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Circumvention of tum or multidrug resistance 

by a new annonaceous acetogenin：atemoyacin-B 
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AllVI：To explorethe effect ofatemoyacin．B(Ate)on 

overcoming multidrug resistance ( MDR )． 

METHODS：Bullatacin(Bu1)was used as a positive 

coutro1． Cytotoxic effects ofBul and Atewere studied 

with cell culture of human MDR breast adencearcinoma 

ceils，MCFr7／Oox and humanⅪ  v乳0 cells，and their 

parental sensitive cell lines MCF_7 and ． 

Cytotoxicity 、 determined by tetrazolium ( nT) 

assay 111e ffmction of P-glycopmtein (P_即)was 

examined by Furd 2一AM assay． Cellular accumulation 

ofdoxorubicin【Dox)we5 determined by fluorescence 

spectrophotometry． Apoptosis was measured by flow 

cytometry． RESULTS：IC∞of Ate for MCF-7／Dox， 

M[CF_7．KBv~0，and KB cells were 122，120，1．34， 

and 1．27 nmol’L ，respectively IC50 of Bul for 

MCF-7／Dox， MCF-7， KBⅦ呻， and cells were 

0．6o，0． ．0．04，an d 0 04 nlT10l—L～ ，respectively． 

The cytotoxicities of Bu1 and Ate to MDR ceils were 

simil~ to tl】ose to parental sensitive cells． Bu1 and Ate 

markedly increased cellular Fura-2 and Dox 

accumulation inⅣ【CF_7／DUx ceils，but not in MaP-7 

cells 皿 e i'ates of apoptosis in MDR celIs were 

similar to those in sensitive cells induced by Ate． 

CoNCL sION： There was 11o cmss．resistance of 
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即 positiveMCF-7／Doxand KBvao celllinesto Bul 

and Ateas conlp~ with their sensitive P．即 negative 

MCF-7 and I(B cell lines． The mechanism of the 

circumvention of MDR Ⅵ忸s associated with the decrease 

0f P-即 function and the incl'e~lse of cellular drug 

accumulation in R cells． 

INTRODUCT10N 

Multidrug resistance【MDR)is characterized by a 

decreased sensitivity of[uinorcells riot onlytothe dm￡ 

employed for chemotherapy but also to a broad 

spectnma of anticancer drugs with neither obvious 

structural homology nor commoll targets
． The 

resistance is usually associated with the overexpression 

of a l 70-kDa plasma membrane integral protein l~lown 

as permeability glycopmtein(P-gp)encoded by mdr一1 

gene． P_即 is an ATPase-dependem active outward 

transporter of the anticancer drugs and so intracellular 

drug accmnulation is diminished in MDR ceilsL 
．  

Chemotherapy is successful for the ⅡBa廿I1ent of 

several neoplasias，yetmany patients continueto perish 

due to intrinsic f~cquired chemoresistance of nⅡn0 

cells． ～正lR is a main obstacle of tuii~r 

chemotherapy． The circumvention of MDR has 2 

pathways． A promising approach is to utilize nontoxic 

and po tent agents with the revealsal of MDR． the 

combination of anticancer drug with the modulator 

increases the anticancer effect． Several compo unds 

such as verapamil， bepridil． trifluoperazine． 

tetrandine{2 J
， 

cMosporin， $9788[ 
， ．and other 

hvdrophobic compounds reversed MDR in vitro，but 

COUld not be 11sed in clinic bl~gllse of side effects． 

The otherwayist0lookfor new antieancer drugswith 

noresistance toMDR celIs． 

Bullatacin (Bu1)is an annoru"~eous acetogenin． 

which had potent cytotoxieities to various tlMnor cell 

linesandanticanceractivityin vivoandbeing used as a 
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positive control{ Atemoyacin．B (Ate)is a novel 

