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Effect of Hydralazine on the Blood Flow of Normal and Tumor
Tissues in Hyperthermia
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We examined changes in blood flow in normal muscle and SCC-VI tumors of C 3 H/He mice
following hyperthermia (HT) combined with the vasodilator hydralazine (Hyd) and compared
them with similar changes after Hyd treatment or HT alone. Blood flow was measured by the
Laser Doppler method, and oxygen tension was evaluated by poralography. The mean blood flow
for the tumors in the Hyd group decreased. After HT treatment, it decreased to a low level. The
largest decrease in tumor blood flow was observed after HT combined with Hyd administration.
In normal muscle, no decrease in blood flow was induced by HT, Hyd or their combination. The
magnitude of action of Hyd on the heat-induced changes in tumor blood flow and on damage to
tumor vessels is considered to depend on the initial perfusion level. Therefore, we tried to clarify
how this parameter was correlated with Hyd and/or HT-induced changes. In the HT and
combined groups, the higher the temperature, the more significant the decrease in blood flow. In
conclusion, these results suggest that the decrease in blood flow inside the tumor caused by Hyd
plays an important role in enhancement of the hyperthermic anti-tumor effect.
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ZZ THyd ik 2 Z i #m R0 %
BT 5 eI EEnEE OS> SBEF L2, 4
[, F4 3 Laser Doppler Flowmetry (ULF L.
D. F.), BZESEF# B CRELS L U EED
DIMFE 7 b ICEBRESEZREL 72, 512,
Hyd ofEz nikb &, e oif#&gs X o6t
TOMFBERICH§ 2 BEZERFICHIZE L2,
|2 IR ZA B M IR 3 5 [BES Hyd. A IC &
5 MR IZDOWTRET L, ETOHELER N2 H
75,

EEMERUSZE

1, RERBHRUESR

EEEYE L O0lEEIX, C3H/He=7 2 (H
4—6 8fp, KE 20-25g) ICBHETTREZ SCC-VII
MEEE % Rl v 7z, SCC-VIBEE 12 /R F LR ER kD
O THETHBHETHRMERF X LT3, SCC-VI
FEgs i3 R R % Mk & D UIBR L, ) BRI
¥ (LUF PBS #) WTHIYI L CHE—MABILL,
95 KL 38 B % 5-8 X 10 /0.05 ml ic §%& L 72
%, =7 AAKRREBE T2 0.05 ml HEARHLL
72, EBICEBMEEHT-10 HET, BEEHT-9
mm (2R L 2 % v,
2, & A

I VE@E 3%z, Hydralazine hydrochlor-
ide (CsHgN,- HCl, 4~ T fit 196.64) (SIGMA
#) #FEHALZ. O Hyd# 721Kk
0.3ml HAEFRAIEKIC TERBERICEARL, &
BEEIC AR L CTBIRERICIEAL 72,
3. IR E

IREA R T 7 ) VBERIEIEKE (B%KE
B, BEMELT0.1C) 2HAVTMAL 72, B#
ALVERI 41°C, 42CHE L 43CT 104 (GRE®
Z2fb) EBUY, 72, 43°C10 4, 20 4RO 30 4
[l (BRI OZAL) 2BUAT- 72, mikiz=7
ARzT 7O (BRER) oBRERCEEL,
JEE: T (pentobarbital 20-30 ug /g i B P9 3%
5) 2 TAT- 72, BIEIZ A ARSI % HE L
Tz RERKAEE & 3% 7 — 7 Tided i
FE L7z, BB I MEN (Bailey #8) %
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T, MEEEE R UREEGHA 65 D IE R Ak 2 i
TIT- 72,
4, INEAIE
EEMoMBERENANEICIZ, L——F7F—
it (Advance ##L —H—x F ALF21) #Hw,
TAT - 7z, WEITFREMLER | 72 1%, BATIC/NIE
Mz, 7e—7%2KET 1mm OEALICH AL,
M EA 5 MU E—ElE %2R L, %% L 72k
T, EHHRE B L RSN S IT, 3ERME T
BERFICE L 72, oL —HF— F 75— iiis
DRERER AL BAR Y —F— 2 HwT, 7
o —7"F 1 mm O34k EIEEME b o
BHET LT v —HF— (620nm) DEELIED F
7R EAHLCGHIT 23 0TH D, FH
L7z7a—713ER0.8mm ThH 5, HMEMmTE
i (ml/100g/min) KX 2HWTHEBEZ L
é 12)“
Flow (ml/100 g/min.)
=k/) wP(w)dw/12
k: HBIEH o AEEE (2 2f)
P (@) (BN 7—2~7} 0
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FHRHAL ., BREROBEKAEOMIE FRIC
BE L 72=7 ZDEBHE TIT- 72, fEX, >
H—H Atk pO.fili 5 bl E—EfEZ R L, &
5E L 7285 C Hyd. 5 % 47 K21l % # R
Byl FEER L 72,
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E
EBiZ~>7 AFEEL, HEEEETS L R
Y 5 IR EE O E I MIBE 2 n 2,
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962

