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ENHANCEMENT OF CYTOTOXICITY OF ANTICANCER DRUGS BY VERAPAMIL
—EFFECTS ON ESTABLISHED HUMAN RENAL TUMOR CELL LINE—

Yoshihiro Watanabe
Department of Urology, Nagasaki University School of Medicine, Nagasaki, Japan
(Director: Prof. Y. Saito)

We have examined the enhancing effect of verapamil on the cytotoxicity of vincristine (VCR),
adriamycin (ADM) and cis-platinum (CDDP) against the established cell line from human renal cell
carcinoma (NUR) and primary human kidney cell (PHK). To test the effect of cytotoxicity, we have
assayed cell growth curve and *H-thymidine incorporation. And effects of verapamil on the uptake and
release of anticancer drugs were examined by measurement of cellular radioactivity of *H-VCR and ®
H-daunomycin. The concentration of verapamil using anticancer drugs was 1.0xg/ml which itself showed
no cytotoxicity.

The results we obtained were as follows: 1) Verapamil showed enhanced cytotoxicity of ADM, VCR
and CDDP in the growth curve and reduced the *H-thymidine incorporation for NUR cell. The concentra-
tion of verapamil which could enhance the cytotoxicity of ADM against NUR cell was proved to be 0.
lug/ml and over.

2) The IG5, of ADM, VCR and CDDP for NUR cell by *H-thymidine incorporation were 0.095, 4.81
and 1.01xg/ml, respectively, while in the presence of verapamil (1.0xg/ml) the ICs, were shifted to 0.039,
1.29 and 0.508xg/ml, respectively.

3) By verapamil, the uptake of *H-VCR and *H-daunomycin into NUR cells were increased and the
release of *H-VCR from NUR cells was also inhibited. But verapamil had no effect on the release of 3
H-daunomycin from NUR cells.

4) In PHK cell, we observed a slight enhancing effect of verapamil on the cytotoxicity of VCR, ADM
and CDDP, but the degree was so slight that it seemed to be able to ignore. The uptake of *H-VCR and
*H-daunomycin into PHK cells showed a small increase by verapamil.

BE | UHEETOHIY L ASEREMARKE (NUR) 5 X OCAEEBMR (PHK) #Bv, €v 7y a5
v (VCR), 7FV7=4>v (ADM), ¥ 27 7%+ (CDDP) icxt3 % verapamil D% R8s EfRIc
DWTHKRE Lie, BfifagiRicouvTiL, MRROMEEMS, *H-thymidine incorporation ¥ TS L7z,
¥ feMEfRPNIC 3813 A °H-VCR, *H-daunomycin OB Y AL & RO HIE L, B0 AL L O st
3% verapamil D&% K, verapamil DREE ZHIIEEME R X7\ 1.0pg/ml & L, verapamil i3
NURcell Di#85E#R, *H-thymidine incorporation D\~ iz 3\ T% ADM, VCR, CDDP ok
SR ZHE ¢, *H-thymidine incorporation DMET& 5 & ICs, (drug concentration for 50%
inhibition) (34 4 HFEFIH I T0.095, 4.81, 1.0lug/ml TH-7d DA, verapamil 1.0ug/ml OFE
AT, 0.039, 1.29, 0.508pg/ml & 7¢ -7z, ¥4 NUR cell icxt L, ADM DX)E#EHE % 4 U % verapamil
DR/NREER, #90.1ug/ml TH Y, LT OBEEHRITBEKREMICED S hi, *H-VCR, *H-daunomycin
D NUR cell ~NDE D AZ%i% verapamil I X - T, WFRd#inli, Lo LHBEARHE LT, 3
H-VCR & verapamil iZ & » THI#l T h 2 @A %R L7228, *H-daunomycin ie 2o\ Tid, DO ES R
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Dizhotc, PHK cell 2\~ T % 2H-thymidine incorporation i X - T VCR, ADM, CDDP izxt3
% verapamil DEEEXRF LY, WThIBETHo-7, 7, PHK cell ~D3*H-VCR, 3H-
daunomycin DE H ;A H X5 verapamil DEE L BEETH - 72,

