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Reversal of tulnor mulfidrug resistance by 2-phenyl·3-(3 ，5 - 
dimorpholinomethy1．4'-hydfoxy)．benzoyl-indole(HWL-12) 
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KEY W ORDS mulliple chug resistance； indoles； 

HW I_,-12； doxombicin； Fura-2； calcium ； cultured 

Am ：T0 expfom the re'q~sal ofmultidrug resistance 

(MI)R)bvindolederivativeHWL-12． MET1IoDS： 

Cytotoxicity was determined by tetrazolium (M兀 ) 

a．~ay． Thefon c~on  of P-gpwas examined by Fura 2 

A／vl a．~ay． Cellular aca蛐 ulation of  doxorubicin 

(Dox)was measured by fluorescence spectropboto- 

me~1~． RES 】IlTS： HWL．12 10 ／anol ·L一 

markedly hxacased Fura-2 accammlation andwas17．2- 

f0ld reversal of MDR ．m M CB7／ADR ceus． m  

celhlarDox accumulation in d̂DR cells vgdsiIIcreased 

in the prescno~ofHWL．12 on the ，口1_7／ADR ceils 

No ef融 t wag observed for Dox accuraulation  in be 

ofUghC ’(addition ofC )orlowCa2 

(addid0IIof e_~Bzic acid)． C0N( US10N：HWI 

12 has a potent MDR reversal action whicb was 

associated wlth the increase of cellular Dox 

accumulation in M DR ∞1Is and not related with 

calciuraion concon lxalion ． 

Multidrag resistance (MDRj is characterized by a 

decmased sensitivity oftumor cells not onlytothedrug 

employed for chemotherapy but also to a broad 

spectrum of ,a／／t~ drugs with neither obvious 

structural homology nor common targets． The 

resistance is usually associated  with the overexpression  

of a 170-kDa plamlla mem brane integral pmrein know n 

as pem'~bility glycoprotein(P-gpj encoded by mar—l 

geIle． P_印 is an ATPase—dependent active outward 

ffansporler of the an ticancer drugs and so intracellalar 

drag accumulation is diminished in MDR ce lls⋯ ． 

Ve~ il(Vet)．a POtent～ R chemosensitizer 

(CS)in vitro is usually used as a ix~itive-enntrol CS 
fori-ese．a~h(2 J Butfew CS could beIlsedin clinical 

treatment． So it is important to look for new CS in 
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CilflCef chemotherapy． 

2-Phenyl一}(3 ．5．Jdimotpholinomethyl- ，hydroxy)一 

benzoy1．indole(HW1 12)is a kind of aminomethyl— 

phenol indole compo unds which was synlhesized by 

Prof HUANG W en-Long and exhibited anti—arrhythmic 

activity／ HW L广12 OWllS the COITIEOI) Dhysical— 

chemical properties including lipid solubility．2 planar 

aromatic tings．and lerliary nitrogen a[Olll S0 the 

mversal of MDR by HWL 12 was studied ． 

厂_、 

InVL 12 

lVlaterlals 1h  MDR cel】tines M0  ADR and the 

parental senfifive cell line MCF-7 were generous~wovided 

Prof LIU Xu-Yi cthe cells from Natioaal Cancel"In ttll~． 

USA)． Fma 2．AM and Fma-2 w purchased from Sigma 

a ca]Co． DMEM wag pLurcha,~d rm  Gibco BRI． Dox 

was口I畎 from Huaming Pharmaceutical Co．Shantou． Vel" 

was generously provided b Ebewe Pharmaceutic,at Factory 

(Ausa'alia) HWL-12 was synthesized by Prof HUANG Wen- 

Lang(01ina Phalmac~uficaI UniveNty)． 

Cdl culture 1 M DR celI1ine h怀 7，ADR and the 

paren~l cell IiI．e MCF-7 c human breast carcmoma cell Iines) 

weal grown嘏 adheretlt monolayers ollthe jii DM日Ⅵ m 

l0％ fetal bovine n蛐 ．benzytpemcillin(50 kU—L一’)，and 

s~ ycin(50 mg—L。。／at 37℃ iii a humidified atm~s#xn'e 

0f 5％ 00．2+95 ％ r 

Fum  2．AM  nlKⅡes嘲 t0e n a目咖 嘲  FtⅡa 2-AM 

was the substrate of the MDR translx~er(P-gp) “ ． Fura 2- 

AM．which Call bebyarotyzed to Fura-2 andAM inthe cells， 

wagm“jp 【ed 0Il【or-the cellsfromthelipid pl~se ofthe pl心m 

membrane． s0 the imracelluhr accumulati呻 of Fum-2 was 

reduced in MDR cells 1T intmcellular acc岫 u1 “【耵 of Ftra-2 
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w拈 4．1- dint}Ie sens,i~,Je cellsMCF-7 a compared wim that 

