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17 雌二醇对氧化型低密度脂蛋白损伤 

内皮功能的保护作用 

!] ， 

一堑益塑，圭墨 ，邓汉武，熊小明 
(湖南医科大学药理教研室，长沙 410078，中国) 

关键词 低密度 脂蛋 白：溶血 磷脂 酰胆碱 类 

雌二醇：血管内皮 ：吲哚美辛：胸主动脉：苯福林 

目的：研究 1 713 雌二醇对氧化型低密度脂蛋白及 

其主要成分溶血磷脂酰胆碱 (LPC)损伤的内皮功 

能的保护作用 方法：在兔离体主动脉环用苯福 

林收缩血管后，观察氧化型 LDL及 LPC对血管舒 

张功能的作用 结果：17B 雌二醇显著减轻氧化 

型 LDL及 LPC对内皮舒张功能的损伤，并呈剂量 

依赖性 但吲哚美辛可拮抗 1 7B 雌二醇 的这种保 

护作用 结论 ：17B．雌二醇对氧化型 LDL或 LPC 

损伤的内皮功能具保护作用，其作用可能与刺激 

依前列醇的产生有关 
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Induction of apoptosis in human leukemia K562 cells by a-anordrin 

LOU Li—Guang，XU Bin 

(Shanghai Institut~ofMateria Medica，ChineseAcademy ofSciences，Shanghai200031，China) 

KEY W ORDS a anordrin；age ptosis； leukemia 

K562； postcoital contraceptives； cultured tumor 

cells；phase-contrast microscopy；DNA damage 

AlM ： To study antitumor action of a．anordrin 

(Ano) METHoDS：Morphological assessment of 

age ptosis was performed with light microscope and 

electron microscope Membran e integrity wa．s 

determined by trypan blue exclusion method． 

End onuc leolysis WaS asses sed by age rose gel 

electropho res is and flow cytometric methods 

RESULTS： Exposure of exponentially growing 

K562 cells lo Ano 2．5 — 50 iJmolI L一0 for 48 h 

resulted in growth arres t． Ario 50 lamol·L一。 

inhibited the growth of K562 ce lls bv 67 ％ Cells 

were mainly blocked to progress through S-phase 

an d arres ted at G phase After lreatmenl of K562 

ca lls with Ano， marked mot口hologica l cha nges  

including condensed chromatin． nuclear 

fragmentation， and  red uc tion in volume were 

observed  Agarose gel electropho res is of DNA 

from cells treated with Ario for 24— 48 h revealed 

“ladder” pattern ， typical features of apoptosis， 
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and nea r 70 ％ of ca lls unde rwent apoptosis as 

de termined  by flow cytom etry The S．pha se cells 

were more 8u80~ptible to apoptosis Despite 

extensive cleavage  of DNA and nuc lear 

fragmentation， the celI membrane of Ano-treated 

cells remained intact， excluding trypan  blue 

Age ptotic ca lls were detected  as ea rly as 8 h after 

Ario(5O帅 oI·L一 )freatmant． CoNCL1)S1ON： 

AnO induces apoptosis in K562 cells 

Anordrin is a postcoital contraceptive developed 

in China[ and possesses antiestmgenic proper— 

ties C 
． Our laboratory found that the alpha isomer 

of anordrin (a—anordrin。 Ano) exhibited potent 

arrtitumor act{vities both n 打o and n ∞ [3、 

In this study we investigated the apo ptotic effect of 

A11o oH K562 cells． 
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M ATERIALS AND METHODS 

Materials Anordrin was produced by Shanghai 19th 

Pharmaceutical Factory h 日s a mixture of 口 arm 8 

isomers，andthe isomer (Ano)wasisolated and purified by 

Low pressure column chromatography Ano wos a 

crysta Lline powder，soluble in ethanol，practically insoluble in 

water． Its melting point ~vats 155 156 ℃ A stock 

solution of Ano w0s made by di~olving it in absolute ethanol 

and stored at 一2O ℃ ． RPMl 1640 ,ivas purchased from 

Gibeo． Propidium iodide(Pl1 was fTam Sigma Co DNA 

molecular marker and RNase A were purchased from Sinc~ 

America n Biotechnoh~gy Co 

CeiI coltere and d懈 treatment K562 cells were 

maimainnd  in RPMl 1640 supplemented with 10 ％ heat- 

inactivated calf∞九Ⅱn．penicillin 100 kU ·L ．streptomycin 

100 rag。L。。in a humidified atmosphere containing 5 ％ o 

at 37℃ Exponentially growing cells (2×10 cells·L一 ) 

