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茶碱经微处理机程序输注迅速达到期望兔血浆 

稳态水平 
．， 

．  

段世明，徐 迅，叶 妙 ，傅 英 (像州医学院 

耳京 室，棕州221。02，中国) 

4 摘要 自制二室模型药物程序输液泵． 向控 

制器输入兔茶碱药物动力学参数，期望血浆稳 

态浓度(c ，)，体重及时间． 输注速率 ( )一 

C⋯K 。 wt(1+[( 一口)／~3EX2(一Kz ))， 

血药浓度预报式为 Cm—c (1 re一)，依据显 

示配药液，自动输注． 比色法测定血药浓度． 

96 的执行百分误小于士30 ，其绝对值的 

中位数为8．3 ． 虽然 T B=6．08 h，但输注 

后30 min(5T )，血药浓度达期望 c 
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endothelial cells elicited by low—density lipoproteins 

LI Yu—Jie，LI Yuan—Jian，WU Jin—Xiang，YU Xian—Jie，YAN You—Fang 

(Department of Pharmacology．Hu一 Ⅱ Medical University，Changsha 410078，China) 

ABSTRACT Effects of tetramethylpyrazine 

(TMP)on endothelia1 cells damaged by 1ow— 

density 1ipoproteins(LDL)were investigated． 

W hen endotheli丑l cells were incubated with 

LDL (1．5 mg protein·m l )the 1eve1 of mal— 

ondialdehyde (M DA) was increased and the 

activity of superoxide dismutase (SOD )was 

Received 1995—09—15 Accepted l994—05—-04 

project supported by the Nadonal Natural Science Founda- 

t[on of Chin a．№ 5880737． 

。 Correspondence to Prof YAN You—Fang． 

inhibited， and levels of cGM P and 

epoprostenol were decreased． TMP at con— 

centrations of both 2O and 150 mg·L nulli— 

fled the inhibition of SoD activity and the re— 

duction of cGM P and epoprosteno1 content 

elicited by LDL． However，the elevation of 

M DA content induced by LDL was negated by 

TM P onlY at 150 mg·L一 ． TMP also caused 

a reduction in M DA content and an increase of 

epoprosteno1 level in norma1 endothelia1 cells． 

This study suggests that TM P protects an— 

dothelial cells against damages elicited by LDL 
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and that the protection of TM P might be due 

