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Short Abstract

We describe the fabrication and characterization protocols used in our studies of
magneto-electrical nanoparticles (MENs) for enabling Personalized Nanomedicine
(PNM) from the perspective of fundamental physics and nanoengineering. This
approach exploits quantum-mechanical coupling between electric and magnetic fields
within MENs. Anti-Cancer and anti-HIV drugs were released on demand.

Abstract

The use of nanoparticles is often considered as an enabling force of personalized
nanomedicine (PNM). Using nanoparticles to precisely navigate a drug through the
patient’s body and control its dosage and composition as well as to detect even minute
disease-caused changes in the surrounding cellular microenvironment can make
personalized treatment a reality. However, the fundamental physics that underlies the
nanoparticles’ characteristics in the perspective of the intrinsic interaction with the
patient’s body in the aforementioned applications is poorly exploited. Our recent
discovery of the unprecedented capabilities of magneto-electric nanoparticles (MENS)
helps fill this gap. MENs could be used as energy-efficient and dissipation-free field-
controlled nano-vehicles for targeted delivery and on-demand release of anti-Cancer
and anti-HIV drugs as well as nano-stimulators for field-controlled non-invasive
treatment of patients with central nervous system (CNS) disorders. Further, the intrinsic
coupling between electric and magnetic forces within MENs enables molecular
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specificity that provides an entirely new dimension even to conventional state-of-the-art
diagnostic methods such as MRI, magnetic nanoparticle imaging (MNI), and PET-CT.

Here, we present detailed fabrication protocols and characterization procedures to study
and develop MENs that could be used for targeted drug delivery and on-demand
release with no heat dissipation. To demonstrate the new application, we use scanning
probe microscopy approaches to directly trace the kinetics of a magneto-electric action
used to release AZT 5’-triphosphate (AZTTP), an anti-HIV drug, from 30-nm CoFe,0;-
BaTiO3 MENSs by applying a DC and low-frequency (below 1000 Hz) AC field. Finally,
we present a study to employ MENSs for an on-demand targeted treatment of Ovarian
Epithelial Cancer with Paclitaxel (Taxol), a popular mitotic inhibitor.
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Introduction

Researchers across the globe have long been struggling to find a better way to navigate
and dispense the cargo of drugs and/or disease-specific image contrast agents to the
damaged tissue or at the site of action with adequately high efficiency and 3-D
navigation precision . Personalized NanoMedicine (PNM) has recently emerged as a
multi-disciplinary field that leverages nanotechnology to achieve these diagnostics and
treatment milestones. However, in spite of its unprecedented potential, this field is at its
very early stage of development and no viable PNM technologies exist today. The use
of nanoparticles is often considered an essential enabling tool of PNM. Indeed,
because of their unique size- and shape-dependent properties, nanoparticles promise
superior applications in diverse areas such as Cancer relief, targeted drug delivery,
immunoassays, functional MRI, MNI, and fluorescence imaging, and many others. For
ideal medical treatment, every patient requires his or her own optimal combination of
drugs and microenvironment that can be controlled at the sub-cellular level. Using
nanopatrticles to precisely define drug dosage and composition as well as to detect even
minute disease-caused surrounding cellular and tissue changes can make such
personalized treatment a reality.

There are many different types of nanoparticle systems used in medicine for drug
delivery purposes alone. To mention a few, they rely on using thermally-responsive
polymers, optically (UV, Visible-Wavelength, and IR) or acoustically activated materials,
liposomes, electrochemical processes, and magnetic forces %. The unique advantages
of an external magnetic field control place magnetic nanoparticle (MN) systems in a
class of their own, especially for the purposes of targeted delivery. In this case, the
speed of delivery is limited by the external field sources and not just by the blood
circulation. For instance, as it is related to the release across the blood-brain barrier
(BBB), the magnetic delivery provides a unique way to transfer drugs sufficiently fast to
avoid their engulfing by the reticuloendothelial system (RES) 3. However, all the existing
delivery technologies suffer from the lack of certainty of drug release from the carrier if
and when the nano-carrier reaches the target. Probably, the main stumbling block is the
inability of the current nanoparticle systems to remotely control the intrinsic phenomena
that define the interaction of the nanoparticles with the surrounding cells and tissues.
The conventional approaches are extrinsic in their nature and often fail to adequately
regulate cellular phenomena such as exocytosis of drug with intracellular vesicle,
control of ionic channels, using externally controlled signals *. In other words, the
fundamental physics that underlies the nanoparticle system characteristics in the
perspective of their intrinsic interaction with the surrounding cells and tissues in the
aforementioned applications is barely exploited. Revealing and controlling the
interaction of nanoparticles at the nanoscale, whether it is electric field-, magnetic spin-,
photon-, or phonon-triggered, is vital for enabling perfect diagnostics and/or
recovery/regeneration of all the medical functions.

