GRS DU BT

BT S*P-MRSI2& 3

thermal dose 3 X UNIEEERD S 2 O 2 A

SLFE R, mE Y, Mllz%kE, EE,
M & IE &
FINERR E SRR =
HIZ BT 5 thermal dose DOFE, FEE PIAHKR M
” = WMOZEAL, BLCEESE L OBE#EIZE W

BB OB A IREAE I B W THENL L /2
DI > T30, BRZ QLYW
Iz & 0w 7iEER, RHEICOWT—E
OEHEIFEE > TRy, —BINCIEEERC

BL T, BEYYY—2EHREICHIA L ther-

mal dose DFHIL TN TV 53, FIAERGLIC
Lo TREFEZV2EEZRTOOLIEIFT LR
W, BRI BT b EEOHEINDSLT L b
BESIRERL TR EITWET, 20w CT
EIC L 272 EDTTONLTWBY, E7z in vivo
WBWTIE, TR & 2 EEOMEES & [FEE,
HEIEARAR A O LR AR T TG BRI & %1 B
BLTWEEBFEbITWS?,

IP-MRS (magnetic resonance spectros-
copy) HHERRPIES O = 2oL F — (R R R,
JEREMICBET 5 2 LW TE, ZNETICY
TBEHREEE, RERE, FRECHES ) Yo
R DZEIZ DN T DIFREN A S15379,
L& L¥P-MRS D/¥F X —% —¥& thermal dose
EDOBMRICOWTOWE IV L, 5 1BE
ShEHE & ORI B W\ TEBER »1T- 12
WA SN, SEIEBRES Z H IR

TUP-MRS $I7E OB R D W THREF L /-,

HEH L UHE

1) EBREBYE L CEER

EREEWE2 v I D AF L 7ESO C3H
U A (AR PRE 30~50 77) = Fv>72. murine
mammary 16 adenocarcinoma ascites cells
(AT MM 16 LB F) % C3H ~ 7 A KFRE LT
W LOX10ERAE L, BiEE 14 HE (EHE
14~15 mm) CEFEMER & U CEBRICHERL 7.
2) IRENERE

SEERFE X thermal dose D% 2 3FEE L T,
43°C 3043 (LAF 43/30 LHET), 44°C 30 4
(AR 44/30), 45°C 30 4 (BAF 45/30) ohn
mE, 351244°C 304> & thermal dose 3[F
ED2F L L TLFC 604 (LLTF43/60),
45°C 1543 (LAF 45/15) omE#s{T-7 (&%
Hn=5~6). C3H v AEZMEHL—FT NI
THEO OB T WU % EER, ~41 7ol
BB %5 {& 2450 MHz hyperthermia system
HMS-020 (7ab#ti) (cCEES 2R L7z,
TV =8 =135 X 5emz{#EH, BE LG5

F—— F 3¥P-MRS, tumor blood flow, hyperthermia, thermal dose.
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IR IC B 17 53 P-MRS 12 £ % thermal dose $ & UVAEERNSHIE

B &, F/EEY Y —IZEEOIZIZERL
TEE L D KI5 mOTAHTHRIA LT, JREEE
W AENMRBATAERAT 2 431 THIEL 72,
3) 3P-MRS #IE

SIP-MRS IIMERT & 0 REFANCHEIE LTz,

%E & 13 BEM-250/80 NMR system 2.0 T

(ﬁﬁﬁ?ﬁ:;ﬁz) PHEH, EE15mOY—7 =
A3 AV EEER E T RE LEE L 72, BE
IFEFEL DINRERT, B, 6 R, 24 K
BT Tz, BIE S 1331 P 08 3 £ 34.5
MHz, #R#EFEE 3000 Hz, > 7V RA > b
2048, 7V AR 0.02 ¥, #20R UK 5.0 8,
FERIEEL 400 ENC THIE L 72, BXT A =5 —
DI F O R A iz, pH iZozv 7 F2)
VEED A7 hvZ )ppm & LY SOk
Fy7 0 (0) KOVEHL.
BREE DT — 5 —OFTIE T HIEIC L DT 7z,
4) BT E