AHRENEREAERISEIC I, o —HEEE R B
72/ NIBR 2 EITEMLFIA L 724, Hyd #5
A, REAMETDE  MEBOIEE RS L UE
NI TR, TEESORATgEESE 2L 2,
W7o -7, €ri4—=~t4ic& B o flexible
stand CEE L, BHA, EEHIREFORET 5 HE
FHICEZ Sz, /2, Hyd OIE#H MBI
T HRRLZBPET D HMFRHER 70— 7 LB
A Az > — |3 MR B ) IEH B ML R Rk )
FHETHALZ, ZOHEHEMMEEICIZ=7 ZIE
RO X EREO KRB X TRESEE
0L TAT-7. &8, Hyd &3 EERN
ICBELZ2GEICENEAL L, FoEing
LIR#T 3 BEME  TREFICHIZE L 72, 40
O¥E Tt Hyd B 5B mFiEORLIET L2
fl, DA DR LKEL EJ- LMl Ma#T
BB MFERAMET L 724E & % 1 F o UEER]
oMMt (initial blood flow) & @k D Zs{baE
FHEHE L, SREEE L CERARKE R R
HL, FNFN1EHE-25IL2HENT, UTHH
Bz 2w T Hi#liRET L 72,

Hydralazine I X 5 iS#A8 iEah R OB

@ Hyd # 5 & (0, 2.5 5.0, 7.5mg/kg)
b9 B B I 5 % (M ER SR E 2

@ Hyd. #:5-8& & niRiBE (41, 42, 43C) o
VS & B INR P &S . 21 b

@E#E»—F (43T, 104) 2L, Hyd #
LEOBWIC L 2 IEEEHE & CNEERR M ifZE1t

@ Hyd. #5-8 (5mg/kg), MREE (43C)
#—Elc L, sk (10, 20, 304) DEw
Iz & 2 fEEER B X UIER R m it 2 b

® Hyd. #5# (5mg/kg), MIEEERH (10 %)
—EICL, MNRIEE (41, 42, 43C) DBV
L 2MEBT S & CIEREE O FRZEL

@MEEDEAMm R (initial blood flow) @iy
Iz & % Hyd. o i T eIz 0 5 8t

AR i} o) E 5S040 0 1 375 B A5 KR4 1—10 ml/
min./100g O#EMIcH 2 Z LiIcEFBL, o
AR E O KNI B Hyd.c & 2 iR Z
b3 % HBRET L 72,
7. EERtEFARET

HMEBIZ B 2 EEEREIXZ NLEF N Stu-
dent @ t B5E % FH v THTVv, p<0.05 DI, FHE

Mouse : CsH/He
Tumor : SCC-TI

Hyd. 0
Heat : 43C
1.04 5. /K
ﬂw'o Sjlvmg g /\‘\ Normal tussve
[]
= Da Heat—¥ N “’H"““QE;CIE?_ |
= 5.0 -
k=
=
E 0 ‘
z -— Saline
< 5.0 = Hyd. 2.5mg/kg
L. === Hyd. 5.0mg/kg
Eﬁ 4.01 -— Hyd. 7.5mg/kg
o 3.0 Y
o M
1.04
O T T T T L) T T T T
0 30 60 90 (min.)