bis—fe岫 y yl annonaceous a。etogenin 0m 

atemoya plant J
． 

3S 

4 

， 
。 n 

n inhibition of NADI{dehydrogenase(Complex 

¨ in the oxidative phosphorylation pathway in 

mitechondria and ATP depletionwasthemode of action 

ofaunonaceous acetogenins⋯ ． P-gP was all energy— 

dependent agent exflux pump． So we infer that ATP 

depletion could decrease or loss the acfivi~ of p-gP． 

The MDR cellular accumulation ofacetogenin and other 

anticancea"drugs was in c1℃as。d．MDR cells coilld be 

sensitive to alLrlon~eous acetogenins． study was 

to explore仇e effect of atemoyacin—B (Ate)ontulnor 

MDR． 

M ATER S AND 皿 10DS 

M aterials The m_R cell lines MaF_7／Dox and 

the pal~ntal sensitive cell line MCF_7 were generously 

provided by ProfUU Xu．Yi(the cells from National 

Cancer Institute，usA) KBⅦ∞cells and parental 

sensitive KBcellswere obtainedfrom ChineseAcademy 

ofMedical Sciences，Beijing． Fura 2．AM and Fura 2 

were purchased from Sigma Chemical Co ． D 证M 

was purchased from Gibon BRE． Dox was purchased 

from Huurning Pharmaceutical Co． Bul and Ate were 

generously provided by Prof CHEN Wen—Shen，South 

China lustitute of Botany， Chinese Academy of 

Sciences． 

Cell culture rrtle IDR cell line～ICF-7／Dox 

and the pareutal cell line MCF．7 were grown as 

adherentmonolayers ontheflasksinD 砸M with l0％ 

fetal bovine sei21i[1．benzylpenicillin 50 kU ·L一 ．and 

streptomycin 50 mg—L ac 37℃ in a hmnidified 

atmosphere of 5 ％ CO2+95％ air． KBve00cells and 

KB cells weie cultured with RPⅣⅡ．1640 culture 

mediulil Both MCF-7／Dox cells and KBw 0 cells 

were overexpression of P． which was main catisefor 

inducing MDRL 
． 

Fura 2．AM fluorescence measurements 

swas a new methodto exarmnethefunction of P-印 

because Fura 2一AM was the subslr~e of血e MDR 

transporter(P-gp)， Fura 2-AM，which can be 

hydrolyzed to Fura-2 and AM in the cells， was 

Wanspo rted out of血e cells from the lipid phase ofthe 

plasma membrane．so血e intracellulⅡ accumulation of 

Fura-2 was reduced in lDR celIs． But the exlmsion 

ofFura2一AM couldbe blockedin the lDR cellswhen 

血e function of p-印 was decreased or lost and 血e 

cellular accumulation of Fura-2 was incw．ased in MDR 

cells Such nleasni'emenL of血e accum ulation of Fur'a- 

2 carl be used as a method for studying P 即 fimction 

and screening 血e modulators of Ⅳ _R induced by 

P一 ’ ． 

Ⅱ cytotoxicity assay The cells were 

collected and tesusoended at 4 x l cells·L_。． The 

~iquom (0．19 mL) were seeded in 96一well 

multiplares． The acetogeffm was added after 24_h 

incubation． Afcer 72 h．the cell growthinhibition was 

evaluated by the Mr兀’method on triplicate assays_J⋯． 

(95％ condidence limits)were calculated from 

cytotoxicity curves with Bliss—Finney’s weighted probit 

analysis 1he degree of resistance was calculated by 

dividing the for MCF-7／Dox cells by that for 

MCF7cells． 

CeUularDox acomadation MCF7cells and 

MCF-一／D嘣 cells were each collected in 1 mL of 

