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Ca’* 4% Verapamil 2#IE%|, £& LT 5FU (204t ADM, VCR, BLM) &4
AL, EOMESHRICR(ETHEE, T3 EEMPZEZ AL in vitro THRE, 2L TS
DEAEIC H&TZ in vivo OREBL LT, #EmE~YYRIC5FU & Verapamil %:&H
B&EEL, survival ([CR(F$THEE HBRFLL.

I. In vitro

1. Verapamil (383 T$ BiRE T HEMAID S AFH, 5xM UTOERETE
EFEAEZE LM T-.

2. BIEICHEDRWRED Verapamil 2 5-FU LT3 &, $lERINERETHS
FEEYXKEVHRERNBDOS Ii-.

3. “C-5-FU 2 AL /=Ml IR VAR EER T, “C-5FU [T MEANBEYIC BT
ZH, CHIC Verapamil 5.M 2HfHT3 L, ERM O “C-5-FU MM T,
5-FU OBITRHHEEICEBER - 1.

II. In vivo :

1. Verapamil BT, XEZEBFLTHRESEDRET RSO Wik - 1=

2. 5-FU 5mg/kg & Verapamil 20 mg/kg ##B¥ 3 &, HESHMICEREC G
BRERD, 5FU HRBCHEN AEOLFYHMOERE2E, BRETHAYNRDHZ
LD 7=,

3. 5-FU & Verapamil 40mg/kg EO#AIE, #AICH &S EIEMARHEL, 5-FU
BMESHCH~REFHREAZ > TERBL:.

BELY, 5-FU ([C&WWTH Verapamil EDOHAMED TENM, ZOEECDOWN
TEWERETHLBADZ . 5-FU & Verapamil O# AL, #5HEPHREEORTEIC
BReHEEEZETELLTDH, BEPEICETIDREROFLOTEENE LT HESA
3.
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The influence of the Ca?* antagonist on anticancer agents has not as yet well

been clarified.

Many reports have implied that the Ca?* antagonist enhances the effect of
anticancer drugs (Vinca-alkaloid, anthracycline agents) on drug resistant cells.

However, there have been a few reports on the effect of the Ca?* antagonist on

sensitive tumor cells.

This report deals with the effect of Verapamil as at of the Ca®" antagonist
on chiefly 5-FU on Ehrlich ascites tumor cells (EA cells), both in vitro and in

vivo.

I. In vitro

1. Verapamil inhibited the growth of EA cells by itself at a high concentration.

2. Verapamil enhanced greatly the cytotoxicity of 5-FU at a noncytotoxic dose,

and even at a low concentration.

3. A kinetic experiment showed that the uptake of C-5-FU into EA cells
increased with time. It was observed that the amount of cellular “C-5-FU is

greatly increased in the presence of 5 uM Verapamil.

II. In vivo

1. Verapamil alone showed no therapeutic effect even at a high dose.
2. When 5-FU (5 mg/kg) was administered with Verapamil (20 mg/kg), the
life span of EA cell-bearing mice was significantly prolongated, irrespective of

administration.

3. When 5-FU was administered with Verapamil (40 mg/kg), an inverse effect

appeared, and the life span was shortened as compared with the group of mice

to whom 5-FU was administered alone.

These results suggest that the combined use of Verapamil with 5-FU may

provide better treatment for human cancer, although the mechanism still remains

unknown.

Key Words (D Ca?* antagonist

(® Cancer chemotherapy
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P ek o EEmr B e LT, Ca**
FEHHIOR ORIENREER STV 5H, K
FIC, 3 % B oD SEAI e A A D Tt 4 % T i
THEREMEDH B 2 NS X h, L OHHE
HIRFZE I EE X T 5, D7

AR D HEH T M MRS ) 3 % 2 R OGS
U F R DI, 10 gk Rbh b
I 5 ptABEAELR B T, flEAlo
R & & E BT, EHOBEC X SE

][]

® Membrane transport

TER OBRIC &2k, X Richic bk
fethE O e IR IS .

Ca?* FEHiF% GHAIT % HEHIO 5 b, it
EY IO VREHITO BRI A LR
LEIEE T, Mhac x5 EZRGER T
% % 5-fluorouracil (5-FU) D1, O
fbAdriamycin (ADM), Bleomycin (BLM),
Vincristine (VCR) % By, Zhb D HlEH
O Ca* EEHi#H| Verapamil 2 KIix3 &
#A in vitro, in vivo CTHiFf L.
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II. In vitro

1. EB M H

(1) REBEE

KERRIESIT, YHE o Rs\C, ik, ICR <
v A (AAR7 v7 K KD Ok Bk
L C\w% Ehrlich ascites tumor cell (BIF
EA cells #59) HfER LK.