in the MDR cells MCF-7／ADR But the exlmsion of Furd 2- 

AM coilId be blocked 1丌the MDR cells by l'eVeFselz~， so the 

cellular actxtmalation of Fu馏·2 w嘏 1ncrezLsed ln MDR cells by 

the addition of revel'se／~ 111e m the amourlJt of intracellular 

Futt~-2inMDR eelIsInthe presenceof CS w孤．the higherthe 

a~ivity of rever．；ing MDR was The c0『Tum slⅢ of the a~tw,unt 

oflntracellalar Fur'a-2lirlthe absence or pFeser~e ofCS retie-ted 

the reve ．rsal activity of MDR Such the ln urel nt of tile 

a~ClI[IIHlation of Fura-2 ∞ n be utred a met d |or studying p- 

娜 fu and~reerdngMDRCS 。。 

M Tr cytotex lcity assay Thc cells VdelC collected arid 

resuspended at 4× l0‘ce1Is·L ．f】．1拈 mL aliquots were seeded 

ln well multiplates． CS and Dox added after 2 ri·h 

【ncubation． After 22 h．the ceIl growth lnhibidoa wH evaluated 

恤 MTr ‘ on triplicate asstt),sj 。 IC 1 values％,ci32 

calculated h cvio~oxici13'curves 1 e rCVCFStll fold wa L 

ratio ofthel linthe~DsellcC and presence of(23． 111edegru~e 

of resistance w calculated by dividing the I l for MCF-7．．．ADR 

cells by that MCF-7 celIs 

Celinlar Il【Ix RCCunlu~tioR MCF-7 co|Is and MCF- 

ADR cells well2 seededln l mL ofmediujn at a density of1 x 

l Ü cells-L ，respectively．Dox l0tanol-L。。v／~k-q addedlnthe 

ab~nce presence ofCS tO r￡n ·L Cells 陀 lncuha州  

at．； t 衙 3 h After centfilugatio rt the cellular st~petts[on 

v,xtsbed 3 times with cold PBS The cells were restlSpeed ed 

ln HCl 0 3mol-L。。 'n 6f)％ ethano1． Follo'&in~ 

centrifugation．the~pernalant wa remo'eed  and a~ yed spectro- 

fluon)metrically at 470 nm and 090 nm。’ lrhe cs did 

not atil t the abl e or emission spectra of Dt)x To O ，b 

the relation of Dox acc帅 uhtJ with exWacelIt1]~-calcimn the 

Dox ~CCillllUlation 咄 n'easured lIi the presence of high C 

(addi~icm of CaCt~) or low ( (addition of egtazic acid) 

The ace|eraalaticm f d of Dox w嘏 calculated by dividing the 

valuelnthe D删 【 ofHW  l2 bythat v,,i~mtIT．NL-I2 

Smtis~~a1．analysis Data were,analyzed by ，．k ． 

RESUI．TS 

Celhdar accumulation of Fura-2 

Fura一2 accumulation in MCF-7 cells was 4．13 times 

much as that in MCF_7／ADR cells． The cellular 

accumulation of Fura．2 was ma~edly increased in 

MCF-7／ADR cells． but no|in MCF-7 cells in the 

p~ nce of I-B．VL．12． The cellular accumulation of 

Fur'a-2 in MCF．7／ADR was more in the presence of 

HW L．I2 |h~lII Vet at equimolar concentration (10 

ltmo]-L一 )【Tab 1) 

