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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Leica MZ6
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Gabrielle Clark: This protocol investigates the biaxial mechanical properties of the reproductive organs, elucidating the contribution from the smooth muscle cells and the passive matrix [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Cassandra Conway: This technique maintains organ geometry and native smooth muscle cell-matrix interactions, permitting subjection of the organ to a physiologic range of pressures and axial extensions [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Shelby White: Investigating the organ biaxial function under physiologically relevant loads may aid in a better understanding of the etiology of reproductive pathologies [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Dylan Lawrence: Biaxially testing the cervix and vagina provides insight into the fields of women’s health and biomechanics. Similar methods are utilized to study blood vessels, the esophagus, and large intestines [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.5. Dylan Lawrence: When working with a new organ, it may take time to finalize the technical details, such as how to best suture the tissue or how to determine the unloaded length [1]. 

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera
Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Tulane University.
	


Section - Protocol
2. Reproductive System Dissection and Cannulation
Video Editor: The scope footage is upside down (done to help staff see the scope)
2.1. To collect the reproductive system from the experimental animal, place the mouse on an absorbent pad under a dissecting microscope [1-TXT] and use angled tweezers and scissors to lift the skin around the abdomen [2].
2.1.1. WIDE: Talent placing mouse onto pad Videographer: More Talent than mouse in shot TEXT: See text for euthanasia details
2.1.2. SCOPE: Skin being lifted
2.2. Make an initial incision at the base of the abdomen above the pubic bone shallow enough to not puncture the abdominal muscle wall [1] and continue the incision superiorly toward the rib cage and deep through the abdominal muscles [2].
2.2.1. SCOPE: Initial incision being made
2.2.2. SCOPE: Incision being continued
2.3. After removing the superficial fat [1] and carefully cutting the pubic symphysis [2], use straight tweezers to grasp the bladder to create tension [3] and use blunt dissection to separate the surrounding tissue from the vagina [4].
2.3.1. SCOPE: Shot of abdominal cavity without superficial fat
2.3.2. SCOPE: Shot of cut pubic bone
2.3.3. SCOPE: Bladder being grasped
2.3.4. SCOPE: Tissue being dissected
2.4. Then cut the base of the reproductive system to remove the tissues from the body cavity [1].
2.4.1. SCOPE: Base being cut

2.5. After determining the appropriate size cannula for the harvested system [1-TXT], mount the cervical side on the force transducer portion of the cannulation device [2] and mount the opposite end of the organ on the micrometer portion of the device [3]. 

2.5.1. Talent selecting cannula TEXT: See text for suggested cannula size details
2.5.2. SCOPE: Cervical side being mounted
2.5.3. SCOPE: Vaginal or uterine side being mounted

2.6. Then tighten both ends with sutures [1].

2.6.1. SCOPE: Suture being placed

3. Basal Tone Mechanical Testing

3.1. To find the unloaded length of the mounted tissue, first stretch the organ so that the wall is not in tension [1].

3.1.1. WIDE: Talent stretching organ

3.2. [bookmark: _Hlk8561557]For the vagina, observe the grooves on the vaginal wall [1]. For the cervix, cut immediately below the ink dots located above and below the central cervix mark [2].

3.2.1. SCOPE: Shot of grooves on vaginal wall
3.2.2. SCOPE: Shot of ink dots above and below central cervix mark

3.3. Use calipers to measure the length of the system from suture to suture [1] and increase the pressure of the myograph system from 0 to 10 millimeters of mercury in 1-millimeter of mercury increments [2-TXT].

3.3.1. Tissue being measured
3.3.2. Talent increasing pressure TEXT: See text for myograph setup details

3.4. The pressure in which the organ is no longer collapsed can be determined as the largest jump in the outer diameter at a given pressure [1].

3.4.1. SCREEN: 60125_Screenshot1: JoVE Video Editor please emphasize data line at 44 mg

3.5. After recording the pressure and the outer diameter, note these data as the first point wherein the organ is not collapsed and zero the force [1].

3.5.1. Talent noting data and/or zeroing force

3.6. [bookmark: _Hlk8695527][bookmark: _Hlk8695584][bookmark: _Hlk8695141]To find the experimental in vivo stretch, adjust the organ to the estimated in vivo length while at the unloaded pressure [1] and click Start to assess the pressure vs. force values [2] for the pressure values ranging from the unloaded pressure [3] to the maximum pressure [4].

