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Abstract

The measurement of magnetic moment in magnetic mate-
rials is a widespread area of research in both academic
and industrial frontier. The magnetic target drug delivery
system has various applications in the field of cancer
treatment. And its value depends on whether the system
possesses super paramagnetic, biocompatibility, effective-
ness of drugs and otherwise. A sample is placed inside a
uniform magnetic to magnetize the sample. The sample is
then physically vibrated sinusoidally, typically through
the use of a piezoelectric material. The vibrating sample
magnetometer (VSM) measures the magnetization of a
small sample of magnetic material placed in an external
magnetizing field by converting the dipole field of the
sample into an ac electrical signal.

Keywords: Vibrating sample magnetometer, cancer drug,
magnetization, magnetic microspheres

INTRODUCTION:-

Magnetism, is the oldest technology and a magical sci-
ence. It was first recorded around 600 BC by the Greeks
studying ferrite rocks (lodestone). The earliest mention of
a magnetic compass used for navigation is from a Chinese
text dated 1040-1044 A.D., but it may have been invented
there much earlier. Magnetism is a sub-atomic phenome-
non and is mainly caused due to the polarization of elec-
tric clouds, or magnetic dipoles of certain materials with

unpaired electrons. Due to this imbalance, the atom gains
a net angular momentum, and a magnetic field perpen-
dicular to the rotation of spin of the excess charge is
caused. The magnitude of this magnetic or spin moment
is dependent on the species of atom. This spin-spin inter-
actions classified materials into different magnetic classes.
When atoms are brought in proximity to each other there
is a chance of an electron jumping from one atom to an-
other, known as the Heisenberg exchange. This interac-
tion can indirectly couple the spin moments of the atoms,
causing the spin moments to align parallel or anti-
parallel. In most materials the spin moments are small
and aligned randomly, causing to paramagnetism. In
some materials, specifically transition metals such as
nickel, cobalt, and iron, the spin moments are large, and
align in parallel or ferromagnetically. This causes a net
spontaneous magnetic moment in the material.

The Vibrating Sample Magnetometer is a sensitive and
versatile instrument for study of magnetic moments in
different magnetic materials as a function of magnetic
field and temperature. Its use to measure magnetization is
based on the Faraday’s laws of electromagnetic induction.
@

The Vibrating sample Magnetometer was first designed
by Simon Foner, in 1959 at the Lincoln laboratories. All
the VSM work, involves the measurement of voltage in-
duced in a stationary coil, otherwise called as detection
coils, due to the harmonic vibration of the sample in a
uniform magnetic field.®

VSM Application:

Magnetic Measurement:

The vibrating-sample magnetometer has been in use for
routine magnetic measurements as a function of tempera-
ture and field of ferromagnetic, ferrimagnetic, anti ferro-
magnetic, paramagnetic, and diamagnetic materials. @

Magnetic field Measurement:

The magnetometer may be used as a field measuring de-
vice by using a paramagnetic sample. If the susceptibility
is not too large and is field independent, the proportional-
ity constant, accounting for the particular coil geometry
and the susceptibility, is obtained by calibration with the
nickel standard above magnetic saturation, or by an inde-
pendent field measurement. @

Working Principle:

A vibrating sample magnetometer (VSM) operates on

Faraday's Law of Induction, which informs that a chang-

ing magnetic field will produce an electric field. This elec-

tric field can be measured and provide us information
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about the changing magnetic field. A VSM is used to
measure the magnetic behavior of magnetic materials.
The sample to be studied is kept in a constant magnetic
field. If the sample IS magnetic, this constant magnetic
field will magnetize the sample by aligning the magnetic
domains, or the individual magnetic spins, with the field.
The stronger the constant field, the larger the magnetiza-
tion will be. The magnetic dipole moment of the sample
will create a magnetic field around the sample, sometimes
called the magnetic stray field. As the sample is moved up
and down. this magnetic stray field is changing as a func-
tion of time and can be sensed by a set of pick-up coils.
The alternating magnetic field will cause an electric cur-
rent in the pick-up coils according to Faraday's Law of
Induction. This current will be proportional to the mag-
netization of the sample. The greater the magnetization,
the greater the induced current. The induction current is
amplified by a transimpedance amplifier and lock-in am-
plifier. The various components are hooked up to a com-
puter interface. Using controlling and monitoring soft-
ware, the system can tell us how much the sample is
magnetized and how its magnetization depends on the
strength of the constant magnetic field.

