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(Dau)、长春新碱和秋水仙碱 均有交叉抗性 抗 

性株倍增时间延长，G 期细胞增加，细胞内积聚 

的 Dau明显减少，粉防己碱和维拉帕米增加 Dau 

在抗性细胞内的积聚 抗性细胞端着丝粒染色体 

增 多，染 色体畸变增加，过 度表达 多药抗性 的 

mdr．1基因和 P．糖蛋 白 150 kDa 结论：抗 Har 

的 HL60细胞为 多药抗药性株 ，过度表达 mdr．1 

基因和 P 糖蛋白 
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删 ：To examine whether oxidized Iow density 

lipoproteins(ox-LDL)might induce apoptcsis in 

mouse peritoneal macrophages (MPM )． 

METHODS：Low density lipoproteins(LDL)were 

isolated  from healtby human plasma by 

ultracentrifugation  and oxidized  by 0JsoI 10 

i．~noI·L_。． MPM were incubated in a medium 

con taining ox-L工)L， LDL or phosphate-buff er 

solution (PBS)88 contro1． DNA fragmentation 

was visualized  by agarose geI electrop horesis and 

determined quantitatively using Hoechst 33258 

fluorochrome． RESUL1S： Q‘-LDL， not LDL。 

elicited  typical apoptotic morphological changes 

(shrinkage of cytoplasm and condensation of 

chromatin)and DNA fragmentation in a time-and 

dose-dependent manner． Incubation for 24 h was 

necessary for ox-LDL 200 mg protein ·L一0 to 

induoe DNA fragmentation ，and  the maximaI effect 

reached at 72 h The DNA fragmentation after 24． 

h incubation with ox-LDL at concentrations of 100， 

200，and 400 mg protein-L一。amounted to 6．0 ％ 

(P>0 05)，9．3％ (P<0．05)，and 30．9％ 

(尸<0．01)， respectively vs PBS controI． 

Dextran sulfate，a scavenger receptor blocker and 

cycloheximide ， a protein synthesis inhibitor， 
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exhibited  no effect on  DNA fragmentation 

However． antioxide m butylated  bydroxytoluene 

(BHT)20 ixno1．L completely inhibited C ． 

mediated oxidation of LDL as welI as the 

apoptosis·inducing effect of C -exposed LDL 

Lysop ho~hatidyIcholine (LPO )． an active 

component in ox-LDL，at concentration Io 60 

i．~no1．L_。，did not elicit DNA fragmentation jn 

MPM． CONCLUSION：Ox-LDL induoes apoptcsis 

-n MPM without involving  LPC． 

Macmph~es can take upmodifiedlow density 

lipoproteins(IDL)toform foam cel ¨． Asthe 

atherosclerotic plaque develops，increasing number 

of macroohage derived foam cells appear in the 

artery wal1． Some of these macrophages die and 

form thebulk 0f necrotic gruel atits base[21
．  

Apartfrom necrc~is thereis ananothertypeof 

cell death，／e，programmed cell death(PCD)，and 

many pathological conditions an d chemical agents， 

such as an ticancer drugs． hypertherraia an d viral 

infection can induce PcD( · ． 

Oxidized low density lipopmteins (ox-LDL)， 

potent athemgenie lipoproteins， exist in atheto- 

sclerotie lesions ， and can be regarded as 

endogenously biosynthesized cytotoxins ． Its 

po tantial toxicity to endothelial cells and sra~th 

muscle cells was demonstratedts】
．  Ox．LDL 

triggered PCD in lymphoblastoid cellst 
． Th 

study was aimed to investigate whether ox．U]L 

might induce apo ptosis in maerophages． 
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MATERIALS AND M ETItODS 

Cell tⅡIt田 Mouse peritoneal macrophages(MPM ) 

0brained from 音 13a／b／c mice aged 6—12 wk and 

cuRured in M199 medium with 10 ％ heat—inactivated  feta【 

bmdne ser~a(FBs)． 

Prepmmtion of LDL 一 LDL wasi-'~lated from fresh 

t3ort~ human p~maa by ultracentrifugation at 1 19 000×g in 

theFre~ence ofed eric add 0．2mmol-L nI DL was 

fiheTed aseptic~ly(O．2fan、5nto小alysistubeand dialyzedin 

phl~phate-buffer solution(PBs)at 4℃ for 36 h Di yzed 

LDL was ooncentr,ated and stored at 4 ℃ -力dark． 1JDl| 

p~pated under theSe mnditlons referred to as,aafive L．I)1 

(n-LDL)． Before oxidation，n-LDL was dialyzed agalmx 

PBstD rern帆 edetic add．thenitwits oxiclized by exlx~ure 

toCuSO4 10 ~tmol·L。。at 37 ℃ h  24 h The entire 

p／u~dure w醛 r~ o= ed under sterile condltior*s The 

0xi&tion extent of 0x—LDL was estimated by measuring 

iner~ in thiobarbituric acid reacting substance(TBARS) 

