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ABSTRACT

Recent technological advances in the synthesis and design of magnetic nanoparticles
(MNPs) have opened various avenues for these materials in medical applications. These technology-
facilitated features as well as intrinsic features make MNPs as an ideal choice in different medical
diagnostic and treatment applications. Some of important attributes of MNPs that make MNPs
great choice for medical applications are non-toxicity, biocompatibility, and high-level aggregation
in the desired tissue. In addition, these features make MNPs an interesting candidate for drug
delivery systems, magnetically assisted transfection of cells and magnetic hyperthermia, and
contrast agent for magnetic resonance imaging. These nanoparticles can be synthesized by
various methods which can determine their main physical and chemical characteristics. This
paper reviews the most common methods for synthesis of MNPs as well as the important features

that can be modulated during the synthesis.
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INTRODUCTION

Nanoparticles (NPs) are nanoscale
inorganic or organic materials with diameters
ranging from 1 to 100 nm. Compared with bulk
materials, NPs have many unique characteristics
making them interesting for different industrial and
medical applications'*.

Magnetic nanoparticles (MNPs) are one
group of NPs which interact with external magnetic
fields and exhibit some responses to an applying

magnetic field. In this regard, MNPs have various
unique magnetic properties including
superparamagnetic, high magnetic susceptibility,
low Curie temperature, etc. In addition, these
materials have been used in various domains such
as medical, industrial, and high-tech engineering®
6. Magnetic fluids’, biomedicine”®, catalysis'®,
magnetic energy storage'', data storage'?, contrast
agents in medical imaging, targeted drug delivery,
and cancer treatment are some of these
applications. Some of important attributes of MNPs
that make MNPs great choice for medical
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applications are non-toxicity, biocompatibility, and
high-level aggregation in the desired tissue.

In addition, external magnetic field forces
MNPs to move into a desire location or to induce
heating because of their inducible magnetization
attributes. These characteristics make them
attractive for different applications including
separation techniques and contrast enhancing
agents for MRI to drug delivery systems, magnetic
hyperthermia, etc'®'®. However, the most challenging
issue in using MNPs is to choose appropriate
materials to produce nanostructure materials with
adjustable chemical and physical attributes.

To improve chemical and physical
characteristics of MNPs and making them
appropriate for different applications, different
synthesis methods have been developed. Different
properties of MNPs such as composition, size,
morphology and surface chemistry can be
modulated using appropriate synthesis
techniques’'® 7.

To use MNPs in biomedical applications,
they must be made of a non-toxic and non-
immunogenic material. In addition, these particles
should be small enough to maintain in the biological
circulation and to transit via the capillary systems of
tissues. To control the dynamic features of MNPs in
the blood vessels with an external magnetic field,
the MNPs must have a high magnetization' '°. The
synthesis method of NPs can determine the shape,
the surface chemistry of the particles, the size
distribution, the particle size, and magnetic
properties?®-23. In addition, MNPs can exhibit new
phenomena including high saturation field,
superparamagnetic, high field irreversibility, extra
anisotropy contributions?-.

The present paper focuses on the various
synthesis methods of MNPs and the main features
of these particles.

Synthesis of Superparamagnetic Nanoparticles
Co-precipitation Method

Co-precipitation approach for the first time
was introduced by Welo et al in 1925 25. The
convenience, efficiency, and ability to easily prepare
the major types of iron oxide nanoparticles are the
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most important features of this method®. Massart et
al (1981) have developed this technique to
synthesize SPIONs in both alkaline and acidic media
without addition of any stabilizing molecule?’. Since
then, plenty of studies have been performed to
optimize the synthesis parameters such as iron
charge (Fe?/Fe®*)?® and their concentration in the
primary media®, acidity and ionic strength of the
final media, reaction temperature, injection flux
rates®, homogenization rates, and bubbling inert
gas thorough the solution®. These parameters can
influence several features of the synthesized
particles such as size, shape, morphology of the
individual grains, the magnetic saturation, and the
composition of particles.

For controlling the surface morphology of
SPIONSs, surfactants or polymers are introduced in
the reaction. For instance, adding oleic acid makes
the prepared SPIOs a hydrophobic compound
which can well disperse into the organic solvent®'.
Furthermore, dextran, alginate, protein,
polyethylene glycol (PEG), polyacrylic acid (PAA),
poly (vinyl alcohol) (PVA) and polyethyleneimine
(PEI) are used as the stabilizing agents to form
stable aqueous solution for SPIONs.