The output is a hysteresis curve, which shows the rela-
tionship between the induced magnetic flux density and
the magnetizing force and gives important information
about the magnetic saturation, the remanence, the
coercivity and the level of residual magnetism left in the
material.(®)

The vibrating sample magnetometer operates on the prin-
ciple that when a sample material is placed in a uniform
magnetic field, a dipole moment proportional to the
product of the sample susceptibility times the applied
field is induced in the sample. A sample also undergoing
sinusoidal motion induces an electrical signal in a set of
stationary pick-up coils. This signal is proportional to the
magnetic moment, vibration amplitude, and vibration
frequency.

The material under study is contained in a sample holder,
which is centered in the region between the pole pieces of
an electromagnet. A vertical sample rod connects the
sample holder with a transducer assembly located above
the magnet, which supports the transducer assembly with
sturdy, adjustable support rods. The transducer then con-
verts a sinusoidal AC drive signal, provided by a circuit
located in the console, into a sinusoidal vertical vibration
of the sample rod, and the sample thus undergoes a si-
nusoidal motion in a uniform magnetic field. Coils
mounted on the pole pieces of the magnet pick up the
signal resulting from the sample motion. This AC signal
at the vibration frequency is proportional to the magni-
tude of the moment induced in the sample, vibration am-

plitude and frequency. A servo system maintains constan-
cy in the drive amplitude and frequency so that the out-
put accurately tracks the moment level without degrada-
tion due to variations in the amplitude and frequency of
vibration.The samples can be characterized by weight or
volume.®?

Vibrating Sample Magnetometer Parts ®

Water cooled electromagnet and power supply

The water cooled electromagnet, along with the power
supply, generate the constant magnetic field used to mag-
netize the sample.

Vibration exciter and sample holder (with angle indica-
tor)

The sample holder rod is attached to the vibration exciter,
and the end of it hangs down in between the pole pieces.
The exciter moves the sample up and down at a set fre-
quency, typically 85Hz. The sample rod can be rotated to
achieve the desired orientation of the sample to the con-
stant magnetic field. There are also three knobs for con-
trolling the x,y, and z positions of the sample.

Sensor coils

The sample produces an alternating current in these coils
at the same frequency as the vibration of the sample. The
signal generated contains the information about the mag-
netization of the sample.

Amplifier
The amplifier does just that - amplifies the signal created
by the sensor coils.

Control chassis
This controls the 85Hz oscillation of the exciter.

Lock in amplifier

This amplifier is tuned to pick up only signals at the vi-
brating frequency. This eliminates noise from the envi-
ronment, such as from the overhead lights or hovering
spacecraft nearby (unless the noise happens to be an 85Hz
signal).

Meter

This is used to measure something important.

Computer Interface

The software makes data collection easier by automating
the control of the various components during data collec-
tion. The data can be graphed and plotted on the printer.

