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Effects of metallothionein on action potentials of anoxic and reoxygenated 

papillary muscles of guinea pigs 
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AⅡⅡ： To study 知 ar由vl effects of 

metallothioacin (Mr)． IⅥ匮 }10lDS： Standard 

Ⅱ 口D Iecnode te bn．眦 wag used to study the effects 

0f MT 0n action potentials (AP) in anoxic and 

reoxygenat~ pa0ttl~y muscles of 粤血1ea pigs． 

RBslII腮 ：Mr(O．02 nmaol·L-1)hadilo effects 0n 

AP ofthellolmal 0aoala~ muscles；when the rnuscle~ 

、慨 圈 碹edtoischeanic solt~on withoutM r，there 

was a madr~ shortening of action potential dUl~ Oll 

(APD)at舯 ％，50％，and 90％ ofmpolmSzafion 

(AH ，AH ，AH )frtma 824-7 to 374-7，131 

士35 t0 63士 11． and 167士 12 t0 1∞ 士 19 lm ， 

respectively，(P<0．O1)；and an obviousigdU~Oll of 

res血培 potential(RP)， action potential amplitude 

(APA)，andthemaximal upstrol~velocity ofphase 0 

(y皿Ⅱ)from 一92±9to一63 4-12mV，135 4-13to 

8D士 8 mV， and 286 士 55 t0 l64 士 42 V ·s_。． 

respectively(P<0．01)． However，in the ixesence 

ofMT，也e AP pa棚n曲淞 (RP，APA，and y呲 ) 

cb{m窖edfrom 一63 4-2to 一824-lmV，804-8to 104 

4-25 mV． and 164 4- 42 to 237 4- 43 V ·s_。． 

respectively，(P<0．01)，exceptthatAH ，API ， 

andA shortenedfurOaerfi'om 374-7to 124-3，63 

4- 11 to 28 4- 7。 and 1∞ 4- 19 to 82 4- 11 mV， 

respectively(P<0．01)． M rdeele．asedtheincidence 

of automatieity during reoxygenation from 91 ％ to 

33％ ． C0NCLUS卫0N：M r Dosse吣 a caleitma 

regulatory pz ，邮  ． 

Metallothionein(MT)，alowmolecularweight， 
and cysteine—rich protein，has profound cytoprotective 

effects such as scavenging flee radicals reducing 

intracellular calcium overloadf 
， and stabilizing 

(~Alular membrane~ 
。 demonstrating that it possesses a 
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calcium regulatory property． But its role on cellul~ 

electrophysiology of anoxic and reoxygenated ventricle 

muscles has not been known． This study was to 

explorethe effects ofMT o11 actionpotentials ofanoxic 

and reoxygenated papillarymuscles ofguinea pigs． 

IV~terials Gulne~p (苦，^=11)，w~ ing 3 一 

445 g were d pibt。d． T1le hearts were placed in r0de，s 

∞ at4℃ ． papahry~uscles( ：19)weredLmsected 

nthe~ight ventricles(each of8 d寸n ventricleswas d&ssected 

2 papillary muscles；eoch of 3 right ventricles was dissected a 

papillarymuscle】mad w l~aned to a I．5 mL tissue chamber 

and cc~finuously 0effused with themodified r0de’s solmic~ 

gassed wilh 95 ％ + 5 ％ o。 ． r0de’s sohllJ{~1 was 

composed ofN扣 129，Ka 3，NaHCO~20，NaH~PO4 0．9， 

CaC 2 7，MgSO40 5，and gl1．cose 5．5 rrmaol。L at pH 7 2． 

To s~-nuhtethe妇 conditic~ ofM K 矾 lowpH( 

：6 8)， ischq：／lliC soluti~~a caltained Ka 10，N棚 123 

mmol’L-。，11o u00se，the r~lataing~ r=ae,lts beiDg the 

same asthose ofTyrode’s so~llJoql，equililra~ with95 ％ + 

5 ％ o。 ． 

AP n●皤 加 嘲 t W i血 standard microelecmxle 

把c i口ue【 ．the muscles were s m山a【ed with pulse of1 IⅡs 

dll~ Oql at2一fold diastofic tl'reshold abipolari~lecti'ode 

fa of stimulation 0．5Hz r the equilibrati~ r,er~od． 

The s6m1．fil were fie~vered by afI dedr c sfim~0．ator(PES-．4 

n~del，a ) mbraI ∞ IX~raial(AP) 

