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Study of Anti-tumor Effects of Hyperthermia
Combined with Hydralazine
on Experimental Tumor

Yoshizumi Aoki", Kiyoshi Akagi", Norihiko
Kitada", Yoshimasa Tanaka"
and Bernhard Fritz-Zieroth?

We analyzed tumor growth delay in experimental tumors
after hyperthermia alone, hydralazine (HDZ)injection alone
and the combination of these modalities. We also analyzed
the energy parameter (ATP/Pi ratio) obtained by *'P-MRS
(magnetic resonance spectroscopy). The purpose of this study
was to evaluate the usefulness of *'P-MRS as an index of
anti-tumor effect. FM3A tumor cells were transplanted sub-
cutaneously in the hind legs of C3H/He mice. We dipped
the tumors into a heated circulating water bath. *'P-MRS was
performed with a CSI spectrometer. The anti-tumor effect
obtained with HDZ alone was insignificant, but combined
treatment with hyperthermia and HDZ had a significant
synergistic effect. The ATP/Pi ratios for all groups treated
separately with HDZ or hyperthermia were not different from
the control, but the ATP/Pi ratio decreased after combined
use of these agents. There was a significant correlation be-
tween the decrease in ATP/Pi ratio and tumor growth de-
lay. We observed a direct relation between the delay in tu-
mor growth and the decline in ATP/Pi ratio after combined
treatment with HDZ and hyperthermia. The ATP/Pi ratio 24
hr after treatment may be useful in predicting the efficacy
of the combined use of HDZ and hyperthermia.
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Experimental tumor

Received Jun. 3, 1894 ; revision accepted Oct. 7, 1994
1) Department of Radiology, Kansai Medical University
2) Research Department, Nihon Schering Co. Ltd.

NIPPON ACTA RADIOLOGICA 1995 ; 55 : 987-992

Y el EEY
Bernhard Fritz-Zieroth?

2) HARY T —1) > 7 (#F)BIFEER

#

il

bhvbhid, BESEEICBV CMEEHEYE
(Hydralazine | LV FHDZ) 253IRA| & L C, [EAGALRRIIIT %
1584 5 & CHIESMREZEET 2 2 L IZo0THREL
T& 72V, HDZOIEFE L IEH O M T8 | EHEER L
TMEEL RS, HAHRALEEHOETIZX5IEED
kMBI RS T, Iy, MR O
i REE LD S MR E T &AL &), VbW 5 Stealing
Effect|Z & = CHIEAIMAEAME T3 5. 2k oT, fEE
WOBILEEE L BT S, &SR OIREE % SR LA
BB Z LI AHEESIROEBHIEOND L) BF
R #EZTwiz LaLl, ZOHDZHERIC X 2551,
EHEA 2R LA AR E D b, MolERmRKE D
RVRE S TREY 2 BE AL O BHE O 2L (IR, BRFESIE
OIT, HEpH) DHDKERHETTH S LRRSNIHERE
1872, FZC4N, BB, BXUHDZEHRFICHBT
LEEMSOMKENE L —HF— Fy 77 —Mikstz v
T, F72P-MRS % H\WCEEMBEO MENE L ST V¥
— ) YERCH ORI ZHE L. £LC, HDZIZX
B IRBOHINESE A FHE5R % B & R % 729 IZOHDZIC
X B RS MR~ 2 L @QHDZIC & A @ MK DT
BIUEIHROE R F—1) YEAHAOZEIIONT
WEt L7,

RR A&

1. HEREEW

C3H/He~ 7 A (M, 4~6:HHG, KE20~25g) [ZHEHEMTHE
BFM3AIESS % IV 72, FM3AREBHIAEPEREAK & L CHEAE
I Tnb, ZOMEEMIEE 1 x 1098,/ /ml00.1ml &< 7
AFBRERRE FERICBH L, HLEBERERE-10mmIlHE L
T MBS & R V.
2. BRI E L UIEEIRS

fER L&A L L THDZE v/, HDZ
(Sigmaft)idFH 7 4. 7A7 (#R) P LEALN:. ZOHDZ
% AEPAYEKT2.5mg/kg, 5.0mg/kgllZd &) IHIRL,
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REIRE DIEA L, REBOEIIY Y 22 HRBEOEEE
IZCHEE L, fEBIERKNY (AGE-80) CHEEH LB+ =& T
o7z, INRBEE44CIIREL, IREEMZ105, 205
D 2 DDiRELE (Thermal Dose) TiRMMEE Z 4T - 72, GEH
MERIZ BT ZHDZ D513 X THNRATR05 1 FEA L7,
3. MRS#k(8

