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删 ：To study the effect ofmcnadionc(Men) 

reducing doxombicin(Dox)resistance in Ehrlich 
ageites carcinoma(队 C)ceHs resistant to Dox 

(EAC／Dox ceHs)． M蜘 I(mS：G1utathione 

(GSH) content and Ⅱ坨nlb咖 e fluidity were 
measured by fluorometric assay and fluorescence 

depolarization assay， respectively． G1utathione 

S-transferage(GST)activity was measured with 
1-chfom．2．4一dinitrobenzene as the substrate． 

Cell viability was determined by 3．(4，5．di． 

methylthiazo1)．2，5-diphenyltetrazolimn bromide 
assay． REsIJU S： GSH content， GsT acti— 

vity．and melllbralle fluidity in EAc／Dox cells 

were higher than those in EAC ceHs (P < 

0．01)． 111e IC∞(95％ confidence limits)for 
Dox on EAc／Dox cell wag 22．3(15．8—28．8) 

mg·L。。． Relafire resistance of Dox in EAC／ 

Dox cells was 42．fold． Pretreatrr~nt of EAC／ 

Dox cells with Men 5 or 10 mg·L‘ decreased 

intracell~arGSH content(P <0．O1)． Mell 1 

mg·L had no obvious effect onGSH contentin 

EAC／D[)x cells(P>0．05)．but decreased the 
elcrated membrane fluidity efficiently (P < 

O．05)． Mell had no obvious effeet on GST 

activityin EAC／Dox cells(P>0．05)． m 0f 

Doxwag reducedto 9．6(7．8一l1．3)，6．O(2．8 
— 9．2)，or 5．3(3．9—6．7)mg·L in EAC／ 
Dox cells pretreated with Men 1，5，or 10 mg 

·L一 ． coNC1 Jsl0N： Men reduced Dox 

resistance effectively due in part to its depletion 
0f GSH content in EAc／Dox cells． 
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Development of resistance to chemothera- 

peutic agents is a major impediment in the 
treatment of cancer． Drug resistance is often 

associated wi血 a decreased intm cellular drug 

accumulationL ． The elevation of ghtathione 

(GSH)content in drog-resistant tUlTlOr ceHs has 
also been observed．and the depletion of GSH 

can partially reduce the drug—resistant 

phenotyp& ． Menadione(Mcn)wag ob ed 
to depleteGSH andincrease血eformation of 

inL 1210 cells j J． ，I11ese findings prompted us 

to examine whether GSH depletion might result 

from Men．and doxombicin (Dox)resistance 
couldbe reducedin E Dox cells 

Reagents RPMI．1640 ln~ uln was obtain． 

ed from Gibco；Doxwas gotfromFannitalia Carlo 

Erba【土d；3一(4，5-dimethylthiago1)一2，5一diphen． 

yltetmzolium bromide( )and phthaldiade— 
hyde were purchased from nuka：1．6’diohenyl- 

1，3，5一hexatriene (DPH)and 1一chloro-2．4- 
出nitrobenzenewere boughtfrom Sigma；M∞ was 

the product of Shanghai 1st Phammeeutic 

Factory． M丌 ．Dox，andMenwere dissolved in 

phosphate buffer solution(PBS)O．O1 rnol·L_。， 
pH 7．2． 

CeⅡculture EAC and EAC／Dox cells in 

log phase were maintained in RPMI．164o in~ lun 

suppleme nted witIl 15 ％ fetal calf sertlm and 

antibiotics f benzylpenieillin 100 kU ·L一 and 

streptomycin 100 rag·L ) in a humidified 

atmosphere conta／nirig 5 ％ CO2 at 37℃ ． 

Cytotoxidty assay Expontentlally growing 

cells were plated in flat—bo ttomed 96-weU plates 

at 4× 104 cells／well for EAC and EAc／Dox 

cells． Drug wag added  in serial dilution to give 

a fin al volume of 2o0 “L／well_． Control weHs 

contained ln~ 11121 without drug． P1ates were 

incubatedfor 2 d，and cell_viabilitywag as~yed ． 

Mrr(5 g·L )10gLwus addedto each well， 
and plu s were incubated at 37 oC for4 h． 111e 

ln~ llm wagaspirated andformazan crystalswere 

sobulised in 100“L Me2SO． The absorbance at 
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570 11171 was read on E muhikan read印． 