EA cells % EPIBHEE 6 ~8 HB I IEAK
PEBAC BIL C, 10ml o Eagle MEM
(HABEE K. K) gl 2+, 1,000rpm,
10min & LD %, WEMESY X 5ic MEM
T 2 B %, 10% fetal bovine serum(FBS,
Flow Lab. Australia)¥jnkz & ¢ primary
culture %47\, SECEFEIIC H 5 b DA {FH
L.

(2) & H

Ca?* 4Kl & L Tk, Verapamil (CyHgN,
O, + HCI, Eisai Co. Tokyo) % {Ef L 7. 4l
JEXIE L T, Fi© 5-fluorouracil (5-FU,
Kyowa Hakko Co. Tokyo) & HH\ f=ny, FD
fi Adriamycin (ADM, Kyowa Hakko Co.
Tokyo), Vincristine (VCR, Shionogi Co.
Tokyo), Bleomycin (BLM, Nippon Kayaku
Co. Tokyo) L {EA L. %7, 5-FU Off
AN~ DE Y A Z LRI L, 5-fluoro-[6-1C-
uracil (1*C-5-FU, specific activity 432 pCi/
mg, Amersham, Japan) »H\ f.

2. BB E
(1) Verapamil oEzEMA~DEMN
5x104ME o EA cells % 60mm v~ 4 — U
(Falcon, Oxnard, Calif.) P§iz 5 ml D E5%§
L &Ll X, Verapamil (3, phosphate
buffer saline (PBS, pH 7.4) =, %L, 2,

5, 10, 20, 50, 100 uM D fs » Verapamil

% 0.1ml &L Tz, 37°C, 5% CO, F
THEEREL 1o, TR, ©<. 57 v 27 IRT4LM
a8, EHit0.5% Trypan blue % fH\u»
THEMAAFHIL, PBS D&¥INL 7= control
et sk, % TELL.

(813% 3% 1987

2) 5¥FU & Verapamil oftH

(1) AR5 x 1048 @ EA cells %, 5,
25, 50, 100 ng/ml @ 5-FU % & sk &b ©
B fo. T2E5RI%% control BEX Heigs, 5-FU
DOHELHEY BIE L. X bz Verapamil
2, 5 pM ZyRINL, T2B5fE%%, control Bf, 5-
FU BhfE e & b fifagia s 7-.

(3) MO BEZE

(2) & FA—D E&R T, FEEBBEO, 6,
12, 24, 48, 72BEfEC R\ T, HIJAREE R
FTREY RIS T L.

(4) Verapamil ¥{inkIC k% 5-FU O
MRAA~DOE D AAHSEER (Fig. 1)

1x 10D EA cells %, MEM + 10% FBS

1z 20 mM HEPES (2-hydroxyl-1-piperazine

— influx—
6
P EA cells 1X10

MEM+10%FBS +20mM HEPES (5ml)

100ng/ml *C-5-FU

. 100ng/ml “C-5-FU
+5um Verapamil

incubation, 37°C (0-8hr)

0.5ml

cell count 800rpm, Smin

centrifugation

-
wash 2times
with PBS 10ml
<~

Protosol 1ml
cell lysed over night

N

&~
Aquasol II 8ml

~[[~—

measurement of radioactivity
(LSC 700, Scintillation counter)

Fig. 1. Effects of Verapamil on the uptake
of MC-5-FU by EA cells. EA cells
(1x10%) were incubated in 5 ml of
MEM +10% FBS+ 20 mM HEPES at
37°C with 100ng/ml “C-5-FU in the
absence or presence of Verapamil at
5 pM.
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ethanesulfonic acid, pH 7.4) buffer % jnx
FeBi R Smlrhic il S ¥, Thic5pM
Verapamil ¢ “C 3 <X L 7= 5-FU (100
ng/ml), “C-5-FU % fnx, 37°C, 95% air,
5% CO, T TR L. EEaBHAAET, BBR
2, 4, 6, SHEEiC#ifa%x count 5L LY
iz, Figure 1 i@/ 2 & < fifax£-H, kT
5%l Protosol (New England Nuclear) 1ml
Mz CHML, INEfECchRL B,
Aquasol-TT v v F Vv — &% — (New England
Nuclear) #inz, B> vFVv—vavihv
v & — (Aloka, LSC-700) #MH\T, 1 x10%@A
B DM HGHE M A E LB L e,

100 L.Q'f’—‘\Q

LEU]: SRS

5~-FU 5ng/ml

cell growth (% of control)