GEHBCSIARZ b O A — % — (BRISHHRELTT) % Fv
To. REITA N2 #— 2 a4V TIllESRMI XL E 1
1381.0MHz, TR = 1.1sec, RE/VVAIgId35usecTdH 5. £
FEREEDWIE IF ¥ — 7 B % B\ TR-ATP/Pilt CHEEM D
IANF—RBHEEORIE L L.

4. EEMLKORTE

V¥ Fy 75— Q% fv ik flEs (2= — 7
AT 4 AN, ALF-80) Tl L7z,

MBRE A 5 1 BRR ¥ oM oREEbX, Yu—7
EIEHEED S 1mmDESO—SICHE L, BHELEE
L7 F7, W12, 24, 48EERIMEOMTEELOEHIC
DWTIE, EHERD S ImmOESICL—F— Fy 75—
D70 — T % N EEO10 SR AEE L, 5 4
B L7, CheBaiOEmiaE s L, kic, Mk
12, 24, 48BMIf2IC, FARIC10 SO % HIE LSO
[EFOFHMmfE e Lz, 2 LT, MEFOFHIMmEL1.0&
L CHLHEE D MFE L % Kb 7.

5. HUEBXFEOFHE

BRI OHURESZh R 1R O RS AN 2 1 I B
TE5DILELR BT b HEMAS (Doubling Time) TEF
L7z, [EEAEOHHIIEEORRE () 5% b) ZBEIZ/
FATHELa/6 - a- b*THEE L7z,

] R

B, HDZODEH M ICitd 258

Fig. 1 ICIRELEM, HDZS5.0mg/kgHifl, X UNR244C,
2053\ 2HDZ5.0mg/kgfF | 72 & & DAL ML ik
B L2 RS. DREM, 3B X UHDZEMM T LBEES
SR D40% 1 FTORBRBET 2300, AL d 1
iR L 7o, AUERTR 12050 © I3, IRZLEIREE, HDZHM
BBV T80-90%MEZE D7z, Lo L, B2 - HDZEER
HTId, MER4FREM T BE 20T, 4885/ T68% D
i EEof. ZDZ P, HDZRSWEF XM
RISz HE L, ERMNLTEEMDEFPEESNLZ Lot
G5,
Tz, MEARMEO ZEZHRAOMTIE, HDZYM, 8
BB, ICHBILT, EHLZEZTRDTVE., ZOZER
b, 4REMFEBRRDEINT A —F —7%, HDZODiREIERE)
ROBITCERTH S £ Z, DTFFEE L TRE24RRH
DRNEBEIZDOWTHRET 2 N2 72,
2. B, HDZOEBHEEO I X IL¥—KBAOZE

Fig.21Z, HDZ 5.0mg/kg i, [REILI44 T8, B
L UBF R D ZHE T OMERE 1 BB X U248 031p-
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MRS Z/RT. TRIIRTHREDEZ Y~ 2 P SATPPPIRE
WL, BHToOBIALEF—) Y ER#HOLIE L. 0
B | BHCTIRRBRBMTOIPIE -7 D -2 54 b
HPer, @, B, v, -ATPA Noise Level ¥ T T 23R L7,
LA L, 24BHBTIXEABEBRVWTEY - 213, 13120
Y hO= bV E TR EZ DT, ZOMP-MRSTOE L
FVF 1) CERACH ORI ZEIZ, FESRHLE O ML DK
TOBLEBBRLTWA I EASTER SR,
3. EEBARIELETNR

Fig.3(ZFZEEH 12 BT AHDZ - iREHERAIC X AfEMMAE
(Doubling time) Z$8EE & L 7-#ifEHI R % R ¥, WBED
C OMEBEOREIN A £132.89H £ 0.75H Th A b DHTES
44 C104, 2047 T4.40H +0.90H, 523+ 1.22HTH 5.
C DRELICHDZ Smg/kgf % 2 £ T7.50+2.23H, 8.14
+2.12B LN, FEHLHDZOREEELN R+ 227,
4, FIBZIH T B24rERHDATP/PILE

