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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 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 steps using the step numbers listed in this document. Steps 2.3, 2.4, 3.3, 4.3, 5.2.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Getting a reproducible film (step 2.3) and hydrating it (step 2.4).
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Multiple rooms on the same floor.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to outline a step-by-step process of preparing and characterizing drug loaded micelles before evaluating them in disease states of interest. (Intro)

This is achieved by preparing the micelles by solvent casting method to generate reproducible micelles for the study. (P1, use A_P1_Alani_Solvent Casting.ai. Show left flask with PEG-b-PLA, DTX and EVR labels. Make most of the solution disappear to look like second flask. Then make water droplets appear at top of second flask and lower them into the flask. Make contents of flask disappear and yellow solution appear to look like right flask. Make zoom-in image appear from flask.)

As a second step, micelle loading stability and size are assessed, which determines the ability of the micelles to load and retain clinically relevant concentrations. (P2, use A_P2_Alani_qunt_Size (1).ai, show top RP-HPLC picture and chromatogram when “loading stability” is mentioned and bottom DLS picture and chromatogram when “size” is mentioned.)  

Next, the rate of drug release from the micelles is determined in order to ensure micelles have appropriate in vitro release characteristics before assessing in vivo stability. (P3, use A_P3_Alani_Release (1).ai.)

