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Sensitivity to Vinblastine and Mechanisms of Intracellular Accumulation
of Vinblastine by Reserpine in Rat Ascites Hepatoma Cells
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The relationship between the intracellular accumulation of vinblastine (VBL) and the
effect of reserpine in four rat ascites hepatoma cell lines having different sensitivities to
VBL was investigated. The order of the sensitivity to VBL was AH66 cells< AH109A
cells< AH44 cells < AH13 cells. The intracellular VBL content for 30 min incubation was
higher in sensitive cells than in natural resistant cells and after washing out extracellular
VBL, VBL retained in sensitive cells was more than that in resistant cells. Reserpine
suppressed the extrusion of VBL, accumulated VBL in all cells, and enhanced VBL sensi-
tivity of the cells. These effects of reserpine were significant in VBL resistant cell lines,
AHG66 cells and AHI09A cells, rather than in sensitive cell lines, AH13 cells and AH44
cells, and the VBL resistance was completely overcome by reserpine. The activities of
adenosine triphosphatase (ATPase), especially Mg?* ATPase, in the plasma membrane of
VBL resistant cells were higher than those of sensitive cells. Reserpine markedly sup-
pressed the activities of Mg?* ATPase and Ca**ATPase but had no effect on (Na*-K?)
ATPase activity.

From these results, it was indicated that rat ascites hepatoma cells possessing higher
ATPase activities in the plasma membrane were more resistant to VBL and reserpine
overcame the natural resistance to VBL suppressing the active efflux of VBL.

Keywords—vinblastine (VBL); reserpine; ATPase; vinblastin (VBL) sensitivity
enhancement: natural resistance; rat ascites hepatoma cells
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{ERFEY vty (Sigma), Yy 73 A2F v (VBL: EF#HIE), *H-VBL (9.9 Ci/mmol, Amer-
sham), adenosine triphosphate disodium salt (ATP-2Na: (H#H{LE), ZoMORIELETH b OV B bR
FHMBEOER BB L. ok, Ve vk, KRB DD, dimethylsulfoxide (DMSO) iziEfR L, &Iz
(ERA DMSO BEED 0.5% AT & A B X dmmet. LidisT, 0.5% DMSO “xiB& L.

RESHE S

et Eagle’s minimum essential medium (MEM: pH 7.4 HK$38) difAR (6 X 10° cells/2 ml) %
VBL, vyl 37°C 10T 30 s X 278, Milax v vEHEEE (PBS: pH74) TR L, v vk
i GREREBE) 10% ¥WinLic MEM shic i X%, 35mm 7725, 2 ¥ 4 — v, (Falcp‘ly W, BEEY A
B3%8% (AbAEME) P T 37°C, 2 HRIEE L. MiRBcL BB T L. /ds, AH66, AHI09A o BIER
MR OV, MY Ty v RIS R AR L. SERBEAR X D MR Y VBL oRBukERR LT
=5 L, 50% SFEMGIEEE (1Cs) %R, B

#Eie VBL R Y ALRORTE Ml (5x10%cells/ml) % v v IAfFmis 10% #Hin MEM iig#E & ¥,
37°C i 10 £fEERE, 1X107°M LA EvEETHAH VR IEFEET 0.1 Ci *H-VBL & JERGHE VBL
IX107"m 2EEML 37°C I THER L. HERE, MREER 1ml % L kL LT PBS i T¥# L, proto-
sol® (New England Nuclear) 1 ml i« THfEL, b A=y v F L — & — (polyphenylene oxide 4 g, 1,4-bis-2-
(5-phenyloxazoyl) benzene 0.1g, F =V 1) PR FEEE2BEE v Frv—v a v H 9 v & — (Beckman LS-
230) I X D FIE L.

R VBL BHEROAIE B &L, ver ©VIEFELET *H-VBL % 30 oM biA ¥, #aL ¥k
Bk, 1X107°M Ve CVBEETHHWVIRIEFET 37°C 12T 30 igRet. BpEEEEL~.