3.6.1. Organ being adjusted
3.6.2. Talent clicking Start, with monitor visible in frame
3.6.3. SCREEN: 60125_Screenshot2: JoVE Video Editor please emphasize data points at 0 mm Hg
3.6.4. SCREEN: 60125_Screenshot2: JoVE Video Editor please emphasize data points at 18 mmHg

3.7. Then click Stop and save the file [1].

3.7.1. Talent clicking Stop 

3.8. For pressure-diameter pre-conditioning, set the pressure to 0 millimeters of mercury, the length to the experimental in vivo length, and the gradient to 1.5 mmHg/s [1].

3.8.1. SCREEN: 60125_Video1: pressure being set, length being set, gradient being set

3.9. Run a sequence that takes the pressure from 0 millimeters of mercury to the maximum pressure plus the unloaded pressure, holds for 30 seconds, and returns to 0 millimeters of mercury with an additional 30-second hold period [1]. 

3.9.1. SCREEN: 60125_Screenshot3: JoVE Video Editor please emphasize Mean Pressure graph

3.10. After repeating this sequence for a total of 5 cycles [1], click Stop and save the file [2].

3.10.1. Shot of pressure being applied to tissue
3.10.2. SCREEN: 60125_Video2: Stop being clicked

3.11. For force-length pre-conditioning, enter 1/3 of the maximum pressure plus the unloaded pressure for both the inlet and outlet pressures [1] and adjust the organ to minus 2% of the in vivo length [2].

3.11.1. SCREEN: 60125_Video3: 1/3 maximum pressure being entered plus unloaded pressures
3.11.2. Organ being adjusted

3.12. Click Start and adjust the length to plus 2% in vivo length and back down to minus 2% at a 10-micrometer/second rate [1].

3.12.1. SCREEN: 60125_Screenshot4

3.13. Repeat the axial extension for a total of 5 cycles [1] before clicking Stop and saving the file [2].

3.13.1. Shot of axial extension being applied
3.13.2. SCREEN: 60125_Video4: Stop being clicked

3.14. For pressure diameter testing of the in vivo length, click Start and adjust the organ to the in vivo length [1], set the pressure to 0 millimeters of mercury, and set the gradient to 1.5 millimeters of mercury/second [2].

3.14.1. Organ being adjusted
3.14.2. SCREEN: 60125_Video5: Pressure being set and gradient being set

3.15. Increase the pressure from 0 millimeters of mercury to the maximum pressure before bringing the pressure back down to 0 millimeters of mercury with a 20-second hold period [1].

3.15.1. SCREEN: 60125_Screenshot5

3.16.  Then repeat the test for 5 cycles before stopping the system and saving the data [1].

3.16.1. Shot of pressure being applied to organ

3.17. For force-length testing of 1/3 of the maximum pressure plus the unloaded pressure, set the pressure to 1/3 of the maximum pressure plus the unloaded pressure [1] and adjust the organ to minus 2% of the in vivo length [2].

3.17.1. SCREEN: 60125_Video6: Pressures being set
3.17.2. Organ being adjusted

3.18. After clicking Start, stretch the organ to plus 2% of the in vivo length and back to minus 2% of the in vivo length at a rate of 10 micrometers/second [1].

3.18.1. SCREEN: 60125_Screenshot6

3.19. Then repeat the test for a total of 3 cycles before stopping the system and saving the data [1].

3.19.1. Shot of organ being stretched 

3.20. After the last test, remove the KRB (K-R-B) testing medium [1-TXT] and wash the organ with calcium-free KRB medium [2]. 

3.20.1. Medium being removed TEXT: KRB: Krebs Ringer Buffer 
3.20.2. Organ being washed, with calcium-free KRB container visible in frame

3.21. After the wash, incubate the organ with fresh calcium free KRB solution supplemented with 2-millimolar EGTA (E-G-T-A) for 30 minutes [1] before replacing the treatment solution with fresh calcium-free KRB [2-TXT].

3.21.1. Medium being added, with KRB and EGTA containers visible in frame
3.21.2. Talent adding medium to organ, with KRB container visible in frame TEXT: EGTA: egtazic acid




4. Passive Mechanical Testing 

4.1. At the completion of the basal tone testing, for pressure diameter pre-conditioning, click Start [1] and set the pressure to 0 millimeters of mercury, the length as the estimated in vivo length, and the gradient to 1.5 millimeters of mercury/second [2].

