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ABSTRACT

In order to exomine the role of chonges in cqlcíum tronsporf by

mitochondrio ond sorcoplosmic retículum in fhe pofhogenesis of heort foilure,

three fypes of foiling heorts were employed in this sfudy. Both mifochondriql ond

microsomol (frogments of sorcoplqsmic reticulum) frocfions were isoloted from

heorfs foíling due fo oxygen or subsfrote lock, introcellulqr colcium defic,iency or

overlood, ond myopothy due to o genetic disorder. The energy dependenf colcium

binding ond uptoke obilities of the mitochondriol ond microsomol froctions were

determined by using the Millipore filtrotion technique ond 
As}ocl,

In rof heorfs perfused for l0 minutes with hypoxic medÍum colcium

binding ond upfoke by the microsomol frocfion decreosed significontly. However,

mitochondriql cqlcium binding, but nof uptoke, decreosed significontly on perfusing

the heqrts with hypoxic medium for 20 to 30 minutes when The microsomol colcium

tronsporf wos morkedly depressed. Reducfion in colcium binding ond uptoke by

lhe microsomql frqction qs well os colcium binding by mitochondrio of the hypoxic

heorfs recovered towords normol upon reperfusion with control medium. On the

other hond, omitting glucose from the hypoxic medium occelerqted the effecfs of

hypoxio upon controctile force ond mitochondrio cqlcium binding os well os

microsomol cqlcium binding ond uptoke. In controst to the hypoxic heorts, the

rnitochondriol colcium uptoke decreosed significontly ond fhe mognifude of

depression in fhe microsomol colcium binding wcrs oppreciobly greoter in heqrfs

mode to foil ro o compqrqble degree upon perfusion with substrote-free medium.

Heorf foilure due to infrocellulor colcium deficiency produced by
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perfusing fhe ísolqfed rot heqrts with Co+ -free medium resulfed in q mqrked

decline of colcium binding ond uptoke by mitochondriol froction wifhout ony

,e,ffecf on fhe microsomql froction. On fhe other hond, introcellulor cqlcium

overlood, produced by reperfusing fhe rot heorfs ofter 5 to 20 minufes of perfusion

il

with Co" -free medium, decreqsed microsomol colcium binding ond upfoke, ond

increqsed mifochondriol cqlcium binding ond uptoke. When the heorts perfused

-lJ

with Co' ' -free medium in fhe presence of low sodíum were reperfused with

control medium opprecioble ougmenfqtion in mitochondriol colcium tronsporf ond

depression in microsomol colcium dÍd nof occur.

Introcellulor colcium overlood wos olso produced in rof heorfs upon

perfusion with Nq+ -free or K* -fr"" medium. Perfusing the heorts with No+

-free medium decreosed microsomol colcium binding ond uptoke without ony

significonf increqse in the mitochondriql colcium fronsporting obilify. Reperfusion

of heqrfs following o l0 minute period of perfusion with No* -fr"" medium resuhed

in o porfiol recovery of the microsomol colcium upfoke. On fhe other hond, not

only'were,mic¡:osomsl':cqlbiuûi:binding,qnd.uptoke.'decreosed, but.mitochondriol colcium

binding ond upfoke were olso increosed on perfusing the heorts with K* -fr""

medium. Both the ougmenfed cqlcium uptoke by mitochondrio ond the depressed

cqlcium uptoke b¡r the microsomol frocfion did not recover upon reperfusing the

heorts following q l0 minute period of perfusion with K* -fr"" medium.

Bofh colcium binding ond uptoke by the microsomol froction of heorfs

from myopqthic homsters (UM X 7 .l) were decreosed of eorly, moderote qnd

Èevere stoges of heorf foilure. Although colcíum binding by the mifochondriol

froctÍon of these heorfs ot eorly ond moderote stoges of foilure wos decreosed,



mitochondriol cqlcium uptoke wqs not significonf ly different from the confrol.

Mitochondriol froctions of heorts from fhese onimols of severe sfoge of foilure

hod decreosed cqlcium binding ond uptoke. On the ofher hond, mitochondriol

colcíum bindÍng ond uptoke os well os microsomol colcium binding were decreosed

ot eorly, moderofe ond lofe stoges of heort foilure in onofher stroin of myopothic

homsfers (BlO 14.ó) whereos microsomol uptoke decreosed only in lote stoges of

heort foilure. In contrqst, myocordiol necrosis Índuced by oxidized isoprotenerol .

în the isoloted rot heorts, decreosed microsomol colcium uptoke morkedly without

significonf chonges in mitochondríol colcium upfoke os well os microsomol or

mitochondriol cqlcium binding.

These resulfs suggest thof chonges in fhe mifochondriol qnd microsomol

colcium tronsporfing obilíries depend upon the degree ond type of the heort

fqilure. Depression in microsomql cqlcium tronsporf seems fo be o chorocteristic

feoture of foiling heorts whereos mifochondriol colcium fronsport moy be increosed

or decreosed depending upon whether or not mitochondriq serve qs qn odoptive

mechonism for reguloting introcellulor colcium under the given condifions. In

gerierol, this study provides further support fo the view thot both mitochondrio qnd

sorcoplosmic reficulum by oltering their qbilities to regulote introcellulor colcium

ploy o crucíol role in heort dysfunction.
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I. INTRODUCTION AND STATEMENT OF THE PROBLEM

It is now well recognized Ìhqf colcium occupies o cenfrol position Ín the

octivofion-controction-relqxotion cycle of heqrt muscle. Furthermore, differenf

membrone,systems, porticulorly sorcoplosmic reficulum ond mitochondrio, ore

believed to porticipofe in roising ond lowering the introcellulor level of ionized

colcium for initioting controction ond reloxotion respectively. Although the

relotive contribution of different membrone systems in colcium releose ond uptoke

during the processes of heort contrqcfion ond relqxqtion is not cleorly undersfood,

both mitochondriq ond frogments of sorcoplosmic reticulum (heovy microsomes) hove

been demonstroted to qccumulofe lorge omounts of colcium by energy dependent

mechonisms under b:1þ condifions. Recent reporfs in the liferoture reveol

defects in microsomql ond mitochondriol colcium tronsport in certoin types of foiling

heorts, however, the cquse-effecf relotionship between chonges in the membrone

obilities fo'fronsport colcium ond degree of heqrt foílure hos nof been estoblished.

If is, therefore, the purpose of this investigofion fo provide some informofion

concerning the role of miÌochondriol ond microsomol colcium tronsport in the

pofhogenesis of heort foilure.

Since oxygen deficiency is known fo cquse o decreose in the obility of

fhe heort fo generote confrocfile force ond Ìhus heort foilure, it wos one of the

obiecfs of this reseqrch to fest whether hypoxio hos ony influence upon colcium

tronsporting obility of mitochondriol ond microsomol frocfions. The isoloted rqt

heort perfused with hypoxic medium wos used for this purpose becouse this model

hqs been considered suitoble by vorious invesfÍgotors for studying biochemicol chonges

I
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during the course of confroctile fqilure. Heorts foiling due fo perfusion with

subsfrofe-free medium were used for comporison.

Recenfly íntrocellulor colcium overloqd hqs been considered o cruciol

focfor in the genesis of heqrt foilure. Furfhermore, lhe isoloted rot heorf perfused

wifh confrol medium following q brief perfusion with Co+ -free medium hos been

shown fo be,suitoble model for studying the effects of infrqcellulor cqlcium over-

lood. In one series of experÍments, fherefore, we hove invesfigoted chonges in

colcÍum binding ond uptoke by mitochondriol qnd microsomol froc,hie¡s';,i¡ '¡ffi-heqrts

perfused with Co# -free medíum os wellos following reperfusion. Since perfusion

with Nq+ -free or K* -fr"" medíum is known to result ín o mqrked increoser'in the

Íntrocellulor concentrotion of colcium, rof heorts perfused with Nq+ -free medium

or'K* -free medium were used in this study for comporison.

Scorcity of good experimentql models hos been one of the moior limiting

focfors for goinÍng insight info fhe pothophysiology of heort foilure. A new sfrqin

of cordiomyopothic hqmsfers (UM-X7.1) provides'us with on excellent opportunity fo

exomine the obilities of subcellulor froctions from heorts of different stoges of

fqilure to bind qnd occumulote colcium. These onimols develop congestive heort

fqilure w¡th lO0Z incidence ond cqn eosily be grouped in terms of the diseqse on

fhe bqsis of their oge ond clinicol symptoms. In this study,Ì+he.r,e'for,e,*wêrhqve

employed fhese qnimols fo exomine the mitochondriol ond microsomol colcium binding

ond uptoke obilities under differenf experimentol conditions. Another stroin of

hqmsters (B lO 14.ó) which hos been extensively used for sfudying the defecfÍve
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colcium tronsport during moderote qnd lofe stoges of heort foilure, wos employed

for comporison. Sínce myopothic homster heqrts ore known to hove focol necrosis,

we hove mode some otfempts fo invesfigote chonges in cotcÍum tronsport by

" mitochondriol ond microsomol froctÍons of heorfs in which focol necrosis wqs induced

experimento I ly by oxidized' Ísoproterenol under in vitrolconråJitions,.
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il. REVIEW OF LITERATURE

A, PresenÌ Sf,qte,of 'KnowleCge,,Rè1ötive'fo Cqlbium,R.ggulqtion.iniHeort:

The role of cqlci,um os o mediotor of the exc¡totion-controcfion coupling

Ín muscle ond the identificofion of "colcium pump" mechonism of the sorcoplosmic

reticulor system os the cquse of reloxolion qppeors to hove been well documented

(l 12). The ret,eose of cqlcium from fhis membronous sfrucfure to the myoplosml

(314), in response to excifofion of the muscle, ¡5 fhe woy fhe sorcoplosmic

reticulum is envisioned to funcfÍon in excifotion-conlroction coupling. The

colcium interocts with troponin (5) to unfosten fhe froponin-fropomyosin moleculor

lock thus enobling the confrocfile interoctíon of octin with myooin to occur. The

,sequestering of colcium by the sorcoplosmic reticulum depletes the myoplosm ond

froponin of colcium thus returning the muscle to the reloxed stqfe. It should be

recognized thqt most of the work concerning the excifqtion-confrocfion coupling

ond the reloxqtion processes hos been done,uÈiIizi¡g'frggrnenfs.'Sorcop-l,obmic

reticulum of skelefol muscle. Some informqfion concerning fhese events during

the cqrdiqc cycle of controction ond reloxofion hos olso oppeored in liferoture

(617); however, the idenfify of the porticulote fqctor in this regord is less certoin

for the cordioc muscle where sqrcofubulor system is comporofively sporse ond miÌo-

chondrio ore obundqnf . In oddition, colcium fluxes ocross sorcolemmo hove been

considered to ploy o cruciol role during the processes of myocordiol confroction ond

reloxotion (ó).