Time after Initiation of Mesurement

Fig. 1 Representative recording of changes in Laser Doppler flow in murine hind
foot dorsum (normal muscle) and SCC-VII tumors of C 3 H mice after i.p.Hyd. loading

at various doses (saline, 2.5, 5.0, 7.5 mg/kg):

water at 43C.

(60)

Heating was produced by circulating
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Mouse : C,H/He
Tumor : SCC-VI
Hydralazine : i.p.
(n=16) —0—— MNormal muscle

Initial Blood Flow After Treat./Initial Blood Flow
=
- 1

el  p<. Di— {
L p<0.01 )
— p<0.01 !
0 T L T T
0 2.5 5.0 1.5
Conc. Hydralazine (mg/kg)
(&)

Mouse: C;H/He
Tumor : SCC- VI
Hydralazine : i.p.
(n=6) ——C—— Normal muscle

Minimun Oxygentension After Treat./Initial Oxygentension
(=]
L

0. 54 S
| -
p<0.01
L p<0.01 . —
p<0.01
L p<0.05 |
u T T L T
0 2.5 50 1.5
Conc. Hydralazine (mg/kg)
(B)

Fig. 2 Relative Laser Doppler blood flow (2(4) and
relative oxygen tension change (2 (B)) in normal muscle
(O) and SCC-VII tumor (@) after i. p. administration of
Hyd. at various doses (saline, 2.5, 5.0, 7.5 mg/kg).
Values are means +S. D.

Frk 548 A 25 H

L L7,
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Fig. 113 L.D.F.ic & 2 f&5#83 & OFIE % HhA
foins, Hyd A3z & 5 & o e9 281t
DEIFTH 5. Hyd #5012 L ) EH G
M I BRI L 72 %, IEE IS R LY
BEARAERL 2, RODNIEMELC L 1) BItsE
e b IEFHE TR MEE I BRI R L, i
B2 o MREEA R, NIRRT #I3, E%L
DA Lied, MHRHT & H—fEZRmL7z. Th
X UBEES Tl IR £ L& 0 IERES & Eikic—
K 249 1.5 0 I S & o R 2 7R3 4%, hnia
123 T Tzl Liss, REETHE TMiEs
WA L e IR BT > 4 340 1 38 & ) 9 5096 35t v
fli%m L 72, IREIC & 2 miEE O I2E3RIRY I
EEEERIZ 526 b L7z,

Fig. 2 (dMEH##E & 165 Bz 310 % Hyd
L5k s (Fig 200) B L UEBiEsE
(Fig. 2B) NZEEERLLZIDOTH 5.

IEH #hi#kIz Hyd. o 5 @ofn (R AR
7K, 2.5mg/kg, 5.0mg/kg, 7.5mg/kg) Iz L
Tedi - THftEIZ 99.7£15 (mean+S. D.) %,
118.0£22%, 124.0£169, 134.7+229% & 38 i
FRLIZY, BEERRO L -7, BESTED
EHE MBI B v Tt mHEE & [ Ak 105.3+
18%, 113.9+13%, 120.8+10%, 128.3134%
LB 7228, BEERIRDLN L2, [EE
BB T, 10T M A X 102.9+13.09%, 78.7+
10.9%, 69.5+9.98%, 51.3+£11.0% L&~ L,
2.5mg/kgHETTTCIcEBEEZLRH (p<
0.01). = DIEESR o il & 0 2E1b i1,
Hyd. $5 1% 10-20 - LINIc = ), 1-2 B
WM FRE (T EEIN L dssH iz A%, 904 fiIcBvwT i
AVERRTO MR I X B L Zeh - 2, BRERATEIC
B\ TIE, 95.5+15%, 72.1+18%, 59.3+
15%, 54.2%25% & &TOH|EGRTIKT 251,
5.0mg/kg UL ETHEZELZZHz (p<0.05),

Fig. 3 iz hmii v oo J& 55 i i & 254 b3 (Max-
mum blood flow/Initial blood flow) #:=9,
IRIBEENE (41°C, 42°C, 43C) I2ff->7, m
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Mouse : CiH/He —oc— 43C
Tumor : SCC- VI o e 20
Heat : Water Bath —e— 41

(n=14)

)
[—]
1

w
1

=
1
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=
o
L

Maximum Blood Flow during Heat./Initial Blood Flow

.
T |
|

N.S.