medium at a density of 4 × l010 cells —L_。． 

respectively． Dox 10 umDl·L_。was added in the 

absence or presence of Ate 168 nrnol·L-。or Bul 1643 

nfflol_L～． Thecellswereincubatedat37℃ for3 h， 

andthecellular suspension was centrifuged and washed 

3tiilleswith cold PBS． The cellswere resuspendedin 

HCl 0 3 mol—L in 60 ％ ethano1． Following 

cerafifugafion ， the supematant was assayed 

spectrofluommetrically at 470 nm and 590 

rllllL“ 一
． The arfflonaoeous acetogenins did not affect 

the absorbance or emission spectra of Dox． The 

aecumulationfoldofDoxwas calculated by dividingthe 

valueinthe presence ofAte orBu1 bythatwithoutAte 

0T Bu1． The cellul~ Dox accumulation reflexed the 

accumulation of ann0nace0us acetogenin in cells． 

Cellular apoptosis The agent was added in 

growth adherent monolayers cells and incubated for 24 

h． And then the cells were collected  and washed 3 

tin~$ with PBS． rrtle ceHul~ apoptusis was 
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determined by flow cytometry( 
． MCF-7／Dox cells 

were resistant to apoptosis induced by Dox EH 3 

RES1Ⅱ．TS 

Cytotoxicity The resistant extents of MCF一7／ 

Dox cells to Dox and KBv~o0 cells to vincristine were 

66 64old and 57．0-fold compared to their parental 

sensitive cel1 lines M口F_7 and cells．respectively． 

Bu1 and Ate exhibited 19otent cytotoxicities to M口F_了／ 

Dox，MCF-7．KBv~o0，and KH cells． TheiC5oofBul 

and Ate for MDR cells were similar to rhose for their 

parental sensitive cells(P>0．05)． Thjs suggested 

that the sensitivities of MCF-7／Dox and KBv~00 cells to 

Bul or Ate were similartothose oftheir plLrental celIs 

MCF．7and KH cel1．(Tab1)． 

Tab1． eytoWxic effects ofbullamcm an d atemo~ in-B 

to MCF-7／Dox，MOF-7，l口BⅧ ，and KB cells． 

n：3 indepen~ t experiments． 

>0．05 parental sensitive cell group． 

Bullatacin Atetr~yacln—B 

Cellular accumulation O Fura-2 e Fura一2 

accumulation in MCF-7 cells was 4．13一fold compared 

with that in M口F-7／Dox cells． e cellular 

accumulation of Fura一2 was markedly inereased in 

Ma 1-1／Dox ceIts。 but not in MCF_7 cells in the 

presence ofBul orAte(T丑b2)． 

Cellular Dox accumulation After 3．h incubation 

of cells with Dox 10
,
ttmol·L ． cellular Dox 

accum ulation in McF一7 celIs was 4．9-fold c0删 玳 to 

thatin MCF一7／Doxcells Bull60 nmol·L andAte 

168 11137101．L increased cellular Dox accumulation by 

3．2一and 2．9-fold in MCF_7／Dox cells． but not in 

MCF一7cells． (Tab 2) 

Apoptosis induced by acetogenin The 

agrptosis induced by Dox 10 pmol·L～ was 74．6％ 

and l4 3 ％ in the MCF-7 and ～【(1F．7／D0x cells． 

respectively． These results suggested that MCF-7／Dox 

cells were resistant to apoptosis induced by Dox． 

Tab 2． Efleets ofBul andAte on the acetmmlafion of 

Fura-2 andDoxin Ma 7 andM a 7／Dox cells 

n：3 independent experiments． 霉±s． 

>0．05． <0．05． <0．01 t25 c~mtro1． 

But Bul and Ate induced apoptosis of both sensitive 

cells andMDRcells(Tab 3) 

