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AⅡ讧：Tb explore the possible subeellalar mechanisms 

underlying the decreased contractility of myucardium in 

left ventricle failured hearts callsed by pressure 

overload． 劓匝TH0DS： Left ventdcle pressure 

ovedoad hypertrophy (LⅧ ) and congestive heart 

failure(O-IF)modelswere createdin rats by ascending 

aortic banding． Left ventricle trabeculae skinned fibers 

were prepared by treatment with sapo nin 500 or 50 mg’ 

L一。． Re1ative Ca2 ．activated tensions( n％ and 

Ts 6％)of saponin(5OO nag‘L J-skinn~ fiberswere 

taken as the indices of C sensitivity of contractile 

protein，caffeine—induced contracmre of saponin 50mg。 

L～一skinnedfiberswas all index ofCa2 release from 

sarcoplasmic mticulum(SR)． 肛 SULTS：1)There 

was no signiticant diffeYence in relafive C activated 

tensions amongCHF，LVH，and Sham-operated group 

in basic situatioll{P >0．05)． After treatment with 

caffeine 10 ran3o1_L～ ．the increase in value of 6T ％ 

were significanfly higher in LVH and CHF compared 

wi血 吐Iat in Sham -operatedcontrol(P<0 O1)． 2) 

The amplitudes of caffeine(5 and 10 rmnol-L )． 

inducedcontracture were (0．66±0．14)and(1．舯 ± 
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0．27)g／Jm in control group，19．8％ and 25 8％ 

lowerin LⅧ (P<0 05)，78．8％ and 8o 9％ much 

more lower in CHF(P<0．O1)． C0I忙 LUs10N： 

Decreased SR C release was the main factor 

responsible for depressed conwactility in failured 

myocardium while the C sensidvity of contractile 

protein might not be involved 

Contractility ofmyocardium is delermined bv 1) 

avaitability of intrucellular calcium to myofilaments， 

mainlyfrom calcium release of sarcoplasmic reticulum 

(sR)via ryanodine receptor(RyR)；2)responsiveness 

of contractile system to calcium． Cardiac hyperlrophy 

induced bylongterm pressure overloadis known asan 

early compensated stage with maintenance of 

myocardium contractile force，which is followed by 

later d~orapcnsated stage of heart岫 ure characterized 

by depressed myocardial contractility Abnormality of 

Ca2 releasefrom SRandCa2 sensitivity of contractile 

protein ale supposed to be 2 subeellular mechanisms 

underlying the suppressed contractility of failured 

myucardium 

ReceDfly，investigations on Ⅱ1e SR Ca2 release 

channel-RyR protein function and gene enc(xfing RyR 

expression have been well documentedC ， ·0· J It has 

been shown thatthe activity and dansity ofC release 

channelin SR am  abnormalinischemicfailured human 

heart：zJ and diffelent animal pathological models[ 

But little is kn own about the abnormal change of SR 

Ca2 release function and contractile protein Ca2 

sensifvity onthelevel of skinnedmyocerdium． 

Inthis paperwe used saponin-skirmedleft ventricle 

~ ulae fibers from rats with left venu*icular 

hypertrophy (LⅧ )and heart failure caused by 
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experimental ascending aortic stenosis，to explore how 

the above functions change during cardiac hypertrophy 

and heart failure，which is in charge of the decreased 

contractility of failured heart 

M ATERIALS AND ⅣⅡ妇 DDS 

Preparation of pathologieal aIliI1日l model 
Heart failmne and hygertrophy rat models were made 

according to tIle hietIl0d of Feldrnan with small 

moditicatiOil Wistar 0 rats of4一wk-old(weighing 

50—7O (GradeⅡ，certificate№ 022) ctmsen 

for operation．Silver clip(O．9 innl internal diarm~r) 

was used to create ascending aorta stenosis．animals of 

age—matched controls underwent it s．删 1efI tIlOI~CO— 

tomywitIlout plitcefnent ofthe clip AI1 rats werefed 

normal rat chow and water ad lib． Eighteen weeks 

after operation． rats with a0rtic stenosis showing 

clinical signs associated with heart failure (eg， 

despnea．cyanopathy ) were denoted aS eongestive 

failure group (0|F，，while those without clinical 

changes W~'-re denoted aS LVH group． 

Ptenata廿0Il of skinned left ventricul,~r 

n丑beclllae CHF， LVH， and Sham—ol rdted rats 

weT kilied at tIle end of peri~l and hearts were quickly 

removed to oxyge~ted Ig．~ S—Henseleit buffer Left 

ventricular廿a Iae (< I mn1 in diameter)we犯 

isolated eAt／Vfully and transferred to the Da[fuIsi0n 

chamberwith 0ne end oftIlefiber attachedtoisometric 

force transducer(Statham UC2，Gould，USA)． The 

fibers wero SUb_iected to skin~ng procedure previously 
described in detail L ． After skinning procedure．the 

permeability of sarcolemma andmembrane of SR ofthe 

啦出eculae were checked by Mg6TP renloval aDd 

caffeine—induced oontracture．respectivelyL“ 

Solutions 111佗e basic soludons used as 

previouslydescribedt ：1)Caz free relaxiag solution， 

2)skinning solution containing sal~nin 50 or 5O0 mg’ 