Magnetic property characterization of Anticancer drug
product using Vibrating sample magnetometer:
WuShiZuo, PengJin Hua, LiFengSheng in their Ph.D the-
sis tiled Preparation and Characterization of Fluorescent
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Magnetic Target Drug Delivery Systems prepared Mag-
netic tetracycline microspheres by combining ultrasonic
emulsion polymerization with ultrafine grinding technol-
ogy. Superfine technology took average particle size of
tetracycline powder down to aboutlum so as to make the
drug powder easier to dissolve in magnetic fluid solution,
which was useful for the distribution of tetracycline drug
particles in the emulsion reaction system. Based on the
characterization results of transmission electron micros-
copy (TEM), vibration sample magnetometer, bacterial
inhibition experiments and other tests, it could be found
that the structure of microspheres were not break down
when the drug was coated and the magnetic tetracycline
microspheres had obvious drug activity compared to the
control groups. To expand applications of ultrasonic
emulsion polymerization method, hydrophilic fluoroura-
cil was chosen as the coated drug. Hydrophobic fluor-
ouracil microparticles were made by using a wet ball mil
land and adding the stearic acid as a modifier, which can
easily dispersed in magnetic fluid. Rhodamine B
isothiocyanate was modified onto the surface of micro-
spheres after loading the drug and successfully obtained
fluorescent magnetic anticancer microspheres. Through
vibrating sample magnetometer (VSM) and fluorescence
analysis, they did characteristic study of the fluorescent
magnetic anticancer microspheres and proved that they
had good super paramagnetic and fluorescent light-
emitting properties. @

Sundar et al fabricated etoposide loaded magnetic poly-
meric microparticles and characterized magnetic property
of magnetic microspheres by using vibrating sample
magnetometer. A typical characteristic of super paramag-
netic material with no detected remainance or coacervity
at room temperature in the study indicated that the single
domain magnetic Fe304 nanoparticles remained in the
prepared magnetic microspheres. ©

Yun-Kai Lv et al prepared doxycycline imprinted magnet-
ic microspheres by inversion emulsion suspension
polymerization for magnetic dispersion extraction of
tetracyclines from milk samples and characterized the
magnetism property using Vibrating sample magnetome-
ter. ©)

Abolfazl Akbarzadeh et al prepared doxorubicin-loaded
FesOs magnetic nanoparticles modified with biocompati-
ble copolymers and performed characterization studies.
They conducted magnetism test to study the magnetic
properties of the nanoparticles by vibrating sample
magnetometry at room temperature. The saturation mag-
netization was found to be 17.5 emu/g for doxorubicin-
loaded FesO: magnetic nanoparticles modified with
PLGA-PEG copolymers, ie, less than for the pure FesO4

nanoparticles (70.9emu/g).This difference suggests that a
large amount of polymer encapsulated the FesOs nanopar-
ticles and doxorubicin. With the large saturation magneti-
zation, the doxorubicin-loaded Fes:Os magnetic nanoparti-
cles modified with PLGA-PEG copolymers could be sepa-
rated from the reaction medium rapidly and easily in a
magnetic field. In addition, there was no hysteresis in the
magnetization, with both remanence and coercivity being
zero, suggesting that these magnetic nanoparticles are
super paramagnetic.?)

Soodabeh davaran et al. Synthesised hydrogel
nanocomposites containing magnetic nanoparticles for
study. Magnetic nanoparticles (FesOs) with an average
size 10 nm were prepared. At second approach, thermo
and pH-sensitive poly (N-isopropylacrylamide -co-
methacrylic  acid-co-vinyl  pyrrolidone) (NIPAAm-
MAAVP) were prepared. Swelling behavior of co-polymer
was studied in buffer solutions with different pH values
(pH=5.8, pH=7.4) at 37°C. Magnetic iron oxide nanoparti-
cles (FesOs) and doxorubicin were incorporated into co-
polymer and drug loading was studied. The magnetic
properties of the nanoparticles were analyzed by vibrat-
ing sample magnetometry at room temperature From
hysteresis loop curve the saturation magnetization was
found to be 18 emu/g for doxorubicin-loaded NIPAAm-
MAA-VP magnetic nanocomposite, less than for the pure
FesOs nanoparticles (65emu/g). This difference suggests
that a large amount of polymer encapsulated the FesOs
nanoparticles and doxorubicin. With the large saturation
magnetization, the doxorubicin- loaded NIPAAm-
MAAVP magnetic nanoparticles could be separated from
the reaction medium rapidly and easily in a magnetic
field. In addition, there was no hysteresis in the magneti-
zation, with both remanence and coercivity being zero,
suggesting that these magnetic nanoparticles are
superparamagnetic. ®