If is pertinent fo mention thot mifochondrio, like the frogments of
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sqrcoPlc¡smic reticulurn hove been shown fo occumulote cqlcium (8-ll). From time

fo time, vqrious investigotors hove expressed their concem fhqt mitochondrio,

porticulorily in the cqse of heort, ore involved in fhe regulotion of ïntrqcellulor

colcium (12-18). Furthermore, mitochondriq in the myocordiol cell ore cloimed

to ploy o moior role in the in vivo regulofion of colcium since these orgonelles

were found lo contqin the híghesl specÍfic ocfivity upon exposure of the whole

heqrt fo rodioqctiv" 
"ol"¡ut 

(lg-21). On fhe ofher hond, the rofe ond exfent of

colcium tronsport by heort mÍtochondrio ore considered to be slower thon those of

fhe reticulvm (12r20r22r23); however, none of fhe investigorors hove employed

identicol condÍtions for such studies with heort subcellulqr porticles.

In spite of the focf fhqt both sorcoplosmic refÍculum ond mifochondrio

con occumulofe colcium in qn energy dependent monner, o greof mqny differences

between these subcellulor structures hove been observed with respecf fo colcium

fronsporf . The uptoke of colcium by heort mifochondrÍo is inhibited by oligomycin,

ozide, dicumorol ond dinitrophenol whereos these ogents do not hove o significont

effect on the colcium uptoke by fhe sorcoplosmic reticulum (1r20,24-28). Unlike

the heqrt sorcoplosmic,ref iculum, the colcium binding by mÍtochondrio is decreosed

in the presence of 5'-AMP, 3'-AMP or 5'-lMP. FuÉhermore, both 3'-AMP qnd

odenosine hqve been found to inhibit fhe ATPose ocfivity of mifochondrio withouf

offecling fhe reficulor enzyme (25)i, Although the cordioc reticulor frqction hos

been shown fo contoin more neufrol lipids ond phospholÍpids in comporison to fhe

mifochondriol froction (29,30), o sqfisfoctory explonqfion for differences in the

mechonisms of colcium tronsport by mitochondrio ond sorcoplqsmic reticulum mrsf
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owoif further informqtion.

Vorious lnvesfígotors hove ottempted to improve fhe colcium pump

ocfivify of the cordioc,sqrcoplqsmic reficulum by isoloting ond incubofing fhese

portîcles under differenf experimentol conditions (lór23r3l-39), however, no such

effort hos been mode with respect to mifochondrio. Scqttered informofion on fhe

influence of different ions on the colcium upfoke in the reticulor vesicles is olso

ovqÍlqble. For exomple, Corsten (33) hos reported thqt the rqfe of colcium upfoke

in the,sorcoplosmic reticulum of the dog heort is neither offecfed by- chonges in

++K' or No' concenfrotions nor by substitution of isosmolqr omounr of sucrose for

70o/o of the No+. On the other hond, Kotz ond Repke (34) hove demonstrofed thot

concenfrqtions of KCI or NoCl below O.lM increosed cqlcium uptoke by the dog

heqrt sorcoplosmic reficulum. Furthermore, replocemenf of KCI by equimolor

omounts of NoCl decreqsed both the,rote qnd extent of colcium upfoke in the

reticulor vesicles. Éolte, ond Posey (40) hove provided evidence thof in heort

sorcoplosmic retîculum, fhe reducfion of colcium uptoke by No+ is due to o ropid

releose of the bound colcium. Recenfly, Dronsfeld et ol (41) hove reporfed thof fhe

cqlcium uptoke in the cordioc mifochondrio is enhqnced by elevoting the Klo+

rotîo in the incubotion medium. These,studies hove not been corried oul in defoil

under identicol experimenfol conditions nor do fhese ¡reporfs provide enough

experimental bosis for the locolizotion of the sÍfe.for introcellulor ionic compelition

which oppeqrs to be very criticol for determining the regulofion of myocordiol con-

frocfi lify.

';i-.'-j-'-i:.;.' :.:r: :.

The work by different invesfigotors concerning the effects of vqrious
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inotropic ogents on colcium tronsporf by heorf microsomes hqs been reviewed

recently (42-44). In spite of conflicting reports from vqrious loborotories, it is

believed thot ogenfs which increose colcium upfoke by cordioc microsomes, increose

myocordiol controcfility by moking more colcium ovoilqble for releqse during

excitotion. This hypothesÍs hos been deqlt with in defqil by some invesfigotors

who hove ottempted to exploin the positive inotropic effect of cqtecholomines through

the porticipofion of o cyclic AMP-prolein kinose-microsomql cqlcium tronsporf

system (45-4n No. informotion on this hypothesis with respect fo mifochondriol or

sorcolemmol colcium tronsport Ís ovoiloble ot present. It should be pointed out fhot

vqrious invesfigotors hove reporfed the isolotion of heort sorcolemmo (48-53);

however, none of these workers hove ottemþted to study fhe colcium binding property

of this membrone. Although some reports conceming the releose of colcium from fhe

microsomol frocfion under cerfoin experÍmentol conditions hove been published

þ4-5n, such informqtion for mitochondrio or sqrcolemmo is locking. Therefore,

further studies on the effects of vorious cordio-sfimulonts ond cqrdio-depressonts on

colcium tronsporting properties of microsomol, mitochondriql ond sorcolemmol froctÍons

under identicol condiÌÍons qre needed to goin knowledge conceming fhe moleculqr

mechqnism of. drug qcfion olr the heort!

From the foregoing discussion it ís evídent thqt vqrious membronous systems,

such qs mitochondrio, sorcoplqsmic reticulum ond sorcolemmq, ore infimotely involved

in the regulotion of cqrdiqc performonce fhrough the control of colcium movements.

According to the current concepf, fhe infrocellulqr concenfrofion of ionized

colcium is increosed os o result of on influx of extrqcellulqr cqlcium qnd releose

I

I
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from fhe intrqcellulor cqlcium sfores such os sorcoplosmic reticulum ond possÍbly

mitochondrio on depolorizotion of the cordioc cell. If is generolly believed thqt

q wove of depolorizqtion releqsesecolciumrdirectlyrfrom'the:sorcoþlosmic¡reficulum

however, it is qlso considered thot influx of extrocellulor colcium ond chonges in

the cyfoplqsmic concentrqfions of H+, No+, ond K* in the depolorized heort cêll

qlso releose colcium from both sorcoplosmic reticulum qnd mitochondriq. This

increose in fhe intrqcellulor free colcíum ions relieves the inhibition of the froponin-

fropomyosin system ond octivotes myofibrillqr ATPose, thus providing energy for

contrqction ond sliding of the octin ond m¡rosin filoments. ReloxofÍon of the heorf,

on the other hond, results from lowering fhe introcellulor concenfrqtion of ionized

colcium by dif-ferent membronous systems such os sorcoplosmic reticulum, mifo-

chondriq ond sqrcolemmo by energy-dependent processes. These movements of

colcÍum during the qcfivoflôn'¡contrqction ond reloxofion phoses of cqrdioc cycle

ore represented schemofÍcolly in Figure l. Although such q scheme is bosed on q

greot deol of Índirect evidence, it is our belief thot it helps us to reodily oppreciofe

fhe complex events which ore occuring during cordioc controctions ond reloxotion

cycle in normql ond diseosed stqfes.
I

B-. Present,S,totè,of Kn.owledôe,Re,lãtive +oMoleculor: Abnormolitigs in Hec¡*,Fqi:lure:,

It is iust over 20 yeors since Olson qnd Schworfz (58) discussed o hypo-

theficol fromework for the study of cordiqc metqbolism in relotion fo heqrt fqilure.

It wos proposed thot cordioc metqbolic processes could be divided into two generol

cotegories: those thot led to ATP formqtion (which included substrqte oxidotÍon,

electron tronsport ond oxidotive phosphorylofion), ond fhose thof resulted in ATP
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Schemolic representotion of heort cell during qctivotion-
controction-reloxqtion cycle. Upper ponel - controction
phose; lower ponel - reloxqtion phose.

intercalated
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ufilizofion (phosphorylotions, generol onqbolic processes ond myocordiol cell

funcfion). If wos olso postulqfed fhot fhere exist two moleculor clqsses of heort

foilure, i.e., fhose in which fhe defecf loy ín the generofion of ATP ond those in

which the defect toy in the ufilizqtion of ATP (59). Abundont evidence h,os

qccumulofed in fhe intervening yeors to iusfify this troditionol formulqtîon (ó0-ó3).

Some invesfigofon hove demonsfroted q defect in energy production (64-69) while

others hove cloimed on impoirment of the mechonisms for energy utilizotion (60r70,

7l)"in foiling heqrts. Reports qre olso ovqíloble in the literqfure in which normql

energy metobolism in fhe foiting heqrts hos been indicqted (72-n). The sfores of

norepinephrine, which ore known to modulote myocordiol funcfion ond metobolism,

hove olso been sho.wn fo decreose in foiling heorfs (73-81); however, such o chonge

hos been reported to be secondory to heqrt foilure (63r82r83). Thus, if oppeors

fhot defoiled bÍochemicql mechonisms underlying the loss of controctility in heort

foilure remoin obscure ond the possibility of o disorder of regulqtion of cordioc

mefqbolism in cousing heorf foilure hqs nof been ruled ouf qt present.

The derongement of the excitotion-controction coupling mechqnism in

heort foilure hos olso been reported (84-8ó). In order to provide experimentol

evidence in this regord numerous invesfigolors hqve ottempted to show on obnormolity

in the subcellulqr porficles fo occumulote colcium in different types of foiling

heqrfs (12,23,26,27,87-93). Some of the observotions mqde by vorious investigotors

concerning bibchemicol chonges in the foiling heorf cqn be interprefed tosuggest

on qbnormolify of cordiqc sorcolemmq in heort foilure. For exomple, odenylerfe

cyclose which is believed to be ossociqted with the cell membrqne, wos morkedly
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oltered in congestive heqrt foilure induced by oortic consfriction (94). It hos

recently been shown thot chonges in odenylote cyclose in heort foilure induced by

substrote-lock in fhe isolofed heorts ore dependenf upon the degree of heorf

foilure (95). Gold et ol (9ó) foiled to demonstrofe ony chonge Ín myocordiol odenyl

cyclose octivity in the obsence or presence of norepinephrine ond fluoride in

chronic heorf foilure produced by occluding the pulmonory ortery in cots; however,

odenyl cyclose qcifvotion by glucogon wqs lost Ín this preporofion. Anofher line

of evidence showing sorcolemmol obnormolity in heqrt foilure come from studies with

membrone bound No+ - K+ ATPor. in different experimenfol models. Cordioc

insuffÍciency Índuced by vitomin E or cobolt wos shown to be qssocioted with

elevofed levels of No+ - K+ ATPose octivify (68rgn Some investigotors hove shown

q decreose in No* - K+ATPose octivify in foiling heorts due to oxygen-lock (98),

subsfrofe-lock (99), oortic constriction (100) or myocordiol ischemio (91). Other

fypes of heort foilure hqve been cloimed to be ossocioted with no chonge in No+ -

K+ ATPor" ocfivífy (90rl0l). These results suggesf qbnormolities qt fhe level of

mÍtochondrio, sorcoplqsmic reficulum or sorcolemmo in foiling heorfs; however, if

is not known whefher fhese chonges ore q couse or effecf of heort fqiture.