Our recent discovery of the unprecedented capabilities of magneto-electric

nanoparticles (MENSs) paves a way to fill this gap through nanotechnology approaches.
Previously, we have shown that due to the intrinsic quantum-mechanically defined
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coupling between electric dipoles and magnetic spins within each nanoparticle, MENs
could be used as energy-efficient and dissipation-free field-controlled nano-vehicles for
targeted delivery and on-demand release of anti-Cancer and anti-HIV drugs as well as
nano-stimulators for non-invasive treatment of patients with central nervous system
(CNS) disorders such as Parkinson’s Disease, Alzheimer’s Disease, and other
dementia °. Further, this intrinsic coupling between electric and magnetic fields within
MENs provides molecular composition specificity that can enable an entirely new
dimension even to the conventional diagnostic methods such as MRI, MNI, and PET-
CT. In addition, the specificity allows assigning unique “passport” features to small
groups of nanoparticles thus pushing the real-time health monitoring capability to a new
level. Finally, because the coupling between magnetic and electric fields is achieved at
the intrinsic level, ideally the described field-controlled PNM functions (delivery, drug
release, CNS stimulation, diagnostics) can be accomplished with ideal (100%) efficacy
and without any destructive heat dissipation (with no need to use high-power electronics
as with the conventional NPs).

Here, we present detailed fabrication protocols and characterization procedures for
MENSs that could be used for energy-efficient field-controlled targeted drug delivery and
on-demand release with no heat dissipation and unprecedented high efficacy. As
examples, we discuss HIV and Ovarian Cancer models.
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Protocol:
1) Magneto-electric nanoparticles: synthesis and characterization
1.1) Prepare CoFe,0, nanoparticles by hydrothermal method described previously °.

1.2) Dissolve 15 ml of aqueous mixture of 0.058 g of Co(NOs3),.6H,0, 0.16 g of
Fe(NO3)3.9H,0 and 0.2 g of polyvinylpyrrolidone in 5 ml of aqueous 0.9 g sodium
borohydride at 120°C for 12 hours.

1.3) Next, prepare the precursor solution of BaTiO3 by mixing 30 ml of aqueous 0.029
g of BaCOj3 and 0.1 g of citric acid with 30 ml of ethonalic solution of 0.048 ml titanium
isopropoxide and 1 g of citric acid.

1.4) Prepare CoFe,04-BaTiO3 coreshell MENs by dispersing 0.1 g of CoFe;O,
nanoparticles in the precursor solution and sonicate the mixture for 2 hours.

1.5) Dry the well-dispersed mixture at 60°C overnight while stirring continuously and
later, calcinate the mixture at 780°C for 5 hours to obtain CoFe,O4-BaTiO3 coreshell
MENSs.

2) Surface functionalization of the nanoparticles for maximizing the drug
carrying efficiency

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
etc., "%91% |n this study, GMO was used to surface functionalize the MENs.

2.1) Dissolve 100% weight ratio of the linker molecules (GMO) to the MENs in PBS
buffer (pH 7.4) and incubate it for 24 hours while agitating slowly.

2.2) Upon completion of the incubation process, centrifuge the solution at 14000 rpm
for 10 minutes at 10°C to remove the unbound linker molecules.

2.3) Later, re-dissolve the particles in the ethyl acetate and acetone solution (50:50
vol. ratio) and centrifuge at 14000 rpm for 10 minutes to remove the excess unbound
GMO (repeat this process thrice to ensure the complete removal of unbound GMO).
Use the as-prepared surface functionalized MENSs to further load the desired therapeutic
drugs.

3) Conjugating the therapeutic drugs with the MENs
Non-functionalized and functionalized MENs are used to conjugate the therapeutic

drugs. In-this study, the most widely used anti-HIV drug (3'-Azido-3'-Deoxythymidine-5'-
Triphosphate, AZTTP) and anti-cancer drug (paclitaxel) are used. AZTTP drug is
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directly conjugated on the MENs surface without functionalization whereas paclitaxel
drug is conjugated onto MENSs functionalized with GMO.