weYe exl~ ied to Ano 2．5 —5O ／~mol·L for 24 48 h 

After treatment． cells w e harvested by centrifugation and 

washedtwice with coldCa2 ，M ．freePBS 

Cell growth and morphological a鲻e r呦 t Ce【I growth 

and membrane integrity was determined by trypan blue dye 

exclusion method For asse~ing mo rphological changes，the 

b e collected b eentr~ugatkm for electron mim ic 

examination 

DNA eolmtlmt DNA ~ntent was assayed[6】with mine* 

modifieatioa The cei L ulBr DNA was stained with PI instead 

of dhmidir 2一phenylindole Pl 5O mg‘L。‘w dlssoved in 

PBS oontaining Triton X一100 0．1 ％ and RNase A i00 mg 

- L一 The fluorescence of indiv|dual K562 cells was 

measured by FAcs flow cytometer 

DNA gel elec4rophm'esis The fragmen tation  of K562 

cell DNA 砌 assessed⋯ DNA extracted from tmtreatnd  

and treated cells were loadedonto a 1．8％ agaro~ gel in TBE 

(Tris 45 mmol·L —borate buffer．edetic acid l mmol-L-。． 

pH 8．0)，and aleetrophoresed at40Vfor 5 h TheDNAin 

gelsⅧ visualized under uv 1ight after staining with ethidium 

bromide 5 mg-L～ ． 

M inimal time of edl 铂_p砸 to Ano i~ ultlllg in 

apoptosls To study the minimal duration of Ano treatment 

leading 佃 initiat[oa of DNA degradation。 the calls were 

treatnd withAno 5O 0t~nol-L fDI 7，8，l2，24 h． The 

percentage of a~ ptotie cells ,4t／e,~ determined bv flow 

cytometry 

Statislical analysis Data wel'e analyzed by t-test 

RESULTS 

Cell growth and morphological assessment 

After exposure of K562 cells to Ano 2．5—50 t~mol 

，L for 24—48 h，the eel1 growth wss inhihited 

(Fig1jl 

Phase-contrast microscopy showed that these 

cells were multinucleated with micronuelei． The 

Time／b 

Pig 1． Effect ofAno 2．5—50 pmol。L一’for 48 h on growth 

0fK562 celb· n 6 sam ples．i ± ． 

‘P > 0．O1， < O．05， P< 0．O1 " omltro1． 

cell shrinkage．membrane blebbing and reduction in 

volume were seen(Fig 2，Plate 1)． 

Electron microscopy revealed fl marked 

ehromatin condensation forming circumscribed 

mfl&~es along the nuclear membrane(Fig 3) 

M embrane integrity More than 95 ％ of cells 

treated with Ano 50 “m0I．L for 48 h exduded 

trypan blue，indicating the membrane integrity was 

preserved． 

DNA fragmentation Agarose gel electro— 

phore~is of DNA extracted from cells treated with 

Ano revealed fl“ladder”pattern(Fig 4)，suggesting 

that the preferential DNA degradation occured fit 

internucleosoma1．1inker DNA regions． 

Cel】cycle Af ter treatment of K562 cells with 

ADO 2．5—50“mo卜L for 48 h．the G1一phase cells 

increased from 39 ％ to 55 ％． and S-phase cells 

decreased from 55 ％ to 36 ％．suggesting that Ano 

mainly arrested  K562 cells fit G】一phase． The 

exposure of K562 cells to Ano resulted in the 

appearance of cells with fl fractional DNA content． 

typical of apoptea is The eell cycle analysis of the 

unaffected cell population revea led that the G1一phase 

cells were increased from 38％ to 48％ and G ／M— 

phase cells from 5．4 ％ to 20 ％ ．whereas S-phase 

cells were decreased from 56 ％ to 32 ％ ． it was 

coincidentwithincrease of apoptofie cellsfrom 2．1 ％ 

to 70 ％． indicating th at S-phase cells were 

preferentially undergoing apoptosis(Tab 1) 

An 8一h incubation of Ano resulted  in 5．6 ％ 

K562 cell apoptofis． Eight hour later，along  with 

the S—phase cells diminished， the percentage of 

【_．I． U× |_0一 
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Fig 3． ~ectroa microscopy of K$62 cells． (A)control， 

