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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? YES
 If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. Steps 2.3, 2.4; 3.2; 5.3, 5.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Step 2.5; this procedure can take days if not done properly

E.  Will the filming need to take place in multiple locations? NO
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

(AUTHORS: Please memorize the interview statements prior to filming)


A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this methodology is to develop different protocols to deliver medications to the olfactory region in image-based nasal airway models. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. April Si: This method can help answer key questions in the targeted delivery of neurological medications, such as whether it is feasible to deliver adequate drugs to the olfactory region, how to control particle motions in the nose, and what’s the best practice for olfactory targeting. 

1.2. April Si: The main advantage of this technique is that a significantly enhanced olfactory dosage can be achieved, which is a critical step for the nose-to-brain drug delivery.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Jinxiang Xi: The implications of this technique extend toward therapy of brain tumors since drug particles deposited in the olfactory region can directly enter the brain.  

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Virginia Commonwealth University.
Protocol (read by voice talent at JoVE):

(AUTHORS: Please complete all screen captures prior to your filming day)
2. Image-Based Nasal Airway Preparation
2.1. Begin, by acquiring magnetic resonance, or MR (pronounced M-R), images of a healthy non-smoking 53-year-old male that consist of 72 coronal cross-sections spaced 1.5 mm apart spanning the nostrils to the nasopharynx [2.1.1-MED-over shoulder-TXT]. 

2.1.1. Talent sitting at the computer.  TEXT: Weight 73 kg; Height 173 cm [Video editor: Show TEXT on screen when “53-year-old” is mentioned in the VO]
2.2. Open the imaging software, and import the MR images by clicking “File”, “Import images”.  Select the MR images and click “Ok” [2.2.1-SCREEN].
2.2.1. *To be submitted by author. 
2.3. To construct the 3D model, click “Segmentation”, then “Threshold” to set the grey scale range between -1024 and -419.  Click “Segmentation” and “Calculate 3D” [2.3.1-SCREEN].
2.3.1. *To be submitted by author. 
2.4. Next, click “Segmentation” and “Calculate polylines”. Select the 3-D body, and click “Ok” to generate the polylines that define the solid geometry. Export the polylines as an IGES (pronounced I-G-E-S) file [2.4.1-SCREEN].
2.4.1. *To be submitted by author. 
2.5. Now, open the model development software and click “File”, “Import”, and “IGES” to import the IGES file into the program. Then, click the “Edge command button” on the right panel. Click “Create Edge” and select “NURBS” to reconstruct smooth contours [2.5.1-SCREEN].
2.5.1. *To be submitted by author. 
2.6. Click “Face command button”, then “Form face”. Select “Wireframe” to build a surface from edges. Continue to build all surfaces that cover the whole airway. Retain the nasal anatomical details such as the uvula, epiglottal fold, and laryngeal sinus. Click “File”, “Export” “IGES” to export the nasal airway model [2.6.1-SCREEN].
2.6.1. *To be submitted by author. 
2.7. Next, open the meshing software. Click “File”, “Import Geometry”, “Legacy” and “STEP/IES” to import the nasal airway model. Click “Create Parts” to divide the airway surfaces into five different regions: the nasal vestibule, nasal valve, turbinate region, olfactory, and nasopharynx [2.7.1-SCREEN-TXT].
2.7.1. *To be submitted by author. TEXT: Regions: nasal vestibule, nasal valve, turbinate region, olfactory, and nasopharynx.

2.8. Generate a computational mesh inside the airway by clicking “Mesh” and “Global Mesh Setup”. Specify the maximum mesh size as 0.1 mm and click “Apply” [2.8.1-SCREEN].
2.8.1. *To be submitted by author.
2.9. Finally, add a body-fitted mesh in the near-wall region, by clicking “Compute Mesh”, “Prism Mesh”. Specify the number of layers as 5 and the expanding ratio as 1.25 and click “Apply” [2.9.1-SCREEN].
2.9.1. *To be submitted by author.
3. Passive Control of Particles: Intubation
3.1. Begin by opening the Model Development Software to develop the nasal model with front vestibular intubation [3.1.1-MED-over shoulder-TXT]. Click “Volume”, then “Move/copy” to change the location of the nebulizer catheter 5 mm into the vestibule from the nostril tip. Click “injection” to release 150 nm of particles into the nostril [3.1.2-SCREEN].
3.1.1. Talent sitting at the computer. TEXT: Front vestibular intubation, Release 150 nm particles