JiE 55 P ORH % I 9% 2 13 digital UH-meter
model MHG-D1 (2=—27 X7 1 ZN3t8) %
v, KEHRAZV T T AECTHEL .
BRIFIER 0.8 m=— N V5 A F2EE.0E
B & DK 5 mmDAIEWCRIA L 7z,

& R

1) ¥P-MRS 27 bV ORFREZL

Fig. 112 44°C 30 3 IMERTERD A2 VD
fERyZ b 27~ 9 (BUF PME & phosphomo-
noester %, PiZfERE) ~ %, PDE iZ phos-
phodiester #, PCriz 7 v 7 F ) &%,
ATPR77 /v >3 ) vEBERET). INEER
XY Pio kRS, PCr, ATP DR THHE 51,
6 B R b <, DBREWCEIE Lz, &
OFER X0 LIBRIEMEITER, 6 FFE%k, 24 K
IR THRET L 72,
2) EEAEEINEOHE

Fig. 2 i3IE% O EBAREEINE  (hi&ET o

after hyperthermia

HRICT 28lE) OB TH L. BEEEREI
1/2x[ (B x (@R ] oL vEHL
728, S EEX bR 24 BRI T I3 hiEEE
wonkroiz, 5~10HBTIEay ra—i
BRI EE ARSI BE S OB TEINHISh S A58 &
WTHY, F7zthermal dose WK E L% BI1TE
IIHIZNSR 1358 < BB s iz,

3) IR DOE T X —5 —DEHE)

Fig.3, 4 12 thermal dose D E7: % 3 Ffic B
WTEEERBDI NG A—5—ThH 2 PCr/Pi,
PME/PME+PDE 0Z&%/~ L7z, PCr/Piix
TRERZ LD 6 IR TIERT Lz, 24
REfR I 0 I EIIE L 72 (Fig.3-a). MIRETE,

6 FFfEIt2 D 43/30 &£, 45/30 BERCHETHIEE
Z=RED 7 (P<0.05). PME/PME+PDE i
44/30 £, 45/30 BEECIIERKR LD 6 BB

24 hours WMM%WW\W
18 hours WM\/\\MW

12 hours

6 hours

immediately

pre hyperthermia MMWN/\J\MW\WMW
oo Ene

Fig.1. The changes on *'P-spectra of MM16 tumors
after hyperthermia

1: PME (phosphomonoester), 2 : Pi (inorganic phos-
phate), 3 : PDE (phosphodiester), 4 : PCr (creatinephos-
phate), 5: y-ATP 6 : «-ATP 7: 8-ATP

19914F 9 A 2 B 19914F10H 21 HGR]

BIRIFERSE T761-07 FIIRAKHEBEZART#F1750-1 FINERRFEBEHRESERE  SHLFFA
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Fig.2. Growth curves

Hyperthermia had dose dependent retarding effects on tumor growth.

(mean+SD)

WAL 7218, 24 BRBIC»IHET, %72 43/30
FETCIL 6 BRI £ CEEIR <, 20T 24 I
W T TET L7z (Fig.3-b). 6 BRI o 43/30
B, 45/30 BERICHETHVE EZE 2 3 8 72 (P<0.
05). ZHUXE L thermal dose DIEIZED 3 FEEIZ
BLTREEEZERIR> -5 72 (Fig. 4).
4) JaEEshE « PCr/Pi, PME/PME+PDE 0
BEE