Hereba et al studied the effect of magnetic microspheres
on the blood to lead optimization of the use of these mi-
crospheres. Five groups of normal blood samples were
incubated with 10 mg magnetic chitosan microspheres
then each group was compared to control group samples.
Magnetism test was carried out using Vibratory sample
Magnetometer .The hysteresis loop of the microspheres,
in which the internal area of the hysteresis loop repre-
sents the capability of magnetic energy storage of magnet-
ic materials was developed. For the prepared micro-
spheres, the saturation magnetization was 6.205 electro-
magnetic unit/gram/division (emu/g/division), coercivity
was 76.05 Oersted (Oe), and retentivity was 1.099 emu/g.
In which the maximum field was 5000 Oe. ©

Zhou et al .In their work magnetite (FesOs) nanoparticles
with an average size 10 nm modified by sodium oleate
229



Kirupakar B.R. et al, Int ]. Pharm. Drug. Anal, Vol: 4, Issue: 5, 2016; 227-233
Available online at http://ijpda.com

were prepared by the modified controlled chemical
coprecipitation method, which can be well dispersed in
water and linked well with protein molecules because of
the presence of —COOH on their surface. Then magnetic
poly(lactic acid) (PLA) and poly(lactic-co-glycolic acid)
(PLGA) microspheres containing interferon alpha-2b
(IFN-a-2b) were prepared by the modified water-in-oil-in-
water solvent evaporation procedure. Including vibrating-
sample magnetometer (VSM) analysis to study magnetic
properties of the magnetic microspheres other characteri-
zation study were carried out..The magnetic properties of
the resultant Fe304 nanoparticles were measured by a
vibrating sample magnetometer (VSM, Quantum Design)
at room temperature. A certain amount of microspheres
were placed in the magnetometer. The magnetic proper-
ties were then determined by applying an increasing
magnetic field over the sample, and the results were used
to calculate the magnetism of the microspheres, which
were characterized by weight. (10

Yang et al prepared hollow  poly(N,NO-
methylenebisacrylamide-co-methacrylic acid)
(P(MBAAmM-co-MAA)) microspheres by the selective re-
moval of poly(methacrylic acid) (PMAA) core from the
corresponding PMAA/P(MBAAm-co-MAA) core-shell
microspheres, which were synthesized via a two-stage
distillation precipitation polymerization. The magnetic
FesOs nanoparticles onto the surface of hollow
P(MBAAm-co-MAA) microspheres via partial oxidation
of ferrous salt during the chemical deposition in the pres-
ence of potassium nitrate as oxidant with the aid of
hexamethylene tetramine and the magnetic hollow micro-
spheres were further functionalized with folic acid (FA)
via the chemical linkage with amino groups of 3-
aminopropyl triethoxysilane (APS)-modified P(MBAAm-
co-MAA)Fe:Os microspheres to afford the magnetite and
tumor dual-targeting hollow microspheres. The resultant
dual-targeting hollow polymer microspheres with pH-
sensitivity were characterized by transmission electron
microscopy (TEM), dynamic light scattering (DLS), Fouri-
er transform infrared-spectrometer (FT-IR), UV Vis ab-
sorption spectroscopy, and vibrating sample magnetome-
ter (VSM). (1

Zhang et al used alginate-chitosan (Alg-CS) hydrogel
beads for developing an oral water-soluble drug delivery
system, occupying pH-sensitive  property  and
superparamagnetic. Matrine as a model drug was loaded
in Alg-CS hydrogel beads to study the release character of
the delivery system. The amount of matrine released from
the beads was relatively low in pH 2.5 over 8 h (34.90%),
but nearly all of the initial drug content was released in
simulated intestinal fluid (SIF, pH 6.8) within 8 h. The
results demonstrated that Alg-CS hydrogel beads possess

unique pH-dependent swelling behaviors. In addition, the
magnetic beads were characterized by Fourier transform
infrared spectroscopy, scanning electron microscope, X-
ray diffractometry and vibrating-sample magnetometry.
Magnetometer measurements data suggested that Alg-CS
beads also had superparamagnetic property as well as
fast magnetic response. It can be expected that the beads
can deliver and release encapsulated anticancer agent at
the tumor by the weak magnetic field, and hence could be
potential candidates as an orally administered drug de-
livery system. 12

