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The effect of six Rauwolfia alkaloids on the growth inhibitory effect of vinblastine
(VBL) in rat ascites hepatoma AH66 cells was investigated, When cells were treated with
VBL and each alkaloid for 30 min, reserpine, rescinnamine, syrosingopine, and ajmaiine
markedly potentiated the effect of VBL, but dimethylaminoethylreserplinate hydrochloride
(DMAR) and yohimbine did not influence, On the other hand, in the continuous treat-
ment for 2d, DMAR and yohimbine also potsatiated the effect of VBL. Al of alkalolds
increased the intraceflular VBL content. Among these alkaloids, reserpine markedly sup-
pressed the activitios of Mg!*ATPase and Ca**ATPase in the plasma membrane and
DMAR suppressed the activities of adenasine triphosphatase (ATPase) except (Na*-K*)
ATPase. Reserpine and DMAR did not affect the VBL binding to microtubules. Reser-
pine inhibited the microtubule polymerization by itself and synergistically acted with VBL
on microtubules but DMAR did not affect the polymerization and the effect of VBL.

From the results, it was indicated that all of Rauwolfia alkaloids suppressed the active
extrusion of VBL, increased the intracellular VBL content, and potentiated the effect of
VBL on AHG66 cells. Moreaver, it was suggested that some of alkaloids including reserp-
pine could cnhance the effect of VBL even by a short term treatment because of their
synergistical interaction with VBL on microtubules.

Keywords——vinblastine; Rauwolfia alkaloid; ATPase; microtubule; vinblastine
sensitivity enhancement; AHG66 cel)
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HEDO Y B €v 7 I A% (VBL) K& H{EMSEHEO R LTV VBL MEEHYRL, RERLTCEOD
VBL AREHEYRBATESZ = L kRLE.Y :

SEN, 9 5+ BUKESRRO 5 B VBL o8 L TR BRIEOEd » 12 AHE6 Y RWT, vreavy
#r—M® Rauwolfia alkaloids © VBL OEBSHMMGIAMICHT2BELRBLIcL 25, VWTho alka-
loids % VBL o#%#b 35, alkaloids fjo VBL MEMRCBV-2ED IO CHRETS.
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SEW 7o - EKFS AHGE RY F v Y o~ 6 BN » ¢ (HERRBGBREBRIES) OMEE
A 1RSI isEl U AR L. B, HREss: 1 Siioigy Ay,

HBRARY Lveady, 9evEvERE (Sigma), KLY Y 79 2% v (VBL: MEFRHEM), °H-VBL (9.9
Ci/mmol, Amersham), adenosine triphosphate discdium salt (ATP-2Na: 3-{L¥), vv> v, yuavv o
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3, KKETFED L%, dimethylsulfoxide (DMSO) ML, HBTL, Bt DMSO WEEMN 0.5% LT Eis X
yingts. LizhisT, 0.5% DMSO Z¥ERE Lic.

REBITE

AL RS Eagle’s minimum essential medium (MEM: pH 7.4, B/ARBIEE) g (6x10°cells/2 ml) %
VBL, % alkaloid & 37°C =T 30 Rkt S w7cth, ¥ v AERRETR (PBS: pH 7.4) o T# L, v v HafFm#
GEREER) 10% FinL7: MEM i Bigi S, 35mm 75 AF, 7 ¥ v — L (Falcon) th, REGH AIERE
(IAT{L) )T 37°C, 2 BRIEEE L. 2 BMAEREMER T, MR & 3ty miTE I MEM & 2 BREIER
Ute. 2eieth, BHIRSSCA R L, SRR X v OffE % VBL ORIBEIIH LTI = » + L, 50% 895
IMEIREE (ICs) R

MR VBL Y ARBORE  Mifle (Sx 10 cells/ml) % & > JafFimill 10% win MEM iZifiE & ¥, 37°C
T 10 4TS, 1107 m 0% alkaloid FETH 5\ HEFET 0.1pCi°H-VBL &Fdite VBL
1X1077 M 2y L 30 ARBEsE Ui, b5, MRSHR 1ml & 15k LT# PBS iz THE#H L, Protosol®
(New England Nuclear) 1ml & TEHEL, tr=vrvFL—2— (polyphenylene oxide 4g, 1,4-bis-2(5-
phenyloxazoyl)benzene 0.1g A=V 11) hpiEE vtk v Frv—Yavhv v - (Beckman LS-230)
X hBIE L.