Tab 3． Apopt~is induced by Bul，Ate。 d Dox in 

MCF-7 and MCF-7／Dox cells． 1,l= 3 independent 

experiments． >0．05． <0．毗  p~xental sensitive 

cell group． 

Acemgeatn／ 

nmol·L一 

AlxlXosis／％ 

MC ．1 N晒 ‘，Dox 

Control 0 

Dox lOOO0 

BullataciⅡ 160 

Atesr~yacin—B l68 

5．4±2 5 

74 6± l2 3 

40 2±5 2 

20 2±3 6 

4 9±2 

14．3±3 2 

40．2±1 l 

7 4±2 7 

DISCUSsl0N 

The an／lonaoP-ous acetogenms are a series of 

apparently polyketide-derived fatty acid derivatives that 

pc esstetrahydroflwan ring and amerhytated 7一l~"tone 

with various hydroxyl，acetoxyl，aud／or ketoxyl groups 

along the hydrocarbon Chain． Th ey exhibit a bmad 

range of potent biological activities including 

cytotoxicity，antimmor，an[~l-lals／'ial，antimicrobial and 

pesficidaland so on 

P-gp p1ays r龃 imI~rtant role in various Rlnlor 

resistance to multiple drugs ． Actually．P_gp is ail 

energy-dependent efflux pump responsible for reducing 

intracellular drug accumulation in resistant cells． We 

inferthatthefunction of P_gpis obstacle orlossifthe 
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intracellular energy is depleted． Tbe action target of 

bullatacin is the complex I in mitochondrial 
． The 

inhibition of complex I blocked uD the production of 

ATP andthentheintracellular energy was depleted and 

the functinn of P_∞ was 1ost． The results of this 

research showed thatthe cytotoxicitiesofBu1 andAteto 

MDR cells were similar to thofie to their parented 

sensitive cells Bul was effectively cytotoxic to MCF一 

7／Dox cells． but more to MCF一7 cells Lt3J
．  These 

results suggested that annonaceoHs acetogenins were 

promising in the treatment of tall／lOT with MDR． 

The extrusion of Fum 2一AM was reduced oT 

blockedinthe decrease orlOSS ofthefunction of P_gp， 

and cd1uIar accumulation of Fura-2 was increased in 

～lDR cells． Our experimentel results showed that Bul 

and Ate increased Furas2 accum ulation jn R cells， 

but not in MCF-7 cells Thjs suggested that the 

alqnoFLace,ous acetogenins blocked the Fura 2．AM 

extrusion in MDR cells． 

r工11e intracellular accumulation of anticancer 

agents，such as Dox， danxombicin， vincristine was 

energy-dependant in ～皿lR cells Tbe accumulation 

was reduced when the cellular energy was depleted in 

MDR cellsl J Aiillollaceous acetogenins dep leted the 

energy in celIs ． Our experimental results showed 

that the accumulation of Dox was increased in the 

presence of Bul or Ate in MCF-7／D0x cells r工11ese 

suggested that the annonaceous acetogenins depleted 

cellular energy and resulted in the decrease or loss of 

thefunction of P-gP，and blocked the effiux of agents 

in ⅣlDR cells So R cells were sensitive to 

anl~naceous acetogenins with no cr(Yss-resistance． 

MDR celIs were resistant to apoptosis induced by 

natural anticancer drugst 
．  The results of this 

research showed thatMCF_7／Doxcellswere resistantto 

apoptosis induced by Dox，but not by Bul and Ate． 

Th ese resul~ suggested that allnon~．eous acetogenins 

were potent to sensitive[1lmors and promising in the 

treatment of～ⅢlR tlllllors． 

1 Leveque D，Jehl F． P-g]ycoprutein and pharmacokinetics 

A~ticancer Res l99j：15．33l一6． 

2 PanQc，Tian H Tumor mulfidrag resistance reversed by 

various C nese10e?o principles 

Chin Scj B山1 l995；40：1901—4 

3 Massart C，Gibassier J，Raoul M ，Denais A．M augendre S， 

Darcel F． et a1． Ef衄 t of s9 88 on the effi ciency of 

doxombicin in vi and in vitro in ax．~dullaty thyroid 

carcinoma xer10 ． 

’

