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罗托平的镇痛 

徐 强 ，金 蓉鸾 ，吴云 宇 (中国药科大学中药 

药理教研室， 生药学教研室．南京210009，中国) 

． 氏 罗7／"．f 凸
摘要 小鼠尾根部加压爱热板法证实，普罗托平10- 

40 mg·kg～，有显著镇痛作用，抑制小鼠自发活动， 

促进戊巴比妥钠的催眠，但无抗炎作用． icy 20--200 

,g／鼠时镇痛显著． 纳洛酮，CaC1 和 MTX可阻断， 

Nff则增强其镇痛． 利血平和酚妥拉明对其镇痛有抑 

制或抑制趋势，而普亲洛尔无影响． 因此，其镇痛作 

用主要系阿片及钙机制．部分通过肾上腺素能机制． 

苎麓 ． ： 里 堕 纳洛 酮
I利血平 I酚妥拉明 。 
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Effects of direct lytic factors from southern Chinese cobra venom on 

Ca m ovement in rabbit aorta strip 

CHEN Ke-M ing，GUAN Yong—Yuan，SUN Jia—Jun (Dep a~*men*of Pharmacolog~，Sun Yat一 

8e Univer*~t of Med e z 8c ∞$，Guang zhot~5 10089，Chisa) 

ABSTRACT The purified direct lytjc faClots (DLF) 

fram southern Chinese cobra (Naja Ⅱ血 alra)venom 

induced a contractile response in Ca 一free Krebs’solu— 

t；on and a rlher increase in the tension following a 

subsequent addition of Ca计 in to bath、 Aftcr de— etion 

of intracellular Ca抖 pool by phenylephrine，DLF failed 

to induce any contractile response In ||Ca“ expert- 

ments． DLF jncreased beth C release and 
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“Ca抖 influx、 Procaine 2 mmol·L一。decreased the 

DLF induce d “Ca rele~tSe and Ca influx b 67士 

23 and 46士 32 ， respectively． Nffedipine and 

varapamil 1 mmol·L一 m arkedly inhibited the contrac— 

tile response an d the Ca in妇ux induced by DLF、 

These results suggest that DLF induces extretcellular 

Ca2 entry through volta$e dependent Ca channel an d 

Ca。 release from the intracellular Ca pool which is 

sensitive to phenylephrine· 

K Ry W O RDS theratic aorta； calcium } direct lyt 

factors l procain e‘phenylcphrine t n删 ipine‘verapamil 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBLID I ISSN 0233—9736 中国 药理 学报 Act~Pkarmacuto#w~ 川 ∞ 1993 Nov F 14(6) ·501· 

