absorption of AAV9-CMV-EGFP in jejunal sacs over time [1] compared with controls [2].
5.7.1. LAB MEDIA: Figure 4B. Video editor: Highlight the blue GZNG line
5.7.2. LAB MEDIA: Figure 4B. Video editor: Highlight the red control line
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