L～， 3) activating solution eontaini~g difierent 

concen ra虹0n of f e ( was expressed aS DCh 

(negative lg ofthe C 。onc∞ 0n)． pCit 6．0， 

pCa 5．6，and pCa 4 5 were USed in tIlis expelJ1]lellt． 

All chemicals were ~ hased from Sigraa Chemical 

Co． Solution pH was adjusted to 7．0 tIl K1)H l 

inolIL and checked by it digital pH meter fMode1 

．5986-62．G01e Parmer．Germany)． 

M easurement of C sensitivity of 

c0nnacdIe protein After incubation in sa~nin 5(x) 

mg‘L skinmng solution，both sa leInm  and the 

membrane of SR were perforated． Fibers were exposed 

to activating solutions of pca 6．0，pca 5．6，and pca 

4 5 sequendally and the C 一activated forces嗍  

recorded and revised by muscle cross．area(iTlnl2)． 

The Caz 一activated tension(7-6 0 and 6)expre~  

astIle％ ofmaximal tension( )obtained at pCa 

4 5 WaS t~kell as tIle index of C sensifivity of 

contractile protein． 

置easurI n眦 t of 12a2 release fr0nl SR 

Af rincub~ion in saponin (50 mg L。。) skirming 

solution， tIle sarcolcmma of wabeculae became 

perforated but tIle membrane of SR relnained mtact． 

FiberSwere exposedto caffeine 25mmol·L to empty 

the C store in SR【圳
． After reloading SR bv DCa 

7．0 soludonfor 3win，fiberswere exD to caffeine 

5 or10 n~nol·L and contracture fome was re~rded 

and revised by CSA ，rhe amplitude of caffeine— 

indueed contracture tension WaS taken aS the index of 

thefunction ofC releasefrom SR 

Stafi~tleal anal~ All value~were presented 
aS j± ． E吐丘 H舶ces between groups weIe compared 

andNewman—Keuls q test． 

RESULTS 

C seIlsifivitl，of contractile tr~ teln In 

preparations skinned by saponin 5OO mg‘L一 ．C 一 

activated forces induced by pca 6．0，pca 5．6，and 

pca 4．5 were reconted in basic situation and uI衙 恤  

trea~llent ofcatteine10mmol’L。。． The data of 

were similar in three groups：(0．84±0．23)g／mⅡ n̂ 

CttF，(0．91±0．28)g／rr．r~in LVH and(0．97± 

0．31)g／mm in Sham oontrol group(P>0 05) 

(F 1)． 

，rhe relative C 一activated erlsi0n induced by 

pca 6．0( 0％)and pca 5．6( 6％)in C肼 ， 

LVtt，and Sham groups were calculated．No significant 

difference WaS observed among these groups in basic 

situation(尸>0．05)(Tab 1)． 

Caffeine 10 rnmol·L increased C 一activated 

forces in three groups at dif[eigllt extents(Fig 1) 

Underthe trea~llerlt with caffeine 10 mmol·L ，the 

increase in value of relative Ca2 ．activated tension 

(8 0％，and(8 6％)wefe significantly hi曲口 in 

CttF and LVH groups compared with that in ShaIn— 
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nC9 6．0 pCa 6．0 

Fig1． C activated forces in SapoDiD c 500 mg· 

L一’l-skinned ventl~cular~a-abeculaefibersfrom age- 

matched rat hearts cR：relax~ solution．pea：一lg 

[c ]J．n=8． 

Tab1． Relativetension activated b pCa6．0 c TG．0％) 