to reduction in lipid peroxidation through 

stimulation of production and／or release 

of epopro steno1． 

KEY W ORDS vascular endothelium}LDL 

lipopro teins} pyrazines； cyclic GM P； 

epoprostenol I malondialdehyde I superoxide 

dismutase 

Low-density lipoproteins (LDL)damage 

endothelial cells and stimulate proliferation of 

vascular smooth muscle，suggesting that LDL 

may play an important role in the development 

0f atherosclerosis(AS)． Injury of endothe— 

lial cells is 812 initial event in the development 

of AS． Tetramethyl【pyrazine (TM P)，a ma— 

jor component of Ligusticum wallichii Franch 

alleviates histomorphological changes of AS in 

the high fat-fed rabbit‘”．inhibits proliferation 

of vascular smoo th muscle cells∞．and stimu— 

lates epoprostenol production ”． In the pre— 

sent study ， the protective effect of TMP 

against the damage of endothelial cells due to 

LDL was evaluated． 

M ATERIALS AND M ETH0DS 

Cell culture“ I3ovine aortic end0theli ceils 

were iso 1ated and cultured in Minimum Essentlal 

M edium E gk (M EM )wi也 20 calf sem 皿 and N 一 

2-hydroxyethylplperazine—N ’·2·ethanesulfonlc acid 

(脏 PES) 25 mmo1·L～ ． Experiments were per． 

formed on 5— 8 passage endothe~a1 cells． The en． 

dothelia1 cel1吼 s idendiled  by elecn：on microscopy． 

Preparatlea 0f LDL ’ PI．$111ta 吼 8 obtained 

from fresh normal human blood，LDL was isolated by 

sequenthl ultracentrifugation at 119 000× g in the 

presence of edetie acrid 0．2 mrno卜 L_。． Then LDL 

Igras filtered aseptieally (0．2 gra)into dialysis tubing 

and d／alyzed  in pho~phate-b fer solution (PBS)at 4 

℃ for 24 h． Dialyzed LDL was concentrated and 

stored at 4 ℃ in dark 

Experimenlal~es~n Three days before the ex 

pe rimeter．e~dotl地lial cells were cultured with Ber m 

free n'xediurn． Experiments were performed in 6 

groups：control，TM Pl(20 mg·L_。)·TMP{(150 rag· 

L )．LDl (1．5 mg protein·mr )，LDL+ TM P]， 

and LDL+TM ． TM P and LDL were given at the 

same time． After incubation for 19 h，the medium 

was collected and stored 8t 一 20 ℃ for assayilag 

epopeostenol (6-keto—prostaglandln Ftt， 6-keto— 

PGFl。)，a Stshle hydrolytie product of epoprosteuo1． 

A fter addition of PBS (1 m1)the cells were scraped off 

with a rubber policeman，soincated  for 20 5一then 

stored at 一 70 ℃ until assay for SoD，M DA ，and 

cGM P． 

Statisties AN0VA and Tukey's tegt were used． 

REsUI 

M orphology of endothelial cells After 

incubatinn with LDL for 19 h．the endothelial 

cells exhihited a co ntract|0n and an irregular 

arrangement． Aher pretreatment with 

TM P，they ma intained their norm aI cobble— 

stone pattern i12 the presence of LDL． 

S0D TM P increased slightly the SOD 

activity of endothelial cells，but there was no 

significant difference in SoD activity between 

normal endothelial eelIs and endothelial cells 

treated with TMP (P > 0．05)． However， 

TM P 20 and 150 mg·L negated the reduc- 

tionof SOD activity elicited hyLDL (Tah 1)． 

M DA TM P caused a reduction of M DA 

content in nOl'nlal endothelial cells onlY at 150 

mg -L～ ． Incubation of endothelial cells wi th 

LDL increased the content of MDA．an effect 

which was nullified in the presence of TMP 

150 mg·L (Tab 1)． 

eGM P TM P ha d no effect on eGM P 

content in norma l endothelial cells， but re． 

versed the reduction of cGM P content eliched 

byLDL (Tab1)． 

Epoprostenol TM P 20 and 150 mg·L一 

not only increased the content of epoprostenol 

in normal endothelial eelIs．but also reversed 

the reduction of epoprostenol in endothelial 

cells treated wi th LDL． The effect of TMP 
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Tab 1． Effeet 0f TMP (20 and 190 mg·L-．t)oR M DA，cGM P，6-keto—PGF, content and SOD activity of aortic 

end0thelial ceI1s In p sence of LDL (1．5 mg protein-ml一。)． n= 5— 7，i土5． ‘P> 0·05，。P< O·05' P< O·01 

control， P> 0．05， P< O 05， P< O．01 v LDL． 

at 150 m g·I 一 was more pronounced both in 

untreated endothelial cells and endothelial cells 

in the presence of LDL (Tab 1)． 

DISCUSSION 

In the present study，we demonstrate for 

the first time that TM P protects endothelial 

cells from histomorphological and functional 

changes，such as epoprostenol and cGM P con- 

tents． These results suggest that TM P pos- 

sesses a protective effect of the endothelial 

cells against LDL—induced damages． 

LDL is modified to oxidized low—density 

lipoproteins (ox—LDL)by oxidation or autoxi— 

dation，and ox—LDL can damage the endothe— 

lial cells( ． In the present study．incubation 

with LDL caused histomorphological and func— 

tional damages in the cultured endothelial cells 

while at the same time increased the level of 

M DA and decreased the activity of soD ．1n 

further support of the conclusion that damages 

of endothelial cells elicited by LDL is due to 

cytotoxicity of ox—LDL． 

In order to explore whether protection of 

TM P against damages of endothelial cells due 

to LDL is secondary to its anti-lipid peroxida— 

tion． we measured the content of M DA re 

fleeting the level of lipid peroxidation and the 

activity of SOD which scavenges C ． In the 

present study，TM P significantly inhibited the 

increase of M DA content and the reduction of 

SOD activity elicited by LDL． The effects of 

TM P have also been observed in myocardial 

reperfusion injuries(”． Therefore．our results 

together with findings from others suggest 

that the protective effect of TM P on endothe- 

lial cells is likely to be associated with anti— 

lipid peroxidation． 

Epoprostenol， besides relaxing vascular 

smooth muscle tone，is also capable of protect— 

ing the cells． Epoprostenol as well as an— 

giotensin converting enzyme inhibitors or calci— 

um channel blocking agents which stimulate 

the production and／or release of epoprostenol 

protect the cells via anti—oxygen free radical 

and anti—lipid peroxidation[。 。· ． Recently．it 

has been reported that in norm81 endothelial 

cell cultures TM P can stimulate epoprostenol 

production． To investigate whether epopro— 

stenol is involved in the ability of TM P to pro— 

tect the endothel~l cells against damages in- 

duced by LDL， we examined the effect of 

TM P on the level of epoprosteno1． In this 

study TM P not only increased the content of 

epoprostenol in normal endothelial cells． but 

also abrogated the reduction of epoprostenol in 

the cultured endothelial cells incubated with 

LDL． These results support the proposal that 

the protective effects of TM P may be related 
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to promoting synthesis aad／or release of 

epoprosteno[． 

In summary，the present results suggest 

that TM P presents a protective effect of the 

endothelial cells against damage due to LDL． 

The mechanisnl of TMP action may be due to 

anti-lipid peroxidation via facilitating synthesis 

and／or release of epoprosteno1． 
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