4.1.1. WIDE: Talent clicking start, with monitor visible in frame
4.1.2. SCREEN: 60125_Video7: pressure, length, and gradient being set

4.2. Begin running a sequence that takes the pressure from 0 of millimeters of mercury to the maximum pressure and back to 0 millimeters of mercury [1].

4.2.1. SCREEN: 60125_Screenshot7

4.3. Repeat this process through 5 cycles with a 30-second hold time [1].

4.3.1. Organ being pressure diameter pre-conditioned 

4.4. For force-length preconditioning, adjust the organ to the in vivo length [1] and manually enter the unloaded pressure for both pressures [2].

4.4.1. Organ being adjusted
4.4.2. Talent entering pressure, with monitor visible in frame

4.5. Click Start and set the gradient to 1.5 millimeters of mercury and the pressure to 1/3 of the maximum [1].

4.5.1. SCREEN: 60125_Screenshot8

4.6. Stretch the organ up to plus 2% and back down to minus 2% stretch at 10 micrometers/second and repeat the cycle for a total of 5 times [2].

4.6.1. Organ being force-length preconditioned

4.7. For pressure-diameter testing, with the organ at minus 2% of the experimentally determined in vivo length and the pressure at 0 millimeters of mercury [1], click Start and increase the pressure from 0 millimeters of mercury to the maximum pressure and back to 0 millimeters of mercury [2].

4.7.1. Shot of organ at -2% experimentally-determined in vivo length
4.7.2. SCREEN: 60125_Video8: Start being clicked

4.8. Hold the 2-to-0 millimeters of mercury-step for 20 seconds [1] and repeat the cycle 5 times [2]. 

4.8.1. SCREEN: 60125_Screenshot9
4.8.2. Shot of pressure-diameter testing

4.9. For force-length testing, set the pressure to a nominal pressure [1] and adjust the organ to minus 2% of the in vivo length [2].

4.9.1. SCREEN: 60125_Video9: Pressure being set
4.9.2. Organ being adjusted

4.10. Stretch the organ up to plus 2% of the in vivo length and back to minus 2% of the in vivo length at a rate of 10 micrometers/second [1].

4.10.1. SCREEN: 60125_Screenshot10

4.11. After a total of 3 cycles, save the data [1] and repeat the force-length testing for 1/3 of the maximum pressure, 2/3 of the maximum pressure, and at the maximum pressure [2].

4.11.1. Force length of organ being tested
4.11.2. Talent at computer, setting up next test preparing to clean-up. 




Section – Results
5. Results: Representative Biaxial Basal Tone and Passive Murine Reproductive System Testing 

5.1. For a successful analysis of the mechanical properties of the female reproductive organs, it is imperative to explant the uterine horns to the vagina without any defects [1].

5.1.1. LAB MEDIA: Figure 1A

5.2. Depending on the organ type, the cannula size will vary [1].

5.2.1. LAB MEDIA: Figure 2

5.3. The cannulation must be performed so that the organ cannot move during the experiment but without damaging the wall of the organ during the procedure [1].

5.3.1. LAB MEDIA: Figure 3

5.4. The pressure myograph system can be used to monitor various aspects of the organ as it undergoes mechanical testing [1] and the ultrasound system can be used to measure the thickness of the organs in the unloaded state with and without basal tone [2].

5.4.1. LAB MEDIA: Figure 5B
5.4.2. LAB MEDIA: Figures 6A, 6B, 6C, and 6D

5.5. After mechanical testing, the tangent moduli may be calculated for the circumferential and axial directions [1].

5.5.1. LAB MEDIA: Table 2 

5.6. Both basal tone testing and passive testing yield key mechanical properties of the reproductive tract [1] with and without the contractile contribution of smooth muscle cells [2].

5.6.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize left column of graphs
5.6.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize right column of graphs

5.7. Scaling between the organs requires a few adjustments to the protocols, as the cervix and vagina experience different loads in vivo [1].

5.7.1. LAB MEDIA: Table 1


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Cassandra Conway: (Step: 2.2.-2.9.) It is key to perform the dissection quickly - to maintain the viability of smooth muscle cells - but carefully - to not puncture the desired organ [1].  
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Shelby White: Opening angle experiments, which measure the residual strain of the organ, may be performed after the mechanical testing procedures as well as various histological and biochemical assays [1]. 
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Gabrielle Clark: After its development and investigation of the smooth muscle cell basal contribution, this technique also permits evaluating the reproductive system smooth muscle maximum contractile response under physiologically relevant loads [1]. 
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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