Despite the interesting advantage of co-
precipitation synthesis procedure in easily prepare
of SPIONs with a high process yield, it suffers some
drawbacks. To control the particle size, controlling
the pH is vital. Nanoparticles with broad particle
size distributions and irregular morphologies are
usually synthesized by wet precipitation. Therefore,
for successful preparing of SPIONS, it is essential
to avoid any oxidation of iron (ll) precursor. Since
this approach requires a large quantity of water,
scaling up is difficult. Finally since controlling the
pH is delicate, it is virtually impossible to
simultaneously precipitate a protective coating. After
preparation, coating of these nanoparticles
individually, without aggregation can be difficult®.

Microemulsion Method

Microemulsion is an alternative method to
synthesize the shape- and size-controlled iron oxide
NPs. This approach is a thermodynamically stable
isotropic dispersion of two immiscible phases (water
and oil) under a surfactant present. The surfactant
molecules are used to produce a monolayer at the
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oil-water interface. In the interface, the hydrophobic
tails of the surfactant molecules dissolved in the oil
phase and the hydrophilic head groups in the
aqueous phase. therefore in this binary systems
(water/surfactant or oil/surfactant), self-assembled
structures of different types can be prepared,
ranging, for example, from (inverted) spherical and
cylindrical micelles to lamellar phases and
bicontinuous microemulsions, which may coexist
with predominantly oil or aqueous phases®. Indeed,
in a typical procedure to obtain SPIONs, two
identical W/O microemulsions containing iron salts
and alkaline medium are synthesized. The
aqueous droplets in the continuous (oil phase) form
perform as nano-reactors to prepare MNPs. After
blending of iron salts and alkali medium
microemulsions, micro-droplets undergo
continuous collision, coalescence, and breaking
that result in the precipitation of SPIONs form
micelles'” 34,

The size of particles can be controlled by
changing in the droplet size in the reverse micelles
and thus by the type and concentration of
surfactants. In this method various type of
surfactants such as anionic®: %, non-anionic® and
cationic®® can be employed. In addition, the diameter
of the reverse microemulsion droplets can be
determined by the water/surfactant molar ratio [36].
This technique has been used by several
researchers. Vidal-Vidal et al proposed a method
for the formation of spherical shaped particles,
capped by a monolayer coating of oleylamine (or
oleic acid) with a narrow size distribution of 3.5 +
0.6 nm *. In other study by Chin and Yaacob, they
developed a technique for the synthesis of
magnetic iron oxide NPs (less than 10 nm)*. The
produced particles were smaller in size and higher
in saturation magnetization, compared with the
synthesized particles by Massart et al.,*'.

High Temperature Method

High temperature method is useful
technique to obtain monodispersed nanopatrticles
with significant size control, and high crystallinity.
In this approach, iron complexes such as
(hydroxylamineferron [Fe(Cup),l, iron
pentacarbonyl [Fe(CO),], ferric acetylacetonate
[Fe(acac),], iron oleate [Fe(Oleate),] under high
temperature condition, are decomposed inside the
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non-polar boiling solvent with a presence of the
capping agent. Under such conditions, nucleation
and growth mechanisms during decomposition
result in narrow size distribution of obtained due to
feature of the*.

The nucleation and growth processes are
respectively initiated at approximately 200°C -
230°C and 260°C - 290°C. Fatty acids,
hexadecylamine are the materials that can be
applied for coating of these nanoparticles[43]. There
are three factors to control the size and shape of
these hydrophobic nanoparticles: (1) temperature
of the decomposition reaction; (2) precursor/capping
agent ratio; and (3) duration of the reaction after
reaching the boiling point. Between all of these
factors, the heating rate and precursor/boiling
solvent volumetric ratio have most impact on the
morphology of the nanoparticles*.

Hydrothermal Method

The purpose of applying hydrothermal
method is improvement the crystallization of SPIO
nanocrystals. This approach has been used by
several researchers* . For example, Wang et al
proposed a one step process to prepare well
crystallized SPIONs (Fe,O,) using ferrous chloride
and diamine hydrate as the starting materials. The
synthesized (40 nm) at 140 °C and 100 °C,
respectively exhibits a saturation magnetization of
85.8 emu/g and 12.3 emu/g. The high saturation
magnetization can be obtained by increasing the
temperature®’.