The results show that reproducibly generated stable micelles can provide a platform to pursue drug delivery in various disease states based on the assessment techniques presented here. (P4, show Table 2. Drug Loading, size and release)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Bhuvana Shyam Doddapaneni: The main advantage of this technique over existing methods, like equilibrium loading or dialysis methods, is that the time needed to prepare the micelles is much faster and provides for reproducible drug loading & size.   
1.2. Duc X. Nguyen: The implications of this technique extend toward therapy or diagnosis of various disease states, because nanoscale drug delivery systems offer opportunities beyond conventional dosage forms.  
1.3. Deepa A. Rao: Generally, individuals new to this method will struggle because while the methods seem straightforward, until the release studies are performed we won’t know the extent of the burst release that can happen.
1.4. **Adam W.G. Alani: Demonstrating these procedures will be Shyam and Duc my graduate students and Deepa my collaborator. 
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Preparation of Individual and Multi-drug Loaded Micelles by Solvent Casting Method
2.1. First, weigh out 1 milligram of DTX, 1 milligram of EVR, and 15 milligrams of PEG4000-b-PLA2200 (pronounced peg four thousand block P-L-A twenty two hundred) (TEXT: DTX: docetaxel, EVR: everolimus) for the dual drug micelles, or DDM. 
2.1.1. MED: Talent adds the drugs, and polymer into a glass vial on a balance.
2.2. After weighing out, dissolve the drugs and the polymer in 0.5 milliliters of acetonitrile. Then, transfer the solution to  a 5-milliliter round bottom flask. 
2.2.1. CU: Glass vial containing drugs and polymer as talent adds acetonitrile to it.
2.2.2. MED-over the shoulder: Talent uses pipette to remove solution from vial and adds it to round bottom flask. made most sense as a lockdown shot, so it can be condensed in the edit, or edited with cutaways according to preference.
2.3. Form a thin drug distributed polymer film by evaporating the drug polymer acetonitrile solution under reduced pressure using a rotary evaporator (TEXT: 100 rpm speed, 40 °C bath temp, 260 mbar pressure for 5 min then 100 mbar for 3 min). 
2.3.1. MED: Talent attaches round bottom flask to rotary evaporator and programs the appropriate settings. we filmed additional closeups of releasing the vacuum valve and the progamming control screen. I exposed for the surface of the LCD, so you may want to apply some color correction to that shot.
2.4. Following this, rehydrate the drug-polymer film with 0.5 milliliters of deionized water preheated at 50 degrees Celsius and gently shake the flask in a 50 degrees Celsius water bath to form the micelles. Add the solution to a centrifuge tube and spin at 7200 x g for 3 minutes. Draw up the solution with a needle and filter the resulting micellar solution into a new 1.5-milliliter centrifuge tube using a 0.2-micron nylon filter to remove any un-dissolved drug or contaminants. 
2.4.1. CU: Round bottom flask containing film as talent adds deionized water to it.
2.4.2. [combined with 2.4.1] MED: Talent shakes flask.
2.4.3. MED-over the shoulder: Talent centrifuges the solution at 7200 g for 3 min and then draws up micellar solution into syringe, attaches nylon filter to syringe, and adds solution to centrifuge tube.
3. Assessment of Drug Loading and Stability in Micelles Using Reverse-phase High Performance Liquid Chromatography
3.1. At this point, perform reverse-phase HPLC analysis with a C8 column equilibrated at 40  degrees Celsius in an isocratic mode with a mobile phase of acetonitrile and water (TEXT: See text protocol for details on chromatographic conditions). 
3.1.1. MED: Talent walks up to HPLC instrument and sets up run conditions on computer.
3.2. Dilute the freshly prepared micelles in acetonitrile at a 1 to 100 ratio prior to analyzing by reverse-phase HPLC to determine the initial drug loading.  After storing undiluted micelles at room temperature for 48 hours, prepare fresh diluted samples to re-assess by reverse-phase HPLC and determine the drug stability in micelles over 48 hours.  
3.2.1. MED-over the shoulder: Talent adds micelles and mobile phase acetonitrile to an HPLC vial.
3.2.2. CU: HPLC vial as talent adds micelles and mobile phase acetonitrile to it.
3.3. Monitor the DTX and EVR peaks at 227 and 279 nanometers with retention times of 1.7 and 5.7 minutes, respectively. Present the data as the mean plus or minus standard deviation of the drug loading.  
3.3.1. SCREEN: Computer screen of chromatogram showing DTX and EVR peaks. avi file: 331
3.3.2. SCREEN: Computer screen showing data as graphs in Excel. figure 2 from Prism
4. Assessment of Micelle Particle Size by Dynamic Light Scattering 
4.1. Next, dilute the freshly prepared micelles in deionized water at a 1 to 20 ratio to yield a final polymer concentration of 1.5 milligrams per milliliters. Transfer the solution to a cuvette for dynamic light scattering measurement.  
4.1.1. MED-over the shoulder: Talent adds micelles and deionized water to an Eppendorf tube.
4.1.2. CU: Cuvette as talent adds solution to it.
4.2. Measure the intensity of helium-neon laser at 173 degrees to determine the scattering.
4.2.1. MED: Talent places cuvette in instrument and walks to computer to perform measurement.
4.3. Present the data as the mean Z-average size plus or minus standard deviation along with the polydispersity index, or PDI of the distribution. 
4.3.1. SCREEN: Computer screen showing data. avi file: 431
5. Assessment of In Vitro Drug Release from Individual Micelles and Dual Drug Micelles
5.1. After preparing DDM as previously described, load 2.5 milliliters of the micelles into a 3-milliliter dialysis cassette with a molecular weight cut-off of 7,000 grams per mole. 
5.1.1. CU: Dialysis cassette as talent adds micelles into it.
5.2. Place the cassette in 2.5 liters of 10 millimolar pH 7.4 phosphate buffer (TEXT: Buffer temp at 37 °C throughout experiment).
5.2.1. MED: Talent places cassette in beaker of phosphate buffer.
5.2.2. [moved] MED-over the shoulder: Talent removes the phosphate buffer and adds fresh buffer to beaker.
5.3. During the following intervals (TEXT: 0, 0.5, 1, 2, 3, 6, 9, 12, 24, and 48 hr), withdraw 150 microliters of the solution and replace with 150 microliters of fresh buffer. Change the buffer every 3 hours to ensure sink conditions. (TEXT: Buffer temp at 37 °C throughout experiment).
5.3.1. CU: Beaker containing phosphate buffer and cassette as talent removes solution from it.
5.3.2. [bookmark: _GoBack][combined with 5.3.1] MED-over the shoulder: Talent adds buffer to  beaker Cassette.
5.2.2	[moved] MED-over the shoulder: Talent removes the phosphate buffer and adds fresh buffer to beaker.
5.4. Analyze the samples using reverse-phase HPLC to determine the drug concentration. Curve-fit the drug release data based on a simple diffusion model with a one phase exponential association using statistical software.  
5.4.1. MED: Talent places sample vials into HPLC instrument.
5.4.2. SCREEN: Computer screen showing drug release data. Fig 4 panel C or avi file 542
6. Results: Preparation and Characterization of Poorly Water Soluble Drugs in Micelles
6.1. DTX, EVR, and the DDM showed similar stability in PEG2000-b-PLA1800 (pronounced peg two thousand block PLA eighteen hundred) or PEG4000-b-PLA2200 over 48 hours. All the micelles retained 97% or more of the initial loading at 48 hours at room temperature. 
6.1.1. LAB MEDIA: Figure 2.tif (Video Editor: Highlight graph A when “PEG4000-b-PLA2200” is mentioned in the voiceover and graph B when “PEG2000-b-PLA1800” is mentioned.)
6.2. Based on the dynamic light scattering results, all micelles showed a unimodal distribution with PDI values of less than 0.2.
6.2.1. LAB MEDIA: Figure 3.tif
6.3. Based on the data, DTX release from individual micelles and DDM was approximately 60% over 48 hours. EVR release from individual micelles and DDM was 60% and 50%, respectively.  
6.3.1. LAB MEDIA: Figure 4.tif (Video Editor: Highlight graph A and red curve in graph C for first sentence. Highlight graph B and green curve for second sentence. Alternatively, show graph A and graph C for first sentence. Make graph A disappear and make graph B appear in its place to show graph B and C for second sentence.)
6.4. The time needed for 50% drug release from individual micelles and DDM and the goodness of fit data are presented here.  The goodness of curve-fitting for all micelles except EVR individual micelles is above 0.950, which means that the assumption of first-order release is a good approximation to explain drug release from individual micelles and DDM.
6.4.1. LAB MEDIA: Table 2.xlsx (Video Editor: Highlight DTX and DDM rows for second sentence.)

7. Conclusion (said by authors on camera)
7.1. Deepa A. Rao: Once mastered, these techniques can be done routinely to evaluate various libraries of drugs and polymers as micelles in hours to a week if it is performed properly.
7.2. Bhuvana Shyam Doddapaneni: While attempting this procedure, it’s important to remember to completely characterize the micelles before assessing in cell culture or animal models.
7.3. Duc X. Nguyen: Following these procedures, other methods like liposomal drug delivery systems can also be evaluated and characterized in order to answer additional questions like the role of the drug delivery system in the efficacy of the treatment.
7.4. Adam W.G. Alani: After watching this video, you should have a good understanding of how to prepare and characterize drug loaded micelles before evaluating them in disease states of interest.

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.
A_P1_Alani_Solvent Casting - preparing the micelles by solvent casting method
A_P2_Alani_qunt_Size(1) - assess micelle size and loading stability
A_P3_Alani_Release (1)- determine the rate of drug release from the micelles 


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, as well as an introduction to your videographer, closer to your filming date.
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