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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?  NO  

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

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

Current Protocol Length
Number of Steps:  17
Number of Shots:  35

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


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Carolyn J. Baglole: Our lab studies inhalation toxicology using preclinical models to investigate the health effects of tobacco, e-cigarettes, and cannabis, focusing on respiratory disease and developing human-relevant exposure systems for translational research.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:4.2.3

What are the most recent developments in your field of research?
1.2. Carolyn J. Baglole: Commercialization of advanced exposure systems enables use of ALI models, improving our ability to mimic human lung physiology and study epithelial responses to complex inhaled mixtures like smoke and vapor.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What are the current experimental challenges?
1.3. Emily T. Wilson: A key challenge is the lack of standardized methods to measure and report compound deposition in ALI models, making it difficult to compare results across studies using advanced exposure systems.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What research gap are you addressing with your protocol?
1.4. Emily T. Wilson: Our protocol addresses the lack of standardized guidelines for ALI and advanced exposure systems, helping researchers improve reproducibility and consistency in inhalation toxicology studies.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:2.5

What advantage does your protocol offer compared to other techniques?
1.5. Emily T. Wilson: Our protocol offers real-time dosimetry using QCM, allowing precise measurement of cannabis product deposition during exposures, improving accuracy and reproducibility compared to techniques lacking direct dose monitoring.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:3.8.1
Videographer: Obtain headshots for all authors available at the filming location.


Protocol  

2. ExpoCube Set Up for Cannabis Vapor Exposure 

Demonstrator: Emily T Wilson 

2.1. To begin, turn on the inExpose exposure system [1]. Choose the experiment template, input the Operator field and click OK [2].
2.1.1. WIDE: The instrument is being switched on.
AUTHORS: Please note that the opening shot should be a WIDE, non-screen shot. This shot was added to facilitate JoVE’s requirements. 
2.1.2. SCREEN: SCREEN-2.1.2.mp4	00:21-00:50

2.2. Switch on the temperature controls to 35 degrees Celsius for the bottom half and 50 degrees Celsius for the top half [1]. 
2.2.1. Talent using the temperature controls on the control panel to set heat system to 35 (bottom) and 50 °C (top).

2.3. After 20 minutes, use the flow test kit and connect the four ends of the tubing to the microflow tubes [1]. Connect the other end to the top of a rotameter [2].
2.3.1. Talent connects the tubing of flow test kit to the microflow tubes. 
2.3.2. Shot of the other end being connected to the top of a rotameter.

2.4. Next, plug input port, add flow test inserts to expoCube, and connect rotameter to the air output of the expoCube [1]. 
2.4.1. Talent plugs input port, adds inserts to expoCube and connects rotameter to the air output of the expoCube. 

2.5. To test the pump flow, reattach the isokinetic sampler to the expoCube [1], cap the nebulizer lid [2], and attach bottom of the rotameter to the expoCube output [3]. 
2.5.1. Shot of the isokinetic sampler being reattached to the expoCube. 
2.5.2. Talent caps the nebulizer lid. 
2.5.3. Shot of the bottom of the rotameter being connected to the expoCube output. 

2.6. Next, grind the cannabis flower using an herb grinder to prepare for vaporization [1]. Weigh out 0.25-gram aliquots of ground cannabis [2] and organize each portion using a pill separator [3]. Pack the vaporizer oven with 0.25 grams of prepared cannabis [4].
2.6.1. Talent grinding cannabis flower with an herb grinder.
2.6.2. Talent using a scale to measure 0.25 grams of ground cannabis 
2.6.3. Shot of the weighed powder being stored in pill separator compartments.
2.6.4. Talent placing cannabis into the vaporizer oven.

3. Dosimetry Assessment of Cannabis Vapor Exposure Using a Quartz Crystal Microbalance (QCM)

3.1. Configure the quartz crystal microbalance or QCM (Q-C-M) exposure system [1].
3.1.1. Talent assembling the exposure setup as per the earlier protocol.

3.2. Attach each QCM to its electronics module using the clip connector [1] and connect the module to the inExpose (in-expose) inhalation exposure platform using a 7-pin connector [2]. Place QCM inserts into a well plate on the exposure side of the system, ensuring proper alignment of the QCMs [3].
3.2.1. Talent connecting the QCM to its electronics module with a clip connector. 
3.2.2. Talent plugging it into the inExpose unit.
3.2.3. Talent positioning QCM inserts securely in the well plate.