HRALELEC-RYARBORE 7 RRFMTE 10% %8 MEM shi iR (5 107 cells{5ml) % 1 x10~°m
VBL BETHHWIXFEFET 1x107%m vy & bdic 37°C 1T 30 SRR Lictk, #fax s PBS &
T¥kH, homogenize L, homogenate % 3 fEfD 7 v mhr s 2 57— (3:1) BRET, K\ T 358
D7 reAAARTEEHEL, 7r e hc A sa@42REEEE, 0.5ml 07 e ek LACHEREL, 20 5l %
EEWtE s v /57 4 — (HPLC) &£ff L. o3, ESRMHERK I D Ve vy oK IIZE 100% T
BHoile.

HPLC Q&R BV EE #{8: Hizr HPLC 638-30, #Rii8%: Hir 635-M LC director, #§: 270 nm, »
5 n: FPEWE TSK gel Silica-150 (2T Spm, # 5 A+ 1 X 4.6xX250mm), BEHA : ~F4v =5/ —
NOEEEE: YV =F A7 2 v (7:3:0.05:0.03), Hid: 1.0ml/min, 245} Sic intelligent integrator Model
T000A. LI EOWERMFIIVT, L€y — 7 REARN 6 4 THbh, €—7Bokicld, hohr
UBER L TR iR X hER L.

BRSROBT @kt v o JREmi 10% Hin MEM iy 1 x 108 cells/ml i L, SBO Vv T
— PBS ¥k ing, JEME0 EMADEE (d) % Birker-Tirk mERE 4K T, ocular micrometer & object
micrometer % fR\CHIE L. ¥ #iRasE (V) o,

=%1rd"’

X hRD.

FARMASLEY MR 1 ml % 2M NaHCOs-1 mM CaCls H#ih K& T 15 R & ¢ 74, Dounce
£ Y7 14 ¥—%H\T homogenize L, homogenate % 15009 < 15 Zraiio L, #HE#® 0.25M > 2 fH-10 mum
Tris-IEEHEHTR-2 mM ethyleneglycol-bis (f-aminoethylether) N,N’-tetraacetic acid (EGTA) (STE &
pPH7.4) 4ml 8RB L7c. @R Y 1509 < 10 H5@0%, Eifx 50009 © 10 SO L, BRI 1.6ml
» STE BHHEH/E L., =0 0.4ml % Percoll® (Pharmacia): 2M v a2 -8 mm EGTA-80 mm Tris-#EREiG 5
¥ (pH 7.4) : STE #Bli%g (7:1:32) 8% 8ml LEA L, 100009 C 15 5.0 L, REE T OMEEE 2 AR
@ 10 mwm Tris-$E MR I (PH 7.4) /=T 10000 g 5 50T 2 B¥\ . FIEEETA & L, Na*t-K* ATPase % {iflaj&
D= —H—EEROL LT, LTFIioRd ke X D ISR RIE L, filt4 homogenate i5f L THEMEA Y 10 50
b OE BRI,

ATPase FH4QH® Morcos HDFkEY T - Ao, (Na*-K*) ATPase iEfkiowTik, 3mMm ATP-
2Na, 120 mm NaCl, 12.5mmM KCl, 5 mm MgCl,-6H:0, 0.25 mm EGTA, 25 muM Tris-EERE % (pH 7.4) 0.95
ml BRI 0.05 ml #IMT 5 2 L & Y RIS EBR S 2, 37°C 1o T 30 RS RE, BHBEHT1 Y
B2 5z bk b RIGXEL &8¢, &%, Fiske-Subbarow #:” 12 X b R LicEisy v (Pi) 2RIE L.
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Mg"‘ ATPase EHEOMECBE L i, 120 mm NaCl, 12.5mMm KCl %\ 7z, (Ca?t-Mgt*) ATPase FEtERIEIC

1! hiz 5pM CaCls-2H:0 ¥ fnx #=. Ca** ATPase EEOMEL, B MgCl: ¥ %, SmMm CaCl;-2H;0

& 0.25 mm ethylenediamine tetraacetic acid-2Na %Iz CREZT» 7o, &EMES Pi pmol/mg protein/h & L

