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Dual effect of cobra cardiotoxin on vascular sm ooth muscle and endothelium 
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KEY W ORDS cobra venoms；toxins；thoracic 

aorta；vasculill"smooth muscle；vascular endothe- 

hum； phenylephrine； potassium chloride； 

NG—nitroarginine methyl ester；calcium channel 

blockem ， 

A皿 ：To assess the eytotoxic effects of cobra 

cardlotoxin(CD()on rat aorta． d̂匝11}I(加ls： 
Measure of contractihty of aortic tings th or 

without endothelium． RESIJI．田S：In endothe— 

hum-intact rings．CD(10 gmol·L induced a 

transient relaxation followed by a sustained  

contraction． Removal ofthe endothelium  orpre- 

incubation of the rings with N0 synthase inhibitor 

N％nitm-L—axginine methyl ester (L—NAME) 

abolished the transient relaxation but did not 

affect the magnitude of the contractile response 

ieduced by CD(． CD(itself induced contraction 

of va8culal"smooth mu scle but al,so reduced 

contractions induced by phenylephrine(PhE)or 
KCl stimulation in a concentration-dependent 

IIiRllt~r． Contraction induced  by cD( wag 

dependent on the external Ca2 concontration
．  

Maximal contractile respo nse to CTX was obtain— 

ed in medium  containing Ca2 1 mmol·L_。
．  

This response decreased with higher Ca2 

concentration and disappeared when Ca2 7 

mmol·L～ ， organic and inorganic calcium 

channel blockers were present in the external 

solution before CD(addition． In pmlmrations 

with the endothelium jntact and incubated with 

CTX， relaxation by acetylcholine (ACh) 
stimulation of the tension induced by P量lE was 

decreased． Endothehum-dependent relaxation to 

ACh was preserved when Ca2 5 mmol·L一 was 

added to the medium prior to CTX
．  

00N(1t1Js10N：CTX flinttriggem the release of 
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N0 from the endothelimn which results inⅡⅢscle 

relaxation， and then causes smooth muscle 

contraction． Ca2 and CF channel blockeIs 
prevented the effect of CTX． 

Cobm venomfrom ，咖 atra containing 

a cardiotoxin (CTX)is also named cytotoxin， 
cvolysin， direct lytic factor． membm e—active 

polypeptide， and membrane—disruptive polype一 

de． C D( causes systolic heart arrest bv 
depolarizing myocardial cells． inducos 

oon忸actllre8 and myonecmsis in skeletal muscle． 

heme lyzes erythroeytes， and induces platelet 

aggregation ． rhe mechanisms respo mible 

for these eytotoxie effects are unclear． Either 

C rx interaets with specific molecules of the cell 

me mbrane to affect C regulation as proposed 

for myocarditml and skeletal muscle：4．5 or CTX 

dismpts the membm e though various non- 
spe cmc intemc 0ns[6]

． 

The efficiency of excitation—contraction 

coupling in vascular smooth mIlscle is controlled 

by cytosohc Ca2 concentrationL and is also 

n ulated by activation of muscle gtmny]ate 

cyelase by nitric oxide(NO)released from the 
endothehmnL 

． Therefore． a substance may 

aff ect vascularreactivity by acting at distinet sites 

in the vessel；directly on the smooth musete，or 

on endothelial eells．or on both ． s study was 

to look at the eff ects of CTX in vitro on vascular 

smooth muscle an d endothehal cells． 

M ATI tIAIS AND Ⅱ明 II)DS 

CTX was purified  from the venom 

of №越咖 aO'a by successive chromatography 
on DEAE Sephadex A一50 column，CM Sephadex 

C一25 column and Sephadex G-50 columnL 
． Its 

iv LDso in mice was determined  to be 2．0 

mg‘kg。。． № phosphohpase A2 activity was 

detectable with a standard pH-~t assay[1o J in this 

C|D( fraction． Tetrandrine (A1d cI1) was 

dissolved in H口 O．1 mu l·L and出luted with 

distilled water before use ． sK＆F 96365 
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(Biomol Res lab)was prepared in absolute 
ethanol as 30 mmol·L一 stock solution； 

nifedipine (Sigma)was prepared in absolute 
ethanol as 1 mmol·L一 st0ck solution． These 

drugs were added to山e baths in which the final 

concentration of etha[2o1 was <0．1％ ． 

Phenylephrine(PIlE)and acetvleheline (ACh． 

Sigma)were prep~ l in double—distilled water． 
All other chemicals were of laboratory standard． 