3.3. Preheat the exposure system with the QCMs attached until the system stabilizes at 35 degrees Celsius and 50 degrees Celsius [1]. Then activate microflows and exposure flows as per the experimental settings [2].
3.3.1. Talent preheating the exposure system. 
3.3.2. Talent activating the microflows and exposure flows. 

3.4. Next use the data acquisition software calibration wizard to calibrate each QCM prior to the exposure run [1]. Wait for the blue calibration bar to stabilize, then click Next to record the QCM resonant frequency for accurate mass calculations [2].
3.4.1. SCREEN: SCREEN-3.4.1-2.mp4	00:01-00:07
3.4.2. SCREEN: SCREEN-3.4.1-2.mp4	00:08-00:16

3.5. Now attach the cannabis vaporizer to the ENDS Unit of the exposure system with a secure gasket. Set the vaporizer to Smart Path Level 2 temperature setting [1].
3.5.1. Talent connecting the vaporizer and setting it to Smart Path Level 2.

3.6. Start the Aeroneb task to increase relative humidity in the system to greater than 75% before introducing the cells [1].
3.6.1. SCREEN: SCREEN-3.6.1.mp4	00:00-00:20	

3.7. Select a puff profile using the flexiWare (flexi-ware) data acquisition software [1], then configure it to have a micro flow pressure of 80 kiloPascals, top assembly temperature of 50 degrees Celsius, Bottom assembly temperature of 35 degrees Celsius, primary exposure flow of 0.3 liters per minute and a primary control flow of 3 liters per minute [2].
3.7.1. SCREEN: SCREEN-3.7.1-2.mp4	00:00-00:08
3.7.2. SCREEN: SCREEN-3.7.1-2.mp4	00:10-00:32

3.8. Monitor the QCM output signals throughout the exposure period using the connected software interface [1]. To maintain accuracy, clean the QCM after each experiment [2].
3.8.1. SCREEN: SCREEN-3.8.1.mp4	00:00-00:11
3.8.2. Talent preparing QCMs cleaning materials. 

3.9. Add 1 milliliter of 70% ethanol inside each QCM insert [1]. Pipette the alcohol up and down 2 to 3 times to dissolve any vapor residue [2].
3.9.1. Talent pipetting ethanol into QCM inserts.
3.9.2. Talent flushing the interior of QCMs with pipette motion.

3.10. Remove the alcohol solution [1] and allow the QCM to air dry completely in a dust-free environment before the next use [2].
3.10.1. Talent discarding the used alcohol. 
3.10.2. Talent placing QCMs in a clean, dust-free drying area.
4. Cannabis Vapor Delivery for In Vitro Exposure


4.1. Place the QCM insert into a well plate on the exposure side of the expoCube, ensuring proper alignment [1]. Then open the exposure system [2] and place the cell culture containing respiratory cells, plate inside the system [3].
4.1.1. Talent positioning the insert in the well plate.
4.1.2. Talent opening the exposure chamber.
4.1.3. Shot of the cell culture plate being placed inside the system. 

4.2. Select a puff profile to begin the puff regimen for the desired duration [1]. Enter the control panel settings in the pop-up window [2]. When using the QCM, monitor real-time tracking of vapor deposition during the exposure [3].
4.2.1. SCREEN: SCREEN-4.2.1-2.mp4	00:00-00:05
4.2.2. SCREEN: SCREEN-4.2.1-2.mp4	00:05-00:20
Video Editor: Please speed up the video
4.2.3. SCREEN: SCREEN-4.2.1-2.mp4	00:21-00:26

4.3. Post-exposure, return the cell culture plate to the incubator until the scheduled assay timepoint [1]. Collect samples as needed from various compartments including the basolateral compartment, the apical wash for surfactant or mucus, and the cell lysate [2].
4.3.1. Talent placing the exposed cell plate back into the incubator.
4.3.2. Talent collecting samples from different compartments for downstream assays.
4.3.3. 

Results
5. Representative Results 

5.1. The exposure flow humidity was successfully maintained between 65 percent and 85 percent relative humidity over a period of 700 seconds, showing consistent cyclical fluctuations [1].
5.1.1. LAB MEDIA: Figure 2. 
5.2. Δ⁹(Delta-nine) -Tetrahydrocannabinol deposition in exposed wells showed consistent delivery with minor variation between wells [1].
5.2.1. LAB MEDIA: Figure 3 A–C. Video editor: Highlight each graph from A to C

5.3. QCM analysis confirmed a steady increase in deposited mass in all four wells over 30 minutes, indicating continuous particle delivery throughout the exposure period [1].
5.3.1. LAB MEDIA: Figure 4 A–D. Video editor: Show how each colored line goes up smoothly from left to right in all four panels
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