Jpn. J. Hyperthermic Oncol. 10 (2] : 168-177, 1994

]

E

HANA 28— —3 75K 10 (2] :168-177 (*FHK 6 4F)

£

RIFFRBIEL D 120 D 7 % b 1K Y — 50 58

g B EY AN T N M

1) BT RAS T A YA TR
2) Z i B R TR AR A

B N7 770N =i zIcH L, ML Ny com#is B L U2zMAERMETC

HHZTA PRV —LEFRL, TORMFEIIOVTHREF LA, <72 PR
VoA IR A MRS CIRECEEA BB L CRARE L. Zov s b
VARV — NZRFMIHFCREL, Z ORI T ORBIKTE L, POk
ZH 40nm DFEIHRAKORESBEZRLE. 72, O F IRV — L L@
LZRBIE T AL I alb—2a v biTor. Y 3ab—3a v iEHEED
DILFE % ZRE L2 FLIREFVIZE o T o 72, B 6 enDIEMME % 42°C DL L
WD 720 3B I m*B ) 200kW OBBENLETH 572, ZHERRE
22.8kA/m (286 Oe), JEiK$L 240kHz DT~ 7 4 b RV — 255 B W OFEHR
120.74ng/cm’ W L TWAH I L IZHYST 5.

F—T7— KN I RPrimAAERE, MR, SRRV A 77 v b, ERME

I. B 0]

AT ZE TR RL T % 1 5 7235 INiRE * &
DB, MRTREEAROEEBL I i Mo/
NAN—=H =3I TIEBFAY2IL—ar&ll
DWTIRES L7z, T8k, Rtk % - 72558
HECIARPUC RS 2 DA A, $FE RS ET
WAV, (EEEBIC X AINBD 720, & HES
EH—ICMET 570121, #HoREEHEo TS
BHOAERELST, FHRIIHTH2REOES
WKEL D, FRBORALZNENTRSL LW
IMELME SN T WD, F72, ZOHREED
KT EEAER DL > TR IFIER S W
ZETHAH FENMBEOFEEMKE LCiE, HE

19944F 2 A28 H A+ 19944F 3 A24 HERA
EAESE LR

B9 R FIR CREALAR I IF R 2 D 3 — I
T5E) RHZwMM L. 22 THRA GELEGBM
KT E2EHMAE LTHWAZ L E L7, BbEkm
KF2HNDT A5 4 713 Gilchrist 512X H iR
RENTVBY, NA =% —3 7IZET 50
DIFFETH D, Fex03 3 2 FEAMMIIEANT 5721
T, MR ERIEANT BALE OLE &R & M
MELICE EOTELTATATHED 2.
Farix~r 454 Mgkl FE ) VIRETHE LS
BEr 5 2, UM T A4EREE 5 2
B-ofikEEELL 20 Z ORI LR
R[EBA A=Y v 7 (MR]) ZHVEOBRIC
LEHTELLEEZON, 2 - IBEOKEHH
FET& A, 2 TAMIETIZZ ORI T DR
B OWTHRET L., $72. 20Xl
% ERORBIE LA T 5720101, Bk

(66 ) — 168 —



Jpn. J. Hyperthermic Oncol. 10 (2] : 1994

FBOBRE 7T 7 v 4 VEEMICHRE L, HHEs
LHEOWNHNEETHSL. 2 TEDIHON
Re L THhEFE RNt vy 32—
YaYEITY, BELAOHEEDL S THETL
7z.

I.EBMERUT B X

. #
TAATrFINaY Y (PC) BIIEL O F v
(RS E) % B0 FEIC X DR L TR
oo 7ARAT77FINIEIY ) —LT 3V (PE) i
WHRACBE % v 72, Mo ss 3 foGkiss + /A
Wiz,

2. TIXELAPMRERTZMIRY—LD

EAE

FEBUR & 7 DRG0 13 34 DRI L 2
FOULKDPABR LA~ 254 MY VIRE &
BAHEL, <7294 2EE L) Ry — A
THHITF MR — 2%\ 72, FeSO4 &
Wi NaNO, B EMZ, RVTET Y E=Z 7K
L CHEIFL 2AHNA /28, 40C T30 4 H
B LTz, ZOB, HMBOREYEZLHI LT
BAHIHEEZTLTESLY. Bohvr o4
FOWLEEE 25em* DT v E =T KEH (1.4%)
T2 [\E#HR, 100C mL, v CEEEm
27, SAOMECRBLAE, 20em® DKEMAZ
BEW LSS, Btoosf Fe Lz =7 %
Y4 MIHES L) HRERE PC 20mg K UF PE
10mg (2em*® 7 OO ANLER 2F 275
ATWZAN, O—=F ) —INKL—F— 2L D
WAKRE, F2B 75 2 aNBEER L7, 1B
L7 YIRE B &% T2 IR 5 720,
JE7 2 — & gl — Mt U7z, i oA
F (4em’, IEBR<Z %% 4 I 80mg) % hNZ,
I5C CHEZBHE S . WS EmtEa
O A RIZ 10 fEEE o A B ETIE K (PBS) % N4t
H=EE (0.15 M NaCl) % fR#E L 1%, B b I0@BY
WAL A fE L (30W, 404, 5TC), ¥7 %+