Sprague-Dawley rats(200—250 g)were 
decapitated． Thoracic aortae were placed in 

Kreba’solution containing NaC1 120， NaHCO3 

25， uc0se l1．1，KH2PO4 1．2，MgSO4 1．2， 

KC1 4．5．and CaC12 1．25 mmol·L一 (pH 7．4)． 

Rings(3—4 toni)were cut，and in sonic rings， 
endothelium was denuded witI1 forceps． 11he 

absence of functional endo山elium was evidenced 

bY the inability of ACh 3 ttmol·L一 to relax 

preparations precontracted tI1 PI (1 

umol·L一 )． Rings weIe suspended in a 5一m_L 

organ bath connectedto aforcetransducer(Grass 

) for isometric measurement． Kreba’ 

solutionwas aerated 山 95％ +5％ C at 

37 ℃ ． Rings weFe equilibrated in the n1ediu／n 

for>1 h during wh iell山e solution was changed 

evelw 15 rain． Resting  tension was maintained 

at 2 g．wh ich was found to be optimal for the 

generation of active tension by 山ese rings in 

responsetoKC1 60mmol·L～ stimulation． 

Rings were exposed to a depolarizing 

solution to contract by adding KC1 60 mmol·L。。 

hypertonically to tI1e baths． When a steady．state 

tonic contraction was reached ，preparations were 

washed 3 times wi山 fiesh Krebs’solution and 

allowed to relax back to resting tension． 

Stimulation with KC1 60 mmol·L一 was repeated 

every 15—2O min until a reprodueible eontractile 

response(usually after 3 applications of KC1) 
was obtained． 

cIx trealmenl Contractions obtained in 

response to crx addition to the bath were 

expressed as％ ofthe eontractile responsetoKC1 

60 nllnO1·L prior to CTX treatment in that 

ring ． CTX was added to 山e baths for 10 rain 

only，unless otherwise stated ． 

cIx effect on endothellum．dependent 

relaxation Tone in ring s was generated bv 

stimulating witI1 PI 1 vmol·L_。． When 山e 

contraction l'e~ched a plateau， a control 

endothelium-dependent relaxation to ACh 3 p．mol 

· L_。was recorded ． Rings were 山en washed 

and brorlght back to resting tension． Various 

concentmtions of C rX were tI1en added to 山e 

different o 辑n baths (one concentration per 
ring)，and after10minthoroughlywashed． The 
ability of ACh to induee relaxation of PhE． 

precontracted rings was tested again and 

compared to a time contro1． 

Statistical analysis Data were expressed 

as孟±s and compared with t test． 

RESI)I腮  

C I1)( induced vaseular smoo山 iTluscle 

contraction and endothelium-depe ndent relaxa- 

tion：CTX caused slowlv developing contractions 

in aortic rings in a concentration—dependent 

Ⅱlanner． These contractions were usually prec． 

eded by a smal1． variable， and transient 

relaxation in endothelium-intact rings． m s 

transient relaxation was never seen in 

endotheliun：-denuded preparation (Fig lA ＆ 
2B)，but was ,seen more distincdy when tI1e tone 

was raised(Fig2A)，orthe presenceof L．NAME 

1(30 · ( 1A ＆2C)．,u．mol L Fig 

Contractions developing following 10-rain 

ineubation witI1∞ 【were transient．reaching a 

De￡lk wi山in l0—15 rain and lasting 0．5 h at all 
C_Ⅸ coneentmtions ． SiⅡlilar peak contractions 

were observed in aortic rings with or without 

intact endothelium (Fig 1B)．After C3X．山e 
response to stimulation witI1 Ka or PIlE were 

decreased． 田 s effect of CTX was concentm． 

tion．(Fig 3B)and time-dependent(Fig 3C)． 
E脚 of extracdlular Ca2 coaeenlra． 

tion on contractiom induced bv cIx nle 

largest contractions indueed by CTX were 

obtained when extracellular Ca2 concentrations 

were within 山e physiologic m ges． Increasing  

Ca2 eoncentmtions ， prior to CTX incubation， 

resulted in a decrease in ∞ 【．induced contrac． 

tion (Fig 4)． 

E蛳 0f cakium ehannd bloekess 0Il 

( Ⅸ -induced contraction Ni2 ． 1ike high 

C ， prevented C Ix．indueed contraction． 

However，after washout of hi吐 Ca2 or Ni2 ， 
contraction developed． Organic ca]cium channel 

blockem。 tetran&ine。 sK＆F 96365。 and 

nifedipine， also prevented the developme nt of 

contractions induced by CTX． However． 

contrary-to inorganic calciu／n channel blocker 

(N )， contraction did not develop following 
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cTx／ ＼＼＼ 