IC n(50％ inhibitory concentration) for a 
particalar drug was de~med as the concentration 

causing 50 ％ decrease in cell growth． Relative 

resistancewas defined as ：IC 0 of resistant cell／ 

ICso of sensitive parent cel1． Results Was calcu1． 

atedL ． 

A．~ay for GslI GSH contents in EAC 

and EAC／Dox cells were determined th Hitachi 

850 spectmfluorometer J． EAC and EAC／Dox 

cells were inclubated witl1 Men 1，5，10．or 20 
· L for24 h(controlwas treated th PJ玛)． 

wash~ by centfifugation， and resuspended in 

buffers，and GSH contents were determined． 

Assay for glutathlone S- nlse 

(GST)activity GST activities of EAC and 
EAC／Dox cells were detemfined with Shimadzu 

LW．365 spectrometerLo ． EAC and EAc／Dox 

cells were incubated wi出 Men 1，5，10．or 20 

·L for24 h(controlwastreated thPBS)． 
washed bycentrifugation，and resuspended ，and 

G activities were detemfined． 

Proein determination Protein was 

detemfinedL7j
．  

Fluor escence deporlarization 玎 岛sIlr屯． 

meat Steady．state fluoroscence deporlarizafion 

measurements of whole cells(expressed as F) 
were carried  0ut[8,9】

．

In brief．5 x 106 washed 

cellswere incubated with DPH 2 Ⅱm0l·L at 

25℃ for 30 min． F values were measured 

immediately will1 Hi tachi 850 spectrofluomme ter 

( =362 n／n， =432 nlY1)． Value 
calculated with the equation J． 

F=(jw—G，Ⅷ)／(1vv+G，Ⅷ) 
G=II~'／IHtt 

in which Ivv， lvR， lHY， IHH represent the 

fluoresecenee imensifies which were parellel or 

perpendicular to tl1e excitation and emission 

bealn， respectively． A decrease in F value 

jndicates an increa,~P, in plasma membrane 

fluidity． 

Statistics Data were expressed as i ± s 

and analyzed by￡test． 

RESULTS 

E 6凸ct of Men on GSH content GSH 

contents in EAC and EAC／Dox ceHs were 4．6± 

1．0~moVg protein and 18±4 tanol／g protein． 

respectively． Men 5， 10， and 20 ·L 

decreased GSH contents in EAC／Dox cells(Tab 

1)． and there was obvious linear correlation 

between GSH content(y)and concentration of 
M衄 (X )： Y = 1．252 — 0．o598X (r = 
一 0．9524 n=4，P<0．O5)． 

E~eet of Men on GST activity GST 

acfivities in EAC and EAC／Dox cells were 1．55 

±0．25 mmol·g一 ·min_。and 2．8 4-0．4 mmol 

·g一 ·min一 ，respe ctively． Men had no obviOils 

effect on 汀 activities in EAC and EAC／Dox 

cells(T如 1)． 
五加Fect of Men on n毪町lbr蛐 fluidity F 

valuesin EAC andEAC／Dox cellswere 0．193± 

0．o()8 and 0．150±0．008．respectively． Men 

1，5，10，or 20嘴 ·L increased F values in 

EAC／I x cells． decreasing me mbrane fluidity 

significantly(Tab 1)． 

F,fleet of Men on Dox eytotoxieity ．1e 

ICm(95 ％ confidence limits)of Dox )r EAC 

and EAC／Dox cells were 0．53 (0．40一O．66) 

mg·L一 and 22．3 (15．8—28．8)mg·L一 ， 
respectively． Ille relative resistance of Dox is 

