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Modulation of multidrug resistance by three bisbenzyl-isoquinolines 

in comparison witll verapamil1 
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AIM ：To compare cycleanine (Cyc)， imularine 

(Insr)，insulanoline(1nsn)and verapamU(Ver)in 

mod~ on of mulfidmg resist~ce (MDR) m'tro． 

M ETHODS：The cytotoxic effect was determined by 

3-【4，5-dimethylthiazol-2-yl J，5-diphenyl temrzolium 

bromide(M'IT)assay． Theintra~ lulardoxorabincin 

(Dox) acctanulalion wRg assayed by spcetro- 

fluommeter． RESULTS：Cyc，Insr，Into ，and Vet 

showed sJgulficant activities in m0击Ⅱ 旦 Dox and 

vincriatine resistancesin act~ ed resislantMCF-7／A出 

and 髓  cell lines in a dose-dependent marm~． 

Cyc。Insr，Iron，and Ver increased intm~ilular Dox 

accmnulafionin MCF-7／Adr ceils． Cyc andInsr had 

greater activities山∞ Verin modulatingMDR．while 

lnsn had similar activity to that of Ver． 

CONCLUSION：MDR wagⅡ1cdula删 by Cyc，In盯， 

and Insn． due to the hlc龙丑se of intracellular Dox 

acetm ulation． 

The recognition ofmulfidmg resistance(MDR)as 

a major reason for failure of chemotherapy has 

stimulated efforts to iderI fy modulator and improve 

existing chemotherapy． Recognition ofthe role of p- 

glycoprotein (P-印)as a血ug efthx pump has 

stimula~ l efforts to antag0n the flll-~ Oll of this 

membrane glycoproteinu’ Many compounds 

enh．皿ced drug accumulationinMDR ceils in vitroL。’。． 

It is well known that verapamil(Ver)，a calcium 

channel blocker， pos~sses significant effcet on 

modulation of MDRL However． its potent 

cardiovascular effect limited the clinical use of Vet to 

modulatetheMDR． Itistherefore necessaryto search 
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for novel effectivemoduhtorwith lowertoxicitv． We 

have screened 11 principles in different SllMCtlll~ with 

weaker calcium channel blocking effectthanVerfrom 

Chinese herbal medicine on their effect of modulation 

0f ． w efoundthatteUanthSne and dauricine．2 

bisbenzylisoquinoline(BBI)alkaloids，showed 咖  

~fivity in reversing MDR than Ver．a standard～mlR 

mversing agentL ． There are s0ITle reports about the 

modulation of ～mlR bv the other BBl alkaloids． 

Ce吐咖彻 miIle was found to ovei'~olne MDR by binding 

t0 P_gp as the structure similar to photoaffinity 

蜘bsⅡa嘧 for P gp J． n  blastine， a dil~ c 

aporphine benzylisoquinoline alkaloid，showed activity 

of overcoming～mlR inDox．resistantmunneleukemic 

P388／R-84 celIs， enhancmg Dox retention and 

partially blocking the photolabeling of P一印 with 

『0H]azidopineE ．Thereforewe studied the eff~t of 

cycleanine(Cyc)，insuhatine(hsr)，and insulanoline 

(Insn)．anothclF 3 BBl alkaloids with nlinor dim骶moe 

in structure all derived from Cyclea roA)emosa Oli+ ， 

onthemodulation of～mlR in oc栅叮EIris∞ with Ver． 

Cycleanine：R=0c玛 ． R1=H， =ab0 

Insularine： R=0( ． R1=m ， =O 

Insulanolh~：R=OH． R1=m ， =O 

Bisben~ lisoquinoline em l~ uads 

M ATERIAI．S AND 唧 I．m S 

Drugs and reagcalts Cyc，Insr，andlmn w豇e kindly 

suppliedby Prof Sheng，School of Phann~y，West 

uni ofMedlcal Science*㈦ Vet 酏 ffcrn Ebewe 

Phl皿r∞e calⅢ ，Austria Vi∞ e(vCR)w made畸 

GII龇l ha】]0th Pharmaceutical Pa~'y 3一[4，5-d~nethyl— 
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thiazol-2-y1]，5-difllenyl tetarzolium brc~llde(ran")was made 

by Jass∞ Olelllflica． 

cen 1．啷 and culture M 7 humanbreast cancer ceU 

line and its MDR subclone h 7／Ada"，selected by stepwise 

曲叫0sLⅡe of parental cells to increasing c嘎 l 0II of 

doxc~tbicin(Dox)．were maJntai~d in DM删 supplernented 

with 10 ％ fetal bovine s啊m  in a htmaidified amaospi'm-e of 

5％ 吗 +95％ air M口 7／时 ceUline哪 at,proximately 

100-fold哪 eIe出恤ⅡttoDoxIhanthe parental cellline andwas 

lmown Io 州盯 press P-印 and maintained a stable MDR 

pl 10 pcwhile in c~ug-free naedill／ll 研 a period of at 
least 3mont．hst J Both celllinesfrom N口 ．USA，懈 the 