Dl EOFER M 53 P-MRS #HI%EIZ £V thermal
dose DFHEATIRE &3 2 HILTzDS, IR TEL
DJEE IOV T thermal dose DIEIE L E 2 s
B EEST X — 8 — EIRERNR & OBIR B RET
L7, hE# s HHE, 10 HH CEEAREOZ(L
DEEIZE D ZNETNIFCHT (AFE50%
i, BEE50%LL E~100%% 6, C#F :
100% LA ), o 3 BRI CThiReT, E, 6K
M, 4B 0K S8BT % PCr/Pi,
PME/PME+PDE OFEEE®MIE LIz, TOfE
$, PCr/Pi TIMEEHED PCr/PiicB\\»Tin
w5 HEH DA, BERM (P<0.05), PME/
PME+PDE T % 6 K [# % © PME/PME+
PDE zBWwWT 10 HED A, BER (P<0.05),
A, CERI (P<0.01) WHMETBEEEZRRO
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(Fig. 5). ¥fic PME/PME+PDE TliZ, A&,
B, CEHEERZIC2ON 6 K% O PME/
PME+PDE OFHEIZMETLTE D, 6 KHE
BOMED/INE WIZ E 10 HEE TOREE OAETEEE N
DEEMNKREL 25 Z EMNRBE NI,

pH ZEZ L VETOBERERLID, 1E5D
EVREL, FEFETCE—ELLERARZESZ2 5
nigmoiz,
5) MEEPNAHRR MR E D%k

JEE NIRRT EEZ L DIETL, 6
RFE R I BRABME 2R L7ot, 24 BRI T T
B8 L7z, ZDZMtiZ thermal dose D73 3
FEE T3 thermal dose 232 W EZEBICEED &
N7z, %7z thermal dose DFAIZED 3 FEIZ B
Tld 44/30 FRZ HE~ 43/60 B, 45/15 BEIX(ET
DEEODTREF DA S NIE EZ TR0
7z (Fig. 6).

= 5

REFREDOREREICE L CREX VY — 2%
HERC A L thermal dose OFHMATHL Tl
BH, RIAERGIC &> TIREITRZ D &E %%



BB R B 1T 5 P-MRS 12 X % thermal dose ¥ & UVAFRRIFRHE

/Pi PME/PME+PDE
= 1.8
i 1.6
I 1.4
§ 1.2
| 1.0
0.8
[ 0.6
PRE 0" 6 24
hours after hyperthermia hours after hyperthermia
43°C 30min  44°C 30min 45°C 30min 43°C 30min 44°C 30min 45°C 30min
. . -—— A_ —-— - —— e . .......... -—— *_ - -
a b

Fig.3. The changes of metabolites at different thermal doses.

a) The changes of PCr/Pi ratio at different thermal doses.

b) The changes of PME/PME+PDE ratio at different thermal doses.

(Each point represents a percentage of the value prior to treatment. mean®5D) O* : immediately
after hyperthermia * : P<0.05

PCr/Pi PME/PME+PDE
1.2 2.0
1.8}
1.0} 1l
0.8 1.4t
0.6 | b2y
1.0}
0.4} 0.8l
0.2} 0.6
0 0.4 ) I I
PRE 0* 6 24
hours after hyperthermia hours after hyperthermia
43°C 60min 44°C 30min 45°C 15min 43°C 60nin 44°C 30min 45°C 15min
- @ ——- - P P
a b

Fig.4. The changes of metabolites at equivalent thermal doses.

a) The changes of PCr/Pi ratio at equivalent thermal doses.

b) The changes of PME/PME-+PDE ratio at equivalent thermal doses.

(Each point represents a percentage of the value prior to treatment. mean+SD) O* : immediately
after hyperthermia * : P<0.05
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PCr/Pi (immediately after) PME/PME+PDE (6hrs)
P<0. 01
1.0 p<0. 05 0.8
P<0.05 NS
1 1
o 0.7}
®
0.8] s
®
. o 0.8 :
0.6 . o
° 0.5} °
8 .
4
’ i 0.4} ; E ]
®
= . : 1
0.2} . 0.3}
0 | | 0‘2 | | |
A B A B C
tumor growth tumor growth
(5 days) (10 days)
a b

Fig.5. The relationship between ratio of tumor growth and metabolites.

a) Comparison of PCr/Pi immediately after hyperthermia amomg two groups at 5days after
hyperthermia.

b) Comparison of PME/PME+PDE 6hr after hyperthermia among three groups at 10days
after hyperthermia.