content，absorptioa at 234 nm，and deetm~buretic mobitity 

on agarlme 

MmrpimMglmal d曲 min昏t蛔l 0f mpt孵 The cells 

were exaralned cl ∞l【yby hematoxylin emin stain 

DNA fh蜘 n协 【卵 MPM were harvested by 

cenrei~ugatlon at 20(1×g for 10 rain．and tysed in 1
．
vsis buffer 

l_5 n1L (0 5 ％ vol／vol Triton X-100 and edetic acid 2o 

mmol·L ，T s 5 卜L ，pH 8．0)‘ l5mln． The 

ly~ed cells weff'e centrifuged  at 15 000 × g for 20 min to 

separateintact DNA from fm~ ted DNA The口dletwaS 

mni~ted for 10 s in another 1．5 mL lysisbuffer DNA ；n 

supernatarlt and pellet was determined L 谁 Hoechst 33258 

n 0dⅡome，which bound DNA qumatitatively 0 feama a 

fluorescent camplex The data were expressed asthe％ of 

DNA appeared n supematant to the total cettular DNA 

DNA ch ”一 At end incubation，cellular 

DNA was extracted by ,salting-out． DNA ∞ electro- 

phoeeticallyfractiormted on 1．5 ％ a昏 gel and  visualized 

by ethiditmi bron5de． 

Slati~es T}le results were expressed as j ± 5． 

a by aN0vA and t-test 

REsI『I腮  

Morphological changes After incubation with 

ox．LDL200mg·L_。for48 h，MPM wasfixed and 

ob~el-ved microscopically． Ox-LDb treated MPM 

showed a typical apoptosis． The cel1 volume wgs 

reduced，indicating shrinkage of cytoplasm，but the 

plasma membrane remained well defined ， in 

agreement with trypan blue exclusion． The 

chronlatin b~xiTle condensed and nucleus 

nmrginated to the periphery． of the cell membrane 

(Fig1) 
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Hg 1． Mocphologieal chmagesofMPM indueeO ox-LDL． 

胍 stain． ×600． 

DNA electrophoresis Preincubating MPM 

with ox-LDL 200 n-tg protein·L。。 elicited a 

“ladder” of DNA bands representing integer 

multiples of the intemucleosomal DNA length 

(about 180 base pair，bp)in a t／me-dependent 

manner，whereas n-LDL had no sulch effect up to 

48 h(Fig 2)． 

一  
ng 2． A静 se gel electrophorcsis of ox-LDL-|ndnced DNA 

fl'~ mea mtioninMPM ． 

Significant DNA fra4mentation(9．3 ％)was 

first seen after 24 h ofincubationinthe presence of 

ox·LDL 200 rag·L ，and reached near 30 ％ with 

ox—LDL 400 rag·L一0(Tab 1)． 

Protein synthesis and scavenger ret~ tor 

Pretreatment of the MPM with a protein synthesis 

inhibitor，cycloheximide(CH)1 mg·L ，flor 1 h 

- 一 

～ 

溅擀拼 
三 ～ 
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Tab 1· Dose-delacmlent effect of ox·LDL oo DNA flag- 

n-,entalion． =5， ±5． P<0．05，cP<O．01 PBS． DISCUSSIoN 

Pretreatraent DNA fragmentation／％ 

PBS 

ox-LDI，100mg’L 

ox-LDL 200 mg’L 

ox-LDL 400 rag’L 

5．4±0．5 

6．0±1．O 

9．3±1 3 

30．9±3 t 

befnre adding ox-LDL did not affect the effect of ox- 

LDL (200 mg’L )on DNA fragmentation． 

Coincubation with a scavenger receptor antagonist， 

dextran sulfate(DS)20 mg·L～ during pretreat．． 

ment of the M M with ox-LDL (200 mg·L ) 

exerted no effect on the DNA fragmentation 

(Tab 2)． 

Tab 2． Effect of protein synthesis inhibitor(cydoheximide， 

CIt)and scavenger rete0tor blocker(~xtran sulpltat~，DS) 

OlllDNA fragmentation． 月 =5， ± ． P<O．01 啦 PBS． 

Pretreatnmnt DNA fragm entation／％ 

PBS 

oxLDL 200 mg·L 

ox-LDL 200 mg·L 

ox LDI，200mg’L 

5．4±0．5 

30．4±2 3 

+DS 20mg·L～ 28．5±1 6 

+CH 1 rag·L 31．1±3．3 

L (LPC) Pretreat 
nlent of MPM with LPC at eoneantration even up to 

60 ￡n1o卜L一‘ for 48 h did not elicit DNA 

fragmentation(Fig 2)． 

Effect of butylated hydroxytoluene(BHT) 
BHT 20 wnol·L-。 mmpletely inhibited Cu2+． 