A speciol sÌroin of Syrion homsters (Bl0 14.ó) whÍch develop o heredirory

cordiomyopothy hos been regorded qs qn excellent model for studying the pothogenesis

of congestive heort foilure (102-10ó). The cordioc function ín these onimqls hqs been

shown to be morkedly depressed (107-109). Some investigofors (109-l12) hove

reported qn qbnormolity of oxidotive phosphorylofion in fhe heorts of myopothic

homsfers while others hove foiled to observe such o lesion (l13). Lochner et ol
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(109) found o smqll decreqse in the level of creqfine phosphote without significonf

chonges ín the concentrofion of other high energy phosphofe sfores of the intqcf

myocordium of these onimols; however, fheir results ore difficult to inferpref

becouse fhe vqlue of creqfine phosphote for fhe control heorf is for below the

occepted level in the normql heort. A depression in fhe levels of creotine

phosphofe, ATP ond AMP wos reporfed by these workers (l14) ¡n the isoloted

perfused myopothic heorts without ony chonge in fhe level of ADP. By using more

specific fluoromefric fechniques, Fedelesovo ond Dhqllo (l15) demonstroted drqmotic

qlterqfions in energy mefqbolism of the myopothic homster heorf . Some offempts

hove olso been mode to goin infor:motion concerning colcium tronsport in foiling

myopothic hqmster heorts. For exomple, Gerlzet ol (lló) reported o neducfion in

the obility of the myopofhic sorcoplosmic reficulum to qccumulqfe cqlcium in the

presence of oxolofe. Schwqrfz ond his co-workers (lllrll2rllT) showed o de'creose

in cqlcium upfoke by mitochondriq ond sorcoplosmic reticulum of these onimols. In

qddition to demonstroting chonges in cqlcium bindìng ond uptoke by fhe subcellulqr

porticles of the myopofhic homster heort, it hos been shown fhqt the observed qlter-

otion in the colcÍum pump in fhe microsomql ond mitochondriol frqcfions wqs not due

fo q reduction in Ìhe ATPose octivities of fhese porficles (ærl18). Owens et ql

(l19) hove recently reporfed thqf the cholesterol: phospholipid molor rotio of the

myopofhic heort heqvy microsomes wos elevoted ond smqll differences were olso

opporent in the phospholipid composition of these membrones in comporison to fhe

control. In extensive studies on colcium tronsport in fhe myopothic homster heorts

(28rll8), onimols with moderofe ond odvqnced degrees of heorf foiture were
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employed, bul detoiled informqtion in heorts before the onsef of fqilure qnd qt fhe

initiql stoges of heort fqilure still remoins fo be obtqined in order fo determine whether

such q lesion forms o primory fqcfor in the pofhogenesis of heqrf foilure in this model.

No chonge in oden¡rlofe cyclose octivify of the myopofhic homster heorts with o

moderqte degree of fqilure wqs observed while otodvonced sfoges of heort foilure,

the response to fluoride wos decreosed whereos thot to norepinephrine wqs obolíshed.

(120). In myopofhic homster heorts with o moderote degree of heorf foilure, the
+-L

Nq - K' ATPose ocfivify wos olso increqsed (l2l) but no informofion in fhis regord

is ovqilqble in heqrts before the onsef of foilure os well os ot the initiol sfoges of

heorf foilure in these onimols. Thus the BIO 14.ó stroin of cordiomyopothic hqmsters

hos served o useful purpose in providing voluoble informqtion concerning the

pofhogenesis of congestive heqrt foilure.

Recently qnofher stroin of cordiomyopothic homslers (UM-X7.1) hos been

developed with l00o/o incidence of congestive heqrt foilure (122). These homsfers

show on obnormol EKG pottern ond the sorcolemmo obtqined from foiling heor-fs of

severe,sfoges reveql dromqtic chonges in fhe octivities of odenylote cyclose (in fhe

presence of epinephrine qnd NqF), Co# ATPose, Mg* ATpose, ond No+ - K+

ATPqse (123). This, to the besf of our knowledge, is the first demonstrofion of

qbnormolify in sorcolemmo in ony model of heorf foilure. The results of Gelbqnd

qnd Bossei¡ (124) concerning fhe depressed resfing potentiol, ocfion pofentiol over-

shoot, ond oction potenfiol moximum rote of rise in cqrdioc muscles from cqts with

right venfriculor fqilure due to pulmonory ortery obsfruction con olso be interprefed

to reflecf o defect ot the level of sorcolemmq. It is pointed ouf fhot these



14-

cqrdiomyopofhic onimqls (UM-X7.1) show generolized edemo, pulmonory edemo,

liver congestion ond cqrdiqc hypertrophy. It is these qnimols which we used ot

differenf sfoges of heorf foilure fo defermíne fhe significonce of the observed

defecfs of membronous systems.

C. Role,of Colcium in Heort ,Foilure:

According to o concepf of Fleckenstein (125-12n, depressed confroctilify

of the foiling cordioc muscl.e hoving normol energy supply con-be restored by

providing extrq colcium whereos, colcium is not effective in foiling heqrfs hoving

depleted stores of the energy-rich phosphotes. The restorotion of controctility by

cqlcium in certoin fypes of foiling heorfs is believed fo be due to on improvement of

the excifqtion-confrocfion coupling process. Direct support to this hypothesis wos

provided by the work of Koufmonn et ol (128) who employed popillory muscle from

hypertrophied right venfricles of cols with ortificiol sfenosis of the pulmonory orfery.

These investigotors observed thof depressed contrqcfility in the obsence of ony

olterqfion of the elecfricol ocfivify of the foiling muscles con be restored fo fhe

sqme level os with confrol preporotions by odding extrq colcium into the bothing

medium. These observotions con be inferpreted fo suggesf thot o sufficienf qmounf

of cqlcium wos not releosed from the infrocellulqr sfores on depolorizotion in these

foiling heort musctes. On the other hond, Fleckensfein ond co-workers (129) hove

recenf ly suggested fhot q number of non-coronorogenic cordiomyopothies result

from on intrqcellulor overlood of colcium, which is moinly due fo o morked increqse

in fhe tronsmembrone colcium influx. This hypothesis is primorily bosed on the

observotions thqt foctors such qs corficosteroids, dihydrolochysterol qnd NoHrPO4,
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which sensifize the myocordium to cotecholqmine-índuced necrotizofion, gct by

pofentioting,colcium upfoke; whereqs ogents such os veropomil, prenylomine qnd

voscoril, which greofly reduce tronsmembrone colcium influx, show beneficiol

effects. From fhese sfudies one is fempfed fo conclude thqf sqrcolemmol domoge

moy result in qn ínfrqcellulor overlood of colcium ond subsequently heort foilure.

Depressed qbilities of mitochondrio ond microsomes to occumulote

colcium con be conceived fo elevofe fhe introcellulor concenfrotion of ionized

colcium. SÜch o chonge in fhe properties of mitochondrio ond sorcoplosmic

reficulum like fhot of sorcolemmo produce on overlood of introcellulor free cqlcium

which moy fhen resulf in derongemenf of myocordiol metobolism, ultrostrucfure qnd

function. Numerous invesfigotors hqve oftempted fo show on obnormolity of sub-

cellulor podicles fo qccumulqte colcium in differenf types of heorf fqilure. For

exomple, Gerlzgl jl (84 hove reported thot the obility of heovy microsomes te

occumulqte colcium wos morkedly impoired in the sponfonê:ously foi.lihg,dog heort-lung

preporofion. Foilure of Ísolqfed rqt heqrts fo generote contrqctile force on perfusion

wifh subsfrote-free medium wos found to be ossociqled with depression in colcium

fronsporf by bofh mitochondrio ond frogments of sorcoplosmic reticulvm (12,26,g3).

The obility of the sorcoplosmic reticulum of the ischemic dog heort Ìo bind ond

occumulote cqlcium hqs olso been sho.wn to decreose (88r89r130). Reduced rqtes

of colcium binding ond uptoke by microsomol ond mitochondriol froction of the foiling

humon heqrts hqve olso been reported (90,131) ligotion of the right pulmonory orfery

wos demonsfroted to result in heorf foilure ond depressed cqlcium uptoke by the

microsomol froction (27). Myocordiol necrosis induced by isoproterenol in vivo
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hos olso been shown to be ossocioled with reducfion in colcium binding by fhe

mÍcrosomol froction (132). These resulh in oddition fo fhose reported obove for the

myopofhic hqmster heqrfs suggesf fhqt defects in the regulotory mechqnisms for fhe

movement of infrocellulor colcium hove on imporfont beoring on the pothogenesis

of heort foilure. It should be pointed out thot none of fhe previous invesfigotors

hove reporfed chonges in colcium fronsport by subcellulor porticles before the onset

or ot the eorly phoses of heort foiture

The duql role of cqlcium in moinfoining, os well qs ín deferioroting,

heqrt function qnd ulfrostructure hos been well recognized in isoloted rqt heort

preporofions (133-137). Recent studies in our loborotory hove shown fhot reducing

fhe omount of extrqcellulor sodium during perfusion of the heort with colcium-free

medium deloys foilure of controctile function, ougments recovery ond prevenfs uhrq-

structurql domoge Wn. It hos olso been reported thot perfusing the rof heorts

with normol m.edium following pre-perfusion with cqlcium-free medium results Ín q

mqrked increose in myocordiql colcium content (138). Likewise, heqrts perfused

with No+ -free or K+ -fr"" medium foiled fo generofe confroctile force ord were

found to confoin elevqted levels of introcellulor colcium (138). We believe fhese

ísolqted perfused heqrf preporofions form excellent models for studying fhe effects

of infrocellulor colcium overlood on differenf membrqnous s¡æfems. In confrosf,

foiling heqrts due to perfusion with hypoxic medium were demonsfrqted to contqin

lower levels of introcellulor colcium ond showed depressed cqlcium influx, whereos

no chonge in the infrqcellulqr colcíum levels wos nofed in foiling heqrts due to

perfusion with subsfrote-free medium (138). Significonf depression of mitochondriql
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ond microsomol levels of colcium wos observed in foiling heqrts due to lock of

subsfrofe ond oxygen (139). It should be menfioned fhot, unlike substrote-deplefed

heorfs, no informqfion conceming the obilities of mitochondriol ond microsomol

frocÌions of the hypoxic heqrts to tronsport colcium is ovoilqble in the literoture.
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ilI. MATERIALS AND METHODS