A : Tumor growth rate was less than 50%. B : Tumor growth rate was more than 509 and
less than 100%. C : Tumor growth rate was more than 100%. N.S. : not significant

nl/min/100mg

N W &~ o o —J oo
T

o —
T

PRE 0% 8 2% 120

hours after hyperthermia

43°C 30min  43°C 60min  44°C 30min  45°C 1bmin  45°C 30min
— - =B e @ mmme A — = A —

Fig.6. The changes of tumor blood flow of MM16 tumors after

hyperthermia (means+SD)
O* : immediately after hyperthermia
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EBEIEC 513 37 P-MRS I2 &  thermal dose ¥ & UTAHERIEEE

THOEIEFEZRWY, BRI thermal dose
VX, 43°CLA_E iR 1 C IR FE IRE R Bl RR oD T TR
(¢ 27%dt) khkwonTtwsd, SEOFER

WCBWTH ZOMEEFMA L2035 HHEOE
EARERS N 13 themal dose % B { JKBLL 72 &
Zzohb,

$1IP-MRS 3R OB T 2L F =) VR
) VRSB R BN BER T o B E &R, JF
BEMCBE T2 2 EMNTES, LEL—AT
I EEA OREE O ERES, R HEs
FUREOES, ERNFHE O S ERED
vy, REBICCHERLEY—7 2 A3 A vk
bHIBEESRS IA NVORES LIS T—ETH
b, EEEOH/INS X 2 RIER» S DfF5 D
BASCE AR D BIEEIROZ L DOMEND 5.
FDIHSEDOAR7 PIVOREIZS L b HE
BEOEAH A BN h - TR 24 K £ T
sl

EEWEEEROYP-MRS OZ(LIc DWW TIEIh
F TIC O L O|AEHDH DI, NRRED A
~7 Moz L LT PCr, ATP DIETF, PidD
FERABBENB EEINT WS, SHEIOMRICE
WTh 44°C 30 FOIMRICT, IHRERRED Pi
o5, PCr, ATP D{ET 2 ® 7z, Sijens?
% ¥, subcutaneous mammary carcinoma
NU-82 % ffi vy, 41°C, 43°C, 44°C, 45°C#% 15
SImE# O ATP/Pi OIS L U 43°C,
44°C# 15, 30, 45, 60 43 b i 18 Rf i #& @
ATP/Pi O z#EI L, hiE#EO ATP/Pild2
~ RS REEE UTET T 225, 20X
(EDEEWE L UZ DOHOEIEDOFEE X dose 12
#E L TZ{LL, thermal dose DFHICHERT
o ERELTWS, BIEOFKRTE, PCr/Pi,
PME/PME-+PDE |3%7: % thermal dose Tl
IR E®, 6 %o PCr/Pi, 6 KHEZOD
PME/PME+PDE I 5B EZ= 2R, 1N
1 24 B £ T ORI BT dose IWHTE
LTZ L7z, & 5IZ[A% O thermal dose Tl
TlhicEMN R 51 thermal dose DIFIE L 725
ARSI I LT,