&
ETHERIMRENEROESRBEOFTH, &
DTFEABRREBTH D, TEODEE L (LFE
BEOESIZE b b, Zhe o B iehlEAl
b ROM o T ey, TR IFN EEVA Z O&RA
@ first choice & 78> TV B AR LRBERIBSHI T
Wiz,
BOlE, B 52311 adriamycin = vincristine 1274
& Tr o7 PISSHIMRAIRRIZ R L, = h bRz Ca
BHFEtRAT A LT, ZOMEITRTESLZ &
PHE L, EMAECoWTh, Sk L
BHMEET S L0 b, bhb Ul BREMaL P38s
BIEMARRRE, HEFI I LERSSEYE T
LD EE2, TORBRICL o THEDOFELN D 1B
LRAHD TR EE 2T, B HEOFIEFIV R
BIZERTHo7c & 5 |EIZIN 2 stem  cell
assay IZ X o TEREFOBIR L TEEL e TR D,
I OEAEHROCE G T, BROMFEED
BoBHEAMSTES, rIThhbhid, YHE
TR WCTEIZ L AEEREMEGS (NUR) 8L O
ANEEEMBa%Y A, verapamil BEEFIORED %
WIEBEATIHEEIR ) A0E S, ELOBF
KOWTHEERZ TV, BET0HREELOT, BE
Nz CHET 5.

MEH S TICHEK

1. ke

B UM L e B\ TSI L 7 A RS2
Ml (NUR) % X OB MaRE O EE B EEIT S 2
LFY I VB TERECELAAAEEEMR
(PHK) TH»%. ZhboMlDERIIRE Y A REESR
37C, 5%CO,) WTH i\, MAEZERK T eagle
MEM (H/K#3) ¥ X 0810%fetal calf serum (FCS:
Gibco #) A7,

2. HREEH R X O Ca FEHH

FRL-EERIL, Ry 2925w (VCR . &
HHE) ERNF YA v (ADM | BFRED, o
275Fv (CDDP . 7V R A=A ¥ —X) TH5H,
CafBEHifle LT, = — MRS ORI X vl
[99.9% D verapamil JR K% MEM THR L CHFEH
L,

3. radiochemicals

3H-thymidine (specific activity 43Ci/mmol~48Ci/
mmol : Amersham #)

*H-daunomycin (specific activity 4.3~5.0Ci/
mmol : New England Nuclear #)

$H-vincristine sulphate (specific activity 4.4~7.6
Ci/mmol : Amersham #-)

4, EBRHE

BRI EEF S L O verapamil iR X8, *
D&Y AR, *H-thymidine DB b AK THZE L
7o, & Hiz*H-daunomycin, *H-VCR % #Hf8 & £k X
¥, TOMBRABSERZRIET S Z LIk 5T, ver-
apamil DEELP B L 7.

(1 BIEFE~DOBE

* BT B B NUR cell #35X10mm < b Y
74 v a (Falcon) 121 X105~ 2 X105{@-3 o5&
L, R AEEZENCHE LI, ISRERNER, %
BEF 224~ 8RR &2, 0.02%EDTA s X O
0.25%trypsin 1= T #lifE % SIBE L BR B A T MRk
BHEEEL, EFEWLED control & HEE L1z,

(2) *H-thymidine DE ) ;A%

SR OPDHEEL THETT L7, Bl NUR cell 3
X O'PHK cell #35mm = + V) 54 » > 21T 2 X10°
BooF %, AEHEIC -t L 2 AT, SIERS
X O, verapamil %245 [ £ filh X ¥ %, sH-
thymidine % &# B E 14 Ci/ml T24RRIER b A ¥ ¢,
IN-NaOH THIRE & B L7z, %&i210%cold trichlor-
oacetic acid (TCA) #%}nx T acid insoluble DNA
fraction % milipore filter (pore size 0.45um) 7>
1, Zh# scintillant TEML, Bk vFLr—o s
VIZT count #fT7n -7z, 7238, assay (34T tripli-
cate TIT7z - 7z,