fromProfuU Yi，Belji~ Cancer Lr181Jlllte 

KB,~o cell llne was select~ by ：州 se目 0sl1re of 

palental院他 l cellto_啪c佗豳 ∞nc明船 of(vcR) 

and ethylmetlla~ stllfoaate m眦ager s K 铷 cellline was 

ap~ lylO0-foldmore resisllantto V氓 thanthe parental 
KB cell line and w越 known Io possess an increased mdr-l 

mRNA expression and a decreased intracellul~ V氓  

a0aⅡⅡllI ∞LI J1． Both cell lines were kindly supplied by 

Lr181Jlllte of Materia Medlca． 0血黜 Academy of Medical 

scjenc黯，B ing 

q响幻 加 v／tro：姗  Cells w seeded 

in96-well plates atIlae demity of10xl妒M 7／P,Za"cells per 

well，5×l05IVICF-7 cells／well，7 xl舻 andlaB cells／ 

wel1．andirlcvbatedin a humidified atmospi'm-e of5％ C + 

％ ％ a forov郎 出 ，then da~gswere added the control 

the n 锄 w勰 addedimtead ofthe dang solutlon After a 72． 

hi血1b蚵∞，~rrr 20 ‘5 g‘L|1抽PBs)was added妇 an 

addltiotlal 4_h in ∞ ． 1Cso wasthe conc∞Ⅱ 0II of 培 

that reduced the ab~Coanee to 50 ％ of controls． Resistance 

moaulati~gfactor(RMF)：l 血1g／ 击IIg+m 

Il吐 lc n aocllnn蜥 叫  I，0 I 

acaⅡn ∞ s山击 were p fbl as y describedt驯
． 

ofthe3删 a shawn r10t a腑 the 

absod)anoe 0r 0II m  ofDox 

RESUII1S 

h置明l1Ila嚏i哪l of I'0x r．笃is蛀I1l。e i口口 in 

Nlt 4 t ceils C c．Insr．缸矗 Insn increased 

the cymtoxicity of D0x to P-印 positive MCF．7／Adr 

cell in a dose．dependent mall~er，but not to its parental 

MCF．7 cells，which do not oveaex~ress P-印 ． RMF 

of( c and Insr 5 m0l·L (noIlcy∞ c dose)was 

21．2柚d11．8 s删 vely，whilethatofInsn andVet 

5~'nol·L was 5．3 ld 6．5．respectively． Thus， 

Cvc and Insr Wel'~3．3．fold ld 1．8-fold m0fe potent 

thanVet，whilethep0tency ofIronwas similartothat 

fromver(1曲 1)． 

About !．3 u~nol‘L～ ，Insr 3．7 u~nol’L～ ， 

Insn 6．3 ~irioI_L—1．and Vet 9．1 gmol·L 懈  

necessarv to cause 10．fold sensitization of cymtoxicity 

(F 1)． 

M0dIllad0n of VC resis咖Ilce 由l l’itm in 

laB cells Cyc， Insr， and Iron increased the 

cymtoxM ty ofVCR to P-印 positive KB 0 cell in a 

aose-~ t m瑚 ．but n0t to its parental髓  

cells，which do not overexpress P． ( 2，F 2)． 

As shownin curve ofdose-effect relationship(Fig 

3)，about Cyc 4．5 gmol·L～，Insr 5．5．u~nol·L 

were necessaryto calIse a complete(1~-fold)reversal 

0fVCR resistance while dose of Iron and Vet n髓d0d 

weremorethan10叫Tl01．L_。(1曲 2)． 

hltraceUuIar acc埘枷Jlad01l of l M R7／ 

A血 cells accumulated 6．6-fold less D0x tIl∞ sensitive 

MCF-7 cells． The addition of10 卜L～ ofCye， 

Insr，Insn，and Vet caused 4．6-fold，4．7-fbId，4．4· 

fold，∞d 4．2-fold(P<0．Ol，c0叫 甜 with control 

Tab1． Ef of(=yc．InBr．In姐，andV onmodlIhd蛐 0fD慨 雌 栅 oeilIM皿 7 eelN t畦trD． ， 

m0du = d drIIg+ ；The i刚  at rda 呻  c 

c0眦曲雠 (The．mbil栅 y ra艟Ⅷsl∞雌than10％}．95％ confidence ilIpm'e~theses． ～ 
= 3虹pe (明血 8,a,ells)． >O．05． (0．05． (0．O1珊 咖 扭01． 
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Tab2． Effects ofQ ．1nsr．I咖 ．砌 Vexm modulation ofVCR sj蛐 ∞ inKBv200 0ells t咖 ． Resis扭雌  

