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A. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

-Finding the field and frequency to maximize the drug release efficacy. 
Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to release a therapeutic drug using remote low-energy low-frequency-AC/DC magnetic fields. (Intro) This is achieved by using MENs to enable a field-controlled drug delivery vehicle. (P1)  As a second step, one or more therapeutic drugs are loaded on MENs, which is achieved through chemical surface functionalization of MENs. (P2)  Next, a field treatment on the drug-loaded MENs is conducted in order to achieve a close to 100% drug release after a DC-field-controlled delivery by using field gradients. (P3)  Results are obtained that show close to 100% release of the loaded drug based on spectrophotometry and AFM studies. (P4)
Video editor:

The PPT image lettering does not line up with the dialogue and has two P2 and no P3.  Follow these instructions:

P1 -  Show the box without the black dots and then animate the black dots as beginning large, as shown, and shrinking down into the box, also as shown.  Don’t show the AZTTP or image C yet.

P2 – using the image for P1, still, add the AZTTP into the mix and shrink it down into the box.  Then, zoom into the box and fade to the brown/yellow/red image (c).

P3 – zoom back out to, way out until you can show the box with the two circles around it, just as it is shown in image P2.  Then zoom back in to show the brown/yellow image (d), upper right in PPT.

P4 – fade to the provided image, it is not provided in such a way that it can be easily be animated, but look at how the data shows up from if it appears from bottom to top, the bars should look like they grow, using a white box wipe.  If its tasteful, use that animation.

The captions under the images are fine to include for all the graphics., but adjust the font on “Spectrophotometry” so it looks like the bolded font under the other images.  The red arrows should not be used in the final schematic.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

We only need one statement, so I chose the one that presents the novelty of the method.  I also reduced the redundancy of the selected statement with the conclusion statement.
1.1. Sakhrat Khizroev: The main advantage of this nanotechnology over existing methods, like using conventional magnetic nanoparticles for targeted drug delivery, is that magneto-electric nanoparticles offer a new capability, which is the low-energy magnetic-field triggered on-demand drug release.  
1.2. Sakhrat Khizroev: Demonstration of the procedure will be conducted by my PhD Graduate Student Rakesh Guduru who conducted all the research experiments. 

Protocol Chapters (read by a voice talent at JoVE):

2. Magneto-electric Nanoparticles:  Synthesis and Characterization
2.1. Begin the process by preparing the cobolt ferrite nanoparticles using a hydrothermal method.  Dissolve an aqueous mixture of cobalt nitrate, iron nitrate and polyvinylpryrrolidone … (TEXT: 0.058 g Co(NO3)2(6H20 + 0.16 g Fe(NO3)3(9H20 + 0.2 g of polyvinylpyrrolidone in 15 ml)
2.1.1. WID: talent at bench with reagents ready to use and scale, starts with weighing out cobalt nitrate

2.1.2. MED: weighs out the iron nitrate and the polyvinyl… 
2.2. … with aqueous sodium borohydride at 120 °C for 12 hours.   (TEXT: 0.9 g NaBH4 in 5 ml
2.2.1. MED: adding the three weighed reagent named above to sodium borohydride solution, in beaker/tube (could be in heater already)

2.2.2. CU: placing the beaker in the heater, or just show the temperature of heater if already in heater
2.3. After weighing out the compounds, add the aqueous solution of barium carbonate and citric acid … (TEXT: 0.029 g BaCO3 + 0.1 g C6H8O7, in 30 ml)

2.3.1. MED: talent weighs out barium carbonate
2.4. … to an ethanolic titanuium isopropoxide and citric acid solution, and then mix it. (TEXT: 0.048 ml ethonalic Ti(OCH(CH3)2)4 + 1 g C6H8O7, in 30 ml) 
2.4.1. CU: Precursor solution is prepared by adding the aqueous barium carbonate and citric acid solution to the ethanolic titanuium isopropoxide and citric acid solution, then mixing.  Be sure to film all the different changes in the solution appearance as the mix completes and the final state of the mixture.

2.5. Now, prepare the cobalt ferrite, barium titanate, coreshell MENs.  Disperse 0.1 g of cobalt ferrite nanoparticles in the precursor solution and sonicate the mixture for 2 hours. 
2.5.1. WID: talent returns to hood with nanoparticle solution and weighs out a volume of them

2.5.2. CU: adding nanoparticles (2.2) to the precursor solution (2.4)

2.5.3. MED: placing the mixture in the sonicator
2.6. Dry the well-dispersed mixture at 60 °C overnight while stirring continuously.