3. #& 2
(1) Verapamil 23 EA cells OBFEIC K
T EENE
Verapamil ® B3 EEN 5 uM LIFT
1X, EA cells o#i5EIL control FEE ORIICH
BEOEIAD LN o Teh, ZhihEEE
T BAEOIHI 2 D B iz, Hie 20 pM B
Bk R 7 BREEISIL A Hh, 50 uM T
(X 46%, 100 uM TiX96% DIEIMH BTz,
(2) EA cells wgiFs 5-FU o cytotox-
icity
EA cells i3, 5-FU R AT 51250 T
T DA HI X 4, Sng/mlT157%, 25ng/ml
T30%, 100 ng/ml Tix 75% OHHIZEK
R, 1Cs 1345~50ng/ml ¢©H -1z,
(3) Verapamil 23 §liE#H D HEE L)
RCRIETHE
5-FU & fE % bng/ml L L, = hic
Verapamil % 1, 2, 5, 10puM inz 8
&, WThOBEEICE\TL, Verapamil
OUFFRIIAHEEND R b L. &
N, 5 M DEHTED R
(Fig. 2).

Table 1. Effects of Verapamil on
growth-inhibitory action of var-

1 2 5

Fig. 2. Effects of Verapamil on growth-inhibitory

action of 5-FU on EA cells.

100

®——= Verapamil (—)
4——4 Verapamil 2um

—a

" 5,uM

50 -

cell growth (% of control)

0 Verapamil (gm)

ious antitumor drugs in EA cells.

L . '
5 25 50 100

action of 5-FU on EA cells.

5-FU (ng/ml1)
Fig. 3. Effects of Verapamil on growth-inhibitory

Ir;libiftory ratle
Dose (% of control)
Drugs (ng/ml)| Verapamil | Verapamil
5pM (=) | 5uM (+)
5 15.0 46.3
spu | 2 30.1 57.8
50 47.3 71.4
100 75.2 93.8
0.1 12.1 38.5
VCR 1 21.3 62.4
5 31.3 86.2
1 5.8 33.2
ADM 5 21.3 56.4
10 30.4 83.8
0.1% 7.2 35.1
Bl | 0-5 20.4 42.8
1 36.3 51.8
2 48.1 61.3

(* pg/ml)
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®\~T, 5-FU % 5, 25, 50, 100 ng/ml THIFIR OB KR Z B i, Verapamil 2 pM
&L, Zhic Verapamil 2, 5puM %0t T% L 5puM ORI ITIE FBD ZiL A bRk ok
L, 5-FU BUHBEC AT W TR OPEEET s\ (Fig. 3).

Fig. 4. Changes in the morphology of EA cells treated by 5-FU combined with
Verapamil (72 hrs after treatment) (x200).

a) control (untreated).

b) Verapamil (5 M) no significant change.
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Verapamil 5 uM O FHETIC K+ 5, 5-FU DRy, fiotlElcdBEOEILD
BEWC XD EA cells {IHEROENERD L, hREEECZED SR, ADM & Verapamil 5 xM
5ng/ml ¢ 3.1 £k, 25ng/ml 1.8 £, Ot L, 1ng/ml¢5.7f%, 10ng/mlT
100 ng/ml ¢ 1.3f5TH b, EEEEEBHRED 2.8f%, BLM 1% 0.1 pg/ml ¢y 5%, 1pg/ml
RERNEHTH -7z, Tix 1.4, VCR ix0.1ng/ml - 3.21%,

¢) 5-FU (5ng/ml) swelling and ballooning of the cell were observed.

d) 5-FU (5ng/ml)+ Verapamil (5 uM) exaggerated effects observed in Fig. 4c.
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S5ng/ml T 2.8 DR REBEHRMN XS NI
(Table 1).

ICy DT IL, 5-FU X 2.6f%, ADM %
4.4f%, BLM % 2.16%, VCRIZ6.2{FD%%E
i%ﬁﬁ& 77z,

(4) TREERIZL

5-FU % X O Verapamil & &g, 6, 12,
24, 48, 72 Fifal© EA cells 23 BAMEE T
Bl L. 5-FU BEE © 1% 6 ~ 8 B[k £
b, Moz, EfEaAHBL, thbiliE
R B8R X o, Verapamil o EES 5 uM
DTFOBER, 3LA L HEBC EEN AbR
3, 5-FU & Verapamil & OffHDEEIT,
5-FU BijliF o ZEbAs #iim s h s e b -
- (Fig. 4 a, b, ¢, d).

3l ** Verapamil (—)

(dpm X 103/1X 106 cells)

intracellular ¥C-5-FU

* P<0.01
*% p<0.05

Verapamil 5uM

(B#13% $ 35 1987)

(5) Verapamil »3 “C-5-FU o #iapIH »
AR RITTHE

UC 5 XA Lt 5-FU (I, BRECHEn
~B1T3 5, Verapamil 5uM O ¥Rinz X -
T, 4 BRE%LSHMlalo 5-FU 828 5-FU B
PR T #mL, 4, 6, SERRIT, 2716.9
+886.2, 3669.3+452.8, 4640.0+347,.3dpm/
1x10%cell & /¢ 5. — K 5-FU $ i ©
1%, 1885.5+226.4, 2645.3+186.3, 3451.9+
415.7dpm/1 x10° cell TH v, B IZ HN
THBEOMYAALD EF & RL T (p<0.05,
p<0.01, p<0.01) (Fig. 5).