THRLLY, HErSER Tris- MBI CRIGE1T » 1cBR0 Pi ERREELSI LRI DRDL.
BaROME v omili7 A7 EREE LT Lowry TV VER LI

% #

1. VBL OEHENSIERE L ELE LSS DRUBER

5, } BUKEFEARRE AH13, AH44, AH66, AH109A ORI RiET VBL o R RECHAR L., chieRiET
Vel ey oiEiR Lo Fig. 1 thH5. &+ s VBL O ICso % Table I iwiR¥2%, AHI3<
AH44 < AH109A <AH66 OIFT VBL BEEIHEW LBe»ThHBH. B, Bci RO F H&
BAREEVREO VA vORRIILY wFh oM s\ T VBL DHHRTERICEE B2, TOR
g3, VBL o L CEREROMREE L 2L b }-E M THB. —5, DMSO it VBL OBRZF 5
BEBYREILh T

3. VBL QOERAKRY A% LERAFKHCRETL L CroEg

wEh oSk Th VBL e R Thaht, # 30 4T plateau wET5. Lal, 3045
oMy b A% Ex, Fig. 2 TRT L5 SRR T Ly i B bh, VBL X L TR O FERR (AHLS,
AH44) % <, ERRSHEOME (AH66, AHI09A) il B R R L. £ Fig. 3 ik, B h ikt
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Fig. 1. Effect of Reserpine on the Growth Inhibitory Action of VBL in AH13, AH44, AH66
and AH109A Cells

The cells were treated with VBL for 30 min in the absence (O) or presence of 0.5 (@), 1.0 (A) and 2.0 (v}
% 10-5 M of reserpine. Each point represents th~ mean of triplicate determinations.
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TasLe I. Intracellular VBL or Reserpine Concentration and VBL Sensitivity
AH13 AH44 AH66 AHI109A
Cell size (ym?) 3114 1762 1882 863
VBL alone
VBL concentration® (X 10-%m) 2.65 3.06 0.80 2.08
ICs (X107 M) 1.1 3.7 23 7.5
Combination®
VBL concentration (Xx107%m) 2.70 3.58 2.66 4.86
IC (X107 M) 0.9 1.3 1.1 2.1
Reserpine concentration® (x107°M) 4.95 6.13 6.59 5.09

a) Intracellular concentration after 30 min incubation with 1.1 X 10-7 M of VBL.
$) Combination with 10-3 M of reserpine.
¢) Intracellular concentration after 30 min incubation with 10-3 M of reserpine.
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Fig. 2. Effect of Reserpine on the Intracellular Fig. 3. Effect of Reserpine on the Intracellular
Uptake of VBL Retention of VBL
The cells were incubated with 1.1 x 10-7 M of VBL The cells were loaded with 1.1 x10-7 M of VBL for
for 30 min in the absence () or presence of I x 30 min, washed and incubated for 30min in the
10-5 M of reserpine (). Each bar represents the b (O or pr of 1x10-5M of reserpine
mean +8.E. of triplicate determinations. (Z). Each bar represents the mean +S.E. of tripli-

cate determinations.

DRIKIRER ) AACE LT, Ve © VPR 0 AL EECRB o sHBEYREST, ver Y VHTARL
1M 15 VBL O D RAZEE, Ler €V HETORIALBEMLELR L LD, VeV
VBL OMBARACIIERLILLTHS S T LRI EVTORLAY Lo Lichin, VBL MOALGES
plateau i2ic 5 30 HEOMMA VBL fit vt € v XD EhERRML, MIRAFES vercvR XDl
sxhi. FORER, VBL i LCERSHEoMPRBAE\ 2 &% Fig. 2 RU Fig. 3 L VBLNTHS.