Fig.4|CHDZ, iRZAHII X UBEE CORLBE24 85 175
£3 53 P-MRS 7> 5 KD 7z ATP/Pitt #7R¢. HDZOHE 5.5
DK EATPPIL L DEFRER LD DT, HDZEMTIE
24BFERICITNIERTOATP/PIE 22 ), B LIZERD S
A, mEvEHERT 2 2 L TR 24F R T O HDZOKR S
IfE> T, ATP/PiLL DB %7007
5. &, HDZGHRMIRIC & 524 EHE1EDEEFARMRIN F DML
ERIRDOZEAE (Fig.5)

1.2 —0O— HDZ.
—A—HT
—0— HT+HDZ.
1.0 // /J]IJ
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Fig.1 Averaged blood flow ratio 12, 24, 43 hours after/before treat-
ment. The number of mice for each measurement was 5 and bars mean
S.D.Each treatment was HDZ. 5mg/kg alone (D), Heat 44°C 20 min.
alone (£v)and combined treatment((]). These data were expressed
from FM3A tumors implanted to the right legs of each C3H/He mice.
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Fig.2 In vivo *'P-MR Spectra before treatment(Control on the bottom), one hour after (A1 : HDZ. 5mg/kg alone, B1 : heat 44°C 20 min.

alone and C1

: combined treatment.)and 24 hours after each treatment (A2 : HDZ. 5mg/kg alone, B2 : heat 44°C 20 min. alone and C2 :

combined treatment). These data were expressed from FM3A tumors implanted to the right legs of each C3H/He mice.
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Fig.3 Doubling time after each treatment as anti-tumor effect in
various dose of HDZ. Without heat(QO), 10 min. heating(£), and 20
min. heating (CJ)). These data was expressed from FM3A tumors im-

planted to the right legs of each C3H/He mice. The number of mice

for each measurement was 5 and bars mean S.D.

TR 7E11H25H

Fig.4 ATP/Pi ratio obtained from *'P-MRS 24 hours after treatment
in various dose of HDZ. Without heat(QO), 10 min. heating (), and
20 min. heating (C]).These data were expressed from FM3A tumors
implanted to the right legs of each C3H/He mice. The number of mice
for each measurement was 5 and bars mean S.D.
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—0O—- 0 min.
—— 10 min.
—{— 20 min.

§\

0.0 i ! 1
0.0 25 5.0

HDZ. (mg/kg)

1.0r

Blood Flow Ratio

Fig.5 Averaged blood flow ratio 24 hours after/before treatments
in various dose of HDZ. Without heat(Q), 10 min. heating (&),
and 20 min. heating ((J).These data were expressed from FM3A
tumors implanted to the right legs of each 4 weeks old and male
C3H/He mice. All bars mean S.D.

anzﬁmmi ALFRFEARE ] T I TRLER AT OAE |2 [

L, REEHHT 2 Z L T44C105TIIHDZ DHe 5D
It - T E DT 2 B 7.

L2rL, 44°C2055DNNEIC BT 2HDZOR B, 2.5mg/
kglZBWTT TIT5.0mg/kg 4% 5 L7z & & L IZIZFESED%D
RERLTWED, 105IHRICHEVTIE2.5mg/kg & 5.0mg/
kgDENZEEZEZRD D, L oT, 205K, MikOE
TREICHTA#EIIB\WT, HDZOFHS5OHE L ) b iRk
WX BERROFBRE RBL Tz,

6. ATP/Pitt & infEB IR DIERS

Fig 6\ ZA#h| iR 2k, HDZMFEH24 K5 OATP/PiLL % itk
(ZHESEINH # T OAHBIRAR 2 /R 3. HDZHIETIZATP/PI
, BMBHRTERELZRZBD VA, REEOBINIC
€ > THEE ORI H B OB KIZATP/PiDREA & EARH 724
B (y=0.964) %R L7,