M9 Alkaloids | Y ARRORTE v v RafFdui 10% Zn MEM silliia (5107 cells/S ml) % VBL %
FThoVIIFET v v i byt DMAR & &b 37°C 12T 30 R LK, ifar e PBS 12T
HEE, RECFAAL, *ECF— b IFROIrmRLL L L F = (3:1) BEKT, kT 3G
D7 e BRIl A TRBHEL, 75 ek aBrREERE, Ve v aRfiamitia 0.5ml D7 waet
A a1z, DMAR #ifi#is 0.5ml @ 2 % 7 — LiCEERL, 20 Spl ¥ HA@E/ P~ 777 <~ (HPLC)
it L. fods, EEimtiziic Xy vea ¥y & DMAR oEIRBIEE 100% CH-17:.

HPLC OZERRUSRHE  3{: Az HPLC 638-30, iiH%%: Hir 635-M LC detector, Bifk: v/ Ui
o4 Th 270 nm, DMAR 24T 230 nm, » 5 4 FHEWH TSK gel Silica-150 (}rF& Spm, # 3 L4 1
X 4.6X250mm), BEE: LA € EDVTE~F Sy L =8 =] EEg: PU=FAT v (7:3:005:
0.03), DMAR iz oW Tk ~% 4 v =% /) — A EEfg: b Y =F AT IV (2:8:0.05.0.04), #H¥f: 1.0 m}/min,
ip4%2t: Sic intelligent integrator Model 7000A. LEORERECISVT, LerEYHBIE DMAR o &
— 7 REABRENRTHhY 6 4 TRbR, C—7HOLICLY, Hbh LBER L TRV h ER OB X
DERLIL.

MRREATRRLE B D H I » CARL, Mo~ —» —FEL LTo (Na™-KY) ATPase o HiG:
2 10 0 b o RRAV .

ATPase ;FOHIE Mocros &% DLt e Ut 31 otk v, (Na*-K*) ATPase, Mg** ATPase,
Ca.* ATPase, (Ca®*-Mg?*) ATPase {2 RIE L.

BEHBORE v omiT A7 B E LT Lowry BV ICREGRIE LI

48 Microtubule EAEDRE  4la%k 0.01MMeCl: &4 0.01m ) v EREHIR (PM Wi pH6.5) wif
Wx4, 77 m B0 Potter-Elvhjem Bhe oo 4 F—%AVThET v X L1-D, 4°C T 100000 g =T
1 BRSO L, B6hi: iy 0.1mMGTP 44 PM ###i T 0.16 mg sRe/ml L Z @i micro-
tubule W & Liz. =@ 5ml = VBL B 5\ 14 alkaloid *jnx., 37°C 1T Ostwald BUEGREGHY
BTEW DL IEE (7sp) RD1-.