recorded by a standard IⅡi ec眦 titled wim KC1 3 
· L‘。，whichI1ad a mslst,mce of10—30M0，coupledto 

a hi i叩I】t i加 dal amplifier(M臣l脚 Nm∞ Kohden)． 

A1l ，incl~iing re．rig (RV)， 

血n p0 al ampfitud~(A队 )，d acd∞ pc杷rIdal血瑚 

at20％，50％，aIId 90％ of蝌 0l{ ∞ (AH ，APD ， 

andA ) well∞ n1em upstroke velocity 0f pl1aSe 0 

【 一 )were由瞄IsIⅡedb computer． 

Protocol The study was taken 【m a model of iscI “面 

and l"eperfusi~l L町  G~inea pigs we divided imo 6 

ps：(1)control(c)；(2)Mr；(3)anoxia(I)；(4) 

唧 xy rIm d(R)； (5) anoxia+ MT (I+ MT)； (6) 

reoxygenated+／VII"【R+M r)． Aftermuscleswere equilih--ated 

in T ，de’s solutic~ 妇 1 h， nc~xaal AP was mcorded as C 

group；khenthesampl鼬were sIlp已 ls司 by c}le solutic~lfⅢ 
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20 mill， and AP was recc~ded in 20 mill 3,S I ； 

