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ABSTRACT

Magnetic nanoparticles offer exciting new opportunities including the improvement of the quality of magnetic
resonance imaging (MRI), hyperthermic treatment for malignant cells, site-specific drug delivery and also the
recent research interest of manipulating cell membranes. The biological applications of these nanomaterials require
these nanoparticles to have high magnetization values, size smaller than 20 nm, narrow particle size distribution
and a special surface coating for both avoiding toxicity and allowing the coupling of biomolecules. In this review,
we focus on the feasibility of radionuclide labeled magnetic nanoparticles, as drug carriers, and summarize recent
advancesin thisfield.
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INTRODUCTION Nanoparticles have been used in biology and

medicine for over 50 years (Kreuter, 2007).
Nanoparticles are colloidal vesicular systems thatxperimental and clinical studies with radioactive
vary in size from 10 to 1000 nm, and the drugcolloidal gold in the therapy of serious effusions
and/or imaging probe of interest is eitherarising from cancer (Moses et,d955). In earlier
entrapped therein or attached thereon. Thémes, they were generally called -colloids,
application of methodologies to produceemulsions or aerosols, and included many natural
nanoparticles with bioresponsive properties hagnd man-made suspensions. Colloidal radioactive
opened the way for producing useful tools forgold or gold salts were used as therapeutic agents
molecular  diagnostics,  therapeutics, andor intra-articular injection in patients with
biotechnology (Bjerner et al2004; Campo, et al rheumatoid arthritis - a practice that continues in
2005; Jung, 1995; Pintaske et aD06; Vassallo et the current clinical management of this disease -
al, 1994; Daldrup et al 1999). Metal, and for treating cancer in the 1950s (Ahlberg st al
semiconductor, and magnetic colloidal1969), and colloidal gold or gold granules were
nanoparticles are presently under intensive studysed as electron-opaque labels in electron
for potential applications (Fuente et, 2006). microscopy in the 1960s (Fortina et,a2007).
Nano-sized structures range from 1-100 nm - fobince then, a variety of animal studies have
comparative purposes, a single turn of the DNAlemonstrated the efficacy of the technique,
helix is 3.4 nm in length, and a eukaryotic cell hasiowever, only a handful of Phase I/l clinical trials
dimensions in the range 10-100 mm (Fig. 1)have taken place (Dobson, 2006).
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The interest in Magnetic Nanoparticles <+ relatively low toxicity compared to many
(ferrofluids) arises from the fact that these liquidsother materials (e.qg., iron, nickel and cobalt).
can be controlled directly by the application of aAdditionally, magnetite nanoparticles are
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magnetic field. Magnetite (E®,) is the best <« prepared easily

known material as magnetic carrigvlagnetite < chemically stable
(F&04) nanoparticles that have excellent magnetie non cancerogen
saturation due to <> biodegradable.
< the strong ferromagnetic behavior,
<> less sensitivity to oxidation and
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Figure 1 - The figure depicts the sizes of nanoparticle®lation to other biological objects.

Magnetically targeted drug delivery by magnetiteClariscan, mean diameter 20 nm)] and Magnetic
nanopatrticles is an efficient method of deliveringresonance (MR) angiography (NC100150)
drugs to localized disease sites, such as tumor@jerner et al 2004). Even smaller
Thus high concentrations of carrier molecules sucmonocrystalline iron oxide nanoparticles may be
as therapeutic radiopharmaceuticals can  hb#sed for receptor imaging and magnetically
achieved near the target site without any toxid¢abeled cell probe imaging (Stevens et 2008).
effects to normal surrounding tissue. The interest

in magnetite nanoparticles (ironfluids) arises fronSynthesis and surface modification of magnetite
the fact that these liquids can be controlled directlpanoparticles