3.1.2. *To be submitted by author. 
3.2. Then, open the fluid simulation software to compute particle deposition rates inside the nose. To compute the airflow field inside the airway, select the laminar flow model by clicking “Define”, “Models”, “Viscous”, and then choose “Laminar” under “Viscous model” [3.2.1-SCREEN-TXT].
3.2.1. *To be submitted by author. TEXT: Repeat for 1 µm of particles
3.3. To track particle motions, select the “Discrete Phase Model”.  Check “Saffman Lift Force” under “Discrete Phase Model”. Click “Report”, and then choose “Sample Trajectories” [3.3.1-SCREEN].
3.3.1. *To be submitted by author. 
3.4. To find the number of particles deposited in the predefined olfactory region, select “nasal” under “Boundaries” and click “Compute” [3.4.1-SCREEN]. Calculate the deposition rate as the ratio of the amount of deposited particles to the amount of particles entering the nostrils [3.4.2-LM].
3.4.1. *To be submitted by author. 
3.4.2. Animation_2.1.3_ Front.avi [Video editor: Use as needed, any part is fine.]
3.5. Next, develop the nasal model with back vestibular intubation. Conduct the same procedure as done with the front [3.5.1-LM-TXT]. Click “Volume”, then “Move/copy” to change the location of the nebulizer catheter 5 mm into the vestibule from the rear nostril. Click “injection” to release 150 nm of particles into the nostril [3.5.2-SCREEN-TXT].
3.5.1. Animation_2.1.5_ Back_intubation.avi. TEXT: Back vestibular intubation, Release 150 nm particles [Video editor: Use as needed, any part is fine.]
3.5.2. *To be submitted by author. TEXT: Repeat procedure for 1 µm particles.
3.6. Proceed with deep intubation by inserting the nebulizer catheter right beneath the olfactory region. Release 150 nm of particles from the nebulizer. [3.6.1-SCREEN-TXT]. Use fluid and simulation software to compute particle deposition rates inside the nose on both total and local basis by following similar procedures as done for the vestibular intubation [3.6.2-LM].

3.6.1. *To be submitted by author. TEXT: Deep intubation, Release 150 nm of particles, Repeat for release of 1 µm of particles
3.6.2. Animation_2.2.1_ inhale.avi [Video editor: Use as needed, any part is fine.]
3.7. Finally, repeat deep intubation while exercising breathing-holding… [3.7.1-LM] and exhalation, respectively [3.7.2-LM]. Click “Define”, then “Boundary Conditions” to open the boundary condition panel. Specify zero velocity at the two nostrils for breathing-holding. Specify vacuum pressure of 200 Pa at the nostrils and zero pressure at the outlet for exhalation [3.7.3-SCREEN].
3.7.1. Animation_2.2.3_ breath-holding.avi [Video editor: Use as needed, any part is fine; Highlight the label in upper left.]

3.7.2. Animation_2.2.3_ exhale.avi [Video editor: Use as needed, any part is fine; Highlight the label in upper left.] 

3.7.3. *To be submitted by author. 

4. Active Control of Particles: Magnetophoretic Guidance
4.1. Begin by opening magnetic particle tracking software [4.1.1-MED-over shoulder]. Click “Geometry”, and “Rectangle” to build the two-plate channel. Click “Rectangle” to build the magnets around the two-plate channel [4.1.2-SCREEN].
4.1.1. Talent sitting at the computer and opens software. 

4.1.2. *To be submitted by author. 
4.2. Compute the particle trajectories and deposition rate by clicking “Model 1”, “Laminar flow” and “Inlet 1”.  Then, specify the inlet velocity as 0.5 m/s. Click “Model 1”, “Magnetic Fields”, and “Magnetic Flux Conservation”, and specify the strength of the three magnets [4.2.1-SCREEN-TXT].
4.2.1. *To be submitted by author. TEXT: Magnet strength: 1×105 A/m [Video editor: Show when ‘strength of the three’ is mentioned in the VO].

4.3. Click “Model 1”, “Particle Tracking for Fluid Flow”, and “Particle Properties”. Specify the particle diameter and density. Then, click “Inlet” to release 3,000 particles, and to specify particle relative permeability, click “Magnetophoretic Force” and “Compute” [4.3.1-SCREEN-TXT].
4.3.1. *To be submitted by author. TEXT: Particle diameter = 15 µm, Density: 1.78 g/cm3, Relative permeability = 50 

4.4. To find how many particles are depositing in the selected area, click “Results”, “1D Plot Group” and “Plot”. Calculate the deposition rate as the ratio of the amount of particles deposited in a certain area to the amount of particles entering the geometry [4.4.1-SCREEN].
4.4.1. *To be submitted by author.
4.5. Next, to adjust the magnet strength, click “Model 1”, then “Magnetic Fields”. Choose “Magnetic Flux Conservation”, and change the magnet strength under “Magnetization”. Increase the magnet strength by an increment of 1×104 A/m and click “Compute” [4.5.1-SCREEN-TXT].
4.5.1. *To be submitted by author. TEXT: Repeat this procedure until the appropriate magnet arrangement is obtained for effective drug delivery to the olfactory region.

5. Testing of 2D/3D nose models

5.1. Begin by applying the recently obtained magnetic strengths into a 2D (pronounced 2-D) nose model by putting three magnets 1 mm above the nose [5.1.1-MED-over shoulder]. Click “Model 1”, “Geometry 1” to specify the size and position of the magnet [5.1.2-SCREEN].
5.1.1. Talent working at computer, applying magnetic strengths to 2D model. 