T b 1． The effects of HW L-12 and Vex Oll Fura．2 

accmnulaflon in MCF-7． MCF-7／ADR． respec~vely． 

=3 indenpendent experiments． ± ． >0．05． 

《0．01 ~ nta-o1． rp ‘0．01 Vex． 

Cytotoxicity The resistance foId of MCF．7／ 

ADR toDoxwas 66．6tim asmuch asthatforMCF_ 

7 cells． HWL．12 and Ver were no|cytotoxic at 10 

umoI．L in MCF．7 ce lls and MCF_7／ADR ce lls． 

HW L．12 and Ver markedly increased the sensilivity of 

MCF_一／ADR to DOx．but not for MCF·7 cells At 

equimolar concenWalion (】0 “m0l·L_。)．HWL．12 

and Vet were 17 2一and 8．2．fold reverSaI of MDR． 

respectively (1曲 2)． 

Dox accumulation After incuhation with Dox 

10 ltmol-L-。．ce llular Dox accumulalion in MCF-7,／ 

ADR cells was 4．9 times as much as that in MCF_7 

cells． HW L．12 10 l,．mol·L一0 and Ver 10 l／．mol·L一 

lab2． Potentiatlmt~ HW L-12 and Vex  ofDox cytotex lcity toM CF-7／ADR cells and MCF-7删 s∞ determinedby 

M Trassay． Thece llulargrowth inhibifim~rate bythe reverseritselfwaslessthan10％ ． 95％ confidence limits in 

parm theses． =3 indenpendem experiments． >0．05， <0．0l博 contro1．tp <0．01懈 Ver 

D- mo -lj M ? L一 

A Mc AD 

Control 0 I19 ( 一I66 } 79．50(5 375—10 ) 

Verapamil l0 103 ( 一113 a 974 (729—12l9) t．2 8 2 

HWD12 10 91 (SO一132 · 460 ( 一48 ) 1．3 17 2 

5 I19(107—131 696 (647—74．5) J 0 IJ 4 

2．5 l19 (70一in8 I讲 )(1l】l7一l I(B) 1 0 7．5 
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increased cellular Dox accumulation by 3．2一 and 

2．9一fold in MCF-7／ADR cells， but not in MCF一7 

cells Cellular Dox accumulation was not altered by 

high orlow exwacellularC (Tab 3) 

Tab 3． Effect of HW l2．Ver，CaCI2．or eglazic acid 

onDoxne clm3~ ． n=3 independent experiments． 

± s． >0．0S． <O．01 ly5 contro1． fp <0．05 

Ver． 

C(mtroI 

V 

HW L 

tazic id 

C棚  

(1 2 l6±0 06 

10 2 I ±0 O 

10 2 l7±0 0 

2 l 2 I6±0 『I 

2O0O 2 13±0 0酽 

0 ∞ ±0 0三} I．(1 I t) 

I ±t) 1．(1 2 9 

I 38±0．I5a I．0 3 2 

0 45±t)．( a 1 0 J 1 

0．44±0．05 1 0 1 0 

DISCUSS10N 

W e established a n method for screening the CS 

0f M0R with Fura-2／AML ． Actually．Fura-2／AM ． 

a kind of fluorescent indicato~ for measuring 

intracellular calcium ion． is a hydrophobic compound 

and can rapidly dif se thron gh the cell membrane into 

the cells and is mpidly hydrolyzed into free acids 

(Fura-2)and acetoxymethyl ester(AM)in cytoplasm 

by non一~ ific estel'ases． Fura 2一AM was the 

substrate of the MDR transporter(P_gp)，but Fura-2 

was not the substrate of P．gp IO J A】1d the extrosion 

ofFura 2．AM was blocked intheM0R cells by M0R 

CS． ()ur experimental results showed that}肌 ．12 

inci~_．ased M0R cellular Fum-2 accumulation ． 1his 

suggested that } I r12 blocked the Fura 2一AM  

extrasion in M0R cells． 1he Fura-2 accumulation in 

MDR cells was more in the presence of}肌 ．12 than 

Ver． suggesting that } I l2 was more potent in 

reversing MDR than  Ver． } 儿 一l2 10 ／tmol·L一 

caused a 17．2．fold reversal of m R and vvas more 

effectivethan Verwhich was only 8．2一foId reversal of 

MDR at equimolar concentration for cytotoxicity assay 

in Ⅳ F_7／ADR In our opinion， } 几一12 was．a 

potent M0R reversal agent and more ∞ tent than Ver in 

l'eVersing M0R activity． 

} I．一l2． Ver iisereflsed the intracellular Dox 

ac cum ulation u口 【0 3．2一and2．9-foId in MCF_7／ADR， 

respectively．bu t not in sensitive cells M CF．7． 1he 

results sugg ested that reversal mechanism of HW L·12 

was related to the increase of cellular anticancer drug 

Dox accum ulation in MDR cells． Cellular accumula- 

tion ofDoxwas not changed at high orlow calcium ion 

concentration on Ⅳ F-7／ADR cells and MCF-7cells． 

And}肌 一12 did not change cytosulicfree calcium ion 

concentration (data was not shown j． Dox 

accumulation was not enhanced either by increasing the 

co ncentration of cellular calcium with the calcium 

ion ophore ionomycin nov by chelating the cytosolic free 

Ca'-' by the membrane permeable C 一buffeting 

agents BA A 0r MA盯 AM ⋯ ． These suggested that 

calcium was not involved directly in drug tr,msport 

pFoce&c,．es andthelevel ofcalcium ion bad noinfluence 

on  drugaccumulation． 
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{HWL-12)逆转肿瘤多药抗药性 

