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INTRODUCTION: Hypathemiais a rgpidy devdoping
technique in cancer thergpy. It takes advantage of the higher
sengtivity of tumor tissueto heet and typicaly involvesheding
of the afedted orgen to 43 — 45 °C.  Magnetic fluid
hyperthermia[1] attradts incresaing dtention, since it dlows
minimizing Sdeeffectshy thelocalized heating of only desired
patsof theorganiam, induding tumors|ocated degpinddethe
petients body. The mehod involves introdudtion of
ferromegnetic partides (mediators) into the desired part of the
organism and heating themwith en dternating dectromegnetic
fidd of radiofrequency range (RF). Magnetic fluids basad on
nenoaryddline Fe:0y, dabilized by biocompatible surfactants
[2-6], ae typicdly ussd as mediators Unfortunetdly, it is
imposshle to contral the locd temperature near the mediiator
patides, possbly causng locd overhesting and necrogs of
normd tissue Thisproblem could besolved with ferromegnetic
patidesof high RF absorption and aCurietemperature (Te) of
ca 42 - 45 °C. Thus locel temperature contral can be ensured
even with a nonuniform digribution of mediator partides
throughout the tissue, varisble RF intendty and uneven
disspation of the evalving heat. If T. of this materid can be
purposHfully varied, mediaors could be adgpted to the
particular medica gpplication.

Smilar goproach is usad in canoer thermd thergpies which
utilize implantable “thermossads’ with a paticular Curie
temperature[7,8]. These macroscopically Szed solid unitsare
aurgicdly inserted in the affected orgen and are hegted by an
extend RF. The T. of the “thermosead” determines the
temperature o the hedling.  Significant limitations of these
methods are the necessity of a sressful surgical intervention
andardativdy smdl vaumearound eech “thermosssd” which
can be dfedtivdy hegted. The reduction of Sze of the heet-
produdng dements 0 tha they can be ddiveed &5 a
Ugpenson via cathder into the blooddtream of the tumor and
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Fig.l: Scheme of the experimental setup.

sporeed throughout itscapillaries isthe dbvious solution of these
problems Sato e d [9,10] reported usng 50 Mm flakesof an

amarphous ferromagnetic metd dloy with e of ca 45 °Cfor
intratissue hyperthermia in dogs. However, these rdativey
largededtricaly conducting partidesare hegied inan RF fidd
by eddy curentseven above Tc. and do nat pendrateinto smdll
cpillaries Numerous dudies [1-6,12,13] have shown that
submicron-9zed non-conduding partidesare mogt effectivefor
hypetheamia The god of this wark wes to produce
bdogicdly compaible dedricdly  non-conductive
nanopartideswith T. in the range of 40-50°C.

Individud ferromagnetic subgtanceswith T. inthisrangedo not
exig, but by combining severd dements and by varying the
compogtion of the mixture it is possble to produce dloys
amorphous druciures, farites and other multi-

sydems congsing of metds and metdloids. We used severd
synthesis techniques to produce a vaidy of utradipase
partides with suiteble T and tesed their behavior in an RF
fidd.

MATERIALSAND METHODS Inorde tosudy ther RF
absorption rate, fine powders of ZnFexO; (T. =100 - 102°C),
LabsS0-MNQs (T = 48°C) and LavsosMnQ: (Te = 56°C)
have been prepared by the freeze-drying synthes's technique
[11]. During absorption Sudies 0.5 g of each powder hasbeen
ultrasonically dispersed in 3ml of water and placed in aglass
test tubeingde an ar-coded inductor (inner diameter 60 mm;
length 200 mm) with ametching high-Q-resonator fed with RF
power [12](Fg. 1). Toavoid RF absorption by metd parts the
temperaure of the flud weas monitored with an dochol
themometer. A sample of megnetic fluid containing dextran
coated nenoaryddline Fe:Q: [4,12) was used for comparison.
Previous dudies have confirmed the absence of RF aosorption
in this frequency range by water or by components of the
messuring odl [12].