2.6.1. ECU: the mixture (MENs in solution), after 2 hours of sonication

2.6.2. CU: setting up the mixture on heater with stirring 

2.7. The next day, calcinate the mixture at 780 °C for 5 hours to obtain cobalt ferrite, barium titanate, coreshell MENs.  
2.7.1. WID: taking the mixture (talent looks like it is a day later) to the oven

2.7.2. MED: loading the oven and setting the temperature to 780 C, then starting a 5 hour countdown timer
3. Surface Functionalization of the Nanoparticles 
3.1. Rakesh Guduru: Depending on the type of the drug carried, MENs need to be surface functionalized in order to maximize their drug carrying efficiency. The most popular linkers used for loading the drug molecules onto nanoparticles are PEG, PLGA, GMO, Poly-L-Lysine and so forth. In this study, GMO is used to surface functionalize the MENs.
3.1.1. MED: interview style shot of Rakesh at/near bench where he performs 3.2

3.2. To begin, dissolve a 100% weight ratio of the linker molecules to the MENs in PBS buffer, at pH 7.4.  Then, incubate the solution for 24 hours with slow agitation. 
3.2.1. WID: talent adding linker molecules to MENs in PBS

3.2.2. CU: solution of MENs under slow aggitation 
3.3. The next day, centrifuge the solution at 14,000 rpm for 10 minutes at 10 °C to remove the unbound linker molecules. 
3.3.1. WID: talent looks as though it is the next day, same hour of day, arrives to mixing solution and transfers it to centrifuge tube(s)

3.3.2. WID: loading the centrifuge with tube(s)
3.4. Later, re-dissolve the particles in 50:50 ethyl acetate and acetone. 

3.4.1. MED: adding 50:50 ethyl acetate and acetone to centrifuged particles and re-dissolving

3.4.2. ECU: solution appearance after re-dissolved

3.5. Then, three times, centrifuge the solution at 14,000 rpm for 10 minutes, remove the supernatant, which contains the excess unbound GMO and re-dissolve the particles in clean solution. 

3.5.1. MED: unloading the centrifuge

3.5.2. CU: centrifuged tube, solution sucked off the top

3.5.3. CU: adding clean solution to pellet and resuspending the pellet

3.6. After the third round of unbound GMO removal, proceed with loading the MENs with the desired therapeutic drugs.
3.6.1. MED: Like 3.5.2 after 3rd centrifugation

3.6.2. CU: Like 3.5.3 after 3rd centrifugation

4. Conjugating the Therapeutic Drugs with the MENs
4.1. Rakesh Guduru:  Non-functionalized and functionalized MENs are used to conjugate the therapeutic drugs. In-this study, the most widely used anti-HIV drug, AZTTP, and anti-cancer drug, paclitaxel, are used. AZTTP is directly conjugated on the MENs surface without functionalization whereas paclitaxel is conjugated onto MENs functionalized with GMO. 
4.1.1. MED: interview style shot of Rakesh at/near bench where he performs 4.2

4.2. Prior to this procedure, use a binding isotherm plot to determine the weight ratios for each drug to the MENs.

4.2.1. CU: show the isotherm plot of the drug in use

4.2.2. MED: talent records information from plot into the lab notebook
4.3. Prepare a 1 to 10 weight ratio of AZTTP to MENs in PBS buffer solution using a 3 hour incubation at room temperature while being slowly agitated.
4.3.1. MED: weighing out the AZTTP

4.3.2. CU: adding the AZTTP to the MENs solution with stirring
4.4. In parallel, load paclitaxel with GMO-MENs at a 1 to 10 weight ratio in MPBS with another 3 hour incubation. (TEXT: 30% MeOH / 70% PBS)
4.4.1. MED: weighing out the paclitaxel
4.4.2. CU: adding the paclitaxel to the MPBS solution with stirring
4.5. Later, centrifuge the incubated solutions at 14000 rpm for 10 minutes at 10 °C. 
4.5.1. MED: loading solutions into centrifuge tubes
4.6. Then, isolate the supernatants and measure their absorbencies at the appropriate wavelength to determine the binding efficiency. 
4.6.1. ECU: removing the supernatant of AZTTP in MENs, focus on tube and phase seperation

4.6.2. ECU: removing the supernatant paclitaxel to the MPBS, focus on tube and phase seperation

4.6.3. WID: talent loading the spectrophotometer with a sample
4.7. The absorbance value for AZTTP is 267nm …

LAB MEDIA: Figure 1

4.8. … and the absorbance value for Paclitaxel is 230nm. 
LAB MEDIA: Figure 2
4.9. Using calibration plots, determine the amount of drug in each sample and make a simple calculation of the drug loading efficiency.
4.9.1. MED: at desk, talent looking at printouts of plots (fig 1 and fig 2) and making notes in lab book, could be taping plots into lab book too