PME 3% @ FER S & L T phosphocholine,
phosphoethanolamine %, % 7z PDE &% D3
4> & LT glycerophosphorylcholine, glycer-
ophosphorylethanlomine % & &, ZiLZiilla
[E 2R 5V v IRE ORIEAE S L UREY) &
U CHIF AR B 3 5 & SIUTWL 3129,
%o PME, PDE OZ(LIZDWTIE—EDR
fBI3E SN T wuYY SEOFFKERETI,
PME/PME+PDE i3iiEE#IC E&7 L 721 24
g r I TE T L., BEEZORD 51Tz
PME/PME+PDE & PME/PDE 0Z1{t% £ D
ME L7z D THS, PME B LU PDE 0%k
WOWTIRES TRV, HEE 6 KFiE %
TIIBREIC X 2 EEREE B X UEEHEBA O
MFETIc LD, PME &b PDE v 7z 2 #ifd
BAFHEROWTheEE S L7z, PME
DERE L PDE OK T8I D, X SIZhR 6 I
RALLBIMER O [E1E & 12 PME oWl L & &
FEOHEHICX Y PME O/, PDE O EH%
iU EHERIL 7z,

IREMERC B W ORI X % EEME O E
Al O fib i BB ALE & 5 & T 5 DAERE
WM EOZETH Y, IR & 2 EEHE
BT DWW T Song VI SCERINICEER DI
PELOHTWVE, FHICE D EINRFOESH
NI OZACIFEE R L VERZ TH %3,
IRBIIETE T L, 24 RFfELIEREET 2L L
T\ 3, Nishimura? & I 3EEEZHEDOEL S 4
BEOBES BT, MR K 2 MERE &R
ERZ M D B O W THBEIRE 21T o 72
R, INREOMEREOZESMEREEDEIC
HEEL, IhsMEREDZED in vivo TOIRE
D7 EEFCBRLTw S EHREL TY
5. [BEEEBOMBEENMET LGS, EEH
FBIFEMERBBT 25 {5 D, BRSUIEREREIC
X0 ATP 2EET2X51Ck5, LrLFRE
RFhc b ATP EERIZD vz FEIFHC PCr
IV ATPOEL bfTbN s (PCr+ADP —
ATP+Pi). Lilly'?5 % murine RIF-1 2>
72BN T, {Hx OEEIZBWT ATP/Pi LEE
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FHAEAIM T & ORI HBEREG 2 - 72 &
WwELTn5, SEOMETCIE PCr/Pi % dos i
WL R L, BRSSP M5 B E O RS 5R
CHLILTBY, PCr/PiHEEHEN MR D
ZAL LML THERE S 2SR s ., [ES
RN O FEIMEF PCr 25 0 ATP EEAD Z 5
Zens, EHEHEBNMKEOEZE L LT
ATP, PCrwindE2E5%. X2 Lilly 50
RIF-1 OHERETOARZ sV T ATP O —2
WXL T PCr © ¥ — 27 1HE DIz EEN, Fhdko
EH L7z MM 16 133512 PCr O ¥ — 275355 <,
JEERDENCE D I ZEIRT 2 DR
WeEZ o615,

$IP-MRS % W7l EE R COR R E
EE A EDERIRIGAICEET 23&ThH h191e,
) % o 7o BRGS0 v, S ENEEVEE
W2 & B —RENSFHE W X I ARE OB A 4
MU 7. BEEARIEINEO 5 FRK Tz
dose IZIKFF L THERE L 72, JR5Esh5E & PCr/Pi,
PME/PME+PDE OES# M2/ Lz & 2 3,
hniE#: 5 HE, 10 H B OEEAEROZELOES
WX DS 3B T (AR 50%K T, B
B 1 50~100% A %, C & 100%L4 F), PCr/
Pi, PME/PME+PDE Izt EEE 23D
7z. ¥ PME/PME+PDE T¢I, A, B, C#
L2 5 oN 6 KEfE#% © PME/PME+PDE @
SEHEIZETL, 6RO/ NI VI E 10
H& TOBEEORBEEMOEENAKE 55 2
EWTRE ST,

IREER R B 5 B FEREIR B X 2
MR~ OEFENEE LR OET2RH D,
N5 & D EBNESED & IEE OME/ N 25| &
BT EHER L7z, ¥ P-MRS I3RS SIS
WT IS DEYIFZRIEIR S T D% OIRENE
%FHlT &, thermal dose DFEMI L UVEHEELRH
ROFTHRIEL L TERATHL EEZ 51T,