III. In vivo

1. B HH

(1) EBREE

EEAEIEIT in vitro CH\ 7= EA cells
HHEHALC.

(2) EBHwY

EEREIYNT, MM, 7 8#D ICR =7 2
(ATE 28~308) HfEM L.

(3) & H

Ca?* HEHiHlE L TiX, in vitro & [Flfk
Verapamil #{FH L, HlE#I 5-FU o
KA.

2 4 6 8

Fig. 5. Effects of Verapamil on the uptake of

14C-5-FU on EA cells.

control (CE)
(0.9% NaCl
0.2ml)

Verapamil (V)
(10~40mg/kg)

% 24hr 5-FU (F#) |

trttrttttt

EA cells (6~10mg/ke)
1X107 i.p.
(n=5) 5-FU
. + Verapamil
F AR T (FVﬁ)

2. BB FH &
(1) EA cells @ ICR =% 2~ B
BiE% 6 ~8 HED ICR <= v A& k2

incubation time (hr)

therapy
(i.p. daily 5 and 10 days)

EERR)

7 — death

death

~

Fig. 6. Effects of Véfzfiﬁa‘mil on antitumor activity of 5-FU in EA cells bearing
mice. Each group of 5 ICR mice was given i. p. inplants of 107 EA cells on
Day 0, and drugs were given i. p. daily from Day 1 to 5 or 10.
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b EA cells ##:HrL, Hanks solution (fx
KEHD i g, 1x10ME230.2ml &
b X H5WCHREL, 26GY <17y vETHERE
A~BHEL 7.

(2) ® &

EA cells %t 24 Bz, control # (BL
T CHE), Verapamil BMEERE (LT VED,
5-FU wigh ¢ 58 (LVFF#), 5-FU & Ve-
rapamil OHFAKER (LT FV ) D4 3T
S (1#E=518), hb% rthZihb HH
HORSHEI0AMERIRSAFO 2R LT,
% %20 survival &t (Fig. 6),

5-FU, Verapamil (% & i 4By RIEKIC
WL, C, V, F BXUFVHLIEEEY
0.2ml & LT, BEBA~EALL.

control Fik AMAYRIEKR D& RN
AlLTc.

3. % R
1x10"E®» EA cells # B L 785 DFH
AFHBUT, 15.0£0.8ATH Y, LAER LV
CREE DRI EN Lh - e,
(1) Verapamil Bfitfr 52 survival i@
Ep-Z :
Verapamil By 55, 50 mg/kg L ET

273

RATET B L ORS L, SEEHED BRI
7o, in vivo TIXREARNC X % HUEER R
BB ieh 1.

10, 20mg/kg #y5-E0, SHMER X O 10HM
BH5w BARe <, AHERIICH L O 21X
L Rieh ote. 40 mg/ke ©10H R #H A5
L CRAC I T P4 fFRI28 13.8+1.5H
(p<0.5) &4 /e h, Verapamil DIgH:HM:
XD TiIsbWhEELBRI.

(2) 5-FU & Verapamil offH%)E
FVE % #58»D IR0 6 B 5.
i b, 1) FVa#t (5-FU 5 mg/kg+ Vera-
pamil 10 mg/kg), i) FVb # (5-FU 10mg/
kg+ Verapamil 10mg/kg), iii) FVciE(5-FU
5 mg/kg+ Verapamil 20 mg/kg), iv) FVd £
(5-FU 10 mg/kg+ Verapamil 20mg/kg), v)
FVve # (5-FU 5mg/kg+ Verapamil 40mg/
kg), vi) FV{ ## (5-FU 10 mg/kg+ Verapamil
40mg/kg), I B hb %5 HHEERRS
& WOHMEREEHO 2B o0, *h%t
AL FVa s, FVa 10BE LT UTFRE 120
subgroup &L, ThEFhICHKILT S 5-FU B
WmEGR A Fad, Fal0f L LT,

& a7 (Table 2).

survival

Table 2. Effects of Verapamil on antitumor activity of 5-FU in tumor bearing

mice. (compare FV with F)

i) FVa (6-FU 5 mg/kg+ Verapamil 10 mg/kg)

ii) FVb (5-FU 10 mg/kg+ Verapamil 10 mg/kg)

iii) FVc (5-FU 5 mg/kg + Verapamil 20 mg/kg)

iv) FVd (5-FU 10 mg/kg+ Verapamil 20 mg/kg)

v) FVe (5-FU 5 mg/kg+Verapami1 40 mg/kg)

vi) FVf (5-FU 10 mg/kg+ Verapamil 40 mg/kg)

