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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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.1, 2.5, 2.6, 3.1, 3.4, 3.5, 4.1, 4.2.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) The single most difficult aspect is to get good water stability for the azelaic acid nanoparticles, and the important, relevant steps are 3.2-3.5.
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? 
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. 

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

The overall goal of this protocol is the use of microwave technology for the rapid synthesis and functionalization of iron oxide nanoparticles with a bisphosphonate moiety for fast detection, by MRI, of atherosclerosis in mice models. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. F. Herranz: The use of microwave technology in the synthesis and functionalization of iron oxide nanoparticles is still limited, however we demonstrate how high quality nanoparticles and extremely fast protocols can be developed. 
1.2. J. Pellico: The main advantage of this technique is that in an extremely short time high quality, functionalized nanoparticles can be produced and used for the characterization of atherosclerosis plaque targeting microcalcifications.   


Protocol (read by voice talent at JoVE):
2. Synthesis of Oleic Acid Coated Nanoparticles (OA-IONP)
2.1. To begin this procedure, add 0.5 grams of iron (III) (pronounced iron three) acetylacetonate, 1.4 milliliters of oleic acid, 0.6 milliliters of oleylamine and 1.19 grams of 1,2-hexadodecanediol to a microwave adapted flask [2.1.1-MED-TXT]. Add 10 milliliters of phenyl ether carefully down the flask wall using a graduated pipette [2.1.2-CU].
2.1.1. *Film as written, TEXT: 0.5 g Fe(acac)3, 1.4 ml oleic acid, 0.6 ml oleylamine, 1.19 g 1,2-hexadodecanediol.
2.1.2. *Film as written
2.2. Following this, place the flask in a microwave reactor and start the microwave protocol by loading a dynamic study in the microwave [2.2.1-MED-TXT]. 
2.2.1. *Film as written, TEXT: Protocol contains 3 stages. See text protocol for more information.
2.3. After the reaction is complete and the flask has cooled to room temperature, transfer the reaction mixture to an Erlenmeyer flask using a glass pipette and add 10 milliliters of 98 percent ethanol [2.3.1-MED-over the shoulder]. Place the flask on top of a Nd-Nb-B (pronounced Neodymium Niobium Boron) magnet and remove the supernatant with a glass pipette after 5 minutes [2.3.2-CU].
2.3.1. *Film as written
2.3.2. Show close-up of the flask as talent places it on the magnet and removes the supernatant.
2.4. Next, add 10 milliliters of ethanol to the flask [2.4.1-MED-over the shoulder]. Sonicate the sample at 40 kilohertz for 2 minutes at room temperature [2.4.2-MED-TXT]. When finished, place the sample on the magnet and remove the supernatant [2.4.3-MED-over the shoulder].  
2.4.1. *Film as written
2.4.2. Show talent placing the sample in the sonicator and turning it on, TEXT: 40 KHz, 2 min, RT.
2.4.3. *Film as written
2.5. Disperse the oleic acid coated nanoparticles in 30 milliliters of chloroform and sonicate at 40 kilohertz for 5 minutes at room temperature [2.5.1-MED-TXT].
2.5.1. *Film as written, TEXT: 40 KHz, 5 min, RT. 
2.6. Following sonication, transfer 0.5 milliliters of the nanoparticles in a glass cuvette and add 0.5 milliliters of chloroform [2.6.1-CU]. Check the hydrodynamic size in a Zetasizer per the manufacturer’s instructions [2.6.2-MED].
2.6.1. *Film as written
2.6.2. Show talent placing the glass cuvette in the Zetasizer.
3. Synthesis of Azelaic Acid Nanoparticles (Azelaic Acid-IONP)
3.1. At this point, dissolve 44.3 milligrams of potassium permanganate and 150.4 milligrams of benzyltrimethylammonium chloride in a 3 to 2 mixture of water and chloroform [3.1.1-MED-over the shoulder-TXT]. Add the resultant solution to a 5 milliliter aliquot of the oleic acid coated nanoparticles in a microwave adapted flask [3.1.2-MED]. 
3.1.1. *Film as written, TEXT: 44.3 mg KMnO4, 150.4 mg BTACl, 3 ml H2O, 2 ml CHCl3.
3.1.2. *Film as written
3.2. Start the microwave protocol for azelaic acid nanoparticles by setting the temperature to 105 degrees Celsius, the time to 9 minutes, the pressure to 250 psi and the power to 300 watts [3.2.1-MED-over the shoulder-TXT].  
3.2.1. *Film as written, TEXT: 105 °C, 9 min, 250 psi, 300 W.
3.3. Following this, add 10 milliliters of pH 2.9 phosphate buffer to the flask [3.3.1-CU]. After repeating the microwave protocol and removing the supernatant, add 10 milliliters of water to the flask and transfer the mixture to an Erlenmeyer flask [3.3.2-MED].
3.3.1. *Film as written
3.3.2. *Film as written
3.4. [bookmark: _GoBack]Fernando Herranz: The most critical step is purification of the azelaic acid nanoparticles.    
3.4.1. Talent speaks toward the camera, interview style.
3.5. Next, add 5 milliliters of 10 percent sodium bisulfite to the Erlenmeyer flask and sonicate at 40 kilohertz for 2 minutes at 25 degrees Celsius [3.5.1-MED-over the shoulder-TXT]. After collecting the particles and removing the supernatant, wash the nanoparticles three more times with 1 percent sodium hydroxide [3.5.2-MED]. Re-disperse the particles in 5 milliliters of pH 7.2 phosphate buffer [3.5.3-CU].  
3.5.1. *Film as written, TEXT: 40 KHz, 2 min, 25 ºC.
3.5.2. Show talent performing one of the washes.
3.5.3. *Film as written
3.6. To check the hydrodynamic size and zeta potential, transfer 0.7 milliliters of the azelaic acid nanoparticles to a disposable folded capillary cell and place it in the Zetasizer for analysis [3.6.1-MED]. 
3.6.1. *Film as written
4. Synthesis of Neridronate Nanoparticles (Neridronate-IONP)
4.1. Add 12 milligrams of EDC and 15 milligrams of Sulfo-NHS in a centrifuge tube with a 2 milliliter aliquot of the azelaic acid nanoparticles [4.1.1-CU-TXT]. Vortex the mixture at room temperature for 35 minutes [4.1.2-MED-over the shoulder].
4.1.1. *Film as written, TEXT: EDC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide, Sulfo-NHS: N-Hydroxysulfosuccinimide sodium salt.
4.1.2. Show talent placing the centrifuge tube on the vortex and turning it on.
4.2. After placing a magnet below the centrifuge tube to destabilize the nanoparticles, aspirate the supernatant and wash the particles with 1.5 milliliters of 1 millimolar HEPES buffer [4.2.1-MED-TXT]. Then, add 5 milligrams of neridronate and vortex the mixture for 2 hours [4.2.2-MED].  
4.2.1. *Film as written, TEXT: 1.5 ml 1 mM HEPES buffer, pH 7.
4.2.2. *Film as written
4.3. Separate the nanoparticles with a magnet and wash with 1 millimolar HEPES buffer [4.3.1-MED-over the shoulder-TXT]. Finally, disperse the neridronate nanoparticles in 2 milliliters of 1 millimolar HEPES buffer [4.3.2-MED].  
4.3.1. Show talent placing magnet under the flask and washing with buffer once, TEXT Wash 3 times with 2 ml of buffer.
4.3.2. *Film as written
4.4. To check the hydrodynamic size and zeta potential, add 0.7 milliliters of the Neridronate nanoparticles to a disposable folded capillary cell and place it in the Zetasizer for analysis [4.4.1-MED-over the shoulder].
4.4.1. *Film as written