by the application of a magnetic field. Surface-modification of the magnetite nanoparticle
The ability of Magnetic nanoparticles to enhancecore with a suitable and functional organic core
proton relaxation of specific tissues and serve agpresents an important issue in nanoparticle
MR imaging contrast agents is one of the mostesearch for several reasons such as stability,
promising applications of nanomedicine. MNPs inprevent agglemeration or increase affinity to living
the form of superparamagnetic iron oxides (SPIO3ystems. Mostly relying on ligand exchange
have been actively investigated as MR imagingeactions has been reported, enabling the
contrast agents for over two decades (Sun .et amodification with polymeric (Thunemann et.,al
2008). Different targets may be obtained with2006), organic (Sonvico et.aR005), and enzyme
varying the particles size. For example; large irorfJohnson et gl 2008). In the most of the works,
oxide particles were used for bowel contrasmodification of FgOs-nanoparticle-surfaces was
[AMI-121 (i.e. Lumirem and Gastromark) and performed by use of the amino silane coupling
OMP (i.e Abdoscan), mean diameter no less thaagent, N-[3-(trimethyoxysilyl) propyl]-
300 nm] (Jung, 1995) and liver/spleen imagingethylenediamine (SG-Si900) followed by the
[AMI-25 [i.e. Endorem and Feridex IV, diameter ligand or pro-drug was covalently linked to the
80-150 nm); SHU 555A (i.e. Resovist, meanamine group using glutaraldehyde as cross-linker
diameter 60 nm)] (Pintaske et,a?006). Smaller (Unak et al 2008). (Figs. 2, 3 and 4). Thiols,
iron oxide particles also may be applied for lymphdisulfides, amines, nitriles, carboxylic acids and
node imaging [AMI-227 (i.e. Sinerem and phosphines are the other groups that may be used
Combidex, diameter 20-40 nm)] (Vassallo et al for modification of metal nanoparticles (Neouze
1994), bone marrow imaging (AMI-227) (Daldrup and Schubert, 2008).

et al, 1999), perfusion imaging [NC100150 (i.e.
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Organosilanes  are  bifunctional moleculesuncontrollable,  inhomogeneous and  non-
containing a trialkoxy or trichlorosilane group reproducible surface coverage if the surface
(which can bind covalently to the free -OH groupsactivation  reaction is  performed under
at the surface of the particles) and an organic heathappropriate experimental conditions. For these
group functionality that determines the finalreasons, a systematic study of the parameters
chemical character of the modified surface (e.g. nvolved, and their influence on the nature of the
NH2,-OH, -SH etc.). Working with alkoxysilanes surface of the final material is necessary to
involves several difficulties. The moisture optimise the efficiency of the method (Camgb
sensitivity and highly chemically reactive natureal., 2005).

of the alkoxysilane moiety can lead to
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Figure 2 - Silica-coated magnetite nanoparticles.
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Figure 3 - Procedure for covalently linking Amino silan (S8800) onto magnetic nanopatrticles.
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Figure 4 - A) Tetraethyl orthosilicate conjugated magnetitanoparticles, B) Amino silan
conjugated magnetite nanoparticles.

Surface modification of silica-coated magnetite surface or in their bulk and could be guided to the
nanoparticles with amino silane (SG-Si900) target organs (Muniyandy et .al 2004).
The preparation procedure for silica-coatedevelopment of magnetic microspheres and
magnetite nanoparticles is shown in Equations (IDanoparticles, using gelatin as a carrier system, is
and (2). In step 1, nanomagnetite is formed, which new area and only few research works have been
is then coated in step 2 with a silica layer: carried out (Maria et al2002; Muniyandy et al
2004; Saravanan et @2003; Gaihre et a12008).
6FE* + SQ” + 18NH.H.O — 2FgO, +
SO + 18NH" + 9HO (1) Potential  radionuclides for labeling of
L _ nanopatrticles for therapy and imaging
Normally  surface modification involves \ig system was used for imaging with magnetic
development of core-shell structures to creaté goicies, however in the case of radionuclide
new types of material in which unique magnetiqapeling magnetic particles, hybride imaging such
properties of iron o>_<|'de-core are combined With,g spECT-MRI or PET-MRI may be efficiently
b'OIO.g'CaI func_tlonalltles .Of shell. _Each of th‘? depend on the decay properties of radionuclide or
coating materials has its own importance inperaneytic agents or both (imaging and therapy)
biomedical point of view. Polymers like o e ohtained. Several radionuclides labeled
polyethylene glycol, polyvinylpyrrolidone and \,oqhetic particles such as Re-188 (Jeong and
dextran are used in order to improve thecpng 2003), In-111 (Heckl, 2007590 (Shabat
biocompatibility, blood circulation time and to et al, 2002) and 1-125/131 Lankester ef, 007:
stabilize the colloidal solution (Gupta and GUptaDagoieviren et al 2007), Tc-99m (Unak and

2005). . Medine, 2007; Beki et al, 2008 have been
Gelatin is thermally and hydrolytically denaturedreported in the literature.

