[bookmark: _Hlk161771130][bookmark: _Hlk161737265][image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 71188
Scriptwriter Name: Kathyayani Sridharan
Project Page Link: https://review.jove.com/account/file-uploader?src=21712388

Title: Assessing Murine Aortic Intrinsic Stiffness Using Pin Myography: A Translational Framework for Interrogating the Influence of the Circulating Milieu

Authors and Affiliations: 
Branden L. Nguyen1, Ravinandan Venkatasubramanian1, Mackenzie N. Kehmeier1, Ryan Calabrese1, Sharmila Bc1, Jenna Bowman1, Vienna E. Brunt2, Zachary S. Clayton1

1Division of Geriatric Medicine, Department of Medicine, School of Medicine, University of Colorado Anschutz
2Division of Renal Diseases and Hypertension, Department of Medicine, School of Medicine,  University of Colorado Anschutz


Corresponding Authors: 
[bookmark: _Hlk25233958]
Zachary S. Clayton 			Zachary.clayton@cuanschutz.edu


Email Addresses for All Authors: 

Branden L. Nguyen 			branden.nguyen@cuanschutz.edu
Ravinandan Venkatasubramanian 	ravinandan.venkatasubramanian@cuanschutz.edu
Mackenzie N. Kehmeier 		mackenzie.kehmeier@cuanschutz.edu
Ryan Calabrese 			ryan.calabrese@cuanschutz.edu
Sharmila Bc 				sharmila.bc@cuanschutz.edu
Jenna Bowman 			jenna.bowman@cuanschutz.edu
Vienna E. Brunt 			Vienna.brunt@cuanschutz.edu
Zachary S. Clayton 			Zachary.clayton@cuanschutz.edu




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?    Yes
If Yes, can you record movies/images using your own microscope camera? Yes
SCOPE shots: 2.1.2; 2.2.1; 2.2.2; 2.3.1; 2.3.2; 2.3.4; 3.4.4; 3.5.1;3.5.2;3.5.3; 3.8.2; 3.10.1

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
 

3. Filming location: Will the filming need to take place in multiple locations? No

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. Yes

Current Protocol Length
Number of Steps: 13
Number of Shots: 35

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

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Zachary Clayton: Our research focuses on using pin myography for the aortic elastic modulus assessment as a measure of intrinsic aortic stiffness.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research contexts or systems in which this protocol can be applied.
1.2. Zachary Clayton: This protocol applies to both mice and rats, enabling investigation into how intrinsic properties contribute to overall in vivo aortic stiffness.
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?
1.3. Branden Nguyen: This protocol allows researchers to measure both the contributions of collagen and elastin to aortic intrinsic stiffness.
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. Zachary Clayton: Accurate intrinsic aortic stiffness determination critically requires precise, consistent measurements of ring length, wall thickness, and diameter.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Branden Nguyen: Future studies can use this platform to determine how proteins, RNA, or extracellular vesicles directly affect aortic elastic modulus.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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




`Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.


What problem in your field of research does your JoVE article address?
1.6. Zachary S. Clayton, PhD, Assistant Professor, Division of Geriatric Medicine, University of Colorado Anschutz: (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What is the key takeaway you hope viewers remember after watching your video article?
1.7. Zachary S. Clayton, PhD, Assistant Professor, Division of Geriatric Medicine, University of Colorado Anschutz: (authors will present their testimonial statements live)
1.7.1. 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 the Institutional Animal Care and Use Committee (IACUC) at the University of Colorado Anschutz Medical Campus



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

NOTE: All Screen capture and Scope shots are filmed by the videographer
2. Mouse Aorta Dissection
Demonstrator: Branden Nguyen 
2.1. To begin, place the mouse in a dorsal recumbent position after anesthetizing with 2.5 percent inhaled isoflurane [1]. Following blood collection and secondary euthanasia, carefully remove the aorta from the arch to the abdominal segment [2].
2.1.1. WIDE: Talent positioning the anesthetized mouse in dorsal recumbency. Videographer: Please obtain CU shot as well for this shot.
2.1.2.  Show careful dissection and removal of the aorta from the aortic arch to the abdominal aorta.
2.2. Place the aorta in cold physiological saline solution, or CPSS (C-P-S-S) [1]. Use Vannas Spring Scissors with 2.5-millimeter blades to remove all connective and perivascular adipose tissue [2].
2.2.1. Show placing the isolated aorta in CPSS.
2.2.2. SCOPE: Show using the Vannas Spring Scissors to remove connective and perivascular adipose tissue from the aorta. 
2.3. Carefully cut three 1-millimeter-wide aortic segments in the thoracic region just below the aortic arch [1]. Place two 1-millimeter aortic segments in a 1.5-milliliter tube containing CPSS [2] and store the tube at minus 80 degrees Celsius until stress-strain pin myography experiments [3]. Store the third segment in a cryomold filled with optimal cutting temperature compound for subsequent histological measurements [4].
2.3.1. SCOPE: Show cutting three 1 mm-wide aortic segments from the thoracic region below the aortic arch.
2.3.2. Show placing two aortic segments into a 1.5-milliliter tube filled with CPSS.
2.3.3. Talent placing the tube into storage at minus 80 degrees Celsius.
2.3.4. Show storing the third aortic segment separately for later histological measurements.