RESULTS AND DISCUSSON: Expeimentd hesting
curves ae presented in FHg.2. FesQu - bassd megnetic fluid
demondrates a fagt, dmod lineer hedling rate, dose to thet
shown in[13], without any Sgnificant decrease in the tested
expaimentd condiions  RF irrediation of the ZnFeQ
ugpensonleadsto sgnificant, but lessintenseheatingwithno
obvioustemperaturelimit over thetimeof theexpaiment. This
aurve, teking into acoount thelower bsorptionrate of ZnFeQ,
is dso amilar to those of typica meagnetic ferrofluids [13).
Bathsamplesof La-S manganite powdersdemondrateintense
hedting during the initid dages of the process fallowed by
temperature sabilization a 46.3°C and 37.8°C, respectively.
These temperatures correspond rather wdl with the Te of the
sanples The oosrved difference betwen T. ad the
temperatures of RF absorption termination can beatributed to
the sharp decresse of saturation megnetization M - usud for
ferromegnetics in the vidnity of T. and predicted by
ferromegnetic exchange theary - and to the heat exchange
belance Theseresuits aregie many progpective goplications of
megnetic patides with predetermined T. for hedting of
bidogicd tissuesand other objectsto the optimum temperaure
udng the demondrated parametric feadoedk.

Absoption of RF by feromegnetic patides of vaious
damgersis known to invave ssverd physcd mechanians
induding differat types of remagnetization processs [5).
Usaudly RF absorption strongly dependsonthearyddlitesize.
Absoptionratesof superparamegnetic nenopattidesareusudly
much higher then thoseof multi-domain arystdlites, modly due
to Ned's losses Powders produced by freeze-drying, are
usdly subdtartidly agglomerated [14]. Intense milling of
LavsS0sMNC powders in a high-energy planetary ball mill
readted in a decreese of average eggregate Sze from 2 to
0.15-02 microns asmeeaured by light scattering. Thisisdose
to the avarage ayddlite Sze obsarved by SEM (0.1-0.2
microns Hg. 3). Meawhile thistrestment did not affect the
RF absorption rate of thispowder, with the heating curve baing
praticaly the same as tha of the initid sample (data not
shown). Snce the obsarved Sze of ayddlites even dter
milling is dill much larger then the typicd sSze of
Uperpaamagnetic patides the mos probeble dominating
aborption mechaniam for these powders is scatering by
dgdacement of megndic domain wals However, RF
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Fig. 2 Time course of the temperatureinddethe
measuring cdl during RF (800 kH2) heating using the
fallowing mediators « Dextran-coated Fe;O; (commerdally
available); 1 LaosS0sMnO;;
o LaosS0.MNGs; A ZnFeQ...
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Fig.3: SEM micrograph of Lao S 02sMNnOs powder after
milling. The bar is500 nm

aborption ratesof palyaryddlinemanganitesareanomaoudy
high compared to those of FexQ polyarysds

Fom our resllts we can condude, thet powders of LaS
manganites meke it possble to heet a sample by RF to the
necessary temperaiure without exceedling it. Further hedting
will be autometically switched off & Tim, which is dasdy
raed to Te. Tc of LS manganites Srongly dependson the
content of Mein La..MeMnGs (whereMe= S, Ba Fb, Ag,
Na). By varying the composition of themanganiteitisposshle
to creste materidswith T, ranging from 20t0 90°C[15]. Thus,
RF hedting to any desred temperaure in this range without
overheating can be achieved without any externd temperaure
contrd. Application of ZnFeOy for these purposss is less
atractive due to savere dependence of Te on the metadiable,
poorly reprodudible cation didribution between sub-latices of
the goind dructure, and a lower asorption rate, while no
advantages over exising Fe:Or-besad ferafluidsweredosarved,
The progpects of a direct manganites goplication in RF
hypertherria of tumors will depend on the resits of the
ongoing medicd compatibility Sudies

We have proven tha the freeze-drying synthess technique
permits the production of ultradisparse patides with the
predetermined compadtion and Tc. The partides have ahigh
abomption rate a@ lower temparaure and aoruptly stop
aborbing RF energy & a particular temperature, preventing
further heating of the sample. Ve continue searching for more
bidogicdly compatible nenopatides for sdf-regulding
hyperthermia

The proposad RF hedting with parametric feedbeck can be
useful not only in medicine, but dso in solving technologica
problems eg., for predse locdized temperature contral in
chemicd and biochemicd reactors Cogting of findy dispersed
magnetic patides with a cadys (induding enzymes)
combined with RF heating could ensure condant tempeardure at
the reection zone even in intense mass flows and srongly

varying hest supply.
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