The dircot lytic factors (DLF)from cobra 

venom have a stim ulatory effect Oil myocar— 

dium ， skeletal m uscle， vascular and other 

sm ooth m uscles． These effects are suggested 

to be related to Ca m ovem ent 一”． W e 

found a 0urifled D LF from crude southern 

Chinese cobra (Ⅳd如 uaja 0 rn)venom which 

had a direct cardiotoxicity and changed oyto— 

plasm ic free Ca concentration“一 In the 

present study， we studied the effects of this 

DLF onjntracellular Ca release and extracel— 

lular Ca entry i0 rabbit aorta strip． 

M ^TERIALS AND M ETHODS 

Preparation of aorta New Zealand rabbits of ei- 

ther sex weighing l_7± 0．3 kg were killed by stunning 

following exsanguinatio n． Segments of thoracic aorta 

were Cut intO small strips (about 2 mm in widfh and 

3-5 mm in length in normal Krebs solution (NaCI 

115．0， KCI 4．6， MgSO． 1．2． NaHCO 21．9， 

N aFI~PO ‘ 1．1． CaC1 2 2．5． and glucose 1l_0 m mol 

·L～ ．pH 7．4)． For Ca uptake and efflux experi— 

meats·the aorta was cut into small ring~ (20— 40 

mg)· Vascular endothe~um was removed by rubbing 

inner$ur ce of Vessels． The effectivefless of rem oval 

of endothelium was confirmed by the ab8ence of 

endotheHum ~dependent relaxation in the presence of 

acetylcholine 1 mol·L一 ，which in fact caused a slight 

contraction after rubbing· The strips were suspended 

in 4 ml organ  bath containins normal Krebs’solu- 

tion at 37U gassed with 95 O2+ 5 CO±and al- 

lowed to equilibrate for at least 2 h under 3 g pratoad， 

which gave the maximal contractile response to KCI 

l DO mmol·L一 ． 

Contractility The bath solution was changed 

every 20 min during the equilibration pe riod． Stable 

contract ile responses induced by KCI 100 mmol·L。。 

were obtained prior collection of data． The ~ontrae— 

tion was COlts ered reproducible if maxim al tension of 

two consecutive contractions differed by< 10 ． The 

preparations that failed to produce reprod ucible con- 

traction were d扭carded． The contractile tension were 

expressed as g／g wet strip． 

The strip wa3 washed  w ith Ca抖 ．free Krebs solu— 

tion which had the same composition as that of normat 

Krobs’solution except for the exclusio 3"I of caicium ion 

and addition of EGTA 50 umo1．L_。． DLF and other 

agents were added to the m odium after incubation for 5 

min in this Ca“十一free K robs’solution． W hen the re一 

~ponse reached the maxim um ，CaCl2 2．5 m tool·L一 

wa added into the bath to obtain additior~J contraction 

presumably due to extracellular Ca entry- W hen the 

respons es reached a plateau， the preparations were 

thoroughly washed with normM Krebs’solution and 

given an  incubation for 90 m in to allow refilling of in — 

tracellular cid cium storage site and resto~／ng the COn- 

traetllity to DLF． The~oneentration of EGTA (50 

ttmol·L )and the incubation time (5 min)used  ii1 

this study had  been Carefo lly determined not to COril- 

promise the intracellular ca lcium pool - U nder this 

condltio 3"i． DLF induced  reproducible contractile 

response- 

‘‘C-。 eftlux The preparations were equilibrated 

at 37℃ for 90 min in HEPES (N-EZ-hydroxycthyl~ 

piperazine-NL[2一cthanesuifonfa acid])buffer solution 

(NaCI 160，KCI 4．5，MgC12 l_0，CaClz l_5，glucose 

l0．HEPES 5 mmol·L～ ，DH 7．2)and then incubated  

in a low Ca HEPES buffer solution ( CaCI± 0．2 

mm o1·L～ ，37 M Bq·L～‘)for 20 min ． ‘ Ca +bound on 

the externid gutfaCe of mem bran e was washed away by 

strirring the preparation in a high CaCI2 HEPES buffer 

solution (CaC12 20．5 mmol·L_。co ntaining EGTA 20 

mmol’L叫 ) for 6 s． Then the preparations were 

moved from oneintoan other of a series oftubes at 10 

min in tervals containing HEPES buffer solution 2 m l at 

37℃． The radioactivity in each tube and tissue deter- 

mined  by Beckman  LS-3801 liquid scintillation counter 

were totaled and the results w ere expressed as the Ioss 

。f ‘。Ca (pmol·L一 ·rain一 )in each tube 。 ． 

⋯Ca Influx The expe riment wasca rried  out as 

described in our previous report‘ · Aorta ring was 

equilibrated at 37℃ in HEPES buffer solution for 60 

min ， then in HEPES buffer solution labeled  with 

“Ca抖 (18．5 M Bq·L一 )for 30 min． The ring was 

transferred to[． Ca~HEPES buffer solution containing 

the ag ents to be tested  and incubated for l0 min． The 

ring was put into ice-cold LaCla solution(LaClz 7 5．0， 

HEPES 20．0．gluco se 10．0 mmol·L～． pH 6．9)． 

The rin g was blotted with W hatman № 1 filter paper 

an d weighed． The ‘‘Ca。 taken up by ring was ex- 

tracted by overn ht incubation in 2 ml of EGTA 5 

mmo卜L-1 at 2O一 23℃． Scintillation cocktail(10 m1) 

was added and counted in a Beckman  LS一3801 llquid 
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scintillation counter． Ca uptake was calculated ac— 