& E
1) 3'P-MRS % H\ & #1ETD thermal dose
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DFHE B & EEZNRICB T 2 EREIZOWT
SEERIEEIE % F W EEREIRRGT 21T - 7=,

2) i OB AR IR OHER 1L, 3> b
O — VR EEACHIERE T I HIHISH SR 2358 & 2
THY, FLEBICRDITEZFORNEIFMH L,
dose IZFE L T&ELL 7=,

3) PCr/Pi, PME/PME+PDE i3/ 24 W
B FE Tld dose IWIKIEL TEILL, EE, 6k
# @ PCr/Pi, 6 K[ o PME/PME+PDE
1 thermal dose D5 & 7 2 AJREMEDRIZ S L
7z,

4) DR AR Y MR 13 dose WK L THE
T U, PCr/Pi i3S PIILTT D21t &
U CHERE L 72,

5 WBEE £ PCr/Pi, PME/PME+PDE ®
BB EMRET Lz 25, ImE#%s5 HE, 10 #
H DS AEDOZACOEIE T & D 5317 7= 3 BEfd
T (ABE:50%K i, BEE:50~100%3k i,
CHE:100%LL F), PCr/Pi, PME/PME+
PDE IcHGHEEZ 2R, INRE% O PCr/
Pi, 6 Kt PME/PME+ PDE I35 5
DFATIRE L E 2 o,

K OB 135 18 [\ H AR S E Y 4
& (1991, FEAR) BV THEKL .

i, RSNA (Radiologic society of north
america) WX TR I NE 772 KE (1991,
Chicago) W THEDOFETH 3.
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Experimental Study on Evaluation of Thermal Dose and
Effectiveness by *'P-MRS in Treatment of Hyperthermia

Yoshihiro TOYAMA, Hitoshi TAKASHIMA, Nobuyuki HOSOKAWA,
Katashi SATO, Masatada TANABE

Department of Radiology, Kagawa Medical School
1750-1 Ikenobe Kita-gun Miki-cho Kagawa 761-07

We have investigated the usefulness of **P-MRS (Magnetic Resonance Spectroscopy) for the
assessment of thermal doses. Murine mammary adenocarcinoma, ranging from 14mm to 15mm
diameter, which had been implanted in the right thigh of C3H mice, were treated with local
hyperthermia using a 2450MHz microwave hyperthermia system. Tumors were heated at 43°C
for 60min, 44°C for 30min, 45°C for 15min for three groups that received the same thermal dose.
The groups received a higher dose was 45°C for 30min, and lower dose was 43°C for 30min. *'P-
MRS was obtained before, immediately after, 6hr and 24hr after treatment. Spectra were
acquired with a 2.0T spectrometer with surface coil of 15mm diameter. Level of PCr/Pi
decreased temporarily at 6hr followed by a partial recovery. Level of PME/PME+PDE in-
creased temporarily at 6hr followed by a recovery to almost the starting level at 24hr. The
spectral changes in the three groups with equivalent doses corresponded well. In the higher dose
group the change was more intense and in the lower group the change was more weak.
Hyperthermia had dose dependent retarding effects on tumor growth. We classified the effect
of hyperthermia into 3 groups. According to tumor growth rate, A : less than 509, B : more than
509% and less than 100%, C : more than 100%. PCr/Pi immediately after treatment of group A
at 5days after treatment was significantly lower than group B at same time. Level of PME/
PME +PDE 6hr after treatment of A at 10days was significantly higher than group B and C at
same time. In conclusion, the ratio of PCr/Pi and PME/PME+ PDE can be used as an indicator
for the effectivenss of hyperthermia. **P-MRS can be useful for assessment of thermal dose.
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