B8R Microtubule ¥4 VBL ORI%E v o MFIH 10% &4 MEM sfifa (2.5x107 cells/5ml} % &
alkaloid 7E7E, JEFE#ET, *H-VBL 0.1 xCi R UFEHS$4#: VBL 1X107" M & 3kic 37°C 12T 1 B§PlgaER, A
O X ) #R e, % PBS T 3 EIgkHk. PM @K Tml ¥z ChESF A XL CO®E oF— b
5% 50 ul % Protosol® 1 ml iz CRIE{L L, AERAA VBL BBV, b % 4°C 12T 1000009 1 MK
BOL, Bohi kilted e U PM BRI TFREi e L DEAE-Cellulose {F#¢ (Whatmann DE81) iz
&, BAFEK X o microtubule # B35, & PM BERIC THH, BRE, tr=vrvFr—F — e BiE
PR PUE L.
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1. VBL QOEEfisSIfE BCR(E$ Rauwolfia Alkaloids DRE
Table I 13, AH66 Qila% 6 fi> Rauwolfia alkaloids 7£#EF. VBL & 30 srfilifh S¢rcdk. 2 ARMEREHE
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TaBLe I.  Combined Growth Inhibitory Effect of TasLe 1. Combined Growth Inhibitory Effect of

VBL with Rauwolfia Alkaloids in AH66 Cells VBL with Rauwolfia Alkaloids in AH66 Cells

Treated for 30 min Treated for Two Days
Concen- ICso of Concen- ICso of
Alkaloids tration VBL Ratio® Alkaloids tration VBL Ratio®
(m) (M) (M) (™)
None 2.5x10"¢ 1.0 None 6.0x1078 1.0
Reserpine 3x10° 1.0x10°¢ 2.5 Reserpine 10-¢ 1.1x10°% 5.5
Rescinnamine 3x10"¢ 8.0x10°7 3.1 Rescinnamine 10-¢ 1.5%x10°8 4.0
Syrosingopine 3x10®  1.2x10°® 2.1 Syrosingopine 10-¢ 1.6x10"8 3.8
Ajmaline 3x10°¢ 1.3x107® 1.9 Ajmaline 10-¢ 4.0x10° 1.5
DMAR 1x10* 2.5%10°° 1.0 10-3 1.8x10°8 3.3
Yohimbine 1x10™* 2.5x10°¢ 1.0 DMAR 10~ 5.5x1078 1.2
10-¢ 1.7x10°8 3.5
a) Increase in cytotoxicity as compared to the 1Csp with- s : - -
out each Rau\;rorga alka,l:.:id. ¢ ¢ ¢ ot Yohimbine 10-° 2.5x107® 2.4
10-° 1.8x10°® 3.3
@ YBL © 50% WAREIIEIEEE (ICs) % LbfE L O ) Increase in cytotoxicity as compared to the ICsq
Lich OCHD. Lei Eukths, Ly iy, without each Rauwolfia alkaloid.
vevvyIEy, 7Uw) vk, 3x10%M ¢ VBL .
DRFINEER % Fh Fhiy 2—3 i Lichs, control ——h
DMAR, = & v £ v T, 1X107MicTH VBLD
reserpine I |

VERC L SRS BIF S7ch » fe. Table 1T 13,
% alkaloid & VBL 3t THIKR% 2 B RIEE LIk rescinnamine H
DHERTHD. CoAKEIZS VTR, £TD

syrosingopine H
alkaloids #% 30 MO L b 3 {EVIRET VBL o
. ajmaline H
OEAYBENICED L LB LT T
4. 0.5% DMSO B 1'% Rauwolfia alkaoid i, % DMAR I
O 3, OB T AROMA T BRI S s vehimbine :—I-I
- 7. L R - . N N

1 2 3 4 5 6 7 8

Pk X b, £To Rauwolfia alkaloids ¢x VBL i
Intracellular V3L vpmol 10% cells)

BIEHARTH, verry, vwiriy, yry .
sl 5 Fig. 1. Effect of Rauwolfia alkaloids on the

vaEy, 797) vED1BL DMAR, 2k Intracellular Uptake of VBL in AH66 Cells
Eve Ol’a‘]?iii%a)f’ﬁﬁﬁﬁﬁﬁ)ﬂb ‘ﬂ‘ﬂ‘%gih.‘/’;- The cells were incubated with §.1:<10-7 M of VBL