eordlnS to the method of Jim et at(‘ ． 

Dru= Pro~ ne (Sisma)， phenylephrine 

(Sigma)，and verapemil (Sigma) were dissolved in 

saline． Nifedipthe (Sigma) was dissolved (10 

mmol·L )and stored in the dark in i00 ethanol and 

fres hly diluted w ith dem ineralized water． It wa5 used  

under subdued  lighting． DLF was separated and purl— 

fled from "nom ofⅣ目血 t口 atra (southern Chinese 

co bra)by ion exchange chromatography according the 

method of Lee et口 [I]． Purified DLF showed a single 

band on both polyacrylam ide gel elettrophoresis and 

immunoeletrophoresis· The molecular wei窖ht of DLF 

was 7033 estimated acco rding to its Rf value on SDS 

slab electrophoresis． Its IV LD¨ on rriiee was deter— 

mined to be 】_3 mg·kg (95 co nfidence limit{1．0-- 

1．5mg·kg )with Bliss method ． The DLF used 

the present study was the salTle batch obt~ned in pre- 

v~ous study ． CaCI (122．8 GBq·mol一’)was ob— 

tain ed  from Instttude of Atomic Energy， Chin ese 

Academy of ScienCCS． 

RESULTS 

Contraetil七 response In Ca -free Krebs’ 

solutlon DLF (1一 l0 mg·L )evoked a con— 

centration-dependent contractile response． 

DLF lO mg·L一 induced a contractfe re— 

sponse of 6．3土 4-l g／g wet strip． Subse— 

quent addition of CaCI2 2．5 mmoi·L一 induced 

a further increase of l1．3土3．O g／g wet strip 

in tension． These contractile responses in— 

duced by DLF and CaCI2 were inhibited by 

preincubation of the preparations with pro- 

caine 2 mrool·L_。，an inhibitor of intracellutar 

Ca抖 release0 ，by 67土 23 and 46土 32 ，re— 

spectively- These inhibitory e~fects of pro— 

calne were nearly the sam e as those on Ca re． 

1ease and Ca +entry induced by phenylephrine 

10 mo1．L-。，a selective radrenoceptor ago— 

nist(decreased by 73土 15 and 44土 l0 ，re． 

speciively)- After depletion of intrace llular 

Ca pool by phenylephrine l00 um ol·L_。． 

DLF no longer induced contract ile response in 

Ca“ -free Krebs’solution(Fig 1)． 

Tab 1． Effectl of prOCaine 2 m mot ·L一。on rabbit tho- 

ratio aorta strip contractile r∞ponl目 induced by DLF 

10 mg·L一 and phenylephrlne (Phe)lg magi·L一。in 

Ca” -free so]utlon an d subsequent addition of Ca” ． 

P< 0·gl t procsine．4ree group 

^ 

 ̂

● 

^ 

Fig 1． Rabbit thoracic aorta Itrip ~ontractlie respons一 

日 Induced by DLF and PhenyIephrine In CsH-4Tee so- 

luflon． 0rl the left，the ~omtractHe respones  to DLF 

lg mg·L一 (A)" ● farther lncreased by addition of 

phen epbrine 10 ln “ ·L (B )． On the right， 

phen y】ephrine 1go mto]·L (A)induced  maximal con- 

traction due to depletion of intracellalar calcium poo1． 

because additional phenylephrin e Ig m tol·L叫 (B )did 

not cIuIe further contraction． DLF 10 mt·L|1(C) 

did not  in duee an y response． But CsCi| 2．5 m m ol 

·L (D ) caused far ther co ntYsetion bee=m e of Ca什  

influx from e~ acelluJ耵 fluid - 

Contractfie response in Rotre al Krebs’0o_ 

lution DLF 10 mg·L一0 induced contractile re— 

sponse of 18．6土 6．3 g／g wet strip(n= 58)． 

N ifedipine and verapam il reduced Ihe precon- 

tractile response induced by DLF l0 mg·L一 ． 

T hese inhibitory effeCtS were conce ntration- 

dependent． Nifedipine O．1，l，and l0 ~tmol 

·L-1decreased precontraction by 25土 ll，39土 

L ～ 

-_ 
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23，and 58土 2l ，respectively． Preincuba— 