5. Results: Synthesis of Iron Oxide Nanoparticles for Atherosclerosis Plaque Characterization
5.1. All nanoparticles presented small hydrodynamic size in a very narrow size distribution [5.1.1-LM]. The particles present excellent crystallinity as shown in the TEM images [5.1.2-LM]. Additionally, the same results for hydrodynamic size and distribution were obtained after four repetitions of the synthesis demonstrating one the most important aspects of the microwave approach: its reproducibility [5.1.3-LM].  
5.1.1. Figure 1 JoVE.tiff: Show Figure 1c.
5.1.2. Figure 1 JoVE.tiff: Show Figures 1a and 1b.
5.1.3. Figure 1 JoVE.tiff: Show Figure 1d.
5.2. The Ca2+ (pronounced calcium ion) binding properties due to bisphosphonates present in the neridronate nanoparticles were checked by relaxometry and demonstrated that T2 relaxation time increments linearly with the Ca2+ amount and incubation time due to the formation of nanoparticle clusters, whereas nanoparticles without Ca2+ remained stable [5.2.1-LM].  
5.2.1. Figure 1 JoVE.tiff: Show Figure 1e.
5.3. In vivo MRI experiments were performed in 48 week old ApoE-/- (pronounced ApoE knock-out) mice, and at 1 hour post injection the signal from the plaque was hypointense in comparison to the basal images [5.3.1-LM]. Additionally, the plaque to muscle ratio was significantly different between the basal and 1 hour post injection images [5.3.2-LM]. 
5.3.1. Figure 2 JoVE.tiff: Show Figure 2a.
5.3.2. Figure 2 JoVE.tiff: Show Figure 2b.
5.4. The signal in the liver was also monitored after injection of the neridronate nanoparticles, which were completely cleared from circulation after 20 minutes, confirming the selective accumulation of these nanoparticles towards atherosclerotic plaque [5.4.1-LM].  
5.4.1. Figure 2 JoVE.tiff: Show Figure 2c.
5.5. Ex vivo imaging and histology were performed, and imaging of aortas with and without nanoparticles showed differences in the signal intensity in agreement with the in vivo experiments [5.5.1-LM]. 
5.5.1. Figure 2 JoVE.tiff: Show Figure 2d.

6. Conclusion (said by authors on camera)
6.1. F. Herranz: Once mastered, the microwave approach allows for the synthesis, characterization and plaque detection in a total time of three hours if it is performed properly.
6.2. J. Pellico: Another advantage of this approach is that, with small modifications, other imaging techniques like positron emission tomography can be performed in order to answer additional questions like quantification of the calcification area.
6.3. F. Herranz: After its development, this technique paved the way for researchers in the field of cardiovascular imaging to explore the early diagnosis of a disease like atherosclerosis with an experimental setup that can be easily adapted to clinical needs.
6.4. J. Pellico: After watching this video, you should have a good understanding of how to produce hydrophilic iron oxide nanoparticles with microwave technology and their application in cardiovascular molecular imaging.
6.5. F: Herranz: Don't forget that working with microwave ovens can be hazardous depending on the solvent used, and precautions such as pressure control of the system should always be taken while performing this procedure.   
   

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.

53472_FHerranz_Figure1a.tiff
53472_FHerranz_Figure1b.tiff
53472_FHerranz_Figure1c.tiff
53472_FHerranz_Figure1d.tiff
53472_FHerranz_Figure1e.tiff
53472_FHerranz_Figure2a.tiff
53472_FHerranz_Figure2b.tiff
53472_FHerranz_Figure2c.tiff
53472_FHerranz_Figure2d.tiff


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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