2. VBL ORRANRYAHICE K@ F Rauwolfia e e e S iieate detorminations
Alkaloids DR

4 alkaloid 1x10*m & VBL 1.1x10°" M 3t#FF 30 AR #iigR VBL Ba R Licob Fig. 1 THD. v
AEY, VoFiy, veoy o€y %, 30 SABTTLE VBL MRFEAY L LESL, wIhd
\&Lo&bﬁ&&4%ﬁhtﬁbtﬁ.%?Wﬁ@%#ot???ﬂymxbVBLMDE&MW&3%E&K
L EE T, —F, 30 HMEC Tk S VBL & GHRAMBE LTS feh o7 DMAR 3 & v EVIZ2nT 42
ﬂ&ovm;mbﬁ&ﬁﬁﬁmkﬁbt.égm,DMM{momrmf@.zAmﬁTlan&mmﬁk
110~ M & EFB = Lic X b, SR VBL IR DA RS X Hickifn L. 7eds, 0.5% DMSO i VBL Off
JARH Y AR oaic B RIE ek o e,

%:f,Vm.toﬁm%%mﬁvfﬁm&ﬁmﬁvﬁﬁ%éht%%#xb.Vt»EVtDMARtgv.
FOBER BN T LT ORRET - 7.

3. LelE& DMAR OEABARY Al

vtwﬁvﬁbquMARo%h%hﬁﬁ.KUVGL#ﬁTSOﬁEDAm%ﬂ@ﬁﬁbﬁ&ﬁtﬁbt
oﬁTMMIHf$6.va»eVnm@ﬂﬁwEmﬁﬁLtmmwmDa&ﬁuQMLt.ttlxmﬂmo
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TaBLE III, Uptake of Reserpine and DMAR in AH66 Cells for 30 min and Influence of VBL

Intraceliular alkaloid (X107 mol/10° cells)

. Concentration with VBL
Alkaloids (M) Alkaloid alone
1078 M 1078 m
Reserpine 10~ 0.31+0.02 0.32+0.01 0.32+0.03
10-® 1.24+0.47 1.26+0.22 1.28+0.31
10-4 10.30+1.53
DMAR 1078 3.65+0.52 3.76+0.43 3.68+0.50

The cells were incubated with indicated concentrations of Rauwolfia alkaloid for 30 min in the absence or presence of indicated
concentration of VBL. Each value is the mean 4-S.E. of triplicate determinations.

TaBLE IV. Effect of Reserpine and DMAR on ATPase Activities of AH66 Cell Plasma Membrane

Concen- K. 24_ 24, 24_Mptt)-
Agent trm;m (I?IA?TPaKse) A%lg’ase A%l’ase (CaATlI":Ee )
(% of control)

0.5% DMSO 93.1+1.72 96.4+1.6 90.4+1.8% 33.1+2.89

Reserpine 1x10-8 91.7+2.3 83.4+1.99 68.3+1.8” 37.8+2.4
3Ix10-° 93.2+2.4 71.8+3.6” 58.6+2.5¥ 46.4+3,82
DMAR 1x10-? 96.7+2.3 106.7£6.7 107.0+6.4 88.7+2.19
1x107* 91.1+£2.4% 75.8+3.9% 72.0+7.3® 32.0=6.59

Control values for (Na+-K+) ATPasc, Mg2+ ATPase, Ca2* ATPasc and (Ca2+-Mg?*) ATPase were 12.20+0.59, 11.68+0.82,
15.98 42,44 and 1.61 +0.44 zmol Pifmg protein/h respectively. . Each value is the mean 1 S.E. of triplicate determinations.
a) p<0.0S versus non-treated control. &) p<0.05 versus 0.5% DMSO.