A. Animqls:

In one series of experimenfs o new stroin of myopofhic homsfers (UM-XZ.l)

ot differenf stoges of heqrt foilure wos employed. These qnimols hove recently been

described os forming q useful model forsfudying the pofhogenesis of heqrt foilure

(123'140,141). Thís line of homsters hos been esfoblished by cross-breeding

homozygous diseosed onimqts with heolthy homsters ond by recoveringthe mufonf

gene in fhe F, generotion. The diseqse in fhese onímols is. frqnsmiffed

throu$h on¡oufosomol recessiVe'gehè''ond o preäêbrbiic Stogelhos.been'found

to occur within 20 to 30 doys of oge. A necrotizing stoge hqs been observed,befween

30 to 120 doys ond depending upon its severity is followed byvorying degrees of

heorf fqilure with l00o/o incidence. For lhe purpose of this sfudy we hqve chosen to

employ these homsters of eorly (150 doy old), moderofe (175 doy old) ond severe (200

doy old) sfoges of heqrt foilure. The criferiq for grouping these onimols in differenf

stoges of heorf fqilure were bqsed upon the degrees of cordioc hyperfrophy, tiver

congestion, hydrothorox, oscifes ond subcutqneous edemq. Another welt estoblished

stroin of myopofhic homsfers (BlO-14.ó) ot different stoges of heort foiture (lO2-lOó,

l38rl42) wos used for comporison purposes. Normol heolthy inbred Syrion hqmsters

of the respective oge groups were employed os controls.

Mole olbino or hooded rots weighing 300 Ìo 400 g. were qlso used in

the presenf sfudy. All onimqls were fed loborotory qnimql dief od libifum ond

socrificed by decopitofion.
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B. Chemicqls ond Reqgenfs:

The chemicols used ín fhe present study were of onolyfícol grode ond

purchosed from Fisher Scienfific or Con-Lob. The enzyme grode sucrose wos

ob+oined from Monn Reseqrch Co. Di-sodium ATP ond Tris bose were purchosed from

Sigmo Chemicol Co., wher"o, 
45CoCl, 

wos obtoined from New Englond:.Nucleor.

Deiôn.ized distilled woter wqs used in qll experiments.

C. Rot Heort Perfusion:

The heorts were quickly dissecfed out ond ploced in cold oxygenoted

Krebs-Henseleit solution. Fot ond connective tissues were removed ond the heorfs

were orrqnged for coronory perfusion occording fo the method of Longendorff os

described elsewhere (69r83rg8rßn. The perfusion medium wqs Krebs-Henseleit

medium (control r"airì), contoining (in mM): Nocl 120; NoHC o32s.4; KCl4.g;

KH2PO4 I .2; Mgso 00.86; Cocl, I .25 ond glucose ,ll . This solurion wqs gossed

with91o/o o, ond 5o/oco, mixture ond moinfoined ot s7oc. The pH of the

medíum wos 7.4. The perfusion pressure wos opproximotely B0 cm Hzo. The

sponfoneously beofing heorfs were equilibroted for l0 minutes with control medium

before fhey were employed in experiments cqrrÍed ouf in the present sfudy. All these

heqrts were perfused in on open system ond were puncfured with rhe tip of fíne

scissors qt fhe beginning of the perfusíon in order to qvoid fluid qccumulotion in fhe

ventricles.

In one sef of experiments, heorfs were mode hypoxic by perfusion for

different infervols with Krebs-Henseleit medium gossed withg1o/o N, ond Se/oCOr.
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In some experiments, heorts were olso perfused wifh oerobic or hypoxic medium in

which glucose wos omiffed. Heorfs were olso perfused with qerobic perfusion

medium in which coÏ, Nof o,. K**o, omiited. In fhe perfusion medium in which 
,,,,,,,,,,,.,,,,,,,1.

ony constiluent wos omitfed, fhe osmolority wos moinfoined by odding on equimolor

omounf of sucrose or Tris-HCl. When the heorts were perfused with oxidized

isoprcferenol the perfusion medium contoining the sympothomimetic omine wos gossed ,,'..,,:;, '

..:, ::,:: ,::,:.

wilh91o/o O,, ond 5o/o COo for 15 hours before storfing fhe perfusion. The controlz z 

.._. :. ."-.__-.-r..-vvrrrrvr 
,,,, ,,.,.,,.,

heqrts were perfused with control oerobic for comporoble lengths of time for ony

given experimentol condition. In some of the experimenfs, fhe vqlues for confrol

heqrts under dífferenf condifions were grouped together since these were overlopping

ond were not stofisficolly differenf from eoch other.

A resfing fension of I g. wos opplied fo oll fhe heorfs used in this sfudy

insforfingtheperfusionqndfheconfrocfileforcewqsmonitoredonqGrosspoly-

grophbyusingqforce',displocement.tronsducer.In'3omeofitheexperimentscoronory

flow wos moinloirned'pl l0 ml/min,orid the,heorfs wêrerfobed electriboily by-,,o,.squore 
, ,,,' ,,,,,,',

wove stimulqtor (Phipps ond Bird Co.) with fhe pulses of l.5X the threshold voltoge 
,,,;;,,,,,,,.,,,

ond of l0 ms. durofion, ot o frequency of 5/sec. 
;':: :::: 

':

D. Isolotion of Subcellulqr Froctions:

Control ond experimenfol rot heorts were ploced in chilled 0.25 M

sucrose soluf ion contoining I mM EDTA , pH 7.0. Two to fhree heorfs receiving

fhe some treofmenf were pooled together for preporing subcellulor froctions by dif-

ferentiql cenfrifugotion. The heorfs were diced ond:homogenized in l0o/o (*h) of the

sucrose -EDTA medium in q Wqring blendor for 30 sec (2X15 sec) ot o medium speed
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setting. In some experiments, the heorf homogenotes were mode by o gloss homog-

enizer ond Teflon pesfle driven by on electric motor for o fotol of I to l0 posses.

No difference wos observed between fhe results obtoined by these fwo methods of

homogenizotion under our experimenfol condifions. The homogenote wos fittered

fhrough four loyers of gouze ord cenfrifuged of lr000X g for t0 minufes to remove

cell debris, nuclei, myofibrills ond ofher moferiql. The,supernofont wos centrifuged

ot l0r000X g for 20 minutes to obfqin q crude mifochondriol petlef . The supernofonf

wqs further cenfrifuged of 40r000X g for 45 minutes to obtoin q crude heovy micro-

somol frqction contoining frogments of sorcoplosmic reficulum.

Th crude mifochondriol pellet obtoined qbove wqs woshed, gently

suspended in the homogenÍzing-'med.ium wing o:gloss hoçogen,izq¡,g¡çlrçentrifuged of

lr000X g for l0 minufes. The sediment wos discorded ond the supernofont cenfrifuged

ot 8r000X g for t0 minufes. The mifochondriol pellef thus obtoined wqs woshed qnd

suspended in 0 .25 M sucrose solution. pH 7 .0 , ot o protein concentrof ion of 2 ro 4

mg/ml. The crude microsomol pellet obtoined obove wqs wqshed ond genfly

suspended in 0.óM KClsolution conroining 20 mM Tris-HCt, pH ó.gby using o

gloss homogenÍzer. This suspenision wos;eentr:ífuged.oi,100,)000 *rg for lO minutes qnd

lhe supernofonf wos fudher cenfrifuged of 40r000X g for 45 minutes. The pellet

thus obtqinedwos wqshed ond suspended in 0.25 M sucrose solufion, pH 7.0, of o

protein concentrofion of obout 1.0 mg/ml. This method of isolqtÍng the subcellulqr

frqctions is essenfiqlly similor fo fhot described elsewhere (28). The procedure for

isoloting"subcellulor frqctions wos corried out qf lo lo 4"C in the cold room qnd fhe
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preporofions were used immediotely offer isolof ion. In eoch sef of experimenfs with

rot heorts, other methods for isoloting mifochondriol ond microsomol froctions were

olso employed in order to exomine if fhe observed chonges were due to on orfifoct

of the isolotion procedure. For this purpose, mitochondriq were prepored by

homogenizing fhe heort in medium contoining o.lgM Kcl, lo mM EDTA ond 0.5%

olbumin, pH 7.4, occording to fhe method of Sordqhl qnd Schwo rtz (143). On fhe

other hond, mícrosomql froction wqs isolqÌed by moking heort homggenofe in l0 mM

NoHCor, 5 mM NoN, qnd 15 mM Tris-HCl, pH ó.8 occording ro the procedure

described by Horigoyq ond Schwortz (23). If is pointed ouf fhof mosf of the experi-

menfs with control ond myopofhic hqmster heorts were corried out by fhe methods of

Sordohl ond Schworrz (143) ond Horigoyo ond Schwortz (23). These methods did not

yield resulfs different from those obtoined by the sucrose mefhod outlíned obove.

E. Meqsurement of Colcium Binding ond Uptoke:

It is poinfed out thot the ferm colcium binding is opplied in this sfudy

to indicqfe colcium qccumulolion by microsomol ond mitochondriol frqctions in the

obsence of oxqlote ond inorgonic phosphote (Pi) respectivety ond it is understood

fhqt fhís usoge employs on qrbifrory meoning for binding. On the other hord, the

term colcium uptoke is opplied to indicote colcium occumulotion by microsomes ond

mitochondrio in the presence of oxolqfe ond Pi respectively. The methods employed

for colcium binding ond upfoke qre sÍmilor to fhose employed in fhis loborotory (25,

28,120).

l. Colcium Binding:

Both mitochondriol or microsomol frqctions were incuboted in I to 2 d or
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medium contoining 100 mM Kcl, l0 mM MsCl, , 4 mMATp, ond 20 mM Tris-HCl

pH7.0. These membrones were incuboted ot 25"C for 2 mÍnutes before sforfÍng the

reoction w¡fh O.ltM 45CoCl,r. 
The protein concentrotÍon for fhese frqcfions in fhe¿

incubotion medium voried from 0.1 to 0.3 ng/ml. The reoction wqs ferminofed qf

the desired time intervols by Millipore filtrotion (pore size 0.45p). The filtrorion

wqs corried ouf by using Millipore filtrotion ossembly oftoched fo o 3 ml disposoble

syringe qnd wos qchieved within 2 seconds. The filtrote wos tesfed to ensure it wos

free of proteÍn. In some experimenfs cotcium bindlng wos defermined by vorying the
Lc

pH or '-CoClrconcenfrqtion of the Íncubotion medium. Th rodioqcfivify in the

filtrote (0.1 ml) wos meosured in duplicoÌe byo Pockord liquid scinfillqfion spectrophoio-

mefer by using l0 ml of the Broy,ls.sol.qtion;in*disp_osqble vi.o,lq.