Zheng et al., have used a hydrothermal
method for preparing NPs (27 nm) in the presence
of sodium bis (2-ethylhexyl) sulfosuccinate (AOT)
as a surfactant. The magnetic properties of the NPs
exhibited a superparamagnetic behavior at room
temperature.

In addition, one of the successful ways of
growing crystals for iron oxide NPs is hydrothermal
technique“®. Another hydrothermal technique to
form water dispersible SPIO nanocrystals was
introduced by Xuan et al., (2007)*. Moreover, the
solvothermal method based on the reaction
between Fe powder and ferric chloride, for creating
hydrophobic SPIO nanoparticles have been
reported by Si and coworkers®.



274

Sonochemical Synthesis

Sonochemical technique is used
synthesize particles with unusual characterizations.
The chemical effects of ultrasound are based on
acoustic cavitation. Acoustic cavitation is defined
as the formation, growth, and implosive collapse of
bubbles in liquid. In the condition with transient
temperatures of 5000 K, pressures of 1800 atm,
and cooling rates more than K/s, the implosive
collapse of the bubble generates a localized hotspot
through adiabatic compression or shock wave
creation within the gas phase of the collapsing
bubble. These extreme conditions are essential to
synthesis the highly monodispersive NPs®'. Several
NPs can be formed by this method. For instance, it
is possible to prepare magnetite NPs by sonication
of iron(ll) acetate in water under an argon
atmosphere®. A sonochemical approach has been
introduced by Kumar et al for preparing the pure
nanoscale powder with particle size of ca. 10 nm.
They have reported that the synthesized NPs have
superparamagnetic properties and their
magnetization at room temperature is very low
(<1.25 emu )%,

Biocompatibility and Toxicity

For an in vivo application, MNPs should
be biocompatible, nontoxic, and stable, These
features can be controlled by changing the size and
coating of NPs% %, |t has been shown that metallic
magnetic substances (iron, nickel, and cobalt) are
toxic, due to their oxidation and acid erosion. For
these reasons, the coating of magnetic
nanoparticles to protect them against degradation
is essential®®. For biomedical application, magnetic
nanoparticles should have the ability to escape from
reticuloendothelial system (RES) to reach their
target. Upon administration of nanoparticles into the
blood stream, the opsonization process occurs. In
this process, NPs are coated with proteins of plasma
and later are deleted by phagocytic cells and they
cannot reach target cells®” %. To avoid this event,
NPs are coated by organic layer such as surfactants
and polymers or inorganic species such as silica
and carbon. This additional layer can increase the
circulation time and colloidal stability® .
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Several magnetic materials are currently
available with a broad spectrum of magnetic
attributes. A number of these materials such as
cobalt and chromium have high toxicity, thus they
cannot be used in biomedical applications without
a non- toxic coating which has high mechanical
strength®'. Many studies have been conducted to
develop different techniques for using Gadolinium
NPs in medical imaging. However, there is serious
concern in using this compound for patients with
renal failure. Iron oxide NPs are a good alternative
for these patients. Relaxivity is problematic when
the iron oxide is used as contrast agent, because
this factor strongly depends on the size of
nanoparticle. However, other types of paramagnetic
and superparamagnetic nanoparticles have been
developed to overcome these weaknesses.

CONCLUSION

The present study reviewed some current
synthesis methods of MNPs. Advances in
preparation of MNPs with control of their properties
have introduced new generation of particles for
diagnostic applications such as utilization of MNPs
in hyperthermia, magnetic drug delivery, gene
delivery, and magnetic resonance imaging etc. In
order to take advantage of these applications, the
properties of MNPs must be known and their
behavior must be identified under various
conditions. The success of MNPs can be affected
by physicochemical properties, size, shape, and
surface chemistry which can characterize their
biodistribution, pharmacokinetic as well as
biocompatibility. To characterize and control the
physicochemical properties of MNPs, synthesis and
coating processes play crucial role. Various structural
models for MNPs have been proposed, each of
which has its own advantages and drawbacks for
medical applications in clinical settings. In order to
propose new MNPs and find their behaviors in a
living body, high-tech methods are needed.
Considering the recent advances in synthesis of
NPs as well as biotechnological advances we can
expect clinical uses of MNPs in different fields of
medicine in near future.