R Turcu et al. obtained Magneto responsive microgels
with high saturation magnetization values by a strategy
based on the miniemulsion method using high colloidal
stability organic carrier ferrofluid as primary material.
Hydrophobic nanoparticles FesOs/oleic acid are densely
packed into well-defined spherical nanoparticle clusters
coated with polymers with sizes in the range 40-350 nm.
Investigated Physical- chemical characteristics of magnet-
ic microgels by TEM, SAXS, XPS and VSM measurements
with the focus on the structure-properties relationship.
Results showed that MTO-loaded microgels are promis-
ing structures for application in magnetic drug targeting.
The static magnetization of the samples was measured by
means of vibrating sample magnetometry at room tem-
perature using an ADE Technologies VSM 880 magne-
tometer. The magnetic measurements were performed on
dried samples of NPC stabilized with SDS and on the
microgels obtained by polymer coating of NPC. For all
the samples the magnetization at room temperature does
not show any hysteresis loop, being consistent with a su-
per paramagnetic behavior, as expected for oleic acid-
coated magnetite nanoparticles of small sizes (less than 10
nm) from the ferrofluid used as primary material. Moreo-
ver, this fact indicates that the magnetite nanoparticles are
still well separated in NPC and the magnetic dipole-
dipole interactions between them are negligible. High
saturation magnetization values were obtained for the
nanoparticle clusters, Ms=64 A m? /kg and also for the
magnetic microgels, Ms=53 A m? /kg for M-pNIPA and
Ms=43 A m? /kg for M-pNIPA-pAAc, which are somewhat
lower than the values measured for NPC, due to the in-
fluence of polymer coating. ¥

A. Rodzinski et al used magnetoelectric nanoparticles
(MENSs) to control drug delivery and release. The physics
is due to electric-field interactions (i) between MENs and
a drug and (ii) between drug-loaded MENs and cells.
MENSs distinguish cancer cells from normal cells through
the membrane’s electric properties; cancer cells have a
significantly smaller threshold field to induce electro-
poration. In vitro and in vivo studies (nude mice with
SKOV-3 xenografts) showed that (i) drug (paclitaxel
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(PTX)) could be attached to MENs (30-nm
CoFe20:@BaTiOs nanostructures) through surface func-
tionalization to avoid its premature release, (ii) drug-
loaded MENSs could be delivered into cancer cells via ap-
plication of a d.c. field (~1000e), and (iii) the drug could
be released off MENs on demand via application of an a.c.
field (~500e, 100Hz). MENs and control ferromagnetic
and polymer nanoparticles conjugated with HER2-neu
antibodies, all loaded with PTX were weekly administrat-
ed intravenously. Only the mice treated with PTX-loaded
MENSs (15/200ug) in a field for three months were com-
pletely cured, as confirmed through infrared imaging and
post-euthanasia histology studies via energy-dispersive
spectroscopy and immunohistochemistry. A room-
temperature Lakeshore vibrating sample magnetometer
(VSM) with a 3-T magnetic field sweep was used to
measure key magnetic properties of nanoparticles under
study including the magnetization saturation and the
magnetic coercivity. Vibrating sample magnetometry
(VSM) hysteresis loops curve obtained for 30-nm MENs
and 30-nm CoFe204 ferromagnetic nanoparticles (FNs).
FNs were used as control nanoparticles with a relatively
strong saturation magnetization (40 times higher than
that for MENs (~1 emu/g)) but displayed no ME effect.
This difference between MENs and the control FNs helps
understand the different roles of electric and magnetic
fields in the studied delivery mechanism. 4