2. Cqlcium Uþióke:

. The mÍcrosomql frqcfîon (0.02 to 0.04 ng/ml) wos íncubqfed for 2

minutes ot 37oC in I to 2 ml or medium contoining 100 mM Kcl, l0 mM Msclr,

4 mM ATP, 5 mM pofossium oxolote, ond 20 mM Tris-HCl , p'47.0. on the other

hond, fhe mitochondriql frqcfion (0.lto 0.3ng/ml) wos incuboted for2 minutes

ot 37"C in I to 2 ml medium conrqinïng 100 mM KCl, l0 mM MgClr,4 mM KH2poA,

4 mM succínofe qnd 20 mM Tris-H Cl , .pH 7 .0. The reocfion in both coses wos

storted by odding 0.1 mM 
4sCoCl, 

ond ferminofed by rhe Millipore filtrorion os

menfioned obove. Some experiments, os indÍcoted in fhe fext, were corried out

enrploying different concenfrotions of "CoClo or different pH of the incubotion
¿

medium. The rodioocfivity Ín fhe filtrote (0.1 ml) wos esfimoted in the pockord

liquid scintillqtion specfromefer by using t5 ml of the Broy's solution in disposoble
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viqls.

F. DeferminqtÍon of ATPose Acfivify:

The ATpose octivify wos ossessed by determining fhe inorgonic phosphofe 
,, .,, ¡,.,,

produced due to the hydrolysis of ATP during the incubofion period. To study the

tofol ATPose octivify of either microsomes or mitochondrio, the subcellulor froction

wqs incubofed in o medium contoining 100 mM KCl, l0mMMgClr r 4mMpotossium- 1.....,,.:, 
.

oxolote, 0.1 mM CoClr, ond 20 mM Tris-HCl, pH 7.0, ot g7oc, in o fofol volume 
I '

, 
t ttt 

, ._. 
t.,'

of 1.0 ml (finol protein concentrofion wos 0.1 to 0.2mg/ml). The reoction wos

stqrfed by oddÍtion of 4 mM ATP ond ferminoted by Millipore fihrotion. The bosql

ATPose ocfívity of the microsomes wcls defermined in fhe qbsence of CqCl, but in fhe

presence of 0.2 mM EGTA. The difference between the tofql qnd bqsql iror"
l

octiviÌy represents the Co# -sfimuloted ATPose ocfivify of the membrone froction.

The inorgonic phosphofe present in the filtrqfe wqs determined by the mefhod of

Fiske qnd Subbqrow (144).

G. Determinofion of Profein Concentrotion:

,,.{.r 1.., . .,t '

ProteÍn concentrotion of the subcellulor froctions wqs determined ' '

,.,a.,..,...,:...1,
occording to the method of Lowry et ql (145), using þovine serum olbumin os :":: i':'i

stondord. The results for cqlcium binding ond upfoke os wetl os forATPose octivity

were expressed in ferms of mg proteín of the subcellulor frqcfion.
.:1,_ , ,:. , .--:, _:..

t..r,.:. :.;:;:.,:,H. Electron Microscopic Studies:

The finol pellets of mitochondrio ond microsomes from the control ond

hypoxic heorfs were fîxed overnighf in 5o/o gluferoldehyde in 0.1 M phosphote

buffer, pH 7.4, diced inlo pieces of obouf 0.5 mm fhick, wqshed ovemight in 0.1 M
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phosphote buffer, pH7.4 ond post-fixed for t hour in osmium tefrqoxide. These

specimens were dehydroted in o groded ethqnol series (50 fo IOOV") ond embedded

inArqldite-502 epoxy resin. Thin sections were mode on o Porfer-Blum MT II

ultromicrotome using gloss knives, ond stqined with Reynold's leqd cifrqte. The

sections were exomined ond photogrophed using o Zeiss EM-9S. elecfron microscope.

I. Mqrker Enzyme ActÍvities:

The mirochondriol ond microsomql froctions were isolofed occording to

fhe procedures described qbove whereqs the sqrcolemmol frqctions wos isolqfed

occording to the mefhod of McNomoro et ol (53). The octivities of cytochrome C

oxidose, glucose - ó - phosphotose, ouqbsin-sensitive No+ - KlATpor","r.

determined occording to the methods described elsewhere (2grs31146rl4Z).

J. Anolysis of Dqtq:

Eoch observotion wos mqde with ot leost 3 ø 4 differenf preporofions.

Bofh confrol ond experimenfol preporofions were mode under identicol conditions

simultoneously. Meqn t S.E. for eqch point wos colculofed qnd the level of

significonce of the difference between control ond experimentol groups wos

determined by fhe sfudents'!t'fest. The P vqlues <0.05 were token to reflecf

significont difference between confrol ond experimentol preporotions.
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IV. RESULTS

A. Colcium Tronsport by Subcellulor Froctions of Heorfs Mode fo Foil due to
Oxygen oq Substrote Lock:

When isoloted rot heorfs were perfused with hypoxic medium, fhe ,,i

controctile force declined by obout 40, 60 ond 70o/oof the confrol wÍthin 5, lO

ond 30 minufes respectively. On fhe other hond, the controcfíle force begon fo 
,

decline qt 30 minutes qnd wos qbout 50r 30 ond 37o of the confrol within ó0, 90 ond ',i

120 minutes respectively on perfusing the heqrfs wÍth substrote-free medium. These ,,;,

results were similqr to fhose olreody reported from our loborotory (98r99).

In the firsf series of experirnenfs, bofh mitochondriol ond heovy micro-

somol froctions were isoloted from rqt heorts perfused with hypoxic medium for 5,

lOr 20 or 30 minufes qnd cqlcium binding ond upfoke were defermined. The results

shown in Figure 2 reveol thqt boïh cqlcium binding ond upfoke by microsomes were

decreosed significontly (p < 0.05) in,heqrts perfused for l0 or more minutes with

hypoxic medíum. Furthermore, colcium binding, but not cqlcium uptoke, by

mitochondrio decreqsed significonfly (p < 0.05) on perfusing the heqrté with hypoxic ,,.ì,

medium for 20 or 30 minutes. The decreose in colcium upfoke by microsomes, buf

not by mitochondrio, in heorfs perfused for 30 minufes with hypoxíc medium wqs qlso

opporenf when determinotions were mode ot differenf fime intervols of incubotion of

these froctions (Figure 3).

Since colcium Ìronsporf by subcellulqr frqcfions is considered fo be on

energy dependenf Process, the ATP hydrolyzing obility of mifochondriol ond micro-

somql frqcfions from heorts perfused with confrol ond hypoxic medium for 30 minufes
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wds determined. The resuhs in Toble I show fhof fhe tofol ATPose octivify of

mifochondrio ond the bosql ATPqse ocfivify of microsomes from hypoxic heorts were

not different (P > 0.05) from the control. However, Co# -stimuloted ATPose

, ocfÍvity of the microsomql froction from the hypoxic heorfs wos signifÍconfly (p < 0.05)

decreosed

It wos observed thqt the yields of bofh mifochondriol ond microsomol
-:
.:

,, frocfions of heorts perfused for 30 minutes were not different (p > 0.05) from the

,l "ontrol 
(Toble I). It con be seen from Toble 2tho¡ neither sodium-ozide nor oligo-

mycin exerfed on opprecioble effecf on the microsomol froctions from fhe control qnd

l.¡-hypoxic heorts; however, these ogents produced on eguol degree of inhibition upon

colcium binding by mitochondriql froctions from the confrol ond hypoxic heqrfs.

the mÍtochondriql ond microsomol froctions were olso exqmined elecfron-

microscopicolly. The elecfron microgrophs of the froctions from fhe hypoxic heorfs

qre shown in Figure 4, whereos those from the control heorts ore similor fo lhose

described by Dhollo (12); vorying degrees of swelling ond domoge fo the ulfrq-
:: sfructure of mitochondrio were seen in pellers from fhe heorts perfused wirh hypoxic
I

l, tedíum for 30 minutes. On fhe other hond, the oppeoronce of vesicles in fhe

microsomql pellets from the hypoxic heorts wos not different from the control.

The dofq shown in Toble 3 indicote thot depression in mitochondrÍol

.] ond microsomol cqlcium binding qnd microsomol colcium uptoke in heorls perfused

for 30 minufes with hypoxic medium wos reversible upon reperfusing fhe hypoxic

, heorts wifh cmtrol medium for 15 minuîes. The confrocfile force of these hypoxic

heorts recovered to qbout 75o/o oî the confrol under fhese conditions. Furthermore,
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TABLE 2

INFLUENCE OF AZIDE AND OLIGOMYCIN ON CALCIUM BINDING BY

SUBCELLULAR FRACTIONS OF CONTROL AND HYPOXIC HEARTS

Colcíum binding
f/" of volues without inhibitors)

Mik¡chondrio Heovy microsomes

Hypoxic Hypoxic
Additions Confrol (30 min) Conrrol (áO min¡

100 t00 t00 too

Sodium qzide
(5mM) 46.8+4.1 51.4+3.2 92.8+3.3 95.0+2.8

Oligomycin
(2.5vs/nl) 5l.l+3.ó 52.5+3.8 92.9+2.1 89.0+3.0

The results ore meqn j S.E . of 4 experiments.

, :)::..:..;.:..:

i'!'{,

-31 -
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FIGURE 4. Electron microgrophs of pellets of the subcellulor froctions
isoloted from heorfs perfused for 30 min with hypoxic medium
Upper ponel - mítochondriol frocfion; lower ponel - heovy
microsomol froction (X - 27,000). The electron microgrophs
of pellets from control heorts were similqr fo fhose described
by Dhollo (12).

i...
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TABLE 3

RECOVERY OF CALCIUM ACCUMULATING ABILITIES OF THE

SUBCELLULAR FRACTIONS OF HYPOXIC HEARTS

Colcium qccumulotion
(/o of fhe control volues)

Mitochondriq Heovy mícrosomes

Binding Upfoke Binding Upfoke

Confrol l0O lO0 l0O 100

Hypoxic (30 min) 85 .8 + 2.7 96.7 + 3.2 79 .t + 3.4 44.0 + S.B

Hypoxic (30 min)
+ Aerobic (15 min) 99.7 + I .6 gs.r + 2.4 100.9 + 2.2 gs.6 + 2.g

Theresultsqremeont.1.E.,"lóexperiments.Thecontrolcolciumbindingondupfoke
by mitochondrio werJ 60 + 4.9 ond 255 + 14.7 ond by heovy microsome, *Lr" 36 + 3 .Z
ond 410 + t8.ó nmoles co++/^g prorein/l0 rin ,espectiveiy. - 

'
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omission of glucose from the perfusion medium wos found to pofentiofe fhe depressont

effect of hypoxio on mifochondriol qnd microsomol colcium binding ond microsomol

colcium uptoke (Toble 4). It should be poinfed ouf fhot.heorts perfused wÍrh hypoxic

, ond substrote-free medium foiled fe,,generofe controciile force within 30 minutes.