— 169 —

BARNA 78—+ —3 73 10 (2) CPRi64E)

RY— L% B7z. T, 1000X g, 15580
HOLTHEEAT, BEWELEREL, 2561
5000X g, 50 53R DE L EEEIT o Tw 7 % b
DRV —AZEILL, v Z7 3254 VREGY EY —
LERELZ. GERILZ<Z 2 PYEY — LA
& PBS IC/EAL, 4CTHREFELA. o= %

MRV =2, BHRICEREEETHE S
O —F ViR AR AR CEEL T A2 Lick
D, BWETABABIIOAY TR M) R — 4
REDRG T ENTEEE R BDS, < TERIA4 +D
BEUFE BB THHOT, KFETIEIO
BRI T > T,

RTFY A+ OFYRARILEFHEM PGS
(H-800, HIZEAEFT (Bk), HI) (c kb, Btk
A FRO< 7% b)RY — 20OFHRZIZEH)
BEEELE: (DLS-700, KFEEF (MR, BH)
WL DflEL 7.

3. REER

AEFFEN & 0 VERE & N B RE RGO - (=
TANIRY — L) ORFRHTORBSEE
PARND I, w7554 P ORI KB FEHED
TALE AL ERZIT- 72, Bitkao 4 P (ki
W) HHVid<r M) KRY— 24 (PBS EH)
Tem* (IEBR~Z 2% 4 MNEE Sng/em®) % 77 R
F v 7 KRB (FNE0.8em) 1T AN, WiZhtt %4
BLTTo 7. ZOK, A TOEBEBENIA LD
HFUMC 25 X ) ICRE L, RENEH 79 5 2 v
P (H££0.1mm) (Engelhard ¥ (New Jersey,
USA) 3) %EEHESY TV OHRLIILE S L) IS
BALL., COXHIICBRBLEY Y IV 253ER
Bk L, PHEE FSES S RRELEE
L7z, BERBORNE NP 254 vn—¥
(BHEWTH, KK #HV (E¥kK 240kHz,
AW 1.8kW)?, a4 Vv iz Kd LR
22.8kA/m (286 Oe) (1 8 cm O § L vh 22 K 1%
TN, BHT) OLbOEFRVE. &b, 46EHA
L7354 VI FHREFENS, 10, 358
L70mm ObDTH B, 70nm D7 3 ¥

(67)



Jpn. J. Hyperthermic Oncol. 10 [2) : 1994

A MIEHEaIO A FIZTh52 N TE szl
O, ZOREDT T35 A FORRBEIZBETE
o7z,

4. BEYIT241 OBLAITE

BREDY T 354 PORBMLENEL, Boh
7oLl S e A7) U AEEREIHEL, v 7%
Y4 rOBMSEERYHEE L. AW CTHV B
PEOR, T 3R T 3 2 02 L TW b 728,
AL IC BV CH A IREZ RO LE LD 5
EEZOND. £2T, NEL5m, £ & 20m
DH T AEIZ, Smg/em® (2% B K ) I EME B
FrotseEzT7EY »0.028m® 23t T, &
FHEFI R~ 7 % b A — % — (VSM-5, HET %
(), ) 2HVCHEEIT % - 72, YRR
70 nm D=7 A7 A MMEEARF IS ET B RE o
OA NIZFTAHIELEITEY, Gt BRERYIT
HTENTELRP 122, BEDOWEL .
I/, WRoOLOMTROGERIK~ 725 4 b
(FHIZE ), ®=i) 122w Ty RELLEY
ML, WEEIT- 7.

NORMAL

TISSUE
HPP
IR\\\

HANA == 3755 10 (2) (FHL 6 4E)

5. ®E#IIalL—23>

R 7R N)RY - L03EE, HBoREX
%5 EE RO % £ 8 L 72 IEE B E 8 5 12
R TEREN LY.

