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氟伏沙明抑制中国青年人体内米帕明去甲代谢 

， 

、} 许振华 ，黄松林 ，周宏灏” 

(朝南医科大学遗传药理学研究所，长沙410078，中国) 

关键词 米帕明 ；地昔帕明；氟伏沙明；药物相互 
作用 ；药颡动 力学 ． 一  ——————一 ——————一 

A目的：研究氟伏沙明(Flu J对健康中国志愿者体内 

米帕明 【lmi)去甲代谢的影响． 方法 ：7名青年志 

愿者连续 口服 Flu c1O0 mg／~．J 2周，在服用 Ffu 

的第 8天受试者口服 lmj(1O0mg)，将此时 lmi及 

其去甲代谢产物地昔帕明 (Des)的药动学参数与 

lml单独口服时进行比较 结果 ：Flu使口服单剂 

量 lmi的体 内消除过程发生显著改变，服用 Flu导 

致 lmj c 和 AUC约增高 1倍，Tl 显著延长， 

CJ0降低 60％ 同时，Imi的主要代谢产物 Des 

的生成减少，表现在 c⋯ 和 AUC均明显降低 结 

论：Flu能明显抑制 Imi的去甲基代谢 ，CYP1A2被 

抑制可能是 F 和 ImI发生相互作用的生化基础 
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Doxorubicin cellular pharnmcokinetics plays no role in chemosensitizing effect 

of verapamil on Swiss-3T3 cells 

WANG Nan，TANGZhong-Ming，ZHANG Yang—Pei，DINGQing-Ming 

(Institute ofRadiation Medicine，BeOing 100850，China) 

KEY 、7l R璐 doxonabicin；verapemih aug resis- 

t~13e； pharmacokineties ； fibroblasts； cultured 

tl,rt3or cells 

AmI：To find whether or not the doxorubicin 

(Dox)cellular Pha~ kineties plays a role in 

chemo~ensitizing effect of verapanil(Vet)。n drug 

sensitive ce lls． M IH0Ds： Cytotoxicity and 

ce llular Dox contents ‘during accumulation and 

retention periods)were measured _n the absence 

and presence of verap~rnil In Swiss．373 ce lls an d 

compared with those j13 multidmg resistant(ME)R) 

MCF_-／Aa ce lls and drug sensitive MCF_7wr ce lls
．  

mdr一1 mRNA expression in Swiss-3"73 ce lls was 

analyzed． RESIJI T： Dox cytotoxicity was 

ellhsDoed 2．0-fold in Swiss．3"73 ce lls by Ver 

(3帅 卜L_。)and 3．6-fold 1n McF-7Adr cells by 

Ver(6 pmol·L )，but rg3t_n MCF-7WT cells(Ver 

6 prnol·L )． Cellular ao3Limuiation of equi． 

effective concentrations of Dox increassd at 6-h 

incubation in the presence  of Ver _n Swiss-373 

(1．5-fold)and MCF_7wr cells(2 1-fold)but 

decreased rapidly ；I1 MCF_7 啻 ce lls bv 20 ％ co 
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50％ compared to that In the absence of Vet． 

Ce llular retention of DOx decreased after 10-rain 

increasei13the presence of Veri13 Swiss-3T3ce lls 

compared to thatinthe absence of Ver，tha twas 

similar to that i13 MCF．7 ce lls．while the  retention 

was augmented by Ver in MCF-7 啻 ce lls． Slot 

blot analysis of RNA revealed  r．。 mdr．1 gene 

expression in Swiss．3"73 ce lls ooNCLUS ON： 

Changes }n ce llular accumulation and retentice of 

Dox did not accountforthe che mosensitizingeffect 

ofVet oR Swiss-3T3ce lls 

Multidrug resistance(MDR)was associated 

with the expression of muhidrug resistance genes 

encoding a family of integral membrane 

glymproteins known as P—glyooproteins(Pg9)u 3 

These transporting proteins bo und various 

chenmtherapeutic agents and pumped them Otlt of 

the ceils Verapamil (Vel")， a well—known 

resistant modifier o1"chemosensitizer，competitivdy 

bound to Pgp and increased the cellular uptake and 

cytotoxlcity of drugs in a calcium-independent 

m annert 
． Sensitizing effeet of Vel- was 

occasionally noted in drug sensitive cells(j 【)T non- 
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Pgp expressed MDR cells 一 ． To find if any role 