In onother series of experimenfs, fhe colcium upfoke obility of the

, tubcellulor frqctions from fhe hypoxic heorfs wos compored with thof from heorts
:

' with substrqfe-free medium. For this purpose, the isolofed rqt heorfs were poced
:

,, electricolly ond pgrfused with hypoxic or substrqte-free medium until their obility

to generote contrqctile force decreosed by obout 660/o of the control. From the

i ,"sults given in Toble 5 it cqn be,seen fhof colcium upfoke by mirochondriq from

r substrofe-depleted heorfs, unlike thqt from the hypoxic heorfs, wos significontly

, tp<0.05) less thqn fhe control votue. The colcium uptoke by úe microsomol

I froction of the sûbsfrote-depleted heorfs wos depressed to qn extent similor fo thqt

for the hypoxic heqrts. On fhe other hond, colcium binding by fhe microsomql

frqcfion from fhe subsfrote-deplefed heorfs wos decreqsed to q greofer extent

I (p < 0.05) thqn'thof from the hypoxic heorts (Toble ó) when the determinolions were

, performed of differenf pH or colcium concentrqtions of the incubofion medium.

B. Colcium Tronsport by Subaeltulor Froctions of Heorts mqde fo Foil due to' Perfusion with Medium Defícient in Different corions:

Co# -free perfusion:
i

The controcfile force declined to zero within 3O--secondsrto¡one minute

, offer perfusing the isoloted rot heorts with colcium-free medium. The heorts perfused

I with colcium-free medium for 5 minutes foiled to recover upon reperfusion with



-?Ã-

TABLE 4

INFLUENCE OF SUBSTRATE-LACK ON THE CALCIUM

ACCUMULATING ABILITIES OF THE SUBCELLULAR FRACTIONS

OF THE HYPOXIC HEART

Colcium occumulqtion
(nmoles Co#/mg protein/ïO min)

Mitochondrio Heovy microsomes

Conditions Binding Uproke Binding Uptoke

control ó1.9 + 3.5 260 + 21.3 38.7 + 3.2 396 + 13.6

Hypoxic (10 min) 57.0 + 3. | 251 + 2s.0 30.3 + r .8 2gl + 2o.g

S ubsf rqfe-free
(10 min) 58.1 + 4.2 235 + 14.9 36.8 + 2.2 358 + t9.5
S ubstrqte-free
hypoxic (10 min) 48.6 + 2.7 240 + 27.4 2s.2 + 2.1 159 + 15.9

Eqch volue is q meon 1 S.E. of ó experiments.



CONTRACTILE

FRACTIONS OF

TABLE 5

FORCE AND CALCIUM TRANSPORT BY SUBCELLULAR

THE ELECTRICALLY PACED CONTROL, HYPOXIC AND

SUBSTR,ATE-DEPLETE D HEARTS

Cqlcium uptoke
(nmoles Co#/mg' protein/10 min)

Controcti le
force

(s/s heort) Mitochondrio Heovy microsomes

Control

Hypoxic

Subsfrote-
deplefed

1 .92 + 0.32

0.ó0+0.tI

0.ó5 + 0.09

272 + 18.3

261 + 9.2

203 + 13.2

+ l'1.4

+ ló.5

231 + 10.5

385

182

Eochvolue iso meon+S.E. oî4 -óexperiments. A resfing fension of I gwos
opplied to fhe heort of-the beginning of the experíment ond rhe heorfs were
stimulqted qt o rote on-250 beots/min with q squore pulse,stimulii iust obove the
fhreshold. Coronory flow wos mqinfoined ot l0 nlimin Perfusion with hypoxic
or subsfrote-free medium wos corried ouf till the controcfile force declineá'by
qboui 66o/o of the initiol. Confrol heorfs were perfused for comporoble lengtÉs of
time ond their results were grouped fogether.

-3ó-



TABLE ó

CALCIUM BINDING AT DIFFERENT pH OR CALCIUM CONCENTRATIONS BY

MICROSOMAL FRACTION OF CONTROL, HYPOXIC OR

S UBSTRATE-DEPLETED HEARTS

Colcium binding
(nmoles Co#/mg protein/2 min)

conditions control Hypoxic substrofe-depleted

A. pH volues:

ó.0 37.1 + 1 .5 25.2 + 0.7 13.5 + 0.5

6.5 39.5 + 2.3 25.9 + 1.2 12.8 + 0.7

7.0 3ó.5 + 1.9 25.0 + 1.4 12.6 + 0.7

8.0 32.4 + 1.4 23.1 + l.l lt .3 + 0.8

B. Cqlcium concentrotions:

12.5 pM 19.0 + 0.5 8.5 j 0.2 2.9 + 0.2

50 ¡rM 31.1 + 1.7 t8.ó + 0.8 7.5 + 0.4

100 pM 38.5 + 1.9 24.5 + 0.7 12.0 + 0.5

200 pM 3ó.4 + I .l 27.1 + I .3 15.2 + 0.7

Eoch volue is o meon + S.E. of 4 - ó experimenfs. Perfusion with hypoxic or substrote- :

freemediumwoscorriãdoutunfilthe.controctileforcedeclinedbyåbout66o/oofIhe
inítiol. Control heorts were perfused for comporoble lengfhs of time.

-3F-
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confrol perfus¡on medium contoining 1.25 mM Co#. These resulfs ore in ogreemenf

with those reported from this loborofory (137).

In one series of experíments, colcium binding ond uptoke by subcellulor

frocfions of heorts perfused w¡th Col+ -free medium for different infervols were

invesfigoted. Both colcium binding ond uptoke by mitochondriol,froction were

significontly (p < 0.05) decreqsed os eorly os 5 minutes qfter Co+* - free perfusion

(Figure 5). On the other hond, microsomol cqlcium binding ond uptoke were nof

olfered (p>0.05) during o 40 minute period of perfusion with Co# -free medium

(Figure ó). The depression in mitochondriol colcium fronsport, unlike thof by

microsomes, wos olso opporenf when fhese frocfions from heorfs perfused for 20

minules with Cql+ -free medium were incuboted for different intervqls under

_[_YjIP conditions (Figures 7 & 8). Using four fo six heorts, we hove observed

fhof the obilities of both'nlidochondriol ond microsomol frqctions to fronsport colcium

were not oltered upon perfusion wirh co** -free medium for I to2minutes.

In onother series of experimenfs, the effect of reperfusion with control
_l_J

medium of Co' ' -deprived heorts wos tested on cotcium tronsport by subcellulor

frocfions. It con be seen from Toble 7 ¡ho¡ colcium binding by the mitochondriol

frocfion from heorts perfused for 5 mînutes with Co# -free medium wos higher

(p < 0.05) fhon fhe control vqlues upon reperfusion for l0 minutes with control medium.

On the other hond, microsomol colcium bindÍng wos morkedly decreosed under these

condifions. Reperfusion for l0 minutes of heorfs perfused with Co# -free medium for

5 or l0 minutes wqs qlso found to elevqfe mitochondriol colcium uptoke ond depress

microsomol colcium uptoke significontly (p < 0.05) qt different intervols of
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TABLE 7

EFFECT OF PERFUSION WITH MEDIUM CONTAINING I .25 mM Co#
-¡-L

ON Co,. BINDING BY SUBCELLULAR FRACTIONS OF HEARTS PERFUSED
-Lf,

WITH Cq, 
,- 

FREE MEDIUM

Co' ' Binding
(nmoles Co# /mg protein)

Mitochondrio Microsomes

3 min 5 min 3 min 5 min

Confrol
..[

5 mín Co' '- free medium
-Lr

5 min Cq' '- free perfusion
followed by l0 min control
perfusion

33 .6 + 2.6 3t .9 + 2.0 3t .t + 2.2

22.8 + 1 .2 30.0 + 2.7 29.4 + 2.4

48.7 + 3.4 19.8 + 1.4 tó.5 + t.3

24.7 + 1.8

ló.0 + 0.ó

31.5 + 1.7

Eoch volue is q meqn 1S.E. of ó experiments. Confrol heorts were perfused for 15
min wifh normol medium contoining 1.25 mM Cq+.
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incubofion (Toble 8).

Colcium binding by microcomql ond mifochondriol froctions of heorts

perfused with Co# -free medíum for 20 minufes wifh or without subsequenf reper-

fusion for l0 minutes wífh confrol medium wos determined ot differenf pH or cqlcium

concentroÌions of the incubqtion medíum. The dofq Ín Toble,:9 indicote thot the

colcium binding by the microsomol froction from Co# 'deprived heorts wos nof

different (p.> 0.05) from the control whereos thof from reperfused heorfs wos

decreqsed significontly (p <0.05) of oll pH or colcium concentrotions employed.

On the other hond, under similor condifions of íncubofion, colcium binding by fhe

mitochondriol frqcfion wos morkedly decreosed in colcium-deprïved heorts ond

morkedly increosed in reperfused heorfs in comporison to the control (Toble l0). It
should be poinfed out thot neither oligomycin (2.5 ¡tg/ml) nor sodium ozide (S mM)

inhibíted cqlcium binding by microsomes obfoined from control, colcium-deprîved

or reperfused heorts whereqs these ogenfs produced 50 to ó0olo inhibition of cqlcium

binding by the mitochondriol frqctions of these control ond experimenfqt heorfs.