Fva 5 Fa 5] -

—VSs—— } Fa (5-FU 5 mg/kg)
FVva 10 Fa 10
FVb b Fb 5

—Vs—— Fb (5-FU 10 mg/kg)
FVb 10 Fb 10
FvVc 5 Fc 5

—VSs—— Fc (5-FU 5 mg/kg)
Fve 10 Fc 10
Fvd b Fd 5

—Vs—— } Fd (5-FU 10 mg/kg)
Fvd 10 Fd 10
FVe 5 Fe 5

—Vs—— } Fe (5-FU 5 mg/kg)
FVe 10 Fe 10
FVi 5 Ff 5

—Vs— Ff (5-FU 10 mg/kg)
FV{ 10 Ff 10

FVa 5:1i.p. daily 5 days
FVa 10:1i. p. daily 10 days
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P<0.0
p<0.05 (———i
251
—~ } } 25|
S
] —
= 3
=
E —
Ezm 3 wf
g g
12}
151 § 151 §
4 P
C Fblo FVb10 therapy C  Fd10 FVd10 therapy

Fig. 7. Effects of Verapamil on antitumor

activity of 5-FU in EA cells bearing
mice.

(drugs were given i. p. daily 10 days)

p<0.05
p<0.05 ‘
20 } }

s §

25

survival (day)

C Feb5 FVeb5 Fel0 FVe 10

Fig. 8. Effects of Verapamil on antitumor
activity of 5-FU in EA cells bearing mice.
(drugs were given i.p. daily 5 and 10days)

FVa5 ¢, FVa 10 ¢, FVb 5 & i1 Fa
5%, Fa 10 #¢, Fb 5 # hNT HEDOFEY
AR OERIIFED b hle s - 7.

FVb 10 B FHEFHIRENL25.0+1.90 T,
5-FU ¥l gy 53 o Fb 10 » 23.2+2.3H
wxt L CHEBEOEGHREY ot (p<0.05)
(Fig. 7).

FVc 58, FVc 10 BB EEIENE, %
nFER21.2+2.9H, 22.6+2.8HT, 5-FU ¥
Yy B Fe 58, Fc 100 18.1+2.1H,
19.8+2. 3 WL TCHED EHRIE 2 R O
7= (p<0.05, p<0.05) (Fig. 8).

FVd 5 3o PoE G ML, Fd 5 #fLizE

therapy

Fig. 9. Effects of Verapamil on antitumor

activity of 5-FU in EA cells bearing
mice.

(drugs were given i. p. daily 10 days)

FUTHED 2 Zbhich -ich, FVd
10 BED S 13.26.0+3.30 T, ¥
MG o Fd #£023.4+3. 6 HC (LT H
BoEGHEIELRL (p<0.01) (Fig.
9.

FVe 5, 10 # % X o8 FVf 5, 10 ¢,
BEHBDNELLHTORT, ZL W THEZR
CLEESRBRALCHETH5L03%L7eh,
SEEAFHREE TR Fh o 5-FU gy 55
o Fe 5, 108, Ff 5, 10BHCH-ToHz -
THE ALt 1.

Iv. # %=

P LR, FL WA OBAFE O &
"oF, HERD D HERAEEA G THERL
b, FleZhicfioBEmEritAT5%, bW
DEENEFELEE« D HE S S, B,
BHICX - THDT, Ca? FEHiHIL M
BB L Gttt EMac e bichb L,
BEEATREET5 2 EAURS R, D9 18719

Ca* FEHFFIOPFAL, BZHEMla §L T
L ZOREIFE IR BN, FEEZ, KEOE
RIGH O BpaT & LT, Ca?* EHigloo
L oTH B Verapamil vy, 5-FU %[y
Lo flEEl o EEs R Xz 8y in
vitro THE L, ZTOKBELD in vivo TLHf
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AR Hifr S h, ftHCRT 2 HERERPE
R, kI OREEHEL S Cov- TR %
mxiz.

Verapamil (XEELIE-TIC O T, BT
1 EA cells oA #IHIL, 10uM Ml E T
BECHAL CEECHENHL R L. 2D
Bigehs Verapamil OFEBIEMIC L 5 DAy,
» B\, Verapamil 253w Kz B
OB LD DNICELERBETHS.