0 25 5.0 1.5
Conc. Hydralazine (mg/kg)

Fig. 3 Changes in restraint on increase in blood flow
in the tumor during hyperthermia at various doses of
Hyd.. The ratio of the maximum flow during hyperthér-
mia to the initial blood flow was plotted on the axis of
ordinates and Hyd. doses on the axis of abscissa. There
was a tendency that blood flow was restrained from
increasing at every heating temperature (41°C, 42°C and
43°C), but no significant differences were observed.

Wi 128.3+17%, 139.0+23%, 179.0+31%
WML 72, Hyd &5 F s cohig o im
mENZE bz <, 7.5mg/kg D5 TF Tl
ZTNFN92.3+23%, 101.8+20%, 98.8+25%
TiR#rh o RSN Hyd #51C k Y EED
W 2R H, FEZERZEDLH - 72, Fig 4
2 Hyd. @ #% 5@ DiE iz L 5 43°C, 10 4B
REOMBEEZRT, EHIH T Hyd 05
RICBFR L (AR LREILEZRBDLh -2, IE
B TIZRGREE2HINT 2 Ic# - T2
L, 5.0mg/kg, 7.5mg/kg Tl 34.9+16% (p
<0.05), 31.1%+16% (p<0.01) & hnid Bk B
ICHRTEELET 280772,

Fig. 53 1E% fhALRE, MEESIc B 2 mis i
J & Hyd. 5.0 mg/kg #%5- FTha#E Cia g (O

Mouse : CH/He
Tumor : SCC- VI
Heat :43°C 10min.

(n=22)

—0— Normal muscle
— &= Tumor
----g--- Tumor with Heat

Minimum Blood Flow After Treat./Initial Blood Flow
——
: / \
H ll

- -
]Mo. 017
} e :n.'n'?" ~.
p<. 01 e
Ly ¥ ----- ! T k
L 5 ! “Jp<0.01
L— ns —d ‘t
! 9<0.05 i
) (= p<0.01 =
0 2.5 5.0 1.5

Cone, Hydralazine (m.gfl«g)_

Fig. 4 Circulatory disturbance at various doses of
Hyd. in the normal tissue (O) and tumor region after
hyperthermia (43 C, 10 min.). No changes were obser-
ved in blood flow in the normal muscular tissue, but in
the tumor region (@) blood flow decreased significant-
ly at Hyd. dose of 5.0 mg/kg or higher. In the exclusive
hyperthermia group (A), blood flow decreased to 66 %.

B oEvIC L ) mFEENZ{CE Y. EW
A TIXIE2 B L o Hyd. fFRIZ BT iR
ICIE AR e b - 72, JEREERIE Nk
TH#ICIR BCoHRBBE M (104, 204, 30
4) 2 Ledi- CIif iR i3 66.1+13%, 52.5+
12%, 40.8+10% & £ ¥ 2k % 2~ L 7z, Hyd.
5.0mg/kg#5 FMEHICEWITREFNFN
34.9£16%, 31.0+9%, 26.3+20% & 4 L,
Hyd. RO G HismEic < T & 1) #L
L7z, 43°CiR#AHNE 10 54U T3 66.1% D ikd
»%, Hyd $#HTit 34.9% L HE %2 (p<0.01)
Tid e 7z, IRBRE D309 S8 5 &
o #A B 5k T1340.8%%%, Hyd # f B ¥ 5 &
26.3% LA L 72hY, FOREAEIZANAS LD,
72 Hyd %54 5 2 * THRBOREDI A S
e, AEERESLNE Lo,

Fig. 613, DHEEMIZ 10 4 & —mEic L hnigia
FE# 41C, 42C, 43C e ma ¢, BHREL2 L

HAERSE #53% 58%
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Mouse : C;H/He
Tumor : SCC- VI
Heat :43°C
(n=22) )
Normal muscle with Saline
3 —tr—-= Normal muscle with Hyd. (5mg/kg)
o —&--— Tumor with Saline
[T b R Tumor with Hyd. (Sma/kg)
B8
o
o
5 1.5
£ N.S.
-r—u- m~
o
'_
&
< 1.07
z .
o
i
k]
©
]
@
E 5 Tt
g 054 e .
€ p<0.01—
= | e L
s,
U T T T —
0 10 20 30 (min.)