ﬂ&i%%iIQQD+%QD+A%Aﬂ
—wy,Cy(T-T) (1)

72720, T (0 MEORE (C), o Hl#ko

Table 1  Values for tissues in hyperthermia
simulation
£ . =1000 kg/m®
¢, =3852 1/kg/C
¢, =4185 J/kg/C
Qn =1000 W/m?
k, =0.48 W/m/C
w, =0.17 (Fat) kg/m®/s
0.28 (Skin)
0.48 (Muscle)
8.6 (Brain)
T, =37.0 T

Normal Tissue

Necrotic Core (NC)

Intermediate

Perfusion

. (IR)
Region
‘\\ Highly
TUMOR
BOUNDARY Perfused @ op)
Periphery

37C BOUNDARY CONDITION ON PERIMETER

Fig. 1  Concentric spherical tumor perfusion model. Magnetoliposomes are assumed to be adsorbed to IR and
HPP since there is no blood flow in NC and there is no targeting ability to normal tissue.
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40 T T T

Increased temperature [C]

Operation time [min]

Difference of temperature increase in average
size of the core magnetites.

Concentration of the core magnetite was
5mg/cm?®.

Symbols; O: 5nm, &: 10 nm, &: 35nm, W:
water without magnetites
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Table 2  Average size and heat evolution rate of colloidal magnetite and
magnetoliposome
colloidal magnetite? magnetoliposome?
core magentite
.Y
size” [nm] avseirzzge heat evolution avseirzz;ge heat evolution
3) 3)
[am] rate” [W/g] [nm] rate® [W/g]
5 60.2 21.3 142 -
10 78.3 69.2 9.1 76.9
35 78.9 89.4 124

Average sizes were measured by 1) electron microscope observation or 2) DLS analysis
3) 22.8kA/m (286 Oe) of magnetic fields was applied to the colloidal magnetite and the

magnetoliposomes.

135.0W/g ke B 354 ~DRIFIK
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—
(321
T

Magnetization [emu/g]
(2] 8

1

50 100
Magnetic field
intensity [Oe]

Fig. 3  Hysteresis curves for various sizes of the core
magnetites.
Symbols; Il : 5nm, BE8 . 10om, EEH: 35mm
and [1: 70nm
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4r 4
A 1
0 1 1 1
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Fig. 4 Heat evolution rates for various sizes of the

core magnetite.

Heat evolution rate was calculated from hys-
teresis data of each size of the core magnetites
on the conditions that 8.0 kA/m (100 Oe) of
the magnetic field and 240 kHz of the frequen-
cy were applied.

Symbols; O: prepared by our method, @:
commercial grade
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Fig. 5 Effect of heat evolution rate on the magnetic

field.

Heat evolution rate was measured with the col-
loidal magnetite (the core magnetite 35 nm in
size) nuder the condition of the frequency
240kHz.
Symblols; @ :
from eq (2)

measured, — : calculated
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Fig. 6  Temperature increase between the IR and the

HPP on hyperthermia simulation. ! :

It was assumed that 100 kW/m®-tissue of heat
evolution rate was applied. The numerical
values in figure represent the blood flow rates,
respectively.
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Fig. 7 Illustration of temperature distribution along

the radius. L

it was assumed that 100kW/m*-tissue of heat
evolution rate was applied to IR and HPP re-
gion and the blood flow rate was 2.0 kg/m%/s.
N, I and H in the figure are NC, IR HPP, re-
spectively (see Fig. 1).
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Fig. 8 Illustration of temperature distribution along

the radius.

It was assumed that 200 kw/m® tissue of heat
evolution rate was applied to IR and HPP re-
gion and the blood flow rate was 8.0 kg/m®/s.
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Heat Properties of Magnetoliposomes for Local Hyperthermia
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Summary:

The magnetoliposomes for hypertermia of cancer were developed.  These were prepared
by the coating of a phospholipid to the magnetite fine particles. = The magnetoliposomes gener-
ated heat in the high frequent magnetic field.  The heat evolution rates of the magnetolipo-
somes varied with core magnetite’s size. ~ When the magnetite’s size was 40nm, the heat evolu-
tion rate was highest. Hyperthermia simulation using the magnetoliposomes was performed
according to concentric spherical tumor perfusion model with a necrotic core surrounded by in-
termediately and highly perfused shells of blood. =~ When 45.5 kA/m (572 Oe) of magnetic
field and 240 kHz of frequency were applied, 0.74mg/cm’-tissue of the magnetoliposomes were
simulated to be necessary for heating tumor tissue of 6 cm in diameter to 42-45C.

Key words: Local hyperthermia, Magnetic particles, Ferromagnetic implants,
Medical materials.
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