5-FU & Verapamil offHIZ, WTFhosk
BT CL FUESEMR OIS RS b, ff
AT 5 HEROREIMERETH DL DI
EIT AT, 0%t VCR, ADM, BLM i
BWTHBEOEZIDNFARKICED bR,

5-FU xS diFl©, VCR, ADM, BLM 7¢
ELIRBEHERCIERRT L Ric b 2%, HlEA
DOHEREBRBCE L T, FEHNIC X - THEB
LiXEZE . bbb, BROMECII TR
FhOtET 5 HlER T #iLd 54, Verapamil
RN JEBRAER L, 5-FU kW
LPUEESREED LD EELLND. EE
HNCiL, 5-FU Dffilapy~ O h ik Ha #C-5-
FUZHWTHH LR, “CH5-FU &R
MBI~ D A E R B A%, & Auc Verapamil
FHATAZLICE T, BB EER
O ARDEMDB B & & Db - 1.

BEL®IL, ~ v ADAMBMI Pus cells
M\, VCR, ADM /¢ & & Verapamil #ff
AL T, VCR 3.8, ADM T 1.8 D%h%E
AR L, ZhboflEFcii:s Lo
Bz s LTix, 1065205 40154 DR & B
ELTW3. FLT, ZOfiftko BRI 3
o efflux OFETH D, = efflux & Vera-
pamil 23 HEFT B 7D TR Isbm b5, D7
17),18)

¥72, Kessel®® % Ramu 52 (¥, Ca?*
FEHFIOHARO SifEF o MiknERE L, M
Moo Cazt gE=e, Ca?t OWmICILEIGR < 4
THEHEL OB, EE, Bl EFEMH
fa b e Ca?t channel 2#H24-+ % receptor
DEAET B0 E 2 XA, RAUC Ca* #Fit
#© Verapamil I h$B Ca?* influx block

FEHEDEBTL VCR b RE WD,

action 23\~ & X h % Nifedipine & Offf ¢
L, FHITIBIL CHIEBESROBRILE L
Tnion 2 ENEE X R, Ca?t influx block
action & HIIEBTLNRIMR &1L HEE KOO0
W EBRINT A,

Verapamil & &HflEAIOGHHEIRE 2% &,
Zhik
VCR DOIEABERF 2 fRBE#KD 7 2 7 ) VITHE
HLTC, Z0EAXHET LD THS. 2 F
b, ZOF . 7Y Vol Catt hL
7 2 )V OBERL Tk h 22 Ca™ Al
DR X 5 Ca2t @y, VCRDF . 7Y v
T 5 BAERL S L mD SR TH D &
HHL T 5.

Ca?* FEHIHI2E D X 5 il <, MM
BT L efflux #FHETZOGF R
REC, BZFHMEC B\ T, Ca? #EHiH
PO LEE, $EH O influx, eflux K
IETEE I BIRAS 7o\ & D i S, 1920
eflux OARTIIFEER DD EOHEL HH,D
D160 R M 3 1V B Tl H O MR ER
DAN=ARNCIELERN DD E N REIND
2%, FEMIATH S.

5-FU |z Verapamil #ftHL, FOHiEE
R RET B Y R LI ER, VCR®
ADM I Il L CE OB R DS \vos,
FERI B X D AR R O ¥R A A&, 5-FU
DIV ALDHEF T, AR AADEER
NA:Bhtc. in vitro OFEENS, in vivo iIZ
BOTHHEFRORS &GS R, BRICHOD
DERERPIgEE LT, EA cells #BHEL 8
g = v AT A ERNELSE TO survival 12
PGI-Z TR

5-FU & Verapamil offH# 5 ik, 5-FU
» bmg/kg, Verapamil 7% 10 mg/kg D{KEE
TIXPHRAREN Abhieh oens (FVa 53,
Fva 10, FVb 5#), 5-FU 10mg/ke,
Verapamil 2310 mg/kg -¢ 10 HfE] & B $r5-5¢
(FVDb 10 #) CikptAZ R A b, Fb 108
CHAFEAFPIROIER A B b, Zhid
Verapamil OPEEN R4 o7 2 &3 Ex
bh, BEHEAIOEMCIER % & & ClEdR
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5-FU 5mg/kg & Verapamil 20 mg/kg @
PEREE Tk, HEHIREC Btk < 2R OB
AR D b, FVe 58k 5-FU Bhig 55t
O Fe 108X b b RVEFHHE1LELR, i

FVc 10 BEC 35\~ Cix, Fb 103, Fd 10 Bfic

W \EHAEEE S B o i, ORI,
in vitro OFERIC FHLIL T b, Verapamil
20mg/ke fFRKTIL 5-FU 5mg/kg D3t
R#R%E R~T 52 %< (FVe 5, FVe 108)
HZbhic. Fic, Verapamil [ZAAEPNTIEE
R#Ihsied, HrBREU EORENLE
THHLEEZLN.