Heating Time

Fig. 5 Circulatory disturbance in the normal muscular
tissue (O) and tumior region (@) caused by differences
in heating time (43°C, 10, 20 and 30 min.) and circula-
tory disturbance in the normal muscular tissue (A) and
tumor region (&) caused by heating under Hyd. (5.0
mg/kg) administration. Hyd. administration caused
significant circulatory disturbance in the (43°C, 10 and
20 min. heating) groups as compared with the exclusive
hyperthermia group (p<0.01).

b3 TMRENZELZMEL 2D TH B, IE
WA TIILRENOZ(LIZZO T, EESTIZ2
NZFN90.1+10%, 80.3+9%, 66.2+13% &
AL 72, Hyd. 5.0 mg/kg #5 Fig#ic BwT
X2 N Z465.0+:15%, 52.0+129%, 34.9+
16% & IR HEIFEC L, N2 NAE A iR
Lr@Hz (p<0.01). 43T, 105 THOHPRE
DIREAEL T, Hyd. $FH TOZFW 2 i K& 0w
D3 &) —F IR ST, 42°C10 4= 41°C10
4T L EEEIC Hyd, TOMER O % 27z,
Fig. 7 1Bl oy, #Eshic B 5o i iR
RICHNY 5 Hyd. #5#% 0% b3 %2 & > 248K
#Y., Hyd BTid, #mE (s m
WE) XM rbsT, B5EOHImC L2
o TIEBIMKEE DA 2R L, Hyd Oz

FRS5F8H25H
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Mouse : C;H/He
Tumor : SCC-VI
Heat : 10min.

(n=22)
H —o—— Normal (muscle)
i ---@--- Turnor with Saline
2 —&—-= Turnor with Hyd. (Smg/kg)
o before Heat
m I 5 1
iz
3
F_
. \""-\_____‘-

3] “'"'-...,
E 054 1 ~.
E p<0.01 T~ ;
[= =
= e
< p <0.01
(-
p<0.01
L T L
4 42 43 ()
Temperature

Fig. 6 Circulatory disturbance after the end of heating
in the exclusive hyperthermia (10 min. heating) group
and heating under Hyd.(5.0 mg/kg) administration
group, resulting from difference in heating temperature
(41°7C, 42°C and 43C).

In the normal muscular tissue (), no circulatory
disturbance attributable to the differences in heating
temperature was observed. In the tumor region of the
exclusive hyperthermia group (@), blood flow de-
creased proportionally with increase of heating temper-
ature, In the tumor region heated under Hyd. adminis-
tration (A), local blood flow decreased significantly at
every heating temperature as compared with the exclu-
sive hyperthermia (p<0.01).

R L R D KA IR CRRD b7z,

F &=

Hyd. i% pyridazine Bt % 459 % phthalazine #iL
HTHEIIRIER 2 /T 2BEHRHO—DTH Y,
H{ P SBEERTHERENTWAY, FOIEHEIEN
13, RIZHGLBEI 7 AT ndy, Figm
BOFEHMOBEERICEN L, SIRILEER
PEREVBIEY, = DX EE I OE
YEHIZ, Voorhees & Babbs &2 & ) 401z #idy
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Mouse : C;H/He

Hydralazine i= & % iR # R RO BEFF

o Saline (n=8)
o Hyd. 2.5mg/kg (n=16)

= Tumor : SCC- VI e Hyd. 5 Omg/kg (n=24)
S 4 Hyd. T.5mg/kg (n=15)
-0
38 1.04—o0-F—2 — Saline
@
£ 8 %" ”
L — [m] a L '
% —o " p— ~ 2.5mg/ kg
o e o
= —-—‘-'!]D.D.—U——l:r—‘? - 2 5 (mg/kg
E ®
£ % 2 .
3 e ° . o &
i 01.5-_‘;\ A —— A A 1.5mg/ kg
o A A
8 A
53] Al
£
=
E
[ o~
5 OT T T 1
10 20 25

Initial Blood Flow (ml/min./100g)

Fig. 7 Changes in blood flow after Hyd. administration at various doses (saline O,
2.5mg/kg[ ] 5.0 mg/kg @ and 7.5 mg/kg &) in contrast to the initial blocd flow in
the tumor decreased dose-dependently regardless of the initial blood flow volume.