3 #lEHKIshRIEEE4E T 5 % verapamil BE D
BEt

EROQOFELZ A, ADM OEE®0.1ug/ml ic
BEE L verapamil DHEEBE % 0~10ug/ml ¥ TE1L
IR THEHREDOLEL 5 verapamil D B/NEBE % 55
~ic,

(4) *H-daunomycin 33 X 0H-VCR DB h ;A & &
pidas
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Fig. 1 The effect of various concentrations of verapamil under the concentra-

tion of 0.1xg/ml ADM on NUR cell

50“»

Incorporation of 3H-Thymidine (%)

* P<0.05
*k P<0.01

0 1072

NUR cell, PHK cell #35mm <+ V5 4 v ¥ 2T
2X10°ES- % &, HBHEEH I RoTc b 2AHT, °
H-daunomycin, *H-VCR % MEM Hils & O KE
Elug/ml verapamil A » MEM 2% L 305 ~ 245
FEfRE & B &2, NUR cell & ik X2 5°H-
VCR, *H-daunomycin OFHEEE I T 4 10 2ug/
ml &L, ¥% PHK cell & &% %°H-VCR, °H-
daunomycin DR EE 114 4 10-2g/ml, 10~ £g/ml
L L7, RIZI0BTCA T < ¥E#, IN-NaOH
THIFR % B8R L scintillant %#10ml iz, scintillation
counter TRERHNICHPARN RIEELREIE L., Miast
BT 5E®RE LTiE, ¥3F NUR cell ¥ TR
Rz %, *H-VCR, 3H-daunomycin % 7 Rk
TR, FOCHBRCRIAETRAL, 930w T
medium % %5 [, MEM B4 & 1ug/ml verapamil A
» MEM & medium & 7> 2, ZDOEHHLMHEA RI
TEME A R RIE LT,
#w R
(1) Verapamil D&M KIZTHE
verapamil © & E #0~10ug/ml ¥ TE L & &
NUR cell, PHK cell izxf3 % 824 *H-thymidine
incorporation iZ X » T#E L7z, NUR cell, PHK
cell WFhdlug/ml FTE, 12 ASEERL, Ml
X3 5 EHEI5ug/ml (NUR: p<0.01, PHK:p<
0.0 frdbAETTER,
(2) HESRZLEL 5 % verapamil DRE
Fig. 112 ADM O BE %#0.1ug/ml IZEE L, ver-
apamil D KB E #0~10ug/ml ¥ THE L & &,

5X10°2 107!

5107 1 5 10 verapamil

(ug/mt)

Fig. 2 The effect of various concentrations of
~ ADM alone (®) or in the present of verapamil
(0) on the growth of NUR cell

100

—e— ADM
—O— ADM+verapamil

cell growth (% of control)
o
S
T

10°2 5x1072 107! 5X10°' 1 ADM(ug/me)

NUR cell izt LHEFESE D4 U % verapamil OEEE
%3H-thymidine DEX D AR X > THIHDTH 5,
FEE R R 2 verapamil 10 'ug/ml 22> H 4 U (p<
0.05), BEKFMIC L DBRNIRS 0D 2 L HBIEZ
nte, (DRI Q) oRRER LY, HHEF LA
T % verapamil DEEL, ThEAMBREEIEL,
POFSIHEDR B O H1ug/ml & LT,

(3) ADM, VCR, CDDP iz verapamil Z#f#fH L7
$4& D NUR cell izxt-3 % Bk shE

ADM (Fig. 2), VCR (Fig. 3), CDDP (Fig. 4)
Wb varapamil O #f H# 512 & H NUR cell iz
X35 B R F i gsE L,

(4) ADM, VCR, CDDP iz verapamil #f#{H L7
BAOBEMIDO*H-thymidine R Y AR E 2 58
&
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Fig. 3 The effect of various concentrations of
VCR alone (®) or in the presence of verapamil
(0) on the growth of NUR cell