B Saif et al. Morin (MR) is an anticancer drug present in
fruits and Chinese herbs. FesOs magnetic nanoparticles
(MNPs) coated on 3-aminopropyl triethoxysilane (APTES)
were synthesized (MNPs-APTES) as carriers for MR. The
characterization of drug delivery system was confirmed
by Fourier Transform Infrared (FTIR), Transmission Elec-
tron Microscope (TEM), X-Ray Diffraction (XRD), dynam-
ic light scattering (DLS), and vibrating sample magne-
tometer (VSM). The magnetic properties were investigat-
ed with vibrating sample magnetometer (VSM,
Lakeshore). The S-shape of MNPs-APTES exhibited zero
coercivity and
superparamagnetism with a saturation magnetization
(Ms) value 41.5 emu/g, which can be ascribed to the exist-
ence of APTES on surface of MNPs. Therefore, This
MNPs-APTES having magnetic response could be carry
drugs to targeted locations under an external magnetic
field. The determined magnetic separation time is about
15 5. 19

permanence indicating its

Wu et al. reported the synthesis of a hybrid
nanocomposite material composed of Ru(bpy)-doped
silica core-shell NPs and Pas (organic chromphore)-
DTPA (chelate), through an water in-oil micro emulsion
method. The magnetic characteristics of the synthesized
NPs were studied by using a vibrating sample magne-

tometer (VSM). The saturation magnetization values of
silica-coated and silica-free NPs were found to be 5.3
emu/g and 8.4 emu/g, respectively, whereas that of
ferrofluid magnetic NPs were found to be 65 emu/g. (19

Subbarayan Shanmugavel et al reported Synthesize of
polystyrene nanoparticle by using Pickering emulsion
Polymerization method without using surfactant. Design-
ing of a magnetic nano core /shell assembly by using pol-
ystyrene nanoparticles as templates in which chitosan
polymer as shell material and a hydrophilic anticancer
drug (Methotrexate and Melphalan) are loaded into the
core. Surface coating of the designed core/shell assembly
with polyelectrolyte (sodium alginate). Step by step char-
acterization in the experiment to conform the chemical
reactions involved in each step. Magnetic property was
evaluated by vibrating sample magnetometer which gives
a hysteresis loop with magnetization value 50emu/g indi-
cates that the super paramagnetic nature of the formula-
tion. 17

Marquez et al reported Hollow magnetite microspheres
synthesis by a simple process through a template-free
hydrothermal approach. Hollow microspheres were sur-
face modified by coating with a silica nanolayer. Pristine
and modified hollow microparticles were characterized
by field-emission electron microscopy, transmission elec-
tron microscopy, X-ray diffraction, X-ray photoelectron
spectroscopy, FT-IR and Raman spectroscopy, and VSM
magnetometry. The variation in magnetization and
coercivity of the hollow magnetite samples was deter-
mined by using a Lake Shore-7400 vibrating sample mag-
netometer (VSM) (Lake Shore Cryotronics Inc, Wester-
ville, OH, USA) at room-temperature. The magnetic
properties of the synthesized materials were also investi-
gated by VSM magnetometry under room temperature
conditions. The corresponding hysteresis loops in the -30
+ 30 kOe range. The saturation magnetization (Ms) values
were 69.6 emu g' (hollow magnetite) and 13.7 emu g?!
(SiO2hollow magnetite). The observed saturation of the
magnetization profiles and the lack of coercivity and
remanence were expected for ferrimagnetic magnetite
particles. The difference in Ms observed when hollow
spheres are coated by silica can be attributed to the non-
magnetic contribution of diamagnetic silica onto the
magnetite surface. However, specific interactions between
the silica surface layer and the magnetite nanoparticles
forming the hollow structure could not be ruled out at
present. More detailed investigations concerning this del-
eterious effect of silica on the magnetization of the hollow
structures are currently in progress. The absence of
coercivity in the hollow magnetite structures could also
suggest a super paramagnetic behavior that could be as-
cribed to the fact that magnetite microspheres are built by
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many small nanoparticles. @