7. BES I & ATP/Pitb 48RS

Fig. 7IZA#hIZiREk, HDZAIRBE24 KM COATP/PiLL % #
B EFALGRO M T 2779, HDZHJHTIZATP/PitL S
L PIESHARBR MR~ DOEEIIED SN, KB4k
2R S5 ATP/PUL O T I3 ER MO T & 5\
B (y =0.986) pSiB0> b7z, 4 D= 22DV TOILF
H5E & ATP/PiLL DO FEFHIEASTENIE, BETLDF—4
ERTLVEELREIMTR 010, 4EONEMEIZE
WD T — & OFHEF T L CTHEZHEBETY Lo T
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H[%\ 0 min. 10 min. 20 min.
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Fig.6 Correlation between doubling time and ATP/Pi ratio 24 hours
after treatment. Without heat (O-Without HDZ. @-With HDZ. 5.0mg/
kg),10 min. heating (&-Without HDZ. A-With HDZ. 2.5mg/kg A-
With HDZ. 5.0mg/kg), and 20 min. heating ((J-Without HDZ. -
With HDZ. 5.0mg/kg).These data were expressad from FM3A
tumors implanted to the right legs of each 4 weeks old and male
C3H/He mice. All bars mean S.D.

~~__ Heat.
HEE\ 0 min. 10 min. 20 min.
0 mg/kg o A m}
2.5mglkg A
5.0 mg/kg ® A ]
1.2r ¥=0.741X+0.0267 /
12=0.930
1.0F H_;kg
2 o8 o
g *ﬁéﬂ
=
3 ol .
8 ;
m 0.4r
0.2+ /*Eﬁ
Ve
0.0 . : '
0.0 0.5 1.0 1.5
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Fig.7 Correlation between averaged tumor blood flow ratio 24
hours after/before treatment and ATP/Pi ratio.Without heat(O-
Without HDZ. @-HDZ. 5.0 mg/kg), 10 min. heating (£-Without HDZ.
A-HDZ. 2.5mg/kg A-HDZ. 5.0mg/kg), and 20 min. heating ((J-
Without HDZ. Wl -HIDZ. 5.0 mg/kg). These data were expressed
from FM3A tumors implanted to the right legs of each 4 weeks
old and male C3H/He mice. All bars mean $.D.
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JESMEOMEET, $4bh, BILBOHEEIC L %8R
0 2 BB ER OIRE LA 2 IfE L2 D TCH 5.

L2 L, LEIORIES DR TIE, ERAE Comig ik
Tl o BB TR 513 BIRWNER BT O iR T
Ehadol?, Livl, ZORELEFOMKIC L SHHERFR
DO¥E5HE X 1) bRk, HDZBEMIZ X AR KENWI &
3 CICHE ST 5, Horsman 5 1EC3H/TiF mammary
carcinoma % I\ 72 EER 2B\ C, HDZBFHIC & A HilEED
RN CORELAGLFALCTH LD, EEORERZE TR
02C LR L72ICT &Y, EROERE EFIC X 2iRAOYE
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LEOHE L, FFICESL L HDZHF I X 2 EE MR M
ROKT L EEMO® T AN F—) VEMUHE L UHiE
BeRhoR, MRS & R AR5 H B e DRIRIZOW
TRIHLIbDOTH B,

bhbNOFERIZBWT, REICHDZEEH T 5 Z & IdiR
BOEFAEOMITET % X DR s, ZHUPE) EH
MREOF T ANF ) YBACGHOETIEZ 52 &5,
HDZBEHIZ & 5 IRSHRED R, BICHESRTORE B
DHIZEE D DT\ E T HHorsman b OHFts & —3H 7
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¥ 7z, HDZIZ X A EHHMRILT DT O IcowTid
HDZDOREEAERIC & Y EEHOMAENELSMET L, MmE%
PREES M EMARIELL T & 2, BHEME ORI S
D, MEPEHETLH20LOHESHS7. HirstbIZ LB
CBA~ 7 A TONT carcinoma<’Horsman 5 |Z £ AC3H mam-
mary carcinomalZ & 3LV ¥ P 7 A (RbCL) % F V72 EER
"THDZ 5.0mg/kg DFEHEATZ G CRESHIMLITIX € EN10%,
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-7z,
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