3. LELE-OSBRARY AXELECHICRIEYT VBL ORE

WFR OISV T b LA €Y OMIBNEBERS 10—15S FTHRA LD, BHE—EO level %{£D. LA
L, &dlastb oM 0ALRLEREThRIc - eht, VBL B L oMicizBifiy Rz L& ien
ote. B, Leaty oA DARCERET VBL oL RN Lich, MRMAIDHSEERSR DAL R
AT BV P2 IBEE X D #9 10275y VBL 1X10°°M 12 X » THMAIRAM v e € v B oplieRsiehot
(Fig. 4).
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TaBLE I1. ATPase Activities of Plasma Membrane

AH13 AH44 AHG66 AHI109A
(Na*-K*)ATPase 3.360.41 7.02=0.51 12.20+0.59 10.55+0.27
Mg®*ATPase 3.86+0.66 6.96+1.06 11.68=0.82 9.57+0.55
Ca®*ATPase 12.42+1.62 14.78+0.74 15.98=2.44 15.312.73
(Ca®**-Mg?*)ATPase 0.69+0.32 0.55=0.28 1.610. 44 0.54%0.17
Total ATPase 20.33 29.31 41.47 35.97

Each value is the mean +S.E. («umol Pi/mg protein/h) of triplicate determinations.

4. MREAEBES VBL BERULELES
IC&3 VBL M {EHORT

MORREE X » B LicMilasfis VBL Havinv
LA 30 AR L Epgo N AR S
7= b OHRAEBEER Y VBL @ ICw % Table I i
R4, MMaZsii: AHI09A, AH44, AH66, AHI3
DOIETKkEL, BbRKEMof AHIZ WL, KHp S
Mots AHI00A o 3.6 ORI E LTV 1.
L2 L, VBL 8FH: & oficiz i SMGRLED O
hich - to. —F, #RIA VBL i Mlasta (11077
M) IR LT 1030 fERIREE L 7 5%, &b VBL
&V AH66 O MlEA VBL @ mE ik
DAL VELLIEdr ot LhrLberry 1x
10°m = X b, VBL MEFloZiLizé A EHET
HELbic, My VBL BED 4#llns baiiL
Lo LB Lot i, VeAE AH13 AH44 AH66  AHI09A
VL FIRRAIE (121078 M) 125 L C Y 5—6 fEic i Fig. 4. Intracellular Uptake of Reserpine and
TnaA, FIRPERECHIREICE S eI R0 Influence of VBL
it Thivh sy BAvERD o e
BERARETERRD A VLD, LAl 10-6 M of VBL ([7). Each bar represents the mean +

: S.E. of triplicate determinations.

vt VBL G#E#ifsn VBL & % S idRo
level CECH»BELIZEY, T, HEAF#ED VBL AR ERLICERLAZ E2RL TV 2.

5. #ARE0% ATPase Flt& L L E - OEE

405 » ¢ BKRFREARNG O MR ATPase &tk % Table 11 1277 . Ca®* ATPase 120 Cil, ZHllakic
FEMEEIT A ¢, (Ca?~-Mg?*) ATPase i&f: 4 AH66 iAo R i vic e EE o . —%. # ATPase, (Na*-K*)
ATPase, Mg?* ATPase iHfhit, AHI3<AH44 <AHI09A<AH66 DI TH <, VBL e & By BB %R L
#-. % ATPase T ft+5 v c 4 vy OMEER S O AH66 RS\ THR LR % Fig. 5ic,
HRICT 5 B CRT. Mg?t ATPase R Uf Ca** ATPase &g v w2 € v iZ L 9 B\ ic@fi T h i,
(Na*-K*) ATPase i3 %5 23, (Ca**-Mg**) ATPase B, veaA EvoBRREE LTAVE 0.5%
DMSO BHIC L - TS Sh T, ver vy LAZhE¥EHEL BHEYR LI,

20r

15}

1.0F

05f

Intracellular reserpine ( X107' mol/10° cells)

£ #®

5, b BUKFFERR D VBL Moy, M A% in vivo ERCT CRIEL T34, KT in
vitro 123\~ C 4 AH13<AH44 <AH109A <AH66 DI T VBL BARRHEES M EARL. L Lt
Yt TR LT X b3y VBL MIREMEA AR LA, L Liain, 5, bIIKIFEMIRD VBL fif i
B, X6iciivesy v VBL USRI RC oW TV E RBRELRB IR Tuwine,
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r 100
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Fig. 5. Effect of Reserpine on ATPase Activities in AH66 Cell Plasma Membrane

Each ATPaso activity in AHG6 coll plosma membrans {s shown in Tablo 11 and data are indicated as percent of
each nen-trented control activity.  Each bar represents the mean +5.E. of triplicats determinations. a) p<0.05
versus 0.5% DMSO.

