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Brief Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____No
C.  Which steps of your protocol will viewers benefit most from having filmed? 
In italics.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 

In bold and underlined.

E.  Will the filming need to take place in multiple locations? (Y/N) __No
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this protocol is to present a facile method for fabrication of magneto-thermally responsive nanoparticle-microgel hybrids and to demonstrate a proof of concept on the use of the microgel hybrids for controllable drug release. (Intro)
B.  Required Interview Statements 
1.1. Michal Sittek: The main advantages of this protocol are that the process is relatively simple and it confers the microgel to exhibit a magneto-themally responsive characteristic by simply entrapping magnetic nanoparticles and thermo-responsive pNIPAM co-polymers within the gelatin matrix.  
1.2. Michal Sittek:  This allows for a drug released in response to an alternating magnetic field, which is induced by a de-swelling of the pNIPAM co-polymer associated with the increasing temperature of the nanoparticles as the nanoparticles respond to the magnetic waves.
1.3. Min-Ho Kim: The implications of this technique extend toward developing on-demand drug delivery systems, because this this controllable drug release platform is responsive to multiple on and off cycles induced by non-invasive external stimuli.
Protocol (read by voice talent at JoVE):
2. Preparing Surface Coated Microgels
2.1. The process of fabricating magnetic field-responsive gelatin microgels begins with preparing the solutions and suspension.  Basic solution preparation is described in the text protocol. [LM]
2.1.1. Figure 1A 
2.2. When preparing the gelatin solution, [2.2.1-WID] keep it in a water bath until it reaches the fluidic phase.  [2.2.2-CU]

2.2.1. Establish talent at bench, gelatin in water bath being monitored

2.2.2. gelatin in water bath going into fluidic phase, clarifying, this will take time to film and can be sped up in the editing process
2.3. Then homogenize it with a vortex. [CU]
2.3.1. Film as written, show vortex settings
2.4. With all the solutions prepared, mix equal volumes of gelatin solution and the pNIPAM co-polymer [2.4.1-MED] containing magnetic nanoparticles and vortex the mixture thoroughly.  [2.4.2-CU]
2.4.1. Adding two equal volumes of two solution to tube

2.4.2. Vortexing the mixture, show solution after it settles too
2.5. The next step is to emulsify the aqueous mixture in silicon oil and then apply a surfactant coat. [LM]
2.5.1. Figure 1A – highlight/circle emusifcation step and surfactant coat application step
2.6. Pour 15 mL of silicone oil into a sterile beaker [2.6.1-MED/TEXT] and immediately add 0.86 mL of the prepared mixture.  Then, stir the mixture at 900 RPM at 30 ºC for half an hour. [2.6.2-MED]
2.6.1. Film as written, beaker on hot plate, TEXT: polydimethylsiloxane (viscosity 350 cSt)
2.6.2. Adding prepared mix, starting stirring, starting timer
2.7. After producing the emulsion, [2.7.1-CU] transfer it to a 50 mL tube and cool it down  at 4 ºC for 10 minutes.  [2.7.2-MED] Micro-droplets will now form in the oil. [2.7.3-ECU]
2.7.1. Stopping stirring after ½ hour, show appearance of solution

2.7.2. Film as written

2.7.3. If possible, cooling liquid in detail with oil droplets forming

2.8. Next, mostly fill the tube with Pluronic L64 surfactant solution, cooled to 4 ºC, [2.8.1-CU] and shake the tube vigorously so the L64 molecules get adsorbed into the gel surface and stabilize the microgel suspension. [2.8.2-MED]
2.8.1. Adding L64 to the 50-mL tube to 40-45 mL
2.8.2. Shaking tube

2.9. Then, centrifuge the tube for 20 minutes at 23 hundred Gs and at 4 ºC. [MED]
2.9.1. Loading and running refrigerated centrifugation process
2.10. After 20 minutes, examine the tube for a pellet of gel particles. [MED]
2.10.1. Unloading tube from centrifuge and examining for pellet
2.11. Repeat the centrifugation cycle until one can be seen. [ECU]
2.11.1. Visible pellet in bottom of tube
2.12. Then, carefully remove the supernatant and fill the tube to 45 ml with cold L64 solution. [CU]
2.12.1. Emptying supernatant, show best technique, and adding L64 solution to tube
2.13. Shake the tube hard to mix the pelleted microgels into the surfactant [2.13.1-MED] and transfer the suspension to a new 50-ml tube. [2.13.2-MED]
2.13.1. Shaking the tube
2.13.2. Transferring tube content to new tube
2.14. Then, repeat the centrifugation process [2.10.1] and collect the pellet of microgels again. [2.10.2]
2.15. Now, to ensure that no surfactants or oil droplets remain in the sample suspension [2.15.1-CU] thoroughly aspirate the supernatant. [2.15.2-ECU]
2.15.1. Aspirating supernatant thoroughly

2.15.2. Pellet after total aspiration of supernatant

3. Crosslinking the Microgels and Triggered Drug Release
3.1. The final step to preparing the microgels is to crosslink their gelatin matrix. [LM]
3.1.1. Figure 1A – highlight crosslinking step
3.2. To begin, suspend the pellet in 2 mL of the prepared genipin solution [3.2.1-MED].  Use a vortex. [3.2.2-CU]
3.2.1. Film as written
3.2.2. Film as written, vortexing, show setting
3.3. Then, quickly transfer the suspension to a 23 ºC water bath to initiate the covalent crosslinking reaction.  [3.3.1-MED] The reaction can be run for five minutes to two hours. [3.3.2-CU]
3.3.1. Ending vortex process and transferring tube to water bath