10.

11.

YADOLLAHPOUR, Orient. J. Chem., Vol. 31(Spl Edn.), 271-277 (2015) 275

REFERENCES

LaConte, L., N. Nitin, and G. Bao, Magnetic
nanoparticle probes. Materials Today, 2005.
8(5): p. 32-38.

Davaran, S. and A.A. Entezami, Synthesis
and hydrolysis of modified poly vinyl alcohols
containing Ibuprofen pendent groups. lran
Polym J, 1996, 5(3): p. 188-191.

Spanhel, L., et al., Photochemistry of colloidal
semiconductors. 20. Surface modification
and stability of strong luminescing CdS
particles. Journal of the American Chemical
Society, 1987, 109(19): p. 5649-5655.
Steigerwald, M.L. and L.E. Brus, Synthesis,
stabilization, and electronic structure of
quantum semiconductor nanoclusters.
Annual Review of Materials Science, 1989,
19(1): 471-495.

Ali, Y., et al., Dye-Doped Fluorescent
Nanoparticles in Molecular Imaging: A
Review of Recent Advances and Future
Opportunities. Material Science Research
India, 2014, 11(2).

Ali, Y., et al., Applications of Upconversion
Nanoparticles in Molecular Imaging: A
Review of Recent Advances and Future
Opportunities. Biosci., Biotech. Res. Asia,
2015, 12(Spl.Edn.1): p. 131-140.

Jordan, A, et al., Magnetic fluid hyperthermia
(MFH): Cancer treatment with AC magnetic
field induced excitation of biocompatible
superparamagnetic nanoparticles. Journal
of Magnetism and Magnetic Materials, 1999,
201(1): p. 413-419.

Kolhatkar, A.G., et al., Tuning the magnetic
properties of nanoparticles. International
journal of molecular sciences, 2013, 14(8):
p. 15977-16009.

Vallejo-Fernandez, G., et al., Mechanisms
of hyperthermia in magnetic nanoparticles.
Journal of Physics D: Applied Physics, 2013.
46(31): p. 312001.

Lu, A.H., E.e.L. Salabas, and F. Schiith,
Magnetic nanoparticles: synthesis,
protection, functionalization, and application.
Angewandte Chemie International Edition,
2007, 46(8): 1222-1244.

Frey, N.A., et al., Magnetic nanoparticles:

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

synthesis, functionalization, and applications
in bioimaging and magnetic energy storage.
Chemical Society Reviews, 2009, 38(9): p.
2532-2542.

Singamaneni, S., et al.,, Magnetic
nanoparticles: recent advances in synthesis,
self-assembly and applications. Journal of
Materials Chemistry, 2011, 21(42):p. 16819-
16845.

Horak, D., et al., Magnetic microparticulate
carriers with immobilized selective ligands
in DNA diagnostics. Polymer, 2005, 46(4): p.
1245-1255.

Neuberger, T., et al., Superparamagnetic
nanoparticles for biomedical applications:
possibilities and limitations of a new drug
delivery system. Journal of Magnetism and
Magnetic Materials, 2005, 293(1): p. 483-
496.

Jordan, A., et al., Presentation of a new
magnetic field therapy system for the
treatment of human solid tumors with
magnetic fluid hyperthermia. Journal of
Magnetism and Magnetic Materials, 2001,
225(1): p. 118-126.

Tartaj, P, et al., The preparation of magnetic
nanopatrticles for applications in biomedicine.
Journal of Physics D: Applied Physics, 2003,
36(13): p. R182.

Gupta, A.K. and M. Gupta, Synthesis and
surface engineering of iron oxide
nanoparticles for biomedical applications.
Biomaterials, 2005, 26(18): p. 3995-4021.
Lépez-Quintela, M.A., et al., Microemulsion
dynamics and reactions in microemulsions.
Current opinion in colloid & interface
science, 2004, 9(3): p. 264-278.

Thorek, D.L., et al., Superparamagnetic iron
oxide nanoparticle probes for molecular
imaging. Annals of biomedical engineering,
2006, 34(1): p. 23-38.

Sjogren, C.E., et al., Crystal size and
properties of superparamagnetic iron oxide
(SPIO) particles. Magnetic resonance
imaging, 1997, 15(1): p. 55-67.