4.9.2. WID: finishing with notes and getting up from desk  
5. Remote DC and AC Field Triggering for On-demand Drug Release
5.1. After isolating the supernatant for drug loading measurements, re-suspend the precipitate of MENs conjugated with the drug in the MPBS solution and centrifuge at 14,000 rpm for 10 minutes at 10 °C. 
5.1.1. WID: talent arrives to solutions at bench

5.1.2. MED: adding MPBS to the precipitated MENs+drug

5.1.3. CU: mixing the MENs
5.2. For AZTTP-MENs, re-disperse the precipitate in 190 μl of the TE buffer.

5.2.1. MED: unloading the centrifuge

5.2.2. MED: replacing supernatant in AZTTP-MENs tube with TE solution

5.3. For Paclitaxel-GMO-MENs, re-disperse the precipitate in 1ml of MPBS buffer. These buffer volumes are determined by the drug absorption maxima. 
5.3.1. MED: replacing supernatant in Paclitaxel-GMO-MENs tube with MPBS solution

5.3.2. CU: the two drug-MENs tubes mixed into the solutions, labeled the distinguish themselves
5.4. Now, subject the dispersed solution to a magnetic field of varying field strength and frequency using a low-field Helmholtz pair connected to the function generator. 
5.4.1. WID: arrives at magnetic field generator with solutions (drug-MENs tubes)

5.4.2. MED: loads the solutions into the field generator
5.5. After the field treatment, centrifuge the solution and separate the supernatant as described in the previous section. (TEXT: 14,000 rpm, 10 min, 10 °C)

5.5.1. Reuse 4.5.1, 4.6.1 and 4.6.2 

5.6. Then, measure the absorbance of the supernatant and determine the amount of drug in the supernatant from calibration plots …

5.6.1. Reuse 4.6.3

5.6.2. Reuse 4.9.1
5.7. … and make a simple calculation of the solution’s absorbtion maximum.

TEXT: Percentage of drug release = (absorbance of supernatant after magnetic field treatment / absorbance of supernatant after incubating the particles with drug) ×100%.
Video editor: make a mathematical formula of the TEXT here, for background use a faded freeze frame of 4.9.1, and the formula is in high contrast on top
5.8. Going forward, drug binding and release can be confirmed using various established methods. Qualitative analysis of the drug release can be confirmed through Fourier Transform Infra-Red and atomic force microscopy at key stages of the process. 

5.8.1. MED: attaching sample to atomic force microscope (AFM) puck

5.8.2. WID: arriving at loading puck into AFM

5.8.3. MED: making focal adjustments to AFM

5.9. To determine quantitative results, use UV-Vis spectrophotometry.
5.9.1. WID: talent loading a sample into the UV-Vis spectophotometer

6. Qualitative and Quantitative Results
6.1. For the AZTTP-MENs, FTIR analysis of the drug binding and release process was confirmed with measurements before loading the drug on MENs, when the drugs were attached to the MENs surface and after releasing the drugs by remote 44 Oe AC magnetic field strength and 100-Hz frequency.  
LAB MEDIA: Figure 3
6.2. To visualize the drug binding and the release process, samples of the drug at different stages were glued to a metallic sample puck and AFM imaging was performed with tapping mode on.  The images of MENs before and after release of the drug look similar.
LAB MEDIA: Figure 4a

LAB MEDIA: Figure 4d 
6.3. The quantitative results of drug loading and release percentage of both AZZTTP and Paclitaxel were obtained by determining the absorption maxima at different stages of the process. 
LAB MEDIA: Figure 5
6.4. When the drug-bound MENs were subjected to the field treatment to trigger the drug release, it was found that a 44-Oe field at 1000 Hz resulted in the maximum AZTTP drug release.  For Paclitaxel, a 66-Oe field at 0 Hz resulted in maximum release. 
LAB MEDIA: Figure 6
7. Conclusion Interview (spoken by you on camera)

7.1. Rakesh Guduru: Once mastered, this technique can be done in less then 24 hrs. Drug release process takes only 5 minutes but MENs preparation takes about 12 hours, and the conjugation of MENs with drugs takes about 2-3 hrs.

7.2. Sakhrat Khizroev: After its development, this technique paved the way for researchers in the field of personalized nanomedicine to explore field-controlled low-energy high-efficacy targeted drug delivery and on-demand release in treatment of Cancer, HIV, CNS disorders and high-specificity diagnostics to add another dimension to the existing diagnostics methods such as MRI, MNI, PET-CT, and others.

7.3. Rakesh Guduru: Don't forget that fabricating the nanoparticles via chemical synthesis could be extremely hazardous. To avoid the possibility of inhaling the hazardous fumes, all the processes must be performed under the fume hood.  

List of Provided Media 
4.7 - figure 1

4.8 - figure 2

6.1 - figure 3

6.2 - fugure4a

6.2 - figure4d

6.3 - figure 5

6.4 - figure 6
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.

( 2013, Journal of Visualized Experiments