x5000． (B)treated with Ano 5m pmol·L一’for 48 h． 

x 6000． 

apoptotic cells were increased in a dose-dependent 

m anner． 

Tab 1一 Effect of Ano 2．S一5m Fmol·L for 48 h oR cell 

cycle dhtHbetlon of the nonapoptotic K562 cells． n 3 

samples(10000 cellsweremeasuredin each sam#e)． 

± j． >0．05， <0．05．cP<0．01 contro1． 

bp M A B C 

557—  

458一  

l3l—  

Fig 4． ĝ_r0∞ 蜊 electrophore~s of DNA extracted from 

the nntreated K562 cells(A)and cells treated with Ano s0 

pmol·L一 for 24 h (B)and 48 h (c)． M：molecnlar 

weight Ilfl~llFkers． 

DISCUSS10N 

In this work， we studied the apoptosis． 

inducing effect of Ano on K562 cells At low 

ooncentrations，Ano mainly blocked the progression 

of K562 cells through S-phase and arrested them at 

Grphase． After treatment with Ano at higher 

concentration(50 pmol·L )。the cells exhibited 

marked morphological and biochemical changes 

related to apo ptosis such fls cell shrinkage； 

membrane blebbing； reduction in eell volum e： 

fractional DNA oontent；and internucleo somal DNA 

fragmentation． Exposure of K562 cells to Ano for 

8 h was enough to induce apoptosis which was 

assessed by flow cytometric method ． However， 

simultaneous agarose gel eleotrophoresis of DNA 

extracted from these cells did riot reveal“ladder” 

pattern which is characteristic of apo ptosis． It 

suggested that flow cytometric measurement of cell 

DNA content be a more sensitive method to 

determine apo ptosis． 

During apoptotic pmcess， the integrity of cell 

plasma membran e is still preserved， and the 

functions of membrane remain unchanged This is 
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in contrast to eel1 necrosis，where one of the earliest 

chan艄 is loss of membrane function and its 

structural integrity． In this experiment，we found 

that more than 95 ％ of cells were trypan blue— 

exclusive, hut abo ut 70 ％ ce lls were idenifled by 

flow cytometry as apoptotic cells． These results are 

coincident with the fact that DNA degradation 

occurs prior to the loss of membrane integrity during 

the process of apoptos is[8] 

Steroid receptors caD． act as nuclear 

transcription factors， and when it is bound to its 

The ce[1 cycle related differences in susceptibility of HI．-60 us 

to apoptosis induced hy va⋯ ~ titumor agents 

C丑力⋯ R 1993；53：3186 92． 

7 Km e目ki S，Kamesaki H，Jorgen~ TJ，Tanisawa A．Pommier 

Y， Ccssn~ J bcl一2 Protein inhibits etolx~ide-indueed 

apoptosis through its effects on ev曲 估 subsequent to 

topolsomera~ Ⅱ一indueed DNA strand breaks and their repair 

(1删 rR皓 1993；53：4251—6 

8 Ling Y-H， Priebe W．Perez-Soler R． p̂。p is induced by 

~ thmeyc[ine antibiotim in P388 parent and multldrug-m i 丑力l 

ceBs． Ca眦 er Res 1993：53：1845—52． 

9 Bil H，Futma I， AIW ． b  inhibit and∞ 如  

enhance o,01u'~ granu／c~a cell apopt~is 

respective ligand， estrogen receptors may directly Endocrin ology 1993：133：2204—12 

fegulate stemid．dependent gene transcription ． 一 占 

Ano possesses antiestrogen activity and might 

prevent estrogen from binding to estrogen—receptor， 

thus, it is likly that Ano alters estrogen receptor一 、 

mediated expression of specific genes associated with 

apopto~is． 

In summary， our experiment demons trated 

that Ano at appropriate conce ntration 50 “mo卜L 

cleaved  the chromatin DNA at 1inker se ction of 

nucleosomes and triggered apoptosis of K562 ce lls． 

It is，at least in part，related to its antitumor A 

activity． 
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*双炔失碳酯诱导人白血病 K562细胞凋亡 

量 ，业  
(中国科学院上海药物研究所，上海 200031，中国) 

关键词 a一双炔失碳酯 ：细胞凋亡 ；白血病 K562 

事后避孕药 ：培养的肿瘤细胞 ：相差显微镜检查 

DNA损伤 R 占 段7 ～5 

目的：研究 a．双炔失碳 醇(Ano)的抗肿瘤 作用 

方法：形态学研究分别应用光学显微镜和电子显 

微镜 细胞膜完整性检测用台盼蓝排除法 用 

流式细 胞仪 及琼脂 糖凝胶电泳捡剽 DNA断 裂 

结果：Ano 2 5—50 pmol·L 处理 K562细胞 48 

h，细胞生长被明显抑制，50 pmol·L 时抑制率达 

67％． 细胞主要阻滞在 G 期． 处理后的细胞染 

色质凝缩，核断裂，体积缩小，呈典型 的凋亡改 

变 K562细胞经 Ano 50 pmol，L 处理 24—48 h 

后．提 取 细 胞 DNA 进 行 电 泳．呈 现 典 型 的 

“ladder”带型 流式细胞仪检测约有 70％细胞发 

生凋亡，S期细胞比较敏感 此时．虽然发生广 

泛的DNA断裂，但细胞膜仍然完整．排除台盼蓝 

Ano 50 mol'L 处理 K562细胞 8 h即能诱导部 

分细胞发生凋亡 结论 ：Ano能诱 导 K562细胞 

凋亡 
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