of cellular pharmacokinetic changes in Ver 

sensitization， we observed the cellular doxorubiein 

(Dox)accumulation and retention in the presence of 

Ver in Swiss-3T3 cdls，and compared with that in 

MDR and drug sensitive M CF-7 cells 

M ATERIALS AND M ETHODS 

Drugs an d chemicals Dox。Vet and 3一(4。5-dimet}Iyl— 

thiam[-2一Y【)一2．5-d@henyl—tetra~a[ium bromide(MTTj州 e 

purcha~d from Sigma(USA) MeaN9 w0s from  E Meek 

(Germany1 l~lbecco’s modified Eagle’s medium (DMEM) 

was 0htajned fⅫ n G b．Ⅺ／BRL(USA) [ P ]dATP w 

from YaHui Biomed Co(Belling，Chi,la) 

Cell culture The human beeast caRcer cdI line MCF一 

7 and mollse fibeobtast cell line Swiss-3T3 were cultured in 

DME M supplemented．with 10 

humidified jncubatot"at 37℃ 

％ calf~earllm in a 5 ％ COa 

The MCF．7 ㈨ fa gift from 

Dr KH Co wan．NCI，NIH．UsA)was maintained in the 

medium containing Dox(10Ⅲ 0【，L )which was removed 

20 d before the experiments． 

Chem~ ensitivlty testing Cytotoxiaity was determ ined  

bv MTT assay驯 Cells were plated into 96．wel1 tissue 

culttwe plates and exp。sed to drug~ ~ntinuously M tar 

incubation at 37℃ h  4 d，50止 0fMTT dye(2 g，L。。in 

Hanks’solution1 was added to each welI and incubated for 4 

h The medium was then aspirated and 100止 of Me2SO 

was added The plates were agitated for 5 mln and 

absorhance at 540 mn was read on a Titertek Muhiscan MCC／ 

340 plate reader (Flow Laborat0 酋， UK 】 In alI 

experiments 4 replicate wells were used for each dmg 

concentration I n values of Dox were obtained  ftom dose- 

response cu吣 fitted by logistic mod el 

Intraeellular Dox assay and protein assay Fluorescent 

meaeLITement of Dox w蠲 衄med as described【川 with 

sl ht med ifieation Drag-treated oells cultured in 100 o1"90 

lTtm dishes 删讹 w~hed 4 times rapidly with 5 mL ice-cold 

PBS and scraped into Eppendor~tubes After centrifugation 

(3000 x g，4℃ ．5 rain)，the cell pelletwg$resuspended in 

distilled  water and Ieft OVelTI ht jn the dark to lyse the cells 

Atiquots of 0．I mIJ were suspended  in 0，9 mL methanol and 

centrifuged12 000×g at 4 ℃ for 10 rain。the supernatant 

was read on a MPF一4 fluorescence speetropbotometer 

(Hitachi Japan)( =468 nrn， ：585nm，slit10 nm， 

日nd sensitivity at 3，5 1 The concentration of Dox wBs 

determ lned in coravarimn with a standard Dox CUTVe． GelI 

1yeates 5—10 w盯e usedfor protein assay accordingto dye- 

binding methodu ．modified to 96．well miemplate scale 

Drug accumnlation and mtentlo~ Get【 mono|ayer 

cultuFes were incubated with Do x at the concentrations of Ic5n 

v u in the ab6en~~e or presence of Vet At appropriate 

times the eelk re harvested  and Lntracettular accumulations 

of Dox wca-e determ itled  For drug reten tion tests， the eelJ 

m0no|ayers incubated wi th Dox and Vet for 6 h was further 

incubated in the absenc<or presence of Vet aftor withdrawal 

of Do x． cetls wcxe harvested at”r time points‘for Dox 

The Dox was corrected to the 

pmtein content irt the cell~ample(as nmot Do x／g protein) 