3. Stress-strain Pin Myography Experiments
Demonstrator: Zachary Clayton 
3.1. Preheat the chambers containing approximately 6 milliliters of PBS (P-B-S), to 37 degrees Celsius [1] and thaw the 1-millimeter frozen aortic segments [2].
3.1.1. Talent preheating the chambers containing phosphate-buffered saline to 37 degrees Celsius.
3.1.2. Talent thawing the frozen 1-millimeter aortic segments.
3.2. Next, place the calibration bridge on the myograph [1] so that the T-balance bar does not touch the pin connected to the force transducer of the pin myography chamber [2].
3.2.1. Talent placing the calibration bridge on the myograph.
3.2.2. Close-up of the T-balance bar positioned without touching the pin connected to the force transducer.
3.3. Ensure the force transducer pin is not subject to any force [1]. When the relative force is stable, place a 2-gram weight on the T-bridge so that the T-balance bar applies approximately 2 grams of force on the force transducer pin [2].
3.3.1. Talent checking that the force transducer pin is free of applied force. 
3.3.2. Talent placing a 2-gram weight on the T-bridge.
3.4. Confirm that the force readout is within 9.71 to 9.91 millinewtons to complete the calibration [1]. Determine the baseline micrometer reading [2] and record the initial value [3]. Use a dissection scope to determine the baseline micrometer distance at which the two parallel pins are nearly touching [4].
3.4.1. SCREEN: Show the force readout within 9.71 to 9.91 millinewtons.
3.4.2. Talent determining the baseline micrometer reading.
3.4.3. Talent recording the initial micrometer value.
3.4.4. SCOPE: Show the two parallel pins nearly touching while the baseline micrometer distance is determined.
3.5. Place the 1-millimeter aortic segment over the two pins [1]. Increase the pin width during mounting to create tension and prevent the aorta segment from being dislodged [2]. Use microcalipers to record the aortic segment width [3]. Next, connect the chamber unit to the pin myography system interface [4].
3.5.1. SCOPE: Show the aortic segment being placed over the two pins.
3.5.2. SCOPE: Show the pin width being increased to secure the aorta and prevent its dislodging. 
3.5.3. Show the measurement and record the width of the aortic segment using microcalipers.
3.5.4. Talent connecting the chamber unit to the pin myography system interface.
3.6. After connecting the chamber and mounting it on the pin myography system, return the micro positioner to the initial baseline position [1]. Increase the distance between the two pins by 1 millimeter from the initial baseline to stretch the aorta [2]. Next, return the pins to the initial micro-positioner reading to relax the aorta, then repeat the stretch-relax sequence 3 times [3].
3.6.1. Talent adjusting the micro positioner back to the initial position. 
3.6.2. Talent increasing the distance between the two pins by 1 millimeter to stretch the aorta.
3.6.3. Talent returning the pins to the initial micro positioner reading.
3.7. On the pin myography system interface, zero the force reading for each chamber in use [1]. To commence the stress-strain experiment, adjust the micro-positioner to increase the force reading to approximately 1 milliNewton [2].
3.7.1. SCREEN: Show the pin myography system interface as the force reading is zeroed for each chamber in use.
3.7.2. Talent adjusting the micro positioner until the force reading reaches approximately 1 millinewton.
3.8. After approximately 1 millinewton force equilibration for 3 to 5 seconds, record the new micro-positioner reading at approximately 1 millinewton force to obtain the first force reading [1]. Perform 5 clicks or hashes on the instrument to increase the micro positioner by 50 micrometers, allowing the aorta segment to stretch for 3 minutes [2]. Then, record the force [3].
3.8.1. Talent recording the new micro positioner reading after equilibration.
3.8.2. SCOPE: Show increasing the micro positioner by 50 micrometers.
3.8.3. Talent recording the force after 3 minutes.
3.9. Continue increasing the micro-positioner by 50 micrometers every 3 minutes [1] and record the force until the yield point is reached [2].
3.9.1. Talent increases the micro positioner by 50 micrometers.
3.9.2. Talent continuing the sequence until the yield point is reached.
3.10. Confirm the yield point by stretching the aorta an additional 50 micrometers after the initial yield point [1] to ensure that the force value remains decreased or is slightly above the yield point [2]. Continue the three-minute stretch increments until the yield point is confirmed, then conclude the experiment and begin data analysis [3].
3.10.1. SCOPE: Show increasing the stretch by an additional 50 micrometers after the initial yield point.
3.10.2. SCREEN: Show the force value remaining decreased or slightly above the yield point.
3.10.3. Representative shot of talent performing the analysis.
Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up

3.10.4. 

Results
4. Results 

4.1. Representative stress-strain curves show that older aortas require higher stress to reach maximum expansion than younger tissue [1]. 
4.1.1. LAB MEDIA: Figure 8A. Video editor: Please highlight the increase in height of the gray line in the stress-strain curves.
4.2. While the elastic modulus in the low-force elastin region is higher in younger tissue [1], the high-force collagen region exhibits a significantly higher elastic modulus in older tissue [2]. 
4.2.1. LAB MEDIA: Figure 8B. Video editor: Show the increased height of black bar relative to the grey bar in the elastin region graph.
4.2.2. LAB MEDIA: Figure 8C. Video editor: Show the increased height of the grey bar relative to the black bar in the collagen region graph.
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