BRI EE T alkaloids O MIBIAMAL VAL B Y HE+TE L, ver v itk LT DMAR #8388 CftbAE
hBZENHELNE Lot —F, W alkaloids DOFRRPIR H A2 LT VBL 1xX107°—107° M 12 {f] HHA(F
HAErRE Mot

4. HBBEEE ATPase Fi¢(CR(ETL AL, DMAR RT VBL OE®R

AH66 Mgl (Nat-K*) ATPase, Mg?** ATPase, Ca?* ATPase, (Ca®*-Mg?*) ATPase &z thth,
12.204:0. 59, 11.680. 82, 15.98+2. 44 pmolPi/mg EE/h TH-7:. hbD ATPase KWL TV i vk
1x10"°m Ll kT (Nat-K*) ATPase i3 #2843, Mgt ATPase R Uf Ca** ATPase E¢:%iHl L7z, (Ca?t-
Mg?*) ATPase Ef%ir 0.5% DMSO c#i il hics, ver v ciEHER%ZRLI:. DMAR &
1x10-*mM T (Na*-K*) ATPase *Bx{ £ T® ATPase {E#:% M4 L 7= (Table 1V).

5. VBL, Lt B DMAR O Microtubule (X3 2{EM

AHG66 flfax v £ L ¥ H B\ ik DMAR D36#EH 3 Wi JEAET, VBL 1L1x107 M 12T 1 BERAEE L etk
DfifaPy VBL £ £ 38 microtubule Ei4y~d VBL &&E%R Lo Fig. 2 TH 5. VBL HiaRcoMf
microtubule sy~ VBL &&%i, MM VBL fio# 1.5% Th-1. —F, L a2 DMAR off
B & b #IEP VBL it h Ehfim3 555, FhiCi LT microtubule ~o VBL oOff&fbMmL, @
Rauwolfia alkaloids (% VBL @ microtubule ~D#EEREY BB Lidrsk. KT, Thbo¥EHD
microtubule B (EQ) ~ OB Y #Ha Licos Fig. 3 Th 5. EHWERIIMOE microtubule FROHEEE
WA 12 T peak IZE L, BWHOLIE (ysp) 1XBk &l n M, VBL RBEKFMCKED R 2ME L 1.
Fhe, Ve €y B microtubule B O E LA 2INE L, BHBEAE/EA%RL, VBL L offACE:
T 3 MM T H B 5%, microtubule FHEE L MEI L. L L, DMAR 3, 1X1074m 12T, S5k VBL
& OPFRIC T HH microtubule B DL KELE(L S D = Lidish - .
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Intracellular VBL (pmol '10% cells)
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w
o
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A
DMAR 107%

reserpine 3107
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107'y
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VBL binding (fmol /105 cells)

Fig. 2. Effect of Reserpine and DMAR on the Intracellular Uptake of VBL (A) and the
VBL Binding to Microtubule (B) in AH66 Cells

The cells were incubated with 1.1 X 10-7 M of VBL and indicated concentration of reserpine or DMAR for

60 min.
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Rauwolfia alkaloids o 55k ERIICBI L T,
FELH, LrAYvhey ARMmKE L1210V 24
T, b EKFE? KoV THELTWAH, fi
o alkaloids 2o\ Tik, vvF i voRkENR7A
* L {LB 4 # 1-chloropropyl-2-chioromethyl-
piperidine o L1210 8§~ v A3+ 5 BFGHE
PEHEELRMORTVBIRTER.D FRT
1t I o b EKFS AH66 HERR X35 VBL 0
RUMEIE A RIiE$ 6 #io Rauwolfia alkaloids o
BErRELLE 2 A, 0 S0 ERMAE T,
venrty, voFriv, vavvyay, To=
Y v, VBL oMKNAIER ¥ HRHCHD A,
DMAR, =t v € ViR fFRASR 2R S leh o7, L
L, chbo alkaloids & VBL % 2 AfdEFE S
ik s, DMAR 3 v vy VBL &
RA%ZmRULE, WM@ETEELIL, verevo VBL
HIREIE A & iR VBL EZRHEAA R VB % R L,
thiiver v OBRIFO 1 2 THB - EER
Li.® £z tzhbo alkaloids o fifapy VBL B