mediated increase in LDL TBAR material(Tab 3)． 

as well as the DNA fragmentation-inducing effect of 

Cuz -exposed LDL (Fig 2)， and abolished 

morphological change elicited by C 一exposed 

InI． 

Tab 3． Effect of antioxidant(BHT)Olll the oxidation of 

ox-LDLinduced bycⅡ2 ． n=5． ± ． 

cp< 0．01 ll-IJD1．． 

Pretreatment MDA equivalent 

／mto[／g protein 

T卜U)l 

CuS0410fmaol’L 

CuSO4tO,tmlo]’L 

2．15±0 3 

6．33±0．29c 

2 23±0．28 

Our observations showed that OK．LDL caused 

the death of MPM by a process that involved the 

morpholog ical changes and DNA fragmentation 

characteristic of apoptosis． This effect of OK．LDL 

was not mediated by scavenger receptor．and not 

dependent upon newly synthesized protein LPC 

was not involved in this event． 

The eytotoxicity of ox-LDL to various kinds of 

cells including M d was well documented ． but 

until now，fexv experimental StUdiea have been done 

of the mechanism of the cytotoxic process induced 

by ox—LDL ． Chemical induced cytotoxidtv is 

currently believed to occur by one of 2 nlechanlsms， 

ie， apo ptosis or necrosis ． Apo ptosis is 

considered to be a eontmlled mechan ism of ceU death 

an d is associated with definedmorphologica1．changes 

and classical nucleus alterations[12 J
．  Res【jlts in this 

study demonstrat。d that pretreating MPM wi th ox— 

LDL elicited typical apoptotic morphological changes 

including shrinkage of cytoplasm，condensation of 

chromatin and margination of nucleus in a time- 

dependent iTu~nnerL ． These resulIs are in 

acoordanee with Heid’s ultrastructural observation 

that exposure to OK-LDIJ induced marked apoptotic 

morpholog ical change in MPM 引． however his 

study did not show whether ox-LDL muld trigger 

DNA fragmentation which is an important indicator 

of apo ptosis． The present study constitutes the 

first repo rt that ox-LDL ndueed a“ladder”pattern 

of DNA hands representing integer multiples of the 

inter-nucleosc~al DNA length (about 180 bp1 in 

MPM 

Several lines of evidences have sugg ested that 

during the oxiclatire modification of LDL． 

phosphatidylcholine(PC)was hydmlyzed by an 

ifftrinsic LDL-associated phospholipase A2 to become 

LPC t儿 ．LPC in ox-LDL could be transferred an d 

incorporated into cell SLllrface membrane in an 

apoprotein-independent man ner． The transferred 

LPC can rooduIate various eell function[ 

However the present study showed that LPC at 

ooneentration even uD to 60／*nlol·L did not elicit 

DNA fragmentation indicating that LPC was not 

responsible for the eftects of ox—LDL． 
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The fact thaI scavenger receptor blocker and 

protein synthesis inhibito／"did not affect the effect of 

ox—I DL on DNA fra4~rnentation rseas0ned that 

apoptosis-inducing effect of ox—LDL was not 

dependent up0rI scavenger receptor，and that西  

0 protein synthesis in the MPM was not 

required． These finding s．plus our further resuIts 

that antioxidant buty1ated bydr0码 。JueⅡe(NqT) 
completdy inhibited Cuz 一mediated oxidation of 

UDL as well as the apoptosis-inducing effect of 

Cu2 _e 1)0sed U )L suggest tha t lipid peroxidation 

products of U )L might be an important f~tor Ior 

the action of ox-I DL． 

【n txmelusion，M p。sed t0 ox-U )L died 

primarily by apoptosis．andLPc wasnotinvolvedin 

this event． This fact may have implications in the 

understanding  of macrophage ceII death in the 

atherosclerotie p】aque． 
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腹腔巨噬 丽—— ～ —— —— 

A目的：研究氧化型低密度脂蛋白(ox—LDL)诱导巨 

噬细胞 凋亡 方法 ：超 速 离心 法分 离人血 浆 

LDL，以 G~S04 10 pmol·L 氧化 观察 ox．LDL对 

培养小鼠腹腔巨噬细胞的损伤作用 琼脂糖凝胶 

电泳和 Hoechst 33258荧光密度法定性与定量分 

析 DNA降解 结果：Ox．LDL诱导巨噬细胞典型 

凋亡形态学变化，DNA降解 呈时 间和剂 量依赖 

性 放线菌酮 D 1 mg·L 和硫酸葡聚糖 20 mg 

·L 对此作用无影响 BHT 20~'nol—L 可取消 

CuSO4对 LDL的氧化作用和 ox-LDL引起的 DNA 

降解 溶血性磷酯酰胆碱 60 I~mo1．L 无诱导凋 

亡作用 结论 ：Ox-LDL能诱导巨噬细胞凋亡 

彳7 7，』 孚 
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