42-fold． The IC ofMen for EAC and EAC／ 

Dox cells were 10．6(7．9—13．3)mg·L一 and 

19．4(14．3—24．5)mg·L～，respectively． 
The ability ofDoxtoinhibitEAC／Dox cell gwwth 

Tab1． 锄 伽枷神 (1ttract／glma~a)．GsT aefi,dlles(瑚_呻l·gI1-m_mI】1．andm蜘由棚腿 n~dity(F1．岫E c and EAC／ 

D啦 删IhItedW赶hm蚰_ (Men)fm-24 h- 

>0．05． <0．05。 <0．01惯 ec~rd EAC ceIls 

=4目 ．5× calls／srmC~． x-± ． 

>0．05。‘P <0．05。rp <0．01 Ⅻ 删 E,AC／13~ edls． 
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was enhanced by pretreatmeat with Men 1，5，or 

10 mg·L (P<0．01)(Tab 2，Fig 1)． 

Tab2． (95％ o∞鄙∞ceIj )of doxonthiehl(Dox) 

forEAC／Dox州 b 吲H删 神 Men． =4 saraoles．3x 

10"ats／sm #e． j ± ． cp<O．01 eoatrol IC~o； 

P<0．0l etmtrol H|ad nsb曲雌  

0．25 仉5o l 2 5 l0 20 4o 

Doxorublcln／mg·L一 (in Ig scale) 

1． ]Ufe~ of M蚰 ∞ Dox Ⅻm脚 in EAC／]~x 

=4 唧 妇 ． ± ． EAc 洮 wilSou~M ∞ 

(0】．EAC／]~x洮 ：∞删  M∞ (● )，with 

Mm 1(x)．5(口)．andl0mg．L f●】． 

DIsCUS圃0ON 

We have demonstrated that Mell at 

concentrations not inhibiting turflOt cell growth 

can partially reduce Dox resistance in EAc／Dox 

cells． 

When EAC／Dox cells were incubated 

wlthoutDoxfor 36wk．tIle sensifivity ofDoxwas 

partia1]y reg)overed and tIle GSH level in EAC 

Dox (R) cells decreased simultaneous1v J． 

Men 5 or 10 nag·L that decreased tIle 

intracellula．F GSH contents in ECA／Dox cells 

reduced Dox resistance significantly． Because 

Men had no effect on GsT activity in EAC／Dox 

cells，we concluded that Men might be able to 

inhibit synthesis or incmase degradation of GSH 

otIlertIlfinincrease consumption ofeSH． 

Membrane stability was very imporlant for 

tIle normal functioIli醒 of memb rane proteins， 

including recepto1"8 and enzymes． Most drug 

resistant tuITlor cells exhibited _衄 increase jn 

memb ranefluidityLlOJ
． Men 1Ⅱlg·L that had 

no effect吼 GsH could decrease the membrane 

fluiditv in EAc／Dox cells(P<0．05)． 删 e 
EAC／Dox cells were pretreated witIl Mcn 1 nag 

· L一 ．Dox resistancewas reduced ． 

DNA and RNA biosyntIlesis inhibition was 

increased in sensitive P 388 and in multidrug- 

resistant P 38 ， cells exposed to Dox after 

pretreatment witIl Men for 3 hL“J． Men caused 

a depletion of the intracellulai"GSH 1evel in P 

388 and P 38 ， DM cells but at concentrations 

greater than tIlose that e~onced Dox 

cytotoxicity． 

We concluded from our work that the 

elevation of eSH wfls one of the imporlant reasons 

for Dox resistance in EAC／Dox ceils．an d Men 

reduced Dox resistance in EAc／Dox cells 

efficiently due in part to tIle depletion 0f GsH． 
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]； 嗍一  ̈一⋯⋯l|1 ， 箍 萎 
维生素 体外 降低 Ehrlieh腹水癌细胞对阿霉素 EAc／D 细胞 GSH