LA L, Verapamil # 40 mg/kg T BFH -3
5 &, BITHLI0HMER RS T, ©FH
AR 2 13.8+1.5H L EME T A EEC B -
7o7%, Verapamil & %\ % 5-FU Bjh #r5p
ZIERD bRl - FE L W T EORIFEA
DIFRBL, x> THIMEER X b AfFHEO
R bR, OB, PHE X 5EIfE
ANREHCERT LD TRV EEZBR,
FREC X > TLBRREEZ O & 3 & T REM:
LbH Y, SFHEORECIIEER T L2850
BElLExbhic.

in vivo &\, 5-FU L Verapamil &
Ot F 5T 12 @ subgroup #{E b, 5-FU D #y
5.8, Verapamil O &, #5-i7/x & X HETL,
5-FU 23 S5mg/kg © Verapamil 7% 20mg/kg
TR mCEERDREZE (FVe b, FVe 105),
H 5 TR0 H H# B 8 SR COFF R R %
{Bsht (FVb 10%#E, Fve 10#, Fvd 10
FO. LB Ko RUIE®RSE, 4R, Of
A 30T RO IEHTS L Exbhd
N, PEA$% Verapamil OB X » T
Bex0ER T Lbbh, EEXETSL
DL Bbhic.

%%%61).4) ,@ Lewis 524) 01, <Y A él_[ﬁl
AR Pggs cells % Ehrlich ascites tumor

X
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cells #fH\~T, i~ = ic VCR, ADM 7
& Ca® EHFAIHL, HEESTHEN
Db E L THBH, HEROHEE s
HEZ D LML E L1, Zhx HEEERK
CIGH T3 IR L ZEx Hh 5.

Lol 72235, 5-FU X 2DERBEM S b
RGN L DR E SN TE D, 4
DEEFRER 226 T DIEH O WS i S h
5.
RERERICH T B0 R KOMES &b
B0, Ca* EHFO BRIFEKE L To
EHERTH .2 gk s L oA
REOERGHRCLEBLXET L0 L EbR
7z, :

SR KRB ERER, HER L HE
L DHFHOBRECH LD ELEZ R,
HRIKT% { At 5 EIESC T 5 bt
ELT, REXIGHT 2D L4 BOFEHOO L
DTHAHS.

in vitro ® R % 4 &2 in vivo &b &
LT#HE L, 5-FU & Verapamil ofifcH
JEESR AR IR B ENTERN, O
FFZ o\ TUE F AR 7L S0 %\ . Sl C
D Caz+ ﬁ%%’%).%) %}}/LVC Ca2+ Eﬁﬁjﬁiﬁ
FTRE, OBk AEIER ORI & s
HoH, SHBRFEERERD & EbIT, Bk
LB IUBREECOWTL I BRELYED S
FETHS.

Rakz pedicn, EE, BB ZE -7 5
PSERC R 2B A2 HT 5 & L b, PRty
HUTEN - YEEBA T RSILE LB £, BH
Bl 2R et il BT EERIE UokEE+
V2~ BpERt Y 2 - ORROMERCESEL
S

FARLDOEEL, HO1EHENEINBEEREC S
WTHEE L. 7ok 350 B AL iEy Sl et s
WTHRETFETH 5.

[

1) Tsuruo, T., Iida, H., Tsukagoshi, S. and Sakurai, Y.: Overcoming vincristine-resistance in

P388 leukemia in vivo and in vitro through an enhanced cytotoxicity of vincristine and
vinblastine by verapamil. Cancer Res. 41 :1967—1972, 1981



FA L Calr BRI R LR O B 277

2) Tsuruo, T., lIida, H. Tsukagoshi, S. and Sakurai, Y.: Pbtentiation of vincristine and
adriamycin effects in human hemopoietic tumor cell limes by calcium antagonists and
calmodulin inhibitors. Cancer Res. 43 : 2267—2273, 1983

3) Tsuruo, T., Iida, H., Tsukagoshi, S. and Sakurai, Y.: Increased accumulation of vincristine
and adriamycin in drug-resistant P388 tumor cells following incubation with calcium
antagonists and calmodulin inhibitors. Cancer Res. 42 : 4730—4733, 1982

4) Tsuruo, T., lida, H., Nojiri, M., Tsukagoshi, T. and Sakurai, Y.: Circumvention of vincristine
and adriamycin resistance in vitro and in vivo by calcium influx blockers. Cancer Res. 43 :
2905—2910, 1983

5) Kessel, D. and Wilberding, C.: Anthracycline resistance in P388 murine leukemia and its
circumvention by calcium antagonists. Cancer Res. 45 : 1687—1691, 1985

6) Simpson, W.G.: The calcium channel blocker verapamil and cancer chemotherapy. Cell
Calcium (Scotland) 6 : 449—467, 1985