1001 —e— VCR
—O— VCR+verapamil

cell growth (% of control)

10T 5xi0— 1 5 10 VCR(zg/nt)

Fig. 4 The effect of various concentrations of
CDDP alone (®) or in the presence of verapamil
(0) on the growth of NUR cell

IIJOJ~ —e— CDDP
—O— CDDP+verapamil

50

cell growth (% of control)

1'0-1 SX10-T 1 5 CDDP(ug/mt)

NUR cell &2o\~Tix ADM (Fig. 5), VCR (Fig.
6), CDDP(Fig. )\~ d verapamil & DFHFHIC X
H 3H-thymidine D EX » ;A Z3{ET L DNA & HE
DL e B Z EBHBMNEEoe, BIH ADM Tid
107 xg/ml(p<0.01), VCR TiX10™}, 5X10~'xg/ml
(p<0.0D), 1ug/ml(p<0.05), CDDP Ti310~!, 5X
10-'g/ml (p<0.01) DEE L\ THIFHCEE
ExFEDI, ¥ ICeTHBE ADM, VCR, CDDP
% 4 B T130.095, .81, 1.01xg/ml TH -7z d DA
verapamil 1.0ug/ml % Nz % & & 70.039, 1.29,
0.508ug/ml £7ch, 2.0~3.7EOHEDHENEL R
7. PHK cell =2\~ Ti%, ADM, VCR, CDDP \¥*
L d verapamil @ #f I X %3H-thymidine Bt b :A &
ANOHEIBD THRE THAFWERZLE, - 12,

(5) *H-VCR % X U®¥H-daunomycin ® # A EL b
AZIZRT B verapamil DEE

Fig. 5 The effect of ADM only (®) and ADM+
verapamil (O) on the incorporation of ®H-
thymidine in NUR cell

§ 1001
] —e— ADM
:E —O— ADM-+verapamil
2
Ly *k P<0.01
F
5 50F
c
2
=1
©
]
2
<]
o
= **
102 107! ADM(ug/me)

Fig. 6 The effect of VCR only (®) and UCR+
verapamil on the incorporation of *H-thymidine

in NUR cell
- —o— VCR
S —O— VCR+ il
= 100} verapami
£
fg *% P<0.01
>
£
K
ES
k3
s S0r *%
‘é i
o
o
1]
Q
<

107! 5X107" 1 5 VCR(ug/m¢)

Fig. 7 The effect of CDDP only (®) and CDDP+
verapamil (O) on the incorporation of *H-
thymidine in NUR cell

—e— CDDP
—O— CDDP+verapamil

** P<0.01

Incorporation of 3H-Thymidine (%)
e
S

L n . n L
107! 5X107! 1 5 10 CDDP(ug/mf)

NUR cell ~»*H-VCR (Fig. 8), *H-daunomycin
(Fig. 9) D H AL verapamil iz X » THH# I h,



Fig. 8 The effect of verapamil on the uptake of
3H-VCR in NUR cell CPM : count per minute of
radioisotope

CPM (X107%)/dish

—e— 3H-VCR 10 2ug/m¢
—O— *H-VCR 10~2ug/m¢+ verapamil 1.0ug/m¢

L L I

30sec 6hrs 12hrs 24hrs

Fig. 9 The effect of verapamil on the uptake of
3H-daunomycin in NUR cell

10

—@— *H-Daunomycin 10~2ug/m¢
—O0— 3H-Daunomycin 10~ %ug/mt + verapamil 1.0ug/m¢

CPM (X1072)/dish

30sec 6hrs 12hrs 24hrs

SH-VCRIZ DWW TIXBEZETH - . L2 L PHK cell
TD3H-VCR, *H-daunomycin D E H ;A H 22>\~ T
12, METEREEELALAbOD, BETIED
B ILZ LI T,