RNA analysis RNA ms isolated from Swk~s-3T3 celts 

s~ng[e-step method! skt btot mtalysis of told cdtular 

RNA was carried out described using a full length eDNA 

probe of mdr一1(a gift from Dr MM Cmttesman，NCI，NIH， 

USA ) ,r,dr一1 Ge ne-tr0nsfected Swiss一32"3 cells ~／ere 

ncled ed as positive~ ntrol The blots were reprobed with 

nH lse~-actin cDNA probe for conaparison of sample loading 

Statl~ cs The di||erenees of Do x accumutations or 

retentions between Ver treatmen t werl~compared by r test 

RESUIJ1 

Cytotoxlcity The cytotoxicit~,of Dox to 

Swiss-3T3 cells was enhanced after treatment with 

Ver The ICsn for Swiss-3T3 cells was 141(95％ 

∞nfidence Iimits 14 — 268) nmoi-L。。and 72 

(95％ confidence limits 41—103)nmoI．Lq in the 

absence and p~esence d Ver 3／~mol·L1。． 

respectively M CF．7 showed a high level of 

resistanceto Dox(Ic50：25．50~tool·L ，95％ 

confidence Iimits 14，11—36．89)． compared with 

its parent ceil line MCF．7wr(IC50=73 nmol-L。。， 

95％ eonfidence limits 46—100)． Ver partially 

reversed the resistance of Dox in MCF．7 (Ic5o= 

7049 nmoi·L‘。in the presence of Ver6#mo卜L。。． 

95 ％ eordiidence Iimits 5387—8711) W hile Ver 6 

ⅢnoI．L did not enharile Dox cytotoxicity against 

MCF．7w’ cells (IC50= 76 nmoi·L一 ， 95％ 

centdence limits43—109)． At concentrationsof 3 

umoi-LI1 and 6#moI．LI1 f0r Ver alone。no effect 

on eell viabilily or growth was observed for Swiss- 

3T3 and MCF-7 ceils(Fig 1) 

DrⅡg accmLmulatiom W hen incubated  with 

equi-effeetive(IC50)concentration of Dox in the 

presence of Ver (3 t~moi·L’。)， intraeellular 

accumulation of Dox in Swlss-3T3 cells did not 

change signi{ieantly at 1 h and 3 h，untiI at 6 h 

(P<0．01)， compa red with that without Ver． 

Dox accumulation in MCF一7 was．influenced bv 

Ver(6 #mol·L’。) in a similar manner to that 

in Swiss．3T3 cells (Fig 2)． W hile in MCF一7 

accumulation of Dox in the presence of Ver 
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DaxorubJcin／·I霉mo】·L 

3 

F 1． R po辞e时 删  to Dox in the abs锄ce(O )nd 

p ce(● ) Vet"(3 pmol·L～ for Swim-3T3．and 

6m l·L一 the othertwo)．． =4． ± ． 

(6 moI．LI1)reduced by 20 ％，40 ％． and 

50 ％ ，compared tothatwithoutVer，at1 h
． 3 h． 

and 6 h incubation ofDox ofIC∞． 

DrⅡg retention Continuing treatment with 

Ver after withdrawal of Dox increased the fetentlon 

in M CF_7劬 ． The retention of Dox in Swiss-3]_3 

cells increased at 10 min and then decreased in the 

Continuing presence of Ver compared to absence 0f 

Ver，which showed a dramatically similar pattern as 

that in MCF-7WT(Fig 3)． 

RNA slot blot Slot blot analysis revealed No 

evidence of mdr一1 message in the Swiss一3T3 cells 

E 
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Fig 2· Accm 山 t蛔 of Dox cellsl玎 帅 al~eneefO ) 