andpCa 5．6(Ts 6％)in Sal3ODiD(500 rng·L一 )-skhmed 

trabeculae and increase in value 【6r％l ti~mted  wj 

cafteine10mmol·L～ ． =8． P<0．01 Sham ． 

Sham： sham-operated contro1． LVH： left vemrlcular 

hypcm'ophy．CHF-congestive heart failure 

operated COIltrOl(P<0 01)(T曲 1)． 

Caz release function of SR After reloading SR 

wim pCa 7．0 solution， typical c．affeine-induced 

eontractures were produced by the trealment of caffeine 

5 and10mmol·L～ in LVH and Sham control groups， 

but not in C group． 111e amplitudes of contlacture 

induced by caffeine 5and10 rnmol-L。。_丌Sham group 

were(0．66±0．14)and(1 20±0．27)g／ran7． The 

values in LVH group were(0 53±0 10)and(0．89± 

0．15) n ，which were lower than山at in Sham 

control(P <0 05) ．n1e valUeS in CHF group were 

(0．14±0．07)and(0．23±0．08)g／ram?，whichwere 

much n1ore decreased compared with that in Sham 

controlandin LVH(P<0．O1)(Fig 2)． 

_____Call'-： 

Carl'- 

b 

f 翎 
Sham LVH CHF 

0 

Fig 2． Comparison of tire amplitude of caffeine- 

induced corttr'dcttwesin sapom  50 mg-L一 skinned 

left ventricular txabecu~e from sham operated 

control【Sham 1．hypertrophy c LVH)and heart 

f~tUlEe【CHFl groups． n=8． 霉±s． <0．05． 

甲<0．01 us ；【P<0．01 us LVH． (Caff-5： 

c ille 5 nm~ol·L—1．Caff．10：caffeine 10 mmol· 

L一 l 

Tbe myocytes Caz responsiveness was decreased 

apparently in the end stage of right ventricular 

hypertmphyin rat hearts ． In the present paper．we 

observed thatin basic situation，therewas no change oil 

myocardial Caz SellSitivity in left yentricular 

hypertrophic and failured hearts compared with that in 

age-matched conlrol，this resultwas similartothese of 

hypertmphy in guinea pig and ferret ⋯
． 

From the results．we can inferthat abnorrn~ty ofCaz 

sellsifivity of conWactile protein was not involved in the 

mechanisms underlying the ssed contractility in left 

vent~icular failured hearts． But interestingly，we found 

that the C 一activated tension in patholo cal 

myocardium was more seosifive协 caffeine Funf~er 

study is needed to explain the ditiefence of 

sp0nsi、 ess to caffeine belween pathological and 

normal prepal'n~ons． 

In the preparations with intac~ SR membrane， 

caff eine-induced contractures aeeply decreased in 

failured hearts cc wi th those in hypertrophic or 

age-matched control group， indicating that the 

abool／llality of SR Ca2 release function existed in the 

end stage of failured hearts in rats． This abnormal 

 ̈ 帅 
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change of SR C release might be the mare inctor 

responsible for the depressed contractility in heart 

failure． There are 2 po ssible explanations on the 

reduced SR Ca2 release function：a down．regulated 

number and funcxion of RyR protein， or reduced 

available storedCaz ii1 SR duetD decreased SR Ca2 

uptake 12 J Plenty of evidences~owed that the gene 

expression of SR Ca2 ．ATPase decreased in inilured 

hearts~ r ·”， J which supported the possibility of the 

reduced stored Ca2 in SR due to decreased SR Ca2 

uptake Whether the gene expression of SR C 

release channel changed in this situation still remained 

COlltrOversy ．4j
． 
Further researches on the molecular 

mechanisms of decreased SR C release ale 
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关键词 充血性心力 衰竭；左 心室 肥大；钙； 

肌浆网；收看虿百 面 面～ 、 
— —  

～  

目的 探讨压力超负荷左心衰心肌收缩能力下降 

的亚细胞机制． 方法：采用升主动脉缩窄法制备 

左心室压力超负荷 t2"肌肥大(LVtt)和充血性心衰 

(CHF)大鼠病理模型；采用皂苷 50o或 50 mg·L 

制备左室肌小梁蜕膜标本，皂苷 5∞ mg·L 蜕膜 

标本的相对 c 激活张力(7"6 0％和 6％)和皂 

苷50 I1lg—L 蜕膜标本的咖啡因挛缩幅值分别是 

收缩系统C 敏感性和肌浆网 ca2 释放的指标． 

结果：1)基础状态下，LVtt、CHF和同龄假手术对 

照大鼠的相对 Ca2 激活张力不存在显著差异(P> 

0．05)；但变力因素咖啡因 10 mmol·L 干预后 

Ca2+激活张力的增量 8 ％在 LVtt组和 CHF组明 

显高于对照组(P<0．【)1)；2)咖啡因5和 10 mmol· 

L 引发的挛缩幅值在对照组为(0 66±0．14)和 

(1．20±0．27)g／ram~，LVH 组 略 低 于对 照 组 

l9．8％和25-8％ (P<0 05)，CHF组大幅低于对 

照组 呵8．8％和80．9％ (P<0．01)．结论：导致衰 

竭心肌收缩能力低下，可能主要源于肌浆网c 

释放功能的显著下降而非收缩系统的 c 敏感性 

改变． (责任编辑 刘俊娥) 
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