(6) 3H-VCR % X U3H-daunomycin © i g 44k
ZXf3 % verapamil DEE

NUR cell 2» 5 ©*H-VCR @ & H (% verapamil i&
ToTtHH EhsEMEZRL &2 (Fig. 10), *H-
daunomycin @ i H 13 verapamil i X - T £ < #14]
Thich -7 (Fig. 11),

15

Fig. 10 The effect of verapamil on the release of
SH-VCR from NUR cell

4}

—e@— MEM only
—O— verapamil 1.0ug/m¢

CPM (X107%)/dish
~

30sec 6hrs 12hrs

Fig. 11 The effect of verapamil on the release of
"3H-daunomycin from NUR cell

—@— MEM only
—O— verapamil 1.0ug/mé

CPM (X107%)/dish

i 1

30sec 6hrs 12hrs

£ %

ETUHEEOBRBCR W TRLMEL B0, B
RO T HERZMHTH S, HALMNL
EHRE R X ORE LBt L stem cell assay i@
X - THIBRIRSHRBR Y Toy, BHREORZY
DARBETHY, REELEBIEDS0~T5%1EH~TH
Te DB L& |E LA, Lieber” % Sarosdy H'7ik
6 ~11%RBE L #& LTk b, Fleischmann 5
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EoTR, REMLRTERIZEALE, LR
NT B, #EBPER UFT 550 SEEASNE
EYHEEL, HBENEVEBESBETEDZ LERL
ey, TOBERBRIBREDO L DT, 20D
X5 CHSBEOHIER & DB b b
BESR/APEFTE RV LWV T L, BHEN
R B2 DOEF TRAMMELERL V2D EEL
XBxBiwv, Lial, ZoMErERTEE B
MREOFEECAH L VB G TE S, Ly
4 B #BfE 21, vinblastine, ADM, CDDP, UFT 7z
I HBHRZINERETH008H D, hbEEH
DHREFICHETE L, BERELRELY DD
DEBbID,

TR OBREED 5L LT, HFEH D com-
bination therapy, Hl3E#| & FEGIREHK & D6, HI5EHF
DHBEE 2 TRETHHERELRD D, Till, BE
ik Ca oA HER AR ETE LI »T
HBEFOHEL B IR IBRERL TR0, HHIX
P388 1 MymAERR»® %> & b B &t B MR K562 fa'> %
A\ 7z in vivo, in vitro ®EET, VCR ® ADM &
it & 7257 b D A verapamil DS I L - T
RZHMMIR~NER DB T 5 ERTEB LI, IHiIc
B oWRHEARO R b T, EEZHMARD Caf
PIEIC & > TREML R TE 5 Ly SEMkay A
WTHLMZL, ZMEER D heterogeneity R T
EHTEEWELL,

bhbhid, Thbo|EESE, WRBHHE
THEDHIEFOBRZMEIME - EE 2 Bh T 5 B
MBI\ T, CaiEHEFITH % verapamil O HIEH
ROTHRBROTREM IO\ T, in vitro 1K X 5 ER %
Tz -7, kDB E 2% verapamil X NUR cell i@
%3 % ADM, VCR, CDDP D& #fagh R % Fic ik
IR H BT EREETE AR R X O H-thymidine ©
WORRICL s THLMNER ST, HHYRORE
RHEFEROBRIC L » TETR > T, HEFERR
THIcH4E, ADM 3o CDDP, VCR iz th~2 4k
R <, BT D 1C504%0.0548/ml, verapamil Hf
FT130.018ug/ml & # 3 DB AR LR LI,
CDDP, VCR iz2\~Ti3, verapamil ffHIC & - TH
R A LIS S DDS0B L EDOHHIZFED HhT
{ERESEMETH - 1o, *H-thymidine DE 0 AR TH I
b IR B LR, 2F b ADM DB A,
B TIRB Lo IC, L E o #IfIsh R 2% verapamil
BRI > ThbhicDM L, VCR DBE, HELD