Sedighe Arabi et al prepared a modified amphiphilic pol-
ymer with targeting susceptibility to reduce side effects to
normal cells. Polyethyleneimine (PEI) as a polycationic
polymer reacted with sebacoyl chloride to make a new
amphiphilic polymer and folic acid as a targeting agent to
reduce cytotoxicity of polymer and increase specific en-
trance of nanoparticles to cancerous cells. Curcumin was
loaded on (PEI-SbFA-MNPs) and the release behavior was
studied. The VSM was applied to measure the magnetic
properties of nanoparticles. The nanoparticles display
saturation magnetization equal to 57.09 and 51.4 for FesO4
and modified PEI-Fe:Os emu/g. Saturation magnetization
amount of FA-PEISb-MNPs has a lower amount than the
FesOu that it is attributed to the modified polymer on the
surface of nanoparticles. Paramagnetic behavior can pre-
vent the aggregation of particles and make them suitable
for use in the pharmaceutical field.®)

Conclusion:

Seen in the broader historical perspective, it is the inti-
mate connection between discovery and practical use
which causes most of the magic of magnetism, and it is
certainly illustrative for the magic of science in general.In
recent years, the preparation of multi-functional magnetic
target drug delivery system has become a new hotspot of
cancer treatment to achieve its excellent magnetic re-
sponse, drug activity and targeted tracing, etc

Vibrating Sample Magnetometry (VSM) is a measurement
technique to determine the magnetic moment of a sample
with very high precision and to characterize ferromagnet-
ic samples.

Reference:

1. Debi Prasad Pattnaik.Design and Fabrication of Vi-
brating Sample Magnetometer Thesis. Department of
Physics and Astronomy. National Institute of Tech-
nology Rourkela, Odisha, India.

2. S. Foner “Versatile and Sensitive Vibrating Sample
Magnetometer” Rev. Sci. Instrum, 30(1959)548.

3. Vibrating Sample Magnetometer Manual SWT phys-
ics Department

4. WuShiZuo, PengJinHua; LiFengSheng. Preparation
and Characterization Fluorescent Magnetic Target
Drug Delivery System. PhD thesis. Nanjing Universi-
ty of Technology and  Engineering.2012.
http://www.dissertationtopic.net/doc/1703534 (ac-
cessed on 06 March 2016).

5. Vankayalu Devendiran Sundar, Magharla Dasaratha
Dhanaraju, Nandhakumar Sathyamoorthy. Fabrica-
tion and characterization of etoposide loaded mag-

10.

11.

12.

13.

netic polymeric microparticles. International Journal
of Drug Delivery 6 (2014) 24-35.

Lv, Y.-K,, Zhao, C.-X,, Li, P,, He, Y.-D., Yang, Z.-R.
and Sun, H.-W. (2013), Preparation of doxycycline-
imprinted magnetic
emulsion suspension polymerization for magnetic
dispersion extraction of tetracyclines from milk sam-
ples. . Sep. Science, 36: 2656-2663.
doi:10.1002/jssc.201300429

Abolfazl Akbarzadeh, Haleh Mikaeili, Nosratollah
Zarghami, Rahmati Mohammad, Amin Barkhordari,
Soodabeh Davaran. Preparation and in vitro evalua-
tion of doxorubicin loaded Fes Os magnetic nanopar-
ticles modified with biocompatible copolymers. In-
ternational Journal of Nanomedicine 2012:7 511-526.
Soodabeh Davaran, Samira Alimirzalu , Kazem
Nejati-Koshki , Hamid Tayefi Nasrabadi , Abolfazl
Akbarzadeh, Amir Ahmad Khandaghi , Mojtaba
Abbasian , Somayeh Alimohammadi. Physicochemi-
cal Characteristics of FesOs Magnetic Nanocomposites
Based on Poly(N-isopropylacrylamide) for Anti-
cancer Drug Delivery. Asian Pac ] Cancer Prev, 15 (1),
49-54.

Abdelrahman T Hereba, Mohamed A Elblbesy and
Mamdouh M Shawki. Study of the Effect of Magnetic
Microspheres on Some Biophysical Parameters of
Human Blood (In vitro Study). ] Biotechnology
Biomater 2012, 2:4.