Cardiotoxin／pmo1．L-1 

ng1． 酗 0f CTX ∞ ．啪 rat蛐 恤 血 擎：A) 
研 面■ 疆唧  0f eo~a-acdom emJsed by CTX l0 

瑚I·L 缸 曲̂ed rat aortic嘶 ． I+ E1 with． 

{一E)wit]rout∞由me陆Ⅲn．(w )vmshom．B)~hnnnmry 
0f CTXo~ c咖咄  萱D dx 赶 HⅫ∞ 删 删  

-demm~d口re口删 姐 {月=6吣 ． ± 】． 

repeatedwash ofthesecompounds(Fig 5)． 
Inhibition ofACh-iIldI●oed endothditrm． 

delmadmt relaxation b CIx I1le relaxation 

induced by A0l in endotIlelium-intact rings 

(55％ ±s儿 ％， =8 rats)was decreased by 
C Ⅸ in a concentration．dependent nkqxlner 

(Fig 6)． 
When rings were treated w汕 C Ⅸ l0 

mnol·L一 for 10 min． ACh．induced relaxation 

wag lost． But，when Caz 5 mmol·L一 Wag 

added before C Ⅸ ． ACh-induced relaxation was 

B ． 

C 

· ACh 

． ACh 

． CTX 

L-NAME 

啦 2- T 唧  0f恤 幽 ct 0fAClt删 CTX∞ 

删 abs蛐oe{B】0f脚d0llld．唧 (E】．删 {C】In the 

∞ence 0fmdothdlmn{E】-删 fo~whtgpre-~  
for l0 mill with L-NAME 0．1皿 D0l·L’1． 

preserved(39％±s 3％，n=4)(Fig 7) 

D CUSS_0N 

Our data indicated that CⅨ interacted with 

endothelial eells to relea8e NO． S effect most 

probably initially contributes to tIle drop in blood 

pressure observed ／n v／vo． Production of 

endothelium-derived NO is Ca2 ．dependent．and 

any event which elevates tIle cytosolic C 

concentration in endothelial cells should Callse 

NO biosynthesis and inero_~ase NO levels． For 

example，dnl犟 other山an agonists such aft．tIle 

C -ionophore calcimycin．OI"the endoplasmic 

reticulum C ．̂  IPa8e pump inhibitor． cyclo- 

piazonic acid，ulrich both incm~e intracellular 

Ca2 concentration． cfln induce endothelium- 

dependent relaxafionL 12J
．
W speculate that 

C Ⅸ increaged tIle membrane permeability of 

endothelial cells to Ca2 which in turn activated 

the production ofNO and was mspomible fortIle 

initial vasorelaxation． rIhis relaxation Wag 

transient because direct contractile effect of CTX 

on smooth muscle eventually offsetedthe relaxant 

effect of NO released from tIle endothelinm． 

～ 

仃：‰ 、] 
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CTX，although acting On both endothelial and 

smooth mllsole cells induced contraction ，and 

maximal contractile re p0nses obtained were 
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Ca2 ／mmol-L‘ 
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opening of the Ca2 channels 
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眼镜蛇心脏毒素对血管平滑肌和内皮细胞 

的双向作用 R7宁 ．3 

， 嗣超然，盎监  ，Jean—Pierre BOUttRF~U3 
( of PhNo~oey， 螂  0厂ttong 

Kong，5 Road，Ilo~gKong，China) 

关键词 哩鱼蝗童；毒素；堕主 壁； 笪壬塑 
肌；血管内皮；苯福林；氯化钾； T̂c 硝基精氨酸 
甲酯 ；钙通道阻滞剂 

— —  ～  

目的：探讨 眼镜 蛇毒的心脏毒素对大 鼠主动脉的 

毒性反应 ． 方法：以内皮完整和去 内皮后 的主动 

脉环的收缩反应为检测指 标． 结果：心脏 毒素 

(crx)10,umol·L 致使去 内皮后 的血管环产 生短 

暂舒张反应及紧接着的持续收缩反应． 去内皮或 

加入一氧化氮 (NO)合成酶抑制剂 L—NANE，虽能 

防止 CTX引起的舒张却不影响随后的收缩 ． CTX 

本身虽会引起血管环 的收缩 ，却又能量效性地抑 

制苯福林及高钾激素的收缩幅度 ，crx引起 的收 

缩有强烈的外钙依赖性 ． 钙浓度 1 rranol·L 产生 

最高效应然后随钙浓度增加而逐减，外钙浓度增 

至 7 rranol·L 或先加入钙拮抗剂则可完 全抑制 

CTX孕育后乙酰胆碱所引起的短暂舒张． 虽有显 

著减少却能受高钙 (5 II1【∞I．LI1)的保护． 结论： 

CⅨ 明显地影响血管收缩功能 ． 首先产生内皮依 

赖性的短暂舒张反应，随后致使血管平滑肌 收缩 

终致细胞坏死 ，并使其它激动剂引起的收缩幅度 

减少 ． 这些现象均与钙协调有密切的关系． 

}  
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