REIBOLEZRDEND DD, IC L EDIHIZHE
KWW biehotc, TOEEE LT, VCR A5
R RAITH b, MIQEEARRER A 2405 TR A
GTH-ITRENLEZ OIS, - TEBEEROE
MBI O TRBRFEOLE,RD S L Bbht,
CDDP =B L Ti2528: %%, verapamil DMHFEZIRIL
FHIL CTigh o 1edd, BRIPCIZOHENED S
1, CDDP OMilamEERIE 2 &1 & 5/ O
WETHA 5, wTFhizcLTdh, ADM, VCR, CDDP
X3 % verapamil DHEFERIRIL, FHEFIIMEEE T
HHE, WorTHD, BRELRDIOAT, o
ED L B ERZBH D, KBEOHIEFRTH - T
% verapamil I X > THRSBMBEHELE LIS 2
LTI E T,

HIREH O HERLE LB S LB verapamil D R/NE
ERBESPI I EN0.3ug/mlThHH, bhbh
DEBRTH0.1~0.5ug/ml T S I HELE IR
B biic, verapamil =D b O DMfAEM I OWTIE
EE 5%, human hemopoietic tumor cell lines ¢
136.6uM Bug/mb % T, P388H MBI CI2204M
(10ug/ml) % TiZ cell growth It £ &L o\ &b
NTWB D, bhbhORETIENUR cell tx1 %
B Sug/mI AT TE Y, Mgk - CHES
BENRLDZ LHIRIhL.

Ca fEHIAIC X 2 HIEFIREEOF IOV THE
E 591X verapamil 73 VCR, ADM o efflux % fH &
L, VCR, ADM DfilgaNEEIBEDZ LItL» T
HIEFI R T 5 v 5 = & #*H-VCR, °H-
ADM OB ERIEIZ & - CTH® L. Yanovich
59% flow cytometry IZ X » T p388 daunomycin it
HMIEN © daunomycin BE > HIE L A OEF %
W L, €512 Rogan'® % ADM fitd#ElaTcH 5 &

M IR B AL84TIC 351 5 ADM O HHRE 41 B H A3
verapamil IZ X - CTHIHIZ h 5 & L @7, bhdb
b ZDOBEF A NUR cell RBs\WWTEBTE 5530
#°H-VCR, *H-daunomycin %P IZE b A 8T
% @ radioactivity & HIE L N ICHERNEE % &
72, VCR &2\ T MR ERE 0 158, Mlastskd o
P& o W 12 verapamil 2B 5 LT\ 5 & &2l
hofz, LA L, daunomycin iIZ¥2\TiX verapamil
GREREAER Y =D A0, MRASEE TS < MEIL i
Mol foTZhrrbid, MBEARDARIZD LR
verapamil MER L7 2 Einle b SBEFR D # L1010 L
£t - T\ 5, flow cytometry 72 £12 X 5 BF#ER b 4%



EhkEbhb, VCR Iz oW Tk BEE o #1%) H
BREOOCHBENEEL L LT EEX DA, M
BA~DE b A Zizxt L verapamil 23137 L CT{EHE
TER%Z o0 E S MISEOBHRFEETHA .

Filobhb R EE AT 3 % verapamil
DEEZOWT H A2, NURcell & 35 &,
R OBEHEBIERIEETh o, botdTh
IEEBHIREA NUR cell & H, SIRHICEEZ
MEET LD, TOERHE - D EEbRS,
EFEMCH 3 2 BEHERYRE LERID v
2%, Simpson 53 = v A DEEREHIEA & LT ADM
< thiotepa IZ verapamil 8t L, FEREIR T %
BIfE A2 SR E S X CEBERAIE CREL,
verapamil IZ X - TEIEFA S8 T 5 2 L IRE VLD
H|ERTR -T2,