Shaobing Zhou, Jing Sun, Lin Sun, Yanqin Dai,
Liping Liu, Xiaohong Li, Jianxin Wang, Jie Weng,
Wenxiang Jia, Zairong Zhang. Preparation and Char-
acterization of Interferon-Loaded Magnetic Biode-
gradable Microspheres. Published online 24 April
2008 in Wiley
(www.interscience.wiley.com). DOI:
10.1002/jbm.b.31091.

Xiaoying Yang, Lei Chen, Bin Han, Xinlin Yang, and
Hongquan Duan. Preparation of Magnetite and Tu-
mor Dual-targeting Hollow Polymer Microspheres
with pH-Sensitivity for AnticancerDrug-
carriers.Polymer,51(12),2533-2539(2010).DOI:
0.1016/j.polymer.2010.04.032.

Zhang LL, Li P, Li YM, Wang AQ. Preparation and
characterization of magnetic alginate-chitosan hydro-
gel beads loaded matrine. Drug Dev Ind Pharm. 2012
Jul; 38(7):872-82.

Rodica Turcu, Izabell Craciunescu, Vasil M.
Garamus, Christina Janko, Stefan Lyer, Rainer Tietze,
Christoph Alexiou , Ladislau Vekas. Magnetic
microgels for drug targeting applications: Physical-
chemical properties and cytotoxicity evaluation.
Journal of Magnetism and Magnetic Materials 380
(2015) 307-314.

microspheres by inverse-

InterScience

232



Kirupakar B.R. et al, Int ]. Pharm. Drug. Anal, Vol: 4, Issue: 5, 2016; 227-233
Available online at http://ijpda.com

14.

15.

16.

17.

Alexandra Rodzinski, RakeshGuduru, Ping Liang, Ali
Hadjikhani, Tiffanie Stewart, Emmanuel Stimphil,
Carolyn Runowicz, Richard Cote, Norman Altman,
Ram Datar and Sakhrat Khizroev. Targeted and con-
trolled anticancer drug delivery and release with
magnetoelectric nanoparticles. Published: 15 Febru-
ary 2016.www.nature.com/scientific reports.

Bassam Saif, Congli Wang, Dong Chuan, Shaomin
Shuang. Synthesis and Characterization of FesOs
Coated on APTES as Carriers for Morin-Anticancer
Drug. Journal of Biomaterials and
Nanobiotechnology, 2015, 6, 267-275.

Shanka Walia and Amitabha Acharya. Silica mi-
cro/nanospheres for theranostics: from bimodal MRI
and fluorescent imaging probes to cancer therapy.
Beilstein J. Nanotechnol. 2015, 6, 546-558.
Subbarayan and Venkatachalam
Karthikeyan. Synthesis and characterization of layer
by layer magnetic nanoparticles of methotrexate and

Shanmugavel

18.

19.

20.

21.

melphalan. World Journal of Pharmacy and Pharma-
ceutical Sciences. Vol 3, Issue 2, 2014. 1809-1824.

S.F. Medeiros, A.M. Santos, H. Fessi, A. Elaissari.
Stimuli-responsive magnetic particles for biomedical
applications. International Journal of Pharmaceutics
403 (2011) 139-161.

Francisco Marquez, Gloria M Herrera , Teresa Cam-
po, Maria Cotto, José Ducongé , Jos¢é M Sanz, Edu-
ardo Elizalde, Oscar Perales and Carmen Morant.
Preparation of hollow magnetite microspheres and
their applications as drugs carriers. Nanoscale Re-
search Letters 2012, 7:210.

Magnetic Targeted Drug Delivery By Jeffrey H.
Leach. Thesis submitted to the Faculty of the Virginia
Polytechnic Institute and State University. February
2003.

Sedighe Arabi, Hamid Akbari javar, Mehdi Khoobi.
Preparation and modified
polyethyleneimine magnetic nanoparticles for cancer
drug delivery. Islamic Azad University, Arak, Iran.

characterization of

233