o

：Ahticancer吣  ：7：I钯l一30 

4 Fu Lw．Pan QC． plxzq~rties of compounds with 

reversing turrtor mulddrag resistance． 

0 n JCancerl996：15·475—7 

5 Alfonso D，Jolmsonm ，Colman-'Saizarbitoria T，Pmsley 

CP．McCabe GP．McLaughlln JL 

SAPs of aRUonaoeOllS acetogenins in rat liver mitochonc~ia． 

Nat r0 ns1996；4．181—8 

6 Chen WS， Ya0 ZJ， 2han g YB， Xu YZ， W u YL 

Atemoyacin B： a now bis·tetrahydrofueanyl annonaceotls 

acetogerfinfrom A n 砸 atemoya H 

Chin J Chem l995；l3：263—6 

7 MorreDJ，deCaboR．FarleyC，OberfiesNH，McLaughtin 

JL Mode of aedo~ of bu1]atacin， a polent antitumc~ 

acetogeath：inhibition of NADH oxidase acthAry of HeLa 

and}Ⅱ广60．but not Iiver．Ca~raa men~ranes 
Ijre scil99j；56：343—8． 

8 g xH，Zhang FY，n Ⅺ ，Ij ZY Vincristine-resistant 

human KB eelI line and Irmchanism of multidrug resistance 

Acta Pharm Sin1994：29：246—5l 

9 FuLw ．Pan 0c 

A new medaod forthe screening ofthe drag w】fhmulddrag 

resistance reversing acfixdty by Fura 2-AM 

0 n Phann J1995；30(1l Supp1)：109—11 

10 Cannichael J． DeGraff WG， Gazadar AF．Minna m ， 

Mitchel1 JB Evaluation of a tetrazolittm-based sermaato- 

mated col~'unetric assay： a．~essme／R of radiosensitivity 

C舢cer Resl9昕 ；47：943—6． 

11 IOagY．Perry RR Modulatay effects oftamoxifen and 

recombinant human interferon on dexorubicin resistance 

CancerResl993；53：3O40— 5 

l2 EffeahT．Fat~,U．OsiekaR． Atx：rptosis and resistanceto 

daunombicin in human Ieukemic cells 

Leukemia l997：U ：儿∞ 一6 

13 Obedies Nil．Croy VL． Hamson Ml_．McLaughtin JL 

manollaceous acetogenin Ixdlatacin ls cytotoxic n 

muRid~g-resistant human rt~artmlary adenocarcinorna cells． 

C 眦er Lett 1997：115：73—9． 

I4 Vemaatvoort cH．Broxter／na~HJ， 。d0}IM．de Ⅶ es 

EGE，Fe N，Kuiper ， ． 

Energy-dependent processes involved in reduced drag 

acammlation in multid~K-resistant human I眦 ￡ cancer cell 

lines without P-glycotr~tein expression 

Cancel-Resl9 ；52：17—23 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


 

ISSN 022~,9756 Acta Phamaacvl Sin 

Bmm aps@SCIpt'O~l"shcnc．ac CO 

中国药理学报 1999May 2ol5) 

Phn／Fax 8昏21—6474 2629 

一 种新番荔枝内酯单体 atemoyacin-B 

克服肿瘤多药抗药性 尺 7 ， 

壁兰括 ，造生整 梁永钜，黄红兵 
(中山医科大学肿瘤防治中心，广州510060，中国) 

关键词 墨蒸丝 
多种抗药性：Fura-2；多柔比星；长春新碱； 

阳性对照物．细胞毒测定 M丌 法；P gP功能测 

定以Fura 2-AM法；细胞内药物积累测定 荧光分 

光光度计法；细胞凋亡测定 流式细胞仪法．结 

果：Ate对 MCF-7／Dox，MCF-7，KBwoo和 KB细胞 

的 分别为 122，120，1．34．1．27 nmol·L～． 

Ate显著增加 MDR细胞 内 Fum-2及多柔 比星 

(Dox)的积累，但不增加相应敏感细胞的细胞内 

Fura-2及 Dox的积累．Ate也能诱导 MDR细胞凋 

细胞捌亡；培养的肿瘤细胞；植物性抗肿瘤药 亡． 结论：MDR细胞对 Ate同样敏感．不受抗药 

性影响，其机制与降低 P-gP功能及增加细胞内药 

目的：探讨atemoyacin B(Ate)克服肿瘤多药抗药 物积累有关． 

性(MDR)作用及其机制．方法：Bullatacin(BuD为 (责任编辑 杨雪芳) 
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