3.1) Load AZZTP drug with MENs at 1: 10 weight ratio (drug: MENSs) in PBS buffer
solution by incubating it for 3 hrs. Load paclitaxel with GMO-MENSs at 1:10 weight ratio
in MPBS (30% methanol and 70% PBS solution) by incubating for 3 hrs. (Note: the
weight ratios for each drug to the MENs were previously determined by a binding
isotherm plot.)

3.2) Centrifuge the incubated solution at 14000 rpm for 10 minutes at 10°C.

3.3) Isolate the supernatant and measure the absorbance at the appropriate
wavelength (see note) to determine the binding efficiency.

Note: The absorbance value for AZTTP is 267nm and for Paclitaxel is 230nm. Figures 1
and 2 show the standard calibration plots at varying drug concentration for AZTTP and
Paclitaxel, respectively.

3.4) Use calibration plots to determine the amount of drug in each sample.

3.5) Calculate the drug loading efficiency with the following formula: Drug loading
percentage = (Absorbance of total amount of drug used — absorbance of drug used in
the supernatant after incubating the drug and the MENSs for a specific incubation time) x
100%.

4) Remote DC and AC field triggering for on-demand drug release

4.1) 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
14000 rpm for 10 minutes at 10°C.

4.2) Re-disperse the precipitate in 190l of the TE buffer for AZTTP-MENs and 1ml of
MPBS buffer for Paclitaxel-GMO-MENS respectively (Note: The amount of buffer used
was previously calibrated for these drugs based on the drug absorption maxima.)

4.3) 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.

4.4) After the field treatment, centrifuge the solution and separate the supernatant as
described in step 3.

4.5) Measure the absorbance of the supernatant as described in step 3. Determine
the amount of drug in the supernatant from calibration plots.

4.6) Calculate the absorbtion maximum of the solution spectrophotometrically using
the formula: Percentage of drug release = (absorbance of supernatant after magnetic
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194 field treatment)/(absorbance of supernatant after incubating the particles with drug)
195  x100%.

196 Note: Drug binding and release can be confirmed using various established
197 experimental methods. Qualitative analysis of the drug release process can be
198 confirmed through Fourier Transform Infra-Red (FTIR) and atomic force microscopy
199 (AFM) at key stages of the process. Use UV-Vis spectrophotometry to determine
200 quantitative results.

201

202
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Representative Results
Qualitative results
FTIR analysis:

FTIR analysis of the drug binding and release process was confirmed by performing the
measurements at three key stages, 1) before loading the drug on MENSs, 2) when the
drugs are attached to the MENs surface, 3) after releasing the drugs by remote 44 Oe
AC magnetic field strength and 100-Hz frequency. The FTIR results for AZTTP-MENs
are shown in Figure 3. These results indicate 30% weaker absorbance of bound
samples when compared to unbound particles from 1750 to 1250 cm™.

AFM imaging analysis:

To visualize the drug binding and the release process, AFM imaging was performed at
the molecular level in tapping mode. The sample preparation process is elaborated in
the discussion section. The prepared samples were glued to a metallic sample puck and
mounted onto the AFM stage to obtain both topography and phase contrast images. All
the images were performed with a 512 x 512 scan resolution at a scan rate of 0.5 Hz.
Figure 4 shows the binding and release process of AZTTP drug at three different
stages. AFM images clearly show MENs before and after release of the drug look
similar (Figure 4a and 4d).

Quantitative results

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. Once the absorption maxima of AZTTP (267nm) and Paclitaxel (230nm)
values were determined, the amount of drug present in the solution was calculated from
the spectrophotometric drug absorption calibration plot. From the Figure 5, it can be
seen that 24% of the drug was loaded onto nanoparticles by incubating AZTTP with the
MENSs in the Tris-EDTA (TE) buffer (pH 7.4) for 3 hours. The Paclitaxel drug loading
percentage for the same incubation time was 14.7%, but GMO surface functionalized
MENSs increased the drug loading percentage to 47.8%. When the drug bounded MENs
were subjected to the field treatment to trigger the drug release, it was found that 44-Oe
field at 1000 Hz results in maximum AZTTP drug release (89.3%) and for Paclitaxel, 66-
Oe field and 0 Hz results in maximum release (97.6%). Figure 6 summarizes the drug
release percentage results.