5.1.2. *To be submitted by author.
5.2. Then, click “Model 1”, “Particle Tracking for Fluid Flow”, and “Inlet” to release 3,000 particles into the left nostril. Click “Particle Properties” to specify the particle size as 15 µm [5.2.1-SCREEN].
5.2.1. *To be submitted by author.
5.3. Simulate the particle trajectories and subsequent olfactory delivery efficiencies by clicking “Model 1”, “Laminar flow” and “Inlet 1”. Specify the inlet velocity as 0.5 m/s. Click “Model 1”, “Magnetic Fields”, and “Magnetic Flux Conservation”, and specify the strength of the three magnets [5.3.1-SCREEN-TXT].
5.3.1. *To be submitted by author. TEXT: Inlet velocity = 0.5 m/s, Magnet strength: 1×105 A/m 

5.4. Lastly, adjust the magnet layout and strength to improve olfactory delivery efficiency. To adjust the magnet size and position, click “Model 1”, then “Geometry 1”. Then, choose the magnet of interest and change the values of width, depth, height, or x, y, and z [5.4.1-SCREEN].
5.4.1. *To be submitted by author.
5.5. Adjust magnet strength by clicking “Model 1”, then “Magnetic Fields”. Choose “Magnetic Flux Conservation”, and change the magnet strength under “Magnetization”. Increase the magnet strength by an increment of 1×104 A/m and click “Compute” [5.5.1-SCREEN].
5.5.1. *To be submitted by author.
5.6. After completing testing in the 2D model, import the 3D (pronounced 3-D) nasal airway model into Magnetic Particle Tracking software [5.6.1-MED-over shoulder]. Just as done for the 2D nose model, put four magnets 1 mm above the nose and release 3,000 particles of 15 µm diameter from one selected point [5.6.2-SCREEN].
5.6.1. Talent imports 3D nasal model at computer. 
5.6.2. *To be submitted by author. 
5.7. Use Magnetic Particle Tracking software to track particle trajectories and compute olfactory delivery efficiencies by following similar procedures previously mentioned [5.7.1-LM].
5.7.1. 
Animation_3.3.2_ A_ Point _release_Magnet.avi [Video editor: Use as needed, any part is fine]
5.8. Following the same procedure as before, adjust the magnet layout and strength in the 3D model to improve the target delivery to the olfactory region [5.8.1-LM]. Finally, test particle size ranging from 1-30 µm to find the right particle size for optimal magnetophoretic guidance to the olfactory region [5.8.2-MED-over shoulder].
5.8.1. Animation_3.3.2_ C_ Entire _release.avi [Video editor: Use as needed, any part is fine.]
5.8.2. Talent testing particle sizes on computer.

6. Results: Alternative nasal devices through intubation and magnetophoretic guidance prove superior to conventional methods. 
6.1. Conventional nasal devices often deliver very low doses of drugs to the olfactory region due to the complicated structure of the nose [6.1.1-LM].  
6.1.1. Figure 1: Show ‘Olfactory region’ image and ‘Surface geometry’ image.  Highlight the region circled in red on the ‘Olfactory region’ image

6.2. For Vestibular intubation, there is a strong jet effect of particle release immediately downstream of the nozzle [6.2.1-LM]. As expected, more drug particles are delivered to the olfactory region with front intubation than back for both 150 nm and 1 μm particles [6.2.2-LM].
6.2.1. Figure 2A

6.2.2. Figure 4C: Highlight the two columns for front, then highlight the two columns for back as mentioned in the VO.  
6.3. To assess performance of magnetophoretic guidance [6.3.1-LM], a two-plate channel was used to find the working magnetic strength [6.3.2-LM], followed by an idealized 2D nose model to find a baseline magnet layout [6.3.3-LM], and then an image based 3D nose model to test the performance [6.3.4-LM]. The optimal olfactory dosage comes from aerosols in the range of 13 – 17 μm [6.3.5-LM].
6.3.1. Figure 2C

6.3.2. Figure 6A

6.3.3. Figure 6B

6.3.4. Figure 7A

6.3.5. Figure 7B: Highlight the y-axis. Then, put a box around the data within 13-17 μm.
7. Conclusion (said by authors on camera)
7.1. April Si: Once mastered, this technique can be done in one or two days if it is performed properly. 

7.2. April Si: While attempting this procedure, it’s important to remember that procedures can be more time consuming for complex geometries.

7.3. April Si: Following this procedure, other methods like electric guidance of charged particles can be performed in order to answer additional questions like whether charged particles can be used for effective olfactory drug delivery.

7.4. April Si: After its development, this technique paved the way for researchers in the field of topical drug delivery to explore the usage of magnetic field in the lung or other organs.

7.5. April Si: After watching this video, you should have a good understanding of how to improve olfactory drug delivery and conduct simulations with Fluent and Comsol.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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