product of collagen, the most abundant protein iy, ever other radionuclides such as Sr-89, Cu-
animals, and further, it has been utllizedgy py.109 SM-153 Dy-165, Ho-166, Er-169, Lu-
extensively for industrial, pharmaceutical, and;77 and Au-198 can also be used for Iabeliﬁg of
medical ~ applications.  Properties I'ketnanoparticles that have been proposed for
biodegradability, biocompatibility and presence of.,jionuclide therapy (Wessels and Mears, 2000:
multifunctional groups make gelatin a promising\/olkert and Hoffman. 1999: Neves et al987a

candidate for the surface modification (Maria, ey,) for yse as therapeutic radiopharmaceuticals for

al, 2002). Ideally, gelatin can be used 10y5he pain palliation, tumor therapy, radiation
encapsulate the magnetic nanoparticles a”g/novectomy etc.

pharmaceutical drugs could be attached on its
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Table 1- Physical characteristics of radionuclides thatehpotential for targeted tumor radiotherapy.

Nuclide Half-Life Emission Max Range
TZ;Br 4.42 h Auger <10 nm
60.0 h Auger 10 nm
ZLAt 7.2h Alpha,Auger 65 nm
6%y 9.5d Beta 1mm
’Cu 2.58d Beta/gamma 2.2mm
134 8.04d Beta/gamma 2.4 mm
1535m 1.95d Beta/gamma 3.0mm
%Ay 2.7d Beta/gamma 4.4 mm
18Re 3.77d Beta/gamma 5.0 mm
155Dy 2.33d Beta/gamma 6.4 mm
89y 50.5d Beta 8.0 mm
p 14.3d Beta 8.7 mm
Oy 2.67d Beta 12 mm

Table 1 shows some radionuclides, which havéor delivery, and decoration of expression systems
different decay characteristics, and emit particlefor substrate-based nanosensing.
with different LET and different range. Some ofTargeted drug delivery by nanoparticles is a
these radionuclides emit photons in addition tg@romising method of delivering drugs to localized
particle emission which make them suitable fodisease sites, such as tumors. Magnetite,
monitoring the therapy with imaging, and forconjugated to radionuclide labeled therapeutic
continuous follow-up of the absorbed doseagent may be used for this aim. Thus, high
distribution. Also, preadministration of the concentrations of carrier molecules such as
therapeutic ligands is possible in estimating thé¢herapeutic radiopharmaceuticals can be achieved
absorbed dose per unit administered activitynear the target site without any toxic effects to
Where there is no emission of photonshormal surrounding tissue.
bremstrahlung imaging might be a solutionWe expect that a variety of applications of
Another solution is to label ligands with a gamma+adionuclide labeled magnetic nanoparticles for
emitting radionuclide with similar chemical hybrid imaging systems such as PET-MRI or
properties, preferably an isotope of the sam&PECT-MRI together with thepeutic radionuclide
element as the therapeutic radionuclide or atabeled magnetic nanoparticles for targeted
isotope, which have similar chemical propertiestherapy will be developed in the near future.
Thus, gamma emitting radionuclide can be used
for imaging and mechanisms of follow up, other
one can be used for therapy. Tc-99m and Re-18RESUMO
Y-88 and Y-90, I-123 and 1-131, In-111 and In-
114m are this type of couples. Nanoparticulas magnéticas oferecem novas
oportunidades interessantes, incuindo a melhora da
gualidade da imagem de ressonéncia magnética
CONCLUSIONS AND PERSPECTIVES (MRI), no tratamento hipertérmico para células
malignas, na administracdo de medicamentos sitio-
Colloidal magnetite nanoparticules are alternativespecificos e também no recente interesse da
in bioimaging and diagnostic applications due tananipulagio de membranas celulares. As
ease of preparation and bioconjugation as well aplicacbes biolégicas desses nanomateriais requer
non-cytotoxic properties. It could be possible toque essas nanoparticulas tenham valores altos de
increase this specificity by targeting of themagnetizagdo, tamanho menor que 20 nm,
nanoparticles. Because of their size range, 10-1Qarticulas de dimensdo de distribuicdo restrita e
nm, nanoparticles are very suitable forum revestimento especial de superficie para evitar
manipulations at the molecular level, for examplea toxicidade e permitir o acoplamento de
cell-receptor binding for site-selective imaging ancdiomoléculas. Nessa revisdo, focalizamos na
targeting, localization of encapsulated therapeuticgiabilidade de  nanoparticulas  magnéticas
marcadas com radionuclideos, como
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