Page 8 of 11



240
241
242
243

244
245

246
247
248

249
250
251
252
253

254
255

256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281

Figures Captions

Figure 1: AZTTP drug absorption maxima at different amount of drug in 1ml of PBS
buffer.

Figure 2: Paclitaxel drug absorption maxima at different amount of drug in 1ml of MPBS
buffer.

Figure 3: FTIR measurements at three different stages: (i) MENs only, in black color, (ii)
AZTTP bound to MENS, in red color and (iii) MENs after AZTTP released by AC-field
treatment, in gray color.

Figure 4: AFM images at different stages of the release process: (a) MENs and (b)
AZTTP chains before the attachment, (c) AZTTP-MEN nanoformulations as a result of
the binding process, (d) MENs after the drug release by a 44-Oe AC field at 1000 Hz.

Figure 5: AZTTP and Paclitaxel drug loading percentage after three hours of incubation.

Figure 6: AZTTP and Paclitaxel drug release percentage after subjecting the drug
bounded MENSs to varying magnetic fields at three different frequencies.

Discussion

Below, we discuss the most important aspects one should bear in mind while
conducting the above experiments on field-controlled delivery and on-demand release
of the drug carried by MENs. These aspects mostly relate to the use of field and power
sources according to the described protocols and procedures.

MENSs display all the properties that are displayed by the conventional MNs. Therefore,
MENs can replace MNs in any existing application, e.g., as drug nano-carriers or
contrast enhancement agents in MRI. In addition, unlike the conventional MNs, MENs
show an unprecedented capability that can pave a way for making PNM a reality. They
have a relatively strong non-zero magneto-electric (ME) effect because of the quantum-
mechanical coupling between the magnetic spin and the electric dipole. As a result,
energy-efficient and dissipation-free remote control of the intrinsic charge distribution in
the MENs (and consequently, control of the bonding force between the MENs and the
drug) can be enabled via application of an external magnetic field. Because of the
intrinsic ME effect, even if the drug is strongly bonded to the MEN carriers (as required
for high-efficacy delivery), it can be fully released at the target location via application of
a local magnetic field with a strength above a certain threshold defined by the ME effect.
For comparison, the drug release process using the conventional MNs (often,
superparamagnetic nanoparticles) is not controlled at the same fundamental level but
instead, is based on an irreversible extrinsic process that is triggered by an external AC
magnetic field and typically results in relatively high energy dissipation. This
irreversibility and the resulting heat dissipation is either due the use of temperature-
sensitive intermediate materials together with MN, or due to a mechanical deformation
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at very high frequencies (often above hundreds of kilohertz), or due to another extrinsic
process 1213 0On the contrary, the MEN-triggered release process is achieved at the
intrinsic level and thus is dissipation free and extremely energy efficient. The release
with MENs can be triggered by an AC magnetic field at a relatively low frequency (below
100 Hz) and even at a DC field provided the field strength is above a certain threshold
value, with power consumption in the sub-watt range. Figure 5 summarizes the
requirements on the field’s strength and frequency.

In the fabrication of MENSs, it is critical to keep the nanoparticles relatively small (~ 30
nm) and maintain relatively high magneto-electric coefficient (100 V cm™ Oe™) and
saturation magnetization (~100 emu/cc). The properties were measured using local
SPM techniques and B-H-loop magnetometer.

To conduct the described AFM measurements, nanoparticles were dispersed on the
silicon wafer and care was taken to obtain well-dispersed particles without aggregation.
To obtain the uniformly dispersed nanoparticles on the silicon wafer, nanoparticles of
choice were first taken in chloroform (1mg of particles in 600 ul of chloroform). Later,
100 pl of the solution was mixed with 200 pl of isopropanol and the solution was
centrifuged at 3500 rpm for 3 minutes. Supernatant was discarded and 200 pl of
isopropanol was added (to the pellet) and the solution was re-centrifuged. The pellet
was then mixed with 200 pl of chloroform. This final solution was used to prepare the
samples for AFM imaging.