Each bar represents the mean +S.E. of triplicate determinations.

control _H

VBL 10 H

107%n

ALMNIININIDINAAN
NN
/7%

reserpine 1075y

5X10"%y

reserpine 10~ 6»1

+VBL 107%m

DMAR 107*n

DMAR 10™*v [z
+VBL 107%, k&

0.1 0.2 03

usp

Fig. 3. Effect of VBL, Reseraine and DMR on
the Microtubule Polymerization

See details in the text. Each bar represents the
mean +S.E. of triplicate determinations.
a) p<0.05 versus 1 x10-9 M of VBL and | x10-6 M
of reserpine.
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DAZCHTHMEYRH LI =5, DMAR 23 & v ¥ v i2 T {iiod alkaloids 2k L TF§v$ oD VBL &
BER2ETH EMNBELME o, 5K DMAR A&z vt € v o 3 ESEEMRMNICIR AT S &
ERm L, Chbo alkaloids DI 0AACIE VBL EEARED bhlth k. vEALE Y0
YR SRS e, MMM ATPase iEfEoMshicitS < VBL ofifasiitiimslic ks Z LRI TV 5.
DMAR 3§ ¥7:, (Na*-K*) ATPase %p& < #ifai ATPase 352, v A v iR LTErs7. L
L, DMAR #ver ey %o VBL ERHER LRI 10 SREYESTH &, R—BETHMEE
g L7834 DMAR 2iver v kb @y AIRNEBIEY R & %X ), DMAR offifaly VBL ERHER 1
ATPase fGHEMEIIER X W +o8BTE 5.

X, Rauwolfia alkaloids 1= & 5 VBL #BE{ERICHiA % $ &4 &, Rauwolfia alkaloids 12\ h $ Hillapy
VBL BEXEHH L L), BENMAEC X VBL ORMN M ERDC LXBRTES. LhL, vtie
vRHETH 4O alkaloids 1 30 yOMEIZ X > T4 VBL O%RE DA, VBL D5 HEB i,
microtubule IZRA L EOES XML TAI LRIV EARFUYAET LI LR I<MOhLYHT
$»5.9 %z, Rauwolfia alkaloids ® microtubule 2% 2 BT BIsk 7o i, vear vy, DMAR &
3 VBL ©#IaP] microtubule ~D#EA B HE Lo, L L v e €y B HIC) microtubule & &3
ERMVEBEIhTED,? REBRCEWTY, Ve ey 5X107%M i34 I H L ¢ microtubule DEARIC L 3
HHEYH 1/3 2 L, VBL 2o ffAicis\ T LA microtubule o HE&2MEI L7z, Lo L, DMAR
IZILLFD L 5B ote. —F, LAy 3X1078m i3 VBL O%hR% 2.5 f&iZ (Table I), 2x107*
M T 70 BIEEEn A% A, FRENBEBCARMMCIIRELYRE . oA, HIRFERLD Ve
€ v OHIRPIEE 2R T 5 & SN E O 6.5 fSITET 5 Z EARIA TV 5.5 Tichb, filgNTL
L€ v microtubule & EETABMERED THVC LA TFHEIR, VBL OFAL ﬁﬁfﬁﬁl‘ﬁt’)&%k‘t i,
MRaksEEis N7s damage ¥ 51X B LN TEBLOEE L LR S.

L) E X b, Rauwolfia alkaloids {33~ T VBL HEhi% L 7o 7%, alkaloids © 5 LD 5 38D 3 DI,
412 microtubule 1% LC VBL LIS ERTAZ EXBBM LR o, Lizhi» T, Rauwolfia alkaloids
EIFRBFE ORI S EMBABEABIRT A2 L X h, VBL OHIRRMAMBIZI R HEMCED D Z &H
TEBHZERRLI.
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