ARGRIT VT, VBL 1okt U TSR0 €\ AE VBL IR 9 R4 RSPt o1, ¥ Ml ko VBL
LHPRES 0 AOMBMARER L EV-C & LY, EREEETIE. REgfamck LT VBL DFBRISHIY
HEESFE 7= 2D AREIPY VBL B4 level K8 CE LV D EH L b 3. Vinca alkaloids 5 » F BR AR
FRANBEIRFIZoV T, Inaba BORUHHE LY si=F A& —2a: RISt dinitrophenol 13 vincri-
stine 35\ 1t VBL MMM HAX LM, MEMRMLIHTILHBELTVS. IR0 5 iz di-
nitrophenol OFFAIL 7 4 3 — 2 DI X ) FERTDZ LERLTAS. Tibb, Vinca alkaloids (3 5] g o
W= % A4 — REEORENE R bh 3. ©Z CHIFMEEON ATPase EiERIBLLE TS, VBL
(ERREOMMBE ATPase [FiENH <, = * 4 ¥ —REFED VBL MRARAM LBBOHRELIHTIHR
% {8, #ic, Mg ATPase f&idn° VBL fitiE6e & #HBMEYRT & 5 Th - . BIBO'i, FIHNED nitro-
gen mustard FHERABNC I T b8 ATPase RO Mg** ATPase BB EHRLTV 5,

—%, vereviy VBL OERHH AR EBELRS V23,0 VBL (ESsHEMEICE LT X b
VBL 0B iInaEimm %R L, A VBL BEEEERo level k¥ CHEEFR. ZoTvesr
v @ VBL BREMIZOVWT, veaky s VBL SEREREBHRRIMc SV TRETS Z L bhicoTy
ey ORBARY REBEERE Lo, ROBABZTLFhoBRERCBIERTFL TR, B aitd
YDA vREFICRNTS & BNHTH ORISR Gh, MO VBL 5tk & DML HBR
YRGS LR TE b o7, 2 VBL I 0ARSRAICA-A VBL @EED 10 f§ (1X107°M) 12T Ve
€y (1xX10°°M) OR PARBICRACHEERERN 202, L Likd b, HRARECIEYTIRE0 L
AEvid, HIEE ATPase © 3 & (Na*-K*) ATPase fEigicize < BELRIE Sy A%, Mg ATPase RU
Ca' ATPase I ¥ HBHBHIL .

AR VBL {2, T IRNESER O X i (R AT B microtubules % fisd S { OHERIRS L WM EAT
3.9 AREACIZ, VBL RIGSHEAARED 5\ 1k Ve 4 € v ABEMO@RA VBL REARAR VBL REED
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# 30 fEThote. = DKM VBL OB EN VBL BOMMETIRT 5 b oTRL, KBSV RERE
VBL :#x Hbh, Zhafiap VBL BEEOKAIRA VBL 13 LCHESEYRTERTHS . —7,
VBL O8RS H BB Fo VR Shote, SR O IEBRBR RS LR EE AR - THbh b & OEFIH:
5Ly, MEEIMIRIA R RS & 7o 53R VBL ¥ EEARIRAHRIREE I L TEV O EELBRS.

LEORRELD, 7 v bt BKFFRMEREEo VBL BZtEo# ik, VBL OERATHEE OBV ETE, L
£r vy o VBL $iRfER, VBL ofiftHHE ST LT LS. —7, VBL fitEMlaofMiaiE ATPase
E — i g <, VBL ofifastix H L Milei ATPase DESEH RY Thi. LeAEvid Mgt
ATPase J Ut Ca** ATPase %o ATPase &% % Mfl+ 5248 (Na*-K*) ATPase IR EYRES RV &
Ib, VBL offifaftBRE L, ver v D VBL RiREE B~ IR (Nat-K~) ATPase o547 &
PBETED LD LHERBING.
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