To conduct the described FTIR measurements, one drop of the desired nanoparticle
solution (0.5 mg per 100 ul of TE buffer) was placed on a pre-cleaned silicon wafer and
the wafer was air-dried overnight. Once the particle solution was completely dried, FTIR
measurements were carried out.
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Name of the Reagent Company Catalogue Number
Co(NO;),.6H,0 Sigma-Aldrich 203106-10G
Fe(NO;);.9H,0 Sigma-Aldrich 254223-10G
Polyvinylpyrrolidone Sigma-Aldrich PVP40-100G
Titanium isopropoxide Sigma-Aldrich 7560-500ML
BaCO, Sigma-Aldrich 237108-500G
Citric acid Sigma-Aldrich 251275-500G
Ethanol Sigma-Aldrich 459844-1L
GMO Pfaltz &Bauer 25496-72-4
PBS Buffer Gibco 10010-023
AZTTP drug e-enzyme AT-013-0170
Paclitaxel Drug Invitrogen P3456

TE buffer Fluka 93302-500ml
Sodium borohydride Sigma-Aldrich 71321-25G
Name of Equipment Company Catalogue Number
Spectrophotometer Varian Cary-100

FTIR Jasco 4100

AFM Veeco Metrology Nanoscope-llla
Helmholtz coils Home Made

AC Generator Agilent 33220a

DC Power supply BK-Precision 1660A
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iftem 1 (check one box): The Author elects to have the Materials be made available (as de:scribed at
. Z]

http://www.jove.com/publish ) via: >< Standard Access

Item 2 (check one box):

Open Access

>(The Author is NOT a United States government employee.

The Author is a United States govermment employee and the Materials were prepa red im the
course of his or her duties as a United States government employee.

Tihe Autthor i @ Umited Sietes govemment emplloyes buit the Materzs were NOT prepa ned im the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” maans 2 work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
‘independent works In themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “lnstitution” means the inskitution, lsted on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher ot The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author o f the Article,
in order to ensure the dissemination and prote ction of the
Article, desires to have the JoVE publish the Articl e and create
and transmit videos based on the Article. In fu rtherance of
such goals, the Parties desire to memorialize in this- Agreement
the respective rights of each Party in and to the Ar :icle and the
Video.

3. Grant of Rights in Article. In consideration of JeoVE agreeing
to publish the Article, the Author hereby grarits to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (tor the Tufl term of copyright in ‘the Arficle,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known a:r hereafter
developed (including without limitation in print , digital and
electronic form) throughout the world, (b) to iranslate the
Article into other languages, create adaptations, s:ummaries or
extracts of the Article or other Derivative Work:s (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of tihe rights set
forth in (a) above in such translations, .adaptations,
sumamaries, extracts, Davivative Warks or Callectiv < Wads and
(c) to license others to do any or all of the .above. The
foregoing rights may be exercised in all media cand formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technical"y necessary
to exercise the rights in other media and formats. f the “Open
Access” box has been checked in Item 1 above, J OVE and the
Author hereby grant to the public all such rights i1 the Article
as provided in, but subject to all limitations and r equirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the




Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
Qthemise  asgsh with, the Video, the Mubhar hesehy
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by faw, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JOVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
MHAR, RRIing Wy RLRRRERREThRIRR), lirre iR (R ' peilich,,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic formj throughout the world, (bj to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
Fon amy AR to wibich, this SRation, & is applicRh)r, WMNE 2»d.
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
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shall be deemed to be amended so as to provide: to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author he2reby grants
JoVE the right to use the Author’s name, voiice, likeness,
picture, photograph, image, biography and perfor mance in any
way, commercial or otherwise, in connecticin with the
Materials and the sale, promotion and distribu‘tion thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in thie Video or
otherwise relating to the Materials, under al'l applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents <ind warrants
that the Article is original, that it has not been puiblished, that
the cppright. intrredlis @unad. by the Muthar: (o, if.moasAthan,
one author is listed at the beginning of this Ag reement, by
such authors collectively) and has not been assign ed, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(sj fisted at trie top ot”
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agre-ement and if
any such author has not entered into a separat e Article and
Video License Agreement with JOVE relating to tthe Materials,
the Author represents and warrants that the Autlhor has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him: or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author \wvarrants that
the use, reproduction, distribution, public or private
Refrmance U Aspaly, wdiu medification of Al /sy
portion of the Materials does not and will not vio:late, infringe
and/or misappropriate the patent, trademark,. intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and anim-al treatment,
privacy, and all other rules, regulations, laws, p:rocedures or
guidelines, applicable to the Materials, and that: all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facili*:y, the Author
<hall apgur that thr YRR o WRME /mpRis as, RIS U
independent contractors is in accordance with the relevant
regulations of the Author's institution. If ma:re than one
author is listed at the beginning of this Agreemernt, JoVE may,
In its sole discretion, elect not take any action with respect to
the Article until such time as it has receivezd complete,
executed Article and Video License Agreemen-ts from each
such author. JOVE reserves the right, in its abscolute and sole
discretion and without giving any reason therefo re, to accept
or decline any work submitted to JoVE. J oVE and its
employees, agents and independent contractois shall have
full, unfettered access to the facilities of the Aut hor or of the
Author’s institution as necessary to make the Vi deo, whether
actually published or not. JoVE has sole discre-tion as to the
method of making and publishing the Materials, including,