The ATP hydrol¡zing obilíty of subcellulqr froctions from colcium deprived

heorfs ond reperfused heorts w<ls qlso sfudied. No significonf (p >0.0S) chonge in

mifochondriol or fofol microsomol ATPose ocfivify wos observed on perfusing fhe

heorfs îor 20 or 40 minutes wíth Co# -free medium (Toble ll). Although microsomql

Cq -sfimuloted ATPqse ocfivity wos decreqsed slightly under these conditions, thís

chonge wqs not significont (p >0.0Ð. on the ofher hond, both totol ond co** -

stimulored ATPose octivifÍes o1+he microsomol froction, unlike mirochondriol ATpose

octivity, were significontty (p < 0.05) decreqsed upon reperfusing the Cq# -deprived



TABLE 8

.LJ
EFFECT oF PERFUSION wlTH MEDIUM CONTAINING 1.25 mM cq' ' oN cALctuM

UPTAKE BY THE SUBCELLULAR FRACTIONS OF HEARTS PREPERFUSED

WITH Co#. FREE MEDIUM FoR 5 oR IO MINUTES

Co Uptoke
(o/o of confrol)

After 5 mîn Co#- fru" After l0 min Co# - free

preperfusion preperfusion
Time of
incubofion

(min) Mitochondrio Microsomes Mitochondrio Microsomes

2 217 + 12.5 87 + 5.0 237 + t3.O 78 + 6.2
5 177 + 8.8 62 + 7.5 tg7 + 13.7 55 + 7.5

l0 t90 + t0.0 63 + 8.7 205 + I I .3 5ó + 9.0

Eoch vqlue is o meon J S.E. of ó experiments. Control heorts were perfused for 15
to 20 min with normolïedium confqining I .25 mM Cq#.
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TABLE 9

CALCIUM BINDING AT DIFFERENT pH oR cALcIUM coNcENTRATIONS
BY MICROSOMAL FRACTION OF HEARTS PERFUSED WITH CO# . FREE MEDIUM

Colcium binding
(nmoles Co#/mg protein/2 min)

Conf rol
..uttLo - tree

(20 min)
Co** - free (20 min)
followed by l0 min
control perfusion

Conditions

A. pH volues:

6.5

7.0

8.0

37.2 + 1.6

34.5 + 0.8

30.7 + I .l

35.4 +

36.2 +

32.5 +

12.2 + 0.9

10.3 + 0.2

10.ó + 0.4

8.5 + 0.3

10.2 + 1.0

l0.l + 0.5

1.9

2.1

1.7

B. Colcium concentrotions:

12.5 FM

50 FM

t00 HM

16.8 + 1.2

29.2 + I .2

35.4 + 0.8

16.7 +0.8

26.3 + 1.1

31.2 + 1.5

Eoch volue is o meon 1 S . E. of ó experiments. Confrol
30 min with normol medium confoining 1.25 mM Co**.

heorts were perfused for 20 -
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TABIE IO

CALCIUM BINDING AT DIFFERENT pH OR CALCIUM coNcENTRATIONS BY

MITOCHONDRIAL FRACTION OF HEARTS PERFUSED WITH CO# - FREE MEDIUM

Colcium binding
(nmoles Ca#/^g prorein/5 min)

Control Co# - free Co** - free (20 min)
20 min) followed by l0 mín

; Conditions control perfusion

A. pH volues:

6.5 28.2+1.0 l4.l+0.5 56.9+2.8
7.0 31.4 + t.5 ló.5 + 0.3 61.5 + 4.2
8.0 27 .9 + 0.8 16.2 + 0.8 57 .O + 3.1

B. Colcium concentrofíons:

12.5 ¡rM 15.2 + 0.5 7.7 + 0.2 22.9 + 0.6
50 FM 24.0 + I .7 ló.5 + 0.ó 37.4 + I .9

100 FM 35.5 + 2. | 25.2 + 0.7 59 .2 + 3.3

Eoch volue is o meon 1S.E. of ó experimenfs. Cofiol heqrts were perfused for 20 -
30 min with normol medium contoining 1.25 mM Co-.
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TABLE I I

ATPose ACTIVITY OF SUBCELLULAR FRACTIONS OF HEARTS
-¡-L

PERFUSED WITH Co, 
, 
- FREE MEDIUM

ATPose octivity

(¡rmoles Pi /ng profein/min)

Mitochondrio Mícrosomes

Totol Tofol Co# - sfimuloted

Control 1.57+0.11 3.10+0.13 O.2l+0.02
20 min co** - free 1.67 + o.l2 3.00 + 0.lg O.ls + 0.03

I 40minco#-free l.zglo.ts 2.67+o.lt 0.t4+0.03
t-

J.L

20 min Co' ' - free

I l"^l::î1l,i,ll"ï'" t .7t + 0.11 2.38 + o.t7 0.08 + 0.0rcontrol perfusion

Eqch volue is o meqn 1S.E. of ó experimenfs. Control heorts were perfused for 20 -
40 min with normol medium contoining 1.25 mM Co#.
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heorts.

Eorlier sfudies from this loborofory (137) hove shown fhot the confroctile

force of rof heorts perfused w¡th CoJ+ -free medíum in fhe presence of low sodium

(35 mM) for 5 minutes recovered completely upon reperfusion with control medium.

If wqs fherefore considered of interest fo invesfigote if the obove menfioned effects

of reperfusion on colcium tronsporf by subcellulor froctions could be modified in

heorts perfused with cq# -free medium in fhe presence of low sodium. The

resulfs shown in Toble 12 reveol fhot reperfusion of heqrts prepurfused for 5 minufes
-[

with Co' ' -free medium in the presence of low sodium neither increosed mifochondriol

colcium bÌnding ond uploke nor decreosed microsomql colcium binding ond uptoke

significonf ly (p > 0.05).

2. Heorts foiling due to No* -free perfusion:

The isolqfed rqt heorfs foiled to generofe contrqclile force within 30 seconds

of perfusion with No* -fr"" medium. Reperfusion wifh control medium for 15 minufes

of heorts perfused with No+ -free medium for l0 ond 20 minutes resulted in fhe

recovery of the confrqctile force fo the extent of ó0 ond 4Oo/o of the initiol volues

respectively. These results qre in ogreemenf wíth those olreody reported from this

loborofory (148).

Both mitochondrÏol ond microsomol frocfions were isolofed from rot heorfs

offer perfusion with No* -fr." medium for 5; l0 ond 20 minutes ond colcium binding

ond uptoke were studied. The resuhs in Figure 9 indicote fhot both microsomol

cqlcium bînding ond uptoke decreosed (p < 0.05) on perfusing the heorts for o

period of 20 minutes. Although mitochondriol colcíum uptoke ond bínding were



TABLE 12

EFFECT OF PERFUSION WITH MEDIUM CONTAINING 1.25 mM Co# ON CALCTUM

ACCUMULATION BY SUBCELLULAR FRACTIONS OF HEARTS PERFUSED WITH

cALcluM-FREE MEDIUM IN THE PRESENCE oF Low soDIUM (3s mM)

Colcíum occumulotion

Mitochondrio Microsomes

Binding Upfoke Binding Upfoke

Conditions

5 min Co# - free,
low No+

5 min Co# - free,
tow No+ followed
by l0 min control
perfusion

37 + 2.7

48 + 4.1

108 + 6.2

132 + 8.7

36 + 2,5

28 + 2.1

159 + 7.9

183 + 9.4

Eoch volue is o meon j S.E. of 5 experimenfs.
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,

higher thqn the control in heqrts perfused for 20 minutes with No+ -free medium,

fhis increose wos not significont (p >0.05). The depression in cotcium uptoke

(Figure l0) ond colcium'binding (Figure ll) by fhe microsomol frqction, unlike

thot by the mitochondriol froction, in heqrfs perfused îor 2}minufes with No+ - ,.,¡,,,,,., ,,.,

free medium is further demonsÌrofed when determinotions were mode qÌ different

infervols of incubotion. Neither oligomycin (2.5¡tg/ml) norsodium ozide (5 mM) 
,,,,, ,.,

which inhibited mifochondriql colcium tronsporf by 50 to 60o/o influenced the colcium ,., ", ., 
:

. 
occumulofion by the microsomol frocfion of the control ond experimentol heqrts. 

,,,,,:.:,, ,,,,,
Toble 13 shows thot q significont (p<0.05) depressíon in cqlcium upfoke

by the microsomol frocfion of heqrts perfused for l0 minutes with Nq+ -free medium

wos observed when deferminotions were mqde ot different pH or colcium ccncenfrofions. 
l

of the incubqtion medium. Reperfusion with confrol medium of heorts preperfused

with Nq+ -free mediurn resulted in portiol recovery of microsomol obility to

occumulqfe colcium (Toble 13). Perfusion of the heorts with No+ -free medium for

5 minutes hod no significont (p > 0.05) effecf upon fhe mítochondriol or microsomol

ATPose octivifíes (Toble l4). However, Co# stimulofed ATPose octivify of the , ,,¡,,,,,,;; ;1,

microsomol froction wqs decreqsed significontly (p < 0.05) upon perfusíng fhe heorts ,,,¡,,;, 
,,,,,,-. .. .:. .:.:.:- - -.

with Nq+ -free medium for 20 minutes.

3. ,

Although controcfile force of the isoloted rqf heorts declined by obouf .,, , t. i

25o/o of the initiql volue within 5 minufes of sfortíng perfusion with K+ -fnee medium,

fhe controctions were írregulor. The heorts fqiled to generofe confroclile force

obrupfly ofter obout l0 minufes of perfusion with K* -fr"" medium ond did nof

recover upon reperfusion wilh control medium. These resulls ore in ogreemenf with ,,',,,' ' '
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TABLE I3

CALCIUM UPTAKE AT DIFFERENT pH OR CALCIUM CONCENTRATIONS BY

HEAVY MICROSOMAL FRACTION OF HEARTS PERFUSED WITH CONTROL

OR No+ - FREE MEDIUM FoR Io MINUTES

Colcium uptoke
(nmoles/m g protein/l 0 min)

-r
, conditions Control No' _ free No-_ free followed by

n' A. pH volues:

6.6 471 + 40 364 + 29 425 + 13

7.0 437 + 3l 245 + 30 375 + 20

7.8 388 + 22 172 + 24 320 + 25

B. Colcium concentrotions:

50pM 383 + 35 224 + tB 3tS + 24

100 FM 416 + 27 269 + 2t 362 + t7
250FM 280+tS ó5+B 248+22

Eoch volue is o meon + S.E. of ó - 8 experímenfs.
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TABLE I4

ATPqse ACTIVITY oF SUBCELLULAR FRACTIONS oF HEARTS PERFUSED

WITH CONTROL OR NO+ - FREE MEDIUM

ATPose ocf ivity (¡rmole Pí/ng/min)

Mitochondrio Microsomes

Tofol Totol Co# sfimulofed

Confrol 1.72+0.18 3.27+0.27 0.23+0.03
+

5 mín Nq - free 1.45 + 0.21 2.73 +O.jl 0.25 + O.O3

20minNo*-fr." t.zo+o.ls z.szlo.z¿ o.nlo.oz

Eoch volue is o meon + S.E. of ó fo 8 experiments.
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fhose reported from this loborotory (148).