、 ／ 

， 垫 黄文 ，杨小平 
( 中山医科大学肿瘤研究所，广州 510060 

药科大学药化研究室 ，南京 210(D9，中国) 
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】】 哚 类 ；HWL．12： 

日1}弼 
阿 霉素 

细胞内阿霉素(Dox)的积累测定用荧光分光光度 

计法． 结果：HWL—l2能显著地增加 MDR细胞内 

Fura-2的积 累和逆转 MDR 17．2倍 在 HWL一12 

的作用 下，MI)R细胞 内阿霉素 的积 累亦明 显增 

加．但在介质中高钙或低钙离子浓度对 Dox积累 

均无影响． 结论 ：HWL一12具有较强的逆转作用， 

它的逆转机制可能与增加 MDR细胞 内阿霉素的 

积累有关 ，而与钙离子浓度无关． 
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Effect of catecholamic acid on detoxication and distribution of NiCI2 in 

mice and rats 

YAN Xue—Mingz
， TAO Zheng—Qin， LIANG You—Yi， CHEN Zhen—Jia，ZHANG Jian．Shi， XU Xin．Hua 

(Shanghai 胁  ofMateria Medica，ChineseAcademy ofSciences，Shanghai200031，Ch ina) 

KEY WORDS cheLa~ agents；catecholamic acid； 

nid~l； l耐 Ia1 dose 50： autoradiography； tissue 

distribution 

A耵讧： To study the effect of catecholamic acid 

(CBM／DA)on de锨 ica妇 ofNiCl~． M哐THoDs： 

Mice and rats wem ．miected sc or im CBMⅢ A 

immediately afterip NiCl2． Each moose was iniected 

CBM IDA afIer iv NiCl2 ]85 kBq and 

radioaetivities of vadous tissuesⅥ measured with 

tie d scintillation counter at24h． Thelocalizationof 
Ni w shown by the whole-body autoradiography． 

REsIlI腮 ：口 MmlA sc 0．5—1．5 g·h markedly 

reducedthemortality from l~--ute poisoning ofipNiCl~ 

500 rag‘kg～． After NiCl~inmice，tl1e LI was 

犯 ．7 rag’kg_。． Micewereinjected sc CBMIDA1．5 

of2．5 g‘kg～ after Ni poisoning， Ⅱ of NiCI2 

wem raised to 789 or 820 rag’kg～，respectively． 

eroject剐PF the Nativ~l N~tural Sckmce 咖daIj肌 of 01L『l；1． 

№ 3~70510 

Phn 86-21X~431．1N~．3．ext,14}4 Fax 86-21．6~a7-0269 

Recei~d 1996-12-19 Accepted 1997一(O-15 

Ⅱ of NiO2 was 39 rag’kg ．m Iat． IF 

口 M匝}Awasinjectedim O．5 g‘kg～ afteripNiO2， 

the LI was 332 rag‘kg～． 口  1．5 g·kg 
im af r iv NiCI2．decreased the contents of∞Ni in 

blood and hmg ofmice w controlmice at24 h． The 

contents of Ni in brainI heart，spleenI andH血 

wem similartothose ofthe controlmice
． T1 conte~t 

0f Ni in bone was than the cont~1． 1be 

excretions of Ni由mu吐 urine and feces w not 

．m口eased by 口 MⅢ A m 24 h． le whole-b0dy 

autoradlograpy showedthatthe radk~ ivityw highly 

l0calized in the kt,~ y， lung， and Hai'de~$ gland． 

w越 amoderatelevel of髓Niin theliver．bone， 

skin I and bl00d． A pronounced aocl虹miIa6on 

o~ rredin the bone． There was a nl幽 凭duc妇  

0f N=i in the hmg，skin，liver，and blood after ip 

口 ~皿DA． CoNCLUsIoN： 1be 口 ~皿DA 

markedly raised the survival rate of nlcke1．poisoned 

mice and rats．and decreased Ni levels in lung and 

blood． 
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