3.3.2. Starting a timer, show time value shown (count down)

3.4. Once completed, remove the excess crosslinkers. Centrifuge the sample for 20 minutes at 23 hundred Gs and at 4 ºC, as before. [3.4.1-MED] Then, aspirate and discard the supernatant. [3.4.2-CU]
3.4.1. Transferring tube from bath to centrifuge, programming and starting cycle
3.4.2. Aspirating the supernatant off the pellet
3.5. Repeat the washing step in PBS a total of three times [3.5.1-MED/TEXT], breaking up the pellet mechanically with a pipette tip if needed. [3.5.2-ECU/TEXT] Complete removal of the unreacted excess crosslinkers is critical. [3.4.1/TEXT]
3.5.1. Adding PBS back to tube, TEXT: Wash 3X
3.5.2. Breaking up pellet to resuspend in PBS, TEXT: Wash 3X

3.5.3. Reuse programming an starting cycle from 3.4.1, TEXT: Wash 3X

3.6. After the last wash, bring the microgels up in PBS to the desired density. [MED]
3.6.1. Like 3.5.1, precise volume of PBS used
3.7. Measure their density using a hemocytometer. [MED]
3.7.1. Placing sample drop on hemocytometer slide and viewing with microscope
3.8. The fabricated microgels are stable for up to four weeks [3.8.1-ECU] when stored at 4 ºC, provided that there is no degrading agent, such as collagenase. [3.8.2-WID]
3.8.1. Microgels in solution, talent swirls solution gently
3.8.2. Transferring sample tube to refrigerator
3.9. To characterize the microgels by microscopy, load them on a slide [3.9.1-CU] and seal them under a coverslip with epoxy resin. [3.9.2-ECU]
3.9.1. Placing drop of microgels on slide, covering
3.9.2. Sealing cover slip
4. Measuring Drug Release from the Microgels
4.1. The final step of the procedure is to measure drug release from the microgels. [LM]
4.1.1. Fig 1A – highlight the measure drug release step(s)
4.2. Place the tube with the desired concentration of microgels [4.2.1-MED] into the chamber of magnetic coils. [4.2.2-CU]
4.2.1. General placement of tube

4.2.2. Exact finishing placement of tube, shown relative to coils
4.3. Then, insert a fiber optic temperature probe to monitor temperature change [4.3.1-CU] during the application of the alternating magnetic field. [4.3.2-MED]
4.3.1. Inserting probe into tube

4.3.2. Checking probe monitor, connecting probe to monitor, etc.
4.4. Now, apply high frequency alternating magnetic field [4.4.1-MED] at a defined field strength and for a specified duration. [4.4.2-CU/TEXT]
4.4.1. Preparing to start the magnetic field, dialing in the parameters

4.4.2. Dialed in parameters, starting the magnets, TEXT: >100 kHz; >5 kA / m
4.5. Following the treatment, centrifuge the tube for 20 minutes at 23 hundred Gs, and at 4 ºC. [4.5.1-MED] Collect the supernatant to quantify the amount of drug released from the microgels. [4.5.2-ECU] In this case, use spectrophotometry to detect the Texas Red. [4.5.3-MED/TEXT]
4.5.1. Transferring tube from chamber to centrifuge and programming and running cycle

4.5.2. Removing supernatant from the tube

4.5.3. Transferring the supernatant to a new tube and preparing a sample for spectrophotometer, TEXT: excitation: 584 nm; emission: 612 nm
5. Results: TR-BSA Release from Microgels Incorperating p(NIPAM-co-AAm) and Superparamagnetic Nanoparticles
5.1. The fabricated microgels should exhibit a well-characterized spherical morphology and colloidal dispersibility with diameters between 5 to 20 microns.

5.1.1.  Figure 1 B and C 
5.2. Either fluorescent superparamagnetic nanoparticles or fluorescently-labeled BSA can be used to confirm proper encapsulation within the microgel.

5.2.1.  Figure 1D

5.3. The entrapment of pNIPAM co-polymer in the gelatin microgel matrix enables it to exhibit a temperature dependent volume change. Increasing the temperature of the media from 22 to 42 ºC resulted in de-swelling of gelatin microgels by about 40%.

5.3.1. Figure 2A

5.4. In contrast only 10% de-swelling was observed in gelatin microgel without pNIPAM co-polymer.
5.4.1. Figure 2B
5.5. When superparamagnetic nanoparticles were incorporated into the gelatin-pNIPAM-co-polymer microgel, the microgel increased in temperature when exposed to the appropriate alternating magnetic field.

5.5.1. Figure 2C
5.6. Measured TR-BSA release from these microgels was about 35%.  Without incorporating the co-polymer into the microgels, the release of TR-BSA was significantly lower: only around 10%.

5.6.1. Figure 2D

5.7. Thus, the release of BSA in response to the alternating magnetic field was likely due to de-swelling associated with the shrinkage of pNIPAM-co-polymer chains within the microgel.
5.7.1.  Figure 3 
6. Conclusion (said by authors on camera)
6.1. Michal Sittek: After watching this video, you should have a good understanding of how to fabricate biodegradable, magnetic-field-responsive nanoparticle-microgel hybrids that enable controllable drug release, using a simple water-in-oil emulsification method.

6.2. Michal Sittek: Once mastered, this technique can be done in 2 hours if it is performed properly.

6.3. Talib Alboslemy: This protocol also can be modified to fabricate microgel hybrids that are responsive to other stimuli such as near-infra-red light by simply incorporating near-infra-red -responsive gold nanoparticles with gelatin matrix.
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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