Lee, Y., etal., Large scale synthesis of uniform
and crystalline magnetite nanoparticles
using reverse micelles as nanoreactors



276

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

YADOLLAHPOUR, Orient. J. Chem., Vol. 31(Spl Edn.), 271-277 (2015)

under reflux conditions. Advanced Functional
Materials, 2005, 15(3): p. 503-509.

Chung, S., et al., Biological sensors based
on Brownian relaxation of magnetic
nanoparticles. Applied physics letters, 2004,
85(14): p. 2971-2973.

Grossman, H., et al., Detection of bacteria in
suspension by using a superconducting
quantum interference device. Proceedings
of the National Academy of Sciences, 2004,
101(1): p. 129-134.

Grancharov, S.G., et al., Bio-functionalization
of monodisperse magnetic nanoparticles and
their use as biomolecular labels in a
magnetic tunnel junction based sensor. The
Journal of Physical Chemistry 2005, 109(26):
p. 13030-13035.

Welo, L.A. and O. Baudisch, XXXIX. The two-
staye transformation of magnetite into
hematite. The London, Edinburgh, and
Dublin Philosophical Magazine and Journal
of Science, 1925, 50(296): p. 399-408.
Laurent, S., et al., Magnetic iron oxide
nanoparticles: synthesis, stabilization,
vectorization, physicochemical
characterizations, and biological
applications. Chem Rev, 2008, 108(6): p.
2064-110.

Massart, R., Preparation of aqueous
magnetic liquids in alkaline and acidic media.
Magnetics, IEEE Transactions on, 1981, 17(2):
p. 1247-1248.

Jolivet, J., M. Henry, and J. Livage, De la
solution a I'oxyde, InterEditions et CNRS
Edition. Paris, France, 1994.

Babes, L., et al., Synthesis of iron oxide
nanoparticles used as MRI contrast agents:
a parametric study. Journal of Colloid and
Interface Science, 1999, 212(2): 474-482.
Gupta, A.K. and S. Wells, Surface-modified
superparamagnetic nanoparticles for drug
delivery: preparation, characterization, and
cytotoxicity studies. NanoBioscience, IEEE
Transactions on, 2004, 3(1): p. 66-73.

Bae, H., et al., Carbon-coated iron oxide
nanoparticles as contrast agents in magnetic
resonance imaging. Nanoscale research
letters, 2012, 7(1): p. 1-5.

McBain, S.C., H.H. Yiu, and J. Dobson,
Magnetic nanoparticles for gene and drug

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

delivery. International journal of
nanomedicine, 2008, 3(2): p. 169.

Solans, C., et al., Nano-emulsions. Current
Opinion in Colloid & Interface Science, 2005,
10(3): p. 102-110.

Lawrence, M.J. and G.D. Rees,
Microemulsion-based media as novel drug
delivery systems. Advanced drug delivery
reviews, 2000, 45(1): p. 89-121.

Lee, K., et al., Synthesis and characterization
of stable colloidal Fe,O, particles in water-
in-oil microemulsions. Magnetics, IEEE
Transactions on, 1992, 28(5): p. 3180-3182.
Liz, L., et al., Preparation of colloidal Fe304
ultrafine particles in microemulsions. Journal
of Materials Science, 1994, 29(14): p. 3797-
3801.

Landfester, K., F.J. Schork, and V.A. Kusuma,
Particle size distribution in mini-emulsion
polymerization. Comptes Rendus Chimie,
2003, 6(11): p. 1337-1342.

Ferrick, M.R., J. Murtagh, and J. Thomas,
Synthesis and characterization of
polystyrene latex particles. Macromolecules,
1989, 22(4): p. 1515-1517.

Vidal-Vidal, J., J. Rivas, and M. Lépez-
Quintela, Synthesis of monodisperse
maghemite nanoparticles by the
microemulsion method. Colloids and
Surfaces A: Physicochemical and
Engineering Aspects, 2006, 288(1): p. 44-51.
Chin, A.B. and I.l. Yaacob, Synthesis and
characterization of magnetic iron oxide
nanoparticles via w/o microemulsion and
Massart’s procedure. Journal of materials
processing technology, 2007, 191(1): p. 235-
237.

Tourinho, F.A., R. Franck, and R. Massart,
Aqueous ferrofluids based on manganese
and cobalt ferrites. Journal of Materials
Science, 1990, 25(7): p. 3249-3254.