anti proem． (● )of Ver(3 pmol·L～ for Swlss-3T3．6 

pmol‘L～ forthe othertwo)． The cells we Imded with 

I ofDox· 8 4． ± ． ‘P<0
- 0l 1e$ absence ofVet． 

(Fig 4)． mdr一1 Gene transfected Swiss-3T3 ceIts 

were included ss positive control whieh showed 

mdr一1 mRNA expression． 

DISCUSSION 

Changes in cellular dr ug levels have been 

accounted for the expression of drug resistance an d 

its reversal with calcium antagonists in Pgp 

expressed MDR eells ． In a typical M DR cell line 

M CF一7 df， diminished Dox accumu1ati0n and 

retention could be seen when these values weI 

expressed as ratio of intracellular to extraeellular 

一0j言 u 毋 暑 J0皇 《 
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Time／rain 

F量g3． Dox T岫 tt吼 tn cells preloaded with I 。eln魄 In 

the al~ente (O)or presence(●)of Ver． n 4． j± ． 

P<O．05． P<0．01摊 (O )． 

drug concentrations (data not shown) compared 

with those in its parent cell line MCF．7 ．which 

was partially restored by Ver In our study Ic5o 

concentrations ofDoxwere used in ordertocompare 

the pharmacoklnetic processes at similar levels of 

biolqgical action of the drug on these cells． The 

chemosensitizing effect of Ver on Dox cytotoxicity 

was observed in Swiss-3T3 ceils in which mdr．1 

gene expression was not detected The cellutar Dox 

leve1 wB．s attered in the presen~ of Ver during the 

accumulation and／or retention phase in this cell，the 

pattern and magnitude of alterations were strikingly 

similar to that in drug sens itive M CF．7w on which 

no sensitizing effect of Ver was obserred W hile 

Control Swiss-3T3 Contro1 Swi ．3T3 

b 

Fig4- Slot bloton ~dysls 0f Swi~ 3"B RNA． Totalt~lluhr 

RNA w∞ applied to the nylon membrane 1／7 dilution(20 

II窖at upper and 3 Pg at lower)． mdr·1 G~．ne tranffteted 

Swi~-3T3tellswe used ∞ parltlv~ contro1． Hyl~ llzatlon  

with m吐r·1 eDNA probe(̂) p-actln cDNA probe(b)． 

the atteration in cellular Dox pharmacokinetics in 

M CF·7 was quite different from Swiss-3T3 and 

M CF_7wT ceiis
． ’Ver enhancud drug accumulation 

and retention was observed in other sens itive cells 

and was attributed to the nons pecific action of Ver 

oil plasma membrane Our results suggested 

that sensitizing  effect of Ver on Swiss．3T3 cells was 

not attributed，at least mainly．to cellular pharma— 

cokinetic changes． Intmcellular Ver enhanced 

sensitizing  mechanisms could be involved in such 

effect as it has been reported that Vet po tentialed 

cytotoxicity of Dox was associated with an increase 

in DNA-breakage in two human ovaNan tumor cell 

lines ． There COUld be  great difference between 

eelllines in mechanism of respo ns e to Ver．as shown 

in Swiss-3T3 celIs and MCF 7 celIs． 
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Swiss-3T3细胞的化学增敏效应中不起作用 

。 酸 7t 1 
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(北京放射医学研究所，北京 100850，中国) 
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关键词 阿霉素 ：维拉帕米：抗药性：药I蚵动 力 

学：成纤维细胞：培养的肿瘤细胞 

A 目的：确定维拉帕米(Ver)对药物敏感细胞化学增 

敏效应中，阿霉素 (Dox)细胞药物动力学是否起 

作用 方 法：测 定 合并 Ver与 否 时，Dox对 

Swiss．3T3细胞的毒性，蓄积和残留期细胞内 Dox 

含量，并与多药抗 药细胞 MCF一7 及敏感细胞 

MCF_7w~比较 分析 Swiss．3T3中 m 一1 mRNA 

的表 达 结果 ：Ver增强 Dox对 Swiss一3T3和 

MCF一7 的毒性．而不增强 MOF．7 的毒性 存 

在 Ver与反之相比，Swiss．3T3和 MCF一7 对等效 

浓度 Dox的蓄积 于孵育 6 h增高，残 留量在 10 

min内升高。而后下降：而 MCF．7 对 Dox的蓄积 

迅速降低，残留则被 Ver提高 狭缝杂交未见 

Swiss一3T3有 m 一1基因表达 结论：Dox在细 

胞内蓄积与残留的变化，不能说明 Ver对 Swiss一 

3T3的化学增敏作用 
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