tion of nifedipine i Bmo1·L叫 ( = 11)or vera- 

pamil I umol·L (n= i6)for 20 min competi- 

tively blocked DLF induced contractile re— 

sponse· 

“Ca’ eflux and ‘’Ca influx DLF 10 

m g ·L一 increased Ca efflux which ex— 

presses intracellular Ca release (Tab 2)． 

DLF i0 mg·L一 increased ‘ Ca influx． The 

net ‘ Ca influx induced by DLF was 93土 49 

pmol／g wet ring( =ii)． Nifedipine and we— 

rapamil I umo1·L一 decreased the net ℃a in— 

flux jnduced by DLF to 16土 8 ( = 12，P< 

0．01)and 21土1 3 pmol／g wet ring( 一14．P 

< 0．0i)，respectively (Tab 3)． 

Tab 2． L0|j of ‘‘C-’ (pmo]·g一 ·mln一‘ after DLF 

10 mg·L-。and phenylephrine (Phe)I m 0l·L～ ． n— 

e， 土& ’P> 0．05，‘P< O．oi删 contro1． 

Tab 1． Effects of verapamll and nlfedipine I m o| 

·L一‘on DLF (10 mg·L一’)-Induced “Ca Influx 

(pmol／8 wet ring)．‘P< 0．0I vehicle‘’P<0．Ol 

DLF+ vehicle． 

DISCUS ON 

The present data further confirm that 

DLF induces both intrace llular Ca release 

and extrace llular Ca entry in the vascular 

smooth m uscle． These resuIts are consistant 

with our previous results from rat lacrim al aci- 

nar cell ． The interesting thing was that the 

intracellular Ca pool from which DLF in． 

duce d Ca release was sensitive to o．1-adreno— 

ceptor agonist． It has been known that acti- 

vation of postsynaptic al-adranoce ptor in was— 

cular smooth m uscle is associated with hydrol— 

ysis of phesphatidy—linositel 4，5-bisphosphate 

to form inositol l，4，5-trisphosphate (IP3)and 

diacylglycero1，then IP 3 activates the IP 3 recep- 

tor on the surface of intracellular stotes result． 

ins in Ca release． Receptor—m ediated extra— 

cellular Ca enter may be coupled with the 

above event口 · ． It has been reported that 

DLF cause hydrolysis of[。H]inositol phospho— 
lipids and increase cytoplasm ic free Ca in rat 

has ophilic leukemia—-2H3 and M adin-Darby ca． 

nine kidney cell( ． Thus． it looks as if 

mechanism by which DLF induces int race llular 

Ca。 releases is the same a目that linked to acti． 

vation of receptor． 0ur data do not provide 

any support for the hypothesis that intrace llu— 

lar Ca releas e is linked to extrace llular Ca 

entry，because procaine decreas ed the respons— 

es to both DLF and phenylephrine in Ca -free 

Krebs’solution by 67土 23 and 73土 15 ，re— 

spectively and less jnhibited responses to sub— 

sequent addition of CaCI2(decreased by 46土 32 

and 44土 l0 ， respectively)． Therefore， 

these less inhibitions of Ca entry by procaine 

m ay be m ainly due to the direct effect of pro- 

caine on Ca。+channel[ ． The present results 

show that DLF jnduce d extrace llular Ca抖 en— 

try through voltage-dependent Ca channel 

(VDC ) which w as sensitive to nifedipine and 

verapamil． Base on present results， we still 

cellId not confirm whether DLF eveked V DC 

opening through direct or in direct m echa·· 

nism s． But we can exclude the possibility 

that Ca entry through m em brane pore m ade 
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by DLF at least in rabbit aorta strip，because a 

long incubation with DLF (10 mg·L一 l this 

coneentration was the m axim um e~~ect concen— 

tration)for 3 h．the preparation still respond— 

ed with a marked contractile response to high 

K which was seasitire to nifedipine(data not 

shown)· T he present data further support 

our previous suggestion that specific molecular 

m echanism may be involved rather than a non- 

specific action such as eell mem brane destruc— 

tion[ ． 
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