Park, J., et al., Ultra-large-scale syntheses of
monodisperse nanocrystals. Nat Mater,
2004, 3(12): p. 891-5.

Li, Y., M. Afzaal, and P. O’'Brien, The synthesis
of amine-capped magnetic (Fe, Mn, Co, Ni)
oxide nanocrystals and their surface
modification for aqueous dispersibility.
Journal of Materials Chemistry, 2006, 16(22):
p. 2175-2180.



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

YADOLLAHPOUR, Orient. J. Chem., Vol. 31(Spl Edn.), 271-277 (2015) 277

Demortiere, A., et al., Size-dependent
properties of magnetic iron oxide
nanocrystals. Nanoscale, 2011, 3(1): p. 225-
232.

Hu, X., J.C.Yu, and J. Gong, Fast production
of self-assembled hierarchical a-Fe,O,
nanoarchitectures. The Journal of Physical
Chemistry C, 2007, 111(30): p. 11180-
11185.

Liu, X., et al., Hydrothermal synthesis and
characterization of a-FeOOH and a-Fe<
sub> 2</sub> O< sub> 3</sub> uniform
nanocrystallines. Journal of alloys and
compounds, 2007, 433(1): p. 216-220.
Wang, J., et al., One-step hydrothermal
process to prepare highly crystalline Fe<
sub> 3</sub> O< sub> 4</sub>
nanoparticles with improved magnetic
properties. Materials research bulletin, 2003,
38(7): p. 1113-1118.

Zheng, Y.-h., et al., Synthesis and magnetic
properties of Fe< sub> 3</sub> O< sub> 4</
sub> nanoparticles. Materials research
bulletin, 2006, 41(3): p. 525-529.

Xuan, S., et al., Preparation of water-soluble
magnetite nanocrystals through
hydrothermal approach. Journal of
magnetism and magnetic materials, 2007,
308(2): p. 210-213.

Si, S., et al., Magnetic monodisperse Fe O,
nanoparticles. Crystal growth & design,
2005, 5(2): p. 391-393.

Suslick, K.S., Sonochemistry. Science, 1990,
247(4949): 1439-45.

Bang, J.H. and K.S. Suslick, Sonochemical
synthesis of nanosized hollow hematite. J
Am Chem Soc, 2007, 129(8): p. 2242-3.
Vijayakumar, R., et al., Sonochemical
synthesis and characterization of pure
nanometer-sized Fe< sub> 3</sub> O< sub>

54.

55.

56.

57.

58.

59.

60.

61.

4</sub> particles. Materials Science and
Engineering: A, 2000, 286(1): p. 101-105.
Bulte, J.W. and D.L. Kraitchman, Iron oxide
MR contrast agents for molecular and
cellular imaging. NMR in Biomedicine, 2004,
17(7): p. 484-499.

Nitin, N., et al., Functionalization and peptide-
based delivery of magnetic nanoparticles as
an intracellular MRI contrast agent. JBIC
Journal of Biological Inorganic Chemistry,
2004, 9(6): p. 706-712.

Fischer, D., et al., In vitro cytotoxicity testing
of polycations: influence of polymer structure
on cell viability and hemolysis. Biomaterials,
2003, 24(7): 1121-1131.

Shenoy, D.B. and M.M. Amiji, Poly (ethylene
oxide)-modified poly ([-caprolactone)
nanoparticles for targeted delivery of
tamoxifen in breast cancer. International
journal of pharmaceutics, 2005, 293(1): p.
261-270.

Briley-Saebo, K., et al., Hepatic cellular
distribution and degradation of iron oxide
nanoparticles following single intravenous
injection in rats: implications for magnetic
resonance imaging. Cell and tissue
research, 2004, 316(3): 315-323.

Owens Ill, D.E. and N.A. Peppas,
Opsonization, biodistribution, and
pharmacokinetics of polymeric
nanoparticles. International journal of
pharmaceutics, 2006, 307(1): p. 93-102.
Roberts, M., M. Bentley, and J. Harris,
Chemistry for peptide and protein
PEGylation. Advanced drug delivery reviews,
2002, 54(4): p. 459-476.

Dobson, J., Magnetic properties of biological
materials. Handbook of biological effects of
electromagnetic fields: bioengineering and
biophysical aspects of electromagnetic
fields, 2006, 3: p. 101-13.