subsequently， To s s0I ∞ was pem 1s。d．AP was recc~ded 

-n 20血 ． After APWaS recoveredto nolmal values．mu．~cles 

were口cffI强ed byischemic solution andM r 3,SI+M'T 卿 ； 

~c,hcinJ．c solutionWaS replaced by1'yroae’s solution andMT asR 

+ MT 州 ． In the whole pI'O~SS of AP reca．c~ ， 

mict~ lectmd~was placedin a~．]Ilgle cell Be,fore nⅡlscle WaS 

p0sedtO MT，MT was dis,solved in 1'yroae’S and ischemic 

sd ∞ (50 mL)，re t ly，at也e final c0Ⅻ  0n of 

0．02mmol·L-。． zI卜MlT．m 6 5 kDa．wasfi'~n Research 

Institute ofScience andTechnology，Be ． 

S妇制 ∞ln l~siS DataWelre extJtessed 3,S ± and 

analyzedwithAN0vA and chl-sqt．u~retest． 

F／fects 0f MT 011 AP of normal papillary 

muscles Aider exposure to MT， AP of rlol'll'lal 

papillary muscles has 130 obvious change ( ， 

AP'Dso，A ，RP，APA，and )，COII~"~d 

with control(P>0．05)(Tab1)． 

CilalllgeS ofAP of anoxie and reoxygenated 

p日 lIary muscles Aider perfusion of ischemic 

solutionfor 20 rain，therewas amarked shortening of 

， AH  ，AP【 ，andAPA；RP and xwere 

profoundly decreased，compared with control(P ‘( 

0．01)(Tabl，Fig1)． 

There was a progressive increase in all AP 

pam neters during moxygenation of papillary muscles 

(Tab1)． 
FAIe~ of MfT 011 AP of anoxie and 

reoxygenated palfillary muscles MT shortened 

A艇  ，AH  ，aadAP【 ，andincreasedRP，APA， 

and x in anoxic papillary muscles， compared wifla 

the anoxic group withoutMT (P(0．O1)． MT had 

130 obvious effect 011 all AP parameters of reoxygenated 

pa硼1aIy muscles(Tab 1)． 

Actlorl potlDrltllli cluratiol'~t／mtl 

1． ．~c6on pol~lltA1 oftreated p日 lhry musdes 

ofguinea pigs． 

Thel~ was13o dilTel"ence of recoverytimeofAP 0f 

reoxygenated papillary muscles after anoxia with and 

withoutⅣrr(1．3-t-0．5 rain i．i±0．4 rnin，P> 

0．O5)． 

Ⅳrr decreased the incidence of automatieity of 

p~,inary muscles,turing reoxygenation． 

Automaticity cccurved differently in anoxia and 

anoxia 4- Ⅳrr groups and 9i ％ of reoxygenated 

papillary muscles produced automaficity and 33 ％ of 

reoxygeaa~ pa muscles exposed to M r 

produced automaticity． 

Timeto 0nset of automatieity had n0 d]lTeren(2~． 

but cumulative dura~orl had marked llence in 

moxygenated papillary rllllscl~ wifla and withoutⅣrr 

(P(0．01)(Tab 2)． 

MT is a／1 endogenousinducible protein[ 
．  In 

Tab1．Effects ofmetallottlioneJn(1WI"】~B1剃 ∞ potenl~ s rm 20·血D柚0耐c(I】 
musde~l of g,anea pigs． n = 19 吼 蓐des 0f 11 i眦 pi擎 ． 霉 ± s． ，0．05， 

，0．05， 《0．05． 《0．01 锄 曲 鲫 Ip． 

alId re棚 目 删 cl1)pI 皿hty 
<0．05． <0．0l 啪 垃01． 

，E ＼口口暑 lla暑4 葺 c鲁 a co ‘ 
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Tab 2． 1~h％cts ofmemllothi~aein (MT)on duration 

曲d il~Jdelrtce of ren 日口日 d (R ) amomatieity 
following 20一血 胁 0口 in p哪 Ⅱary llIll目des of窖I五nea 

pigs．n=6muscles of 5glI．珊 pi擎 ． 霉± ． 

<0．01 t嚣 吼 gI蛐删  唧  

physiological cotmlitic~,s．M has no significant roles． 

butin Stl'eg~ (eg，iscl~ tia，trauma，inflammation， 

etc)，M'r plays krnporll~t roles such as scavenging 

oxyger~derived free radicals． it~biting I力衄 ∞l1ular 

calcium overload，and stabilizing cellularmembrane so 

as to provide physiological homeostasis． Therefore． 

there is a great significance for the reseamh of Mfr 

nc ons'm p￡曲0Iogical s'tat~ ． 

rIl study found that APD of anoxic papinary 

muscles exposed to Mfr shortened molemarkedly 血柚 

that of anoxic papillary muscles wittmut M 
．
It has 

demonstrated that Mfr．a resembling calcium channel 

antagonist． inhibited calcium influx． W e sim ulated 

that the Iole of M might be attrilxaed tO it~ibiting 

caleitm~ influx． Calcitm~ overloading is one of 

hnD0nant med~nisms mal c枷lse myocardial relx~rfusion 

． S0，M r 面  act as one of myocardial 

protective factors． 

Mfr has cytopmtective rolesLTj． Inthis study．we 

examined that M r decreased the aummatieity of 

moxyge papilla~ muscles， this effect may be 

rela~ l to shortening APD and decreasing effective 

refractory period． 
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c ／一／ 7 
金属硫聋白对缺氧和复氧豚鼠乳头状肌动作电位 

的影响 

李淑敏，刘．勃，刘秀兰，胡大一l，唐朝枢 

(首都医科大学附属北京红 十字朝 阳医 院心脏 中心 ，北京 

100020，中 国；0北 京 医科 大 学 心 血 管 研 究 所 ，北 京 

懈 ，中国 ，
-

7。 了7己 
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心律失常 

目的：研究金属硫蛋 白 (MT)对缺氧和复氧豚鼠 

乳头状肌动作电位的影响． 方法 ：利用标准的玻 

璃微 电极技术 ，将标本暴 露于缺氧液 (低氧．高 

钾，无糖，pH6．8)和M'r． 结果：m (O．02 mmol· 

L--)对正常豚鼠乳头状肌的动作电位无影响；单 

纯将标本暴露 于缺氧液，明显使 A讯 ，API 和 

APD 缩短，增高 liP水平，降低 APA及 一 ；缺 

氧液加人 Mr(0．02 mnml·L-1)后 ，则使缺氧期间 

的 liP，APA和 的改变恢复正常，但 APD进一 

步缩短；同时发现 MT减少复氧期间导致 的自律 

性的发生率． 结论 ：MT具有钙调节剂的特征． 
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