bhbhit 240 EHZ X L verapamil 160mg D
WIREE G 21T e W R i B B 2 BIE L 7z, ver-
apamil, norverapamil \WFh b 3EREITCRE LD,
verapamil 156.9ng/ml~1045.3ng/ml, norverapamil
89.3ng/ml~468.1ng/ml TH -7z, BELELDH DD
12 BIE B % TD29H [ verapamil % 1 A
240mg EHAREE L T\ et T, WEITEIEI
B, ERoBEE ZDOhz, 35 1834 AOR
AR L7 b DTH %, norverapamil'® i verapamil £
ARERICHBRHE IS N-Bix F A (REWTH D, ver-
apamil D#20% 124+ 5 EMELEIERA LY E TS
EZNTWBER, AR5 EHM e EBENER b
Mo Tz, LA L verapamil & 0 & &£ T3
1045.3ng/ml & FIEH & OHBEDR L PI/FTE DB
EnEoh, #5# 2 ~4RE700ng/ml Ll EOBE
AHETEL I LRERICANRS TR THAD Z LY
RLTWA, FWE L bMEETREDEIERG &
N i (A PR S N

verapamil (3.0 8 #i i © slow channel % block 3
HZiick-oTCat*oMBAREY T2 Z &hH
LhTV 525 BB\ Th Catt BEDETAE
BEHIRA OIS 5L TSRS D B,
verapamil (I TEME, 5 vy v 2B, BIBKE,
BRIR IS ED B DR £ v WEINET 5 2 & A3m5
HT B A0~ RN CatHBEMET T5 &, 2h
LA EVHMPIEI IS Z XML TED,
FEFID efftux NG & OBIEMNTRB IR TE D
SERBPAINLIREZERD MBETH 5.

FEMROEAMMED 2 H = X A XBEDHT, £
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BTh22 mb WMHEMREECHE T %)
glycoprotein®? B E B I hT\wb, ZOEBHIXSTE
> #9170, 000T colchicine ® daunorubicin iZ fif #£ &
7¢ - 7= chinese hamster ovary cell lines IZ3&\~T#
HhbhTEDH, pleiotropic drug resistance (PDR)?®
LOBIEMNRIERB I TV, =0 PDR RESWI
HIEA O BEE R B O TTHE AR RIC 72 > T 5
EE 2B, CafEHiFler e 2 ) VEERICE -
TRRTELZ LAREBE O LTeote, BEZD
PDR #4£F2EKL, arvsy, ¥vaTiseg
FR, 7FV 714 vREBOATED, ThbHE
FlOERI R TR ORI B I SEICE <
DHERD B, bhbhiZNUR cell % B\ T ver-
apamil »° VCR, ADM, CDDP DRZ#H%*ED 5 Z &
PHRELH, WIcE 2, ZOMEIZPDRE2AEL
TWTFEER L E 2 bh, BMlgR LERERC KT
HAMEVGIRER%EE 2 5 _ETHEBERE,

verapamil 72 & D Ca®EfiFler»r 22 2 ) VIAE
iz X 2 HEA R EEOHE XA S h 52027,
D DEERIGATOHREIED T eV, B TIE ver-
apamil 2 M/MMOREEZHE T 5 2 L2k > TEHO
MITHEEY I 25 LW IHEPLH D, CaBHH
BEEO LT, K REESHESCHL, BERE
FHefEdTsbo LBbhs,

#® &

AEZBEMREHR NUR) X CAERBHA
(PHK) #H\>, VCR, ADM, CDDP icxf$ % ver-
apamil DRIEBEIEIC O\ THRE L. %7 NUR cell
Wiz 1) 53H-VCR, *H-daunomycin ® radioactivity
PRAETHZ L X > T, AR AL X O
M xt+ % verapamil DEE A L,

1. NUR #ifa o #8558 #h 7 35 & O®H-thymidine B »
RABDFRIZIET S verapamil (2 VCR, ADM,
CDDP DR Mfazh R4 Hig X 27,

2. *H-thymidine DH Y ;A X TAH 14, NUR M
B3t LU verapamil 73 ADM o 33 # fah B % He ok X
BHRNBEIN0.1ug/ml TH Y, BEKEHCE
DEIREIFRL T - e,

3. NUR #ifgiz 35\~ C3H-VCR, *H-daunomycin ©
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