SNTLLK, BEE(REINTWBEDD, Z#F
2, BHARALORIEAIC & 0 R IR, I%
A O MREIE M 20123 L, FEmE b
fz 70 W ETAE I IR b T, L AEERO
M A IRz AT B, T4 bbb, stealing
effectick 2 &FZ 503199 Fi, ZoEE
o RO L, Hyd OBRE/ERIC L) IE
RO MBENELMET L, Mm% % i hEEREH
MELLT &2 ), JEET A ML DRBAE Z ) M
WA T BleHE bwvbilTwa,

L. D. F.ic & 0486 U7z Ml 5 i oot & (3
RMERFE TH Y, Mok KR % IR
ML T o#EDL H 5079, SEFKcnH
Wiz L. D. F. (3 E# 18 o ok Bk G E A & Ka-
shima & O 20 < 23 & B v TR 3T
B|OMIE (ml/100g/ min) & L TEML
7218, Fig. 3@icr Lz & 9 IclEEm Iz #5 L
7z Hyd. o Bk fFHEICHA L, oz 21
LA EREATE D RIREIC A L7z, BRI B
Wi Hyd. #5ic & 2 RO IIRH T,

B EEm L 7z, Hirst 512k 52 CBA ="
2 T @ NTcarcinoma = Horsman 52 & % C3
H mammary carcinoma iZ 1} 25 {bLE 27
2 (RbCl) #HEV72%EB T, Hyd 5.0 mg/kg
G RN £ G T REE I i 2 E R 12% &
30%IC AT B L L Tvs 21929 Chaplin &
I3, SCC-VIEEIz BT 5 L. D. F. i & % il
ETIRAL0%IC A L, HroBlE L 7z &R
(#70%) ENELFEFRKRENZ LEZHEL T
5, oD ZDREZERETIT b TH
N, T2OUEIZHRBTICTIT222bDTH 5,
Trotter & i3, Hyd. T il & 0 A 13 8%
WMEDEFRE W EEBELD, RreonfREe—B
L Tw5, Kalumus 512 k 5 C3Hf/Sed =7
ZIz BT 5 FSa lI[E#H Cld Hyd. o4& (1.0 ug
/kg LI'F) 5Tl g8 ¢ & J5 A i 8 3 5
THLHESN TS5, SEDKL#E5L
728 TiE 2.5 mg/kg LI ET& Y S ifn 5t & 13 B
BERLI
Song 51z & % & i8I 0O JEIE R B o) 1L 3 & 13
HAERS®E #53%

(64) E8E
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IR H—-REEICHEM L, Z BRI & 3 mE
fEED 72 b MR IZRAT 5 & vbih®, Fa
#% Fig. 112/R L 7z iR #rh oo if 38 0 kR 9 70 25
b k< —HLTW3, ZomiEdhon—rE7Z imn
WM KAD F ) BILERED ZE R BT OB
E&H, L, INEZROEHFEERAZELETL LD
THN, ZDHDMIFRLDIREH MAFREEIC X
ZENRICHE R 52D EFEZ LN 5%, Fig. 1
iZRL72k 912, Hyd # B8R ET 52 &
THHER O MFEIEIITHPH S 4, & SITiRBED
MR G & ) —BiEA L, ZomiikT iz
b, #i < MRk A ERATISIR & LC, 1B
BROEFH—2L L THEZ L2, HydDtEH
Frat ML 3-7.5 K ] & & & 11?929, Hors-
man b (37 2 THREHMERAITE (M v
7 4, %Rbel) # H 72 1 i E T3 Hyd. (5
mg/kg) DEIRNIE TI3 Hyd. #57% 8 Bz
BWTHERERIOMIZIFEIEL v &L T
3% el D FickslilETy Fig. 1o
BRI L Twirwad, Hyd BEihik5 3 B
#%THMBEFIOE~ DRI IZELSH & e h - 72,
RENC T B IEE N EREEL 16-72 BT 2 &
WhRTWw38 —h bt ty, Hyd iz
REBFEOMEREEORELZHET LT, £
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