without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
vih i 2wy R W Wy Wiy W YhRs epRsRtaliann
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
IoVE or elsewhere by JoVE. The Author shall be responsible
frn, s <hall hRdd, WU hanmlrss fram, damanes cuwsd, by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely tfie responsibility
of the Author and shall be undertaken at the Author’s
expense. All indemnifications provided herein shall include
loVE’s attorney’s fees and costs related to said losses or
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damages. Such indemnification and holding h:armless shall
include such losses or damages incurred by, or i n connection
with, acts or omissions of JoVE, its employee:s, agents or
independent contractors.

12. Fees. To cover the cost incurred for puklication, JoVE
must receive payment before production and p ublication the
Matesindn, Rament in dw in 2 s o imwice-. Shasdds tha
Materials not be published due to an editorial «or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted M aterials after
final peer review approval will result in a US‘51,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, pr-oduction and
publication of the Materials will be suspended urtil payment is
received.

13. Transfer, Governing Law. This Agreemient may be
assigned by JOVE and shall inure to the benefiits of any of

JoVE’s successors and assignees. This Agreerment shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving; effect to any
nrflict o law P dERR thRruindrs . This Agrement. mayy ke
executed in counterparts, each of which shall b:e deemed an
original, but all of which together shall be deem 2d to me one
and the same agreement. A signed copy of th:is Agreement
delivered’ By tacsimile, e-mail’ or other means ot electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per sL.ibmission.

AUTHOR:

Name: Sak')l"ﬂt A/h ; ZROCY
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Department:

Institution: )l Lop /6( 174 fl/l( Khg Z ion ¢ (
Article Title:

Signature: ué’\/

Date: GZ/ C‘//ZC(%

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (p referred);

2) Fax the document to +1.866.381.2236; or

3) Mail the document to JoVE / Attn: JoVE Editorial / 17 Sellers St / Cambridge, MA 02139

For questions, please email editorial@jove.com or call +1.617.945.9051.

MS # (internal use):
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*Rebuttal Comments
Click here to download Rebuttal Comments: rebuttal March 13 2013.pdf

List of the Changes Made to Respond to Reviewers’ Comments

Date: March 13, 2013

We would like to thank the Editors and Reviewers for the thorough review of the manuscript. The
changes we made to comply with the comments are highlighted in red in the revised version. In
addition, we found a few more minor typos which resulted in additional changes (also highlighted in red
in the revised manuscript).

Questions by Reviewer #1:

Manuscript Summary:

The article showcases some of the fundamental physics behind Nanoparticles to address in detail the
areas of Magnetics and Nanomedicine.

Major Concerns:
N/A

Minor Concerns:
N/A

Additional Comments to Authors:
N/A

Detailed Response to the Questions by Reviewer #1:

Reviewer #1 didn’t have not requests.

Questions by Reviewer #1:

Manuscript Summary:

The authors presented a set of experiments on the fabrication of magneto-electrical nanoparticles
(MENSs) and field-controlled delivery for Personalized Nanomedicine (PNM).

Detailed Response to the Questions by Reviewer #2:

Reviewer #2 didn’t have not requests.

Reviewer #3:
Manuscript Summary:
Excellent work and very well written.

Major Concerns:
N/A


http://www.editorialmanager.com/jove/download.aspx?id=48698&guid=e20ecf2e-ca3f-4110-91e6-1b8250b7a127&scheme=1

Minor Concerns:

P.2 Line 49 space required: to & directly.

P.3 Line 104 fix: due to the

P 9 Line 267 space required: an unprecedented

Additional Comments to Authors:
N/A

Detailed Response to the Questions by Reviewer #2:
We have made all the corrections pointed by the Reviewer #3. The corrections are highlighted in red.
We thank the reviewer for the detailed reading of the manuscript.