， GST及膜流动性 均较 EAc细 

的抗药性 o7
，， ，，， 胞增加 (P<0．01)． Dox对 EAC／Dox细胞 IC 为 

“  

m

胞

g-

删

L-1
’  
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Men

．

5
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mg-L

～
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(河南省医学科学研究所药理室，郑州45005 ，中国)。 对．-at
Gs|

-~ i,~

Ia i ．0～5 ) 可 动 
关键词 维生素 K；阿霉素；Ⅱ1rlich瘤癌；瘤抗药 性(P<0-05)． Men 1，5或 10 mg‘L 可使 Dox 

性；谷胱吾 吾 磊话赢■蔟 一 Ic5o降低到9．6(7．8—11．3)，6．0(2．8—9，2)，或 
5．3(3．9—6．7)mg·L (P<0 01)．结论 ：Men在 

目的：研究维生素 K3(Men)降低 EAC／Dox细胞对 体外降低 EAC／Dox细胞对 Dox抗药性与对 GSH的 

阿霉素 (Dox)的抗药性 ． 方法：测定 谷 胱甘肽 耗竭有关． 
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Negative correlation between cyclophilin mRNA level in leukocytes of 

renal allograft recipients and ddosporin concentration in whole blood 
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KEY WORI~ cyclosporine；cyclophilin；ki 

transplan tation； polymerase chain reaction； 

leukocytes 

A肼 ：To s|udv mRNA level of eyelophilin in the 

white blcod cells(WBC)of the renal all0肿  
recipients (RAR) and jts correlation with 

eielosporin concentration in whole blood． 

M陬．I1EI(m S：The eyclophilin mRNA levels and 

8．actin as controls in the WBC of 47 RAR were 

measured by quantitative reveI弓e transcription 

polymerase chain reaction． 11le blood ciclo． 

sporin assay utilized monoelonal antibody 

fluorescence polarization immtmoassay． 

Rl颈 Ⅱ．TS： With the increase of eielosporin 

concentration in whole blood rfrom 62 p-g·L一 to 

678 g·L )，relative cvcl印hmn mRNA level 
in the眦 0f RAR d~reased nonlinearly(from 

1．1 t0 O．o3，r=0．8195)． Co iL1USI(”f： 
There was a negative correlation between the 

tuRNA level of eyclophilin in the WBC of RAR 

and the eielosporin concentration in whole blcod． 
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Cielosporin(Cic)is all immunosuppms e 
agent to pmvem renal transplant rejection【 ． 
But often th盱e was a discrepancy be tween the 

effects of Cie treatment and its concentration in 

the whole blcod of the renal allograft recipients 

(HAS)． Cvclophilin(CyP)is the IL~ceptor of 
Cie in e~oso1．which mediates immunosuppres． 

sive action of Cic in the ceHs． D rent 

expressions ofCyP in the ceHs direcfly affect the 

distribufion and absorption of Cic／n v／vo as well 

asthe immunosuppmssive effectL ． s paper 

wasto studythemRNA levelof C、rPin the white 

blcod cells (眦 ) of 山e RAR and its 
correlation with Cie concentration jn whole blood． 

M ATERIAI S AND 唧  DDs 

Patients and CIc assay Forty-seven 

p~ents(37 M and 10 F)with renal u'ansplanta． 

fion，a 17 — 58(37-4．s 10)a given 
immunosuppressive regimen according to their 

clinical signs． B1cod samples were collected 

into heparlnJzed tubes at 8：(30 before breakfast． 

The whole blcod Cic concentration was measured 

theⅡ lX Cic nmnoclonal anfi]x~y whole blcod 

assay (Abbott Laboratory)． SeTLalI creatiniBe 
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