7) R W HAFKIOBERRE —» LT A BEEHIWEIC X B RN L MikORR. &, B, B 28:
865—871, 1983

8) MR B MlEH vy A L bt L LRI 8 1833—1843, 1982

9) B3R F&: Verapamil 12 X 2 PR RN RMMORA. 55 & LAEHEE 81 665—671, 1981

10) mFFR, LREMEE, BEER, TEHE, WE 58, AR, H#0 8 »ivy AEBFHIEEN
HEACLDT F U7 <4 v OFEEREmcBT 2%, Bit45E 86 : 508, 1985

11) 2 RTh8L, M 55, MNEMZ, NEEZ, &6 % RO 7 F 7 <4 v v DA RIFTH A
Ty AHEIEORE, 5 L LFIRIE12 0 966—968, 1985

12) FRBERC, LR, WARRL, e, =E8ET, EUWE, BEEH: 2— F<v A0 BiEke
PO T AHIER s v 7 — vk Catr FEHHl= a0 €V O SRR OBE. L ek 12
969—971, 1985

13) SpETES, J BRESL, [LgEA, =FHARKRE, NI—3: AfEks#tk PC-6, Hattori ioxd3 518 « DIEH|
12X % VCR, ADM DOhRERICBI T 5878, 8 & (b2 pREk 12 1 343—347, 1985

14) Simpson, W. G., Tsens, M. T., Anderson, K. C. and Harty, J.I.: Verapamil enhancement of
chemotherapeutic efficacy in human bladder cancer cells. J. Urol. 132 : 574—576, 1984

15) FKPUBE, ALFIHE, =R, Y KE— »> v A BHHO §fH% %7 Vindesine sulfate,
Cis-diammine dichloroplatinum (II) iz VARIEHIMERERD 2 SE61. B & {b298E 11 © 943—947,
1984

16) Tsuruo, T., lida, H., Yamasiro, M., Tsukagoshi, S. and Sakurai, Y.: Enhancement of Vin-
cristine and adriamycin induced cytotoxicity by verapamil in P388 leukemia and its sublines
resistant of vincristine and adriamycin. Biochem. Pharmacol. 31 : 3138—3140, 1982

17) Skousgaard, T.: Mechanism of resistance to daunoruhicin in Ehrlich ascites tumor cells.
Cancer Res. 38:1785—1791, 1978

18) Dano, K.: Active outward transport of daunomycin in resistant Ehrlich ascites tumor cells
Biochim. Biophys. Acta 323 :466—483, 1973

19) Kessel, D. and Wilberding, C.: Interactions between calcium antagonists, calcium fluxes and
anthracycline transport. Cancer Lett. 25: 97—101, 1984 ’

20) Ramu, A., Sham, Fc. and Glankiger, D.: Enhancement of oxorubicin and vinblastin sensitivity
in anthracycline resistance P388 cells. Cancer Treat. Rep. 67 : 835—899, 1983

21) Owellen, R.]J., Hartke, C. A., Dickerson, R. M..and Hains, F. O.: Inhibition of tublinmicrotubule
polymerization by drug of vinca alkaloid class. Cancer Res. 36 : 1449—1502, 1976

22) Welsh, M. J., Dedmair, J. R., Brinkly, B. R. and Means, A.R.: Calcium-dependent regulator




278 R % 4R (813% 35 1987

protein: Localization in mitotic apparatus of eukaryofic cells. Proc. Natl. Acad. Sci.
U.S. A. 75:1867—1971, 1978

23) Marcum, J. M., Dedman, J.R., Brinkly, B.R. and Means, A.R.: Control of microtubule
assembly-disassembly by calcium dependent regalator protein. Proc. Natl. Acad. Sci.
U.S. A. 75: 37713775, 1978

24) Lewis, M. S., Sandra, L. M., Martha, W. W., Ronald, M. W. and Emily, M.D.: Verapamil
restoration of daunorubicin responsiveness in daunorubicin-resistant Ehrlich ascites car-
cinoma. Am. Soc. clin. Invest. 70 : 1131—1134, 1982

25) Eugene, E. C. and Domenica, A.: Effects of inhibitors fibrinolytic enzymes on development
of pulmonary metastasis. J. Cancer Inst. 33 :753—763, 1964

26) dliE—: Ca HEHEEOEHLIFE. EOHPAH 104 501512, 1978

27) J|E M, KEA, WER—: Ca Fyvrrr ey h—0EE, HEE 43:106—110, 1985

28) JIREEEE, )1 i), mFkgEk: Catr LEAHEOD ) VELRUE. S 17 1235—1244, 1980

29) NEET: TREEANRMORE. BEE 44 :89—96, 1986