瑚0dlI1副缸-g factor=I n I dn骧+modu~tor；The modula~r itself懈 砒 relative cytot~dc 0田lc目1t 叩 

cTheinlu'bitory ratew∞ lnorethan10％)． 95％ confidencelimitsinpm~ntheses． 

=3 exi ts ceach 8wellg)． 甲 >0．05．cP<0．olw control 

ModuIaIor／“mOI．L‘ 

啦 !．n啦n印 ofmodId￡曲唱 acfi,．dfi~ h Q ．hlsr 
Il吼 ．锄 dVexjn 日( -7，』 c‘ ． 

gmup)increases in Dox accumulation in IvlCF-7／Adr 

cells，and slight increase of Dox accumulation in the 

sensitiveMCF-7 cell line(P>O．05．compared with 

control group)(Tab 3)． 

In this study，we first find that Cyc，Insr，and 

lnsn significantly enhanced the cytotoxic effect ofDox 

orV to P．印 positiveMCF-7／Adr cell and皿 v加0 

cell 1Ⅱ a dose-dependentⅡl锄Ⅲler． butⅡot tO theit 

parental sensitive MCF_7 cells and KB cells．which do 

not overexpress P．印 ， and caused the increased 

intys~llu[ar Dox accumulation in M口F．7／Adr cells
．  

but not in their parental sensitive MCF-7 cells
． n 

activities ofCyc andInsr onmodulation of D R WPA'e 

Modulator!~ltool L‘ 

啦 2． n岫 ofmoaulatm~ac~vJfies[or ． 

hl目l—andVexin硝B'Ⅻ tells． 

"lab 3． Effect 0f Q ．h研 ． h吼 ．and Vex On 

hra'acellularDm~accumulafio~．m M CF．7／AdrmadMCF． 

7 cells． c~mtrol； 1话 intracellular D％ accmmfla． 

‰ inMCF-7／Adr cells． =3自 目如蛐 b (each 8 

wells)． ±5． 甲 >0．05。cP<0．ol control 

0 0∞ 0cl】 一 oE 0c 

0_u - c； 一3 DE 0： 一 一 
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gl'gaterthanVer．andthatofInsnwas similartothatof 

Ver． These suggest that the 3 BBI alkaloids may at 

least block the fllllCtio[1 of drug eftlux of P_印 ，and 

resultinmodulation of～ R 

Between 2 benzylisoquinoline ts of these 

alkaloids．there are two diphenyl ether linkages with 

head to tail coupling． But in the cases of Insr and 

lmn，there is another one phenyl—benzyl ether linkage． 

rn number of ethel"linkage seenlsto have13o relation 

to activity of these BBI alkaloids on modulation of 

魄 ． Insn diffel~ from In and Oyc in nature of 

oxygenated subsfituents (OH substialfion instead of 

00{3)in position c7． 皿lis riunor difference confers 

water solubility as we1l as appreciable difference in 

activity of enlmneing Dox or vcR cytotoxicities from 

Insr and Cyc． Similar s~acture-aetivity relationship 

ale also seen between tetrandrine and berbamine， 

dauricine and daurisoline rn data will be published 

elsewhere． 

As the effect of the BBI alkaloids on Dox 

accumulation in MCF_7／Adr cells Wills not paralleled 

wjm thatOil cytotoxicity．themodulating mechanism of 

MDR by these coraoounds呻 ains tO be investigated 

fulther． 

h,C]KI~OV#LEI)GMENT To Prof L Sheng 

(School of Pharmacy，West China University of 

Medical Scienc~)for his kind supply of the BBI 

alkaloids． 
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三种双苄基异喹啉生物碱调节多药耐药性的作用 

及与维拉帕米的比较 

目， ，j 
(中山医科大学肿瘤研究所，广州 5111(161)，中国) 

关键词毽 ；海岛轮环藤碱； 刁7}·t 
海岛轮环藤酚碱；墨堕 类；阿霉素；长春新碱； 
培养的肿瘤细胞；多种耐药性 

目的：比较轮环藤碱(eye)、海岛轮环藤碱( ) 

和海岛轮环藤酚碱( Ⅻ)与维拉帕米(vet)体外调 

节多药耐药性(Ⅷ R)的作用．方法：细胞毒试验 

采用Mi'r法，细胞内阿霉素( )积累采用荧光 

分光光度法测定． 结果：eye。IⅡsr，hm和Vet在 

MDR细胞系M口1_7，A出和 KB伽 能显著调节 D嘱 

和长春新碱的耐药性 ，且其作用呈剂量依赖性． 

eye， ， ∞和 v 均能增加 MCF-7／~．xk细胞内 

D％ 的积累．eye和 bⅢ调节 MDR作用明显优于 

Vet，而 h塔n的作用类似于 ． 结论：cyc， 

和 能通过增加 MDR细胞内 Dox的积累而调 

节 MDR． 
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