The Ísolqted rot heorts were perfused with K+ -free medium for 5, l0

or 20 minutes ond mitochondriol qnd microsomql frqcfions were isolofed for colcÍum

tronsport determinqfion. The resulfs shown ín Fígure 12 indicote thof cqlcium uptoke

ond binding by fhe mifochondriol froction were Íncreosed (p <0.05) whereos colcium

uptoke ond binding by fhe microsomol froction were decreosed (p < 0.05) in heorfs

perfused with K+ -free medium. The decreqse in colcium binding ond uptoke by

fhe microsomol frqction (Figure 13) ond fhe increose in colcium binding ond upfoke

by the mitochondriql frqcfion (Figure 14) were olso opporenf qf differenf intervols

of the incubotion period. oligomycin (2.5 pg/ml) ond sodium qzide (5 mM), hod

no opprecioble effecf upon colcium binding by microsomol frqctions of the control

ond experimentql heorfs, whereos fhese ogents decreosed mitochondriqt cqlcium

binding by obouf 50 to 600/o in both confrol qnd experimentol preporofíons.

Reperfusion of heorts perfused with K+ -free medium for l0 minutes did

nof reverse fhe ougmented colcium uptoke by mitochondriq or the depressed

colcium upfoke by microsomes (Toble 15). These pofterns of chonge in cqlcium

uptoke by mitochondriql ond microsomol frqctions upon K* -fr"" perfusíon or

reperfusion of K+ -deprived heorfs were qtso opporent when determinqfions were

mode qf different pH or colcium concentrofions of the incubotion medium (Toble ló).

No significonf (p > 0.05) chonges in ATPqse ocfivifies of mitochondriol ond micro-

somql frqctions were found upon perfusing the heqrts for l0 or 20 minutes with K+ -
free medium (Toble 17).
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TABLE I5

CALCIUM UPTAKE BY SUBCELLULAR FRACTIONS OF HEARTS PERFUSED WITH

CONTROL, K+ - FREE OR K*. FRET FOLLOWED BY CONTROL MEDIUM

Colcium uptoke
(nmoles/mg proteÍn)

Mitochondrio Heovy microsomes

5 min l0 min 5 min l0 min

Conrrol 104+5 l4g+g t97+14 22g+17
l0minK -free 142+g tgl+il l3g+15 171 +:16

l0 min K' - free
followed by 15

min confrol
perfusion 137 + 4 187 +g l4S + 12 170 + lg

I

Eoch volue is q meon j S.E. of ó experimenfs.
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TABLE 17

ATPOSC ACTIVITY OF SUBCELLULAR FRACTIONS OF HEARTS PERFUSED WITH

CONTROL OR K+ - FREE MEDIUM

ATPose octivity (pmoles Pi/mg prorein/min)

Mitochondrio Mícrosomes

Tofol Co# stimulotedTofol

Control 1.79 +0.12

l0 min K* - fr"" I .gs i o. l¿

20 min K* - fr"" l.gg + O.lO

2.98 + 0.13 0.20 + 0.02

2.79 + 0.12 0.23 + 0.05

2.73+0.15 0.14+0.02

Eoch volue is q meon + S.E. of 5 - ó experimenfs.
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C. Myopqfhic Fqiling Heqrfs:

In one series of experiments cqlcium binding by bofh mitochondriol ond

microsomol froctions of the heorts from''myopothíc hqmster (UM-X7.1) ot o severe

stoge of heorf foilure wqs exqmined. The cqlcium binding by fhese frocfions of the

myopothic heqrls wos significonfly (p < 0.05) lower thon fhe control volues

(Toble 18). When the mitochondriol ond microsomol frocfions from fhe myopothic

hqmsfer heort homogenotes were isoloted in the presence of exogenously odded

sorcolemmol, microsomol or mitochondriol membrqnes prepored from the myopothic

heorls, cqlcium binding by:tdrese froctions wos not qltered significontly (p >0.05).

Both sodium ozide ond oligomycin decreqsed colcium bíndíng by mitochondriql

frocfions of the confrol ond myopothíc heorts fo on equol extenf without oppreciobly

offecfing cqlcium binding by the microsomol froctions (Toble 19). The doto on morker

enzyme qcfivifies in the mifochondriq ond microsomes ore given in Toble 20 ¡o

Índicqte fhe degree of purity of the subcellulor frocÌions employed in this study.

Furfhermore, fhe yields of mitochondriql ond microsomol frqctions of the myopothic

heorfs were nof different (p >0.05) from the confrol.

In onofher series of experiments, colcium binding by microsomol frqctions

of the control ond myopothic homster heorts ot q severe sfoge of foilure wos monitored

in the presence of different concenfrofions of cotcium. The doto wos plotfed occording

fo fhe method of Lineweqver-Burk (149) ond shown in Figure 15. The depression in

colcium binding by fhe myopothic microsomol froctions qppeors to be ossociqted with

q decreose in the number of sifes rqther thon chonges in colcium binding constqnt. If

wqs olso found thot colcium binding qs well qs cqlcium uptoke by microsomol ond
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TABLE I8

CALCIUM BINDING BY SUBCELLULAR FRACTIONS ISOLATED FROM CONTROL
AND MYOPATHIC HAMSTER (UM - x7.l) HEART HoMoGENATEs rN THE ABSENcE

OR PRESENCE OF DIFFERENT EXOGENOUS CELLUI-AR MEMBRANES

Cqlcium binding
(n moles Co+*/mg protein/2 min)

Additions Mitochondriq Microsomes

Confrol - 40 + 3.1 49 + 4.4
Myopofhíc ß+Z.e ZZ+g.3
Myopothic Sorcolemmq 2l ! 3.2 ZS + Z.S
Myopothic Microsomes 24 ! 2.5 23 + 2.g
Myopothic Mîfochondrio 20 + 2.5 lg + 3.ó

Eoch vqlue is o meon + S.E. or 14 - ó experimenfs. Sqrcolemmol, Microsomol or mito-t-

I chondriol membrqnes isolqted from fhe myopofhic heorts were odded to the homogenofes

I of the myopofhíc heorts where indicqted before isolofing the subcellulqr frocfion for ,,:,:,.,

' "olcium 
binding determinof íon. Myopofhic hqmsters of severe stoge of heqrf foilure ,,,,

, ond confrol heolthy homsters were 200 doy old. ,
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TABLE I9

EFFECT OF SODIUM AZIDE AND OLIGOMYCIN ON CALCIUM BINDING
BY SUBCELLULAR FRACTIONS OF CONTROL AND MYOPATHIC HAMSTER

(uM - x7.1) HEARTS AT SEVERE STAGE OF HEART FATLURE

Colcium binding
f/o of volues wifhouf inhibitors)

Mitochondriq Microsomes

Additions control Myopofhic control Myopothic

100 100 100 ro0

Sodium qzide 47 + 2.9 5ó + 3.9 93 + 3.3 97 + 2.2
(5mM)

Oligomycin 61 + 3.4 59 + 4.1 93 + 2.g 96 + 2.g
(2.5 ps/ml) -

Eoch vqlue is q meqn 1S.E. of 4 experiments. Myopothic hqmsfers ond confrol
heolthy hqmsters were 200 doy old.
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.C¡
+
+E'o

=,3

.07

.o50

Conirol

.o2 .o3

[ct-p M]-l

Lineweover - Burk plot of doto on cqlcium binding by microsomol
frocfion of control ond myopofhic homster (UM -X7.1) heorts.
Colcium binding wos defermined in the presence of differenf
concenfrofions of ,totol colcium in the incubqfion medium.
Myopofhic homsfers (200 doy old) were ot severe sfoge of
foilure whereos heolthy homsters (200 doy old) served os controls.
Eqch volue is on overoge of 3 experiments.

FIGIJRE I5.
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mitochondriol frqcfions of fhe myopothic homsfer heqrts of severe sfoge of heorf

fqilure wqs less (p < 0.05) fhon the control volues when determinofions were mqde

qf differenr pH of fhe incubotion medium (Toble 2l). The ATPose ocfivities of the 
.,,,,

microsomql or mifochondriql froction of the myopofhic heorfs were not differenf

(p > 0.05) from rhe confrols (Toble 22).

The colcium qccumulqÌion obilities of bofh mitochondriol ond microsomol 
r,,:,

froctions of the myopofhic homster (UM-X7.1) heorts of differenf sÌoges of heqrt 
'

t.: ::
foilure were exomined. Although colcium binding by mitochondriql froctions from ',,',

heqrfs ot eorly, moderote qnd severe stoges of foilure wos morkedly decreosed

(p < 0.05), colcium uptoke by the mitochondriol frqcfion decreosed significonfly 
,(p < 0.05) only in heorts from severe sfoge of heqrt foilure (Figure ló). Bofh colcium 
;

binding ond uptoke by the micrssomol frqctions of the myopothic heorts ot eorly, 
,

moderqfe ond severe sfoges of foilure were significontly (p <0.05) tower fhon the 
')

confrol (Fígure 17).

For the purpose of comporison, colcium binding ond uptoke by mitochondriol

ond microsor¡ol froctions of qnother sfroin of myopofhic hqmsfer (BlO 14.ó) heo*s ,'.:. :,:

:: :::,..,_..:,
qt different stoges of foilure were tested. The dqfq in Toble 23 reveol thot bofh ',',i.',1',i',,'

cqlciumbíndingonduptokebymitochondriolfrocfíonsweredecreosedqfoltstoges

of foilure in BIO 14.ó strqin of myopothic heorts. Although colcium binding by
r,::,,::.:1 .-. ..- .

mícrosomol frqclions of the eorly, moderqte ond lofe stoges of foilure wos significontly i'" ':' ". ''"

decreosed(p<0.o5),thedepressÍoninco|ciumuptokebymicrosomqtfroctionwqs

;only significonr (p < 0.05) in lqte sfoges of heorr fqílure (Toble 23). 
:

In view of the presence of focol necrosis in myopothic homster heorfs, it ,, , .
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TABLE 22

ATPOSC ACTIVITY OF SUBCELLULAR FRACTIONS OF CONTROL OR MYOPATHIC

HAMSTER (UM.X7.I) HEARTS AT LATE STAGES OF HEART FAILURE

ATPose octivity (pmoles Pi/mg/min)

Mitochondrio Microsomes

Totol Co** - stimulotedTotol

,: Control 2 . l0 + 0. t3

Myopofhic 2.00 + 0.22

2.32+0.19 0.96+0.14
2.42 + 0.21 0.93 + 0. t8

Eoch volue is o meon + S.E. of 5 - ó experiments.

-7t -
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cä* uptoke
MITOCHONDRIA

lncubolion Time (min )

FIGURE ló. Time-course of colcium uploke ond binding by mitochondriql
froction of control ond myopothic homster (uM -x7 .l) heorts
of different sfoges of heort foilure. A - control heolthy homsters
(150 - ?99jw old); B - Myopofhic homsrers ot eorly sruge of
foilure (150 doy old); c - Myopothic homsters qt moderoie sfoge
of foilure (175 doy old); D - Myopofhic homsters of severe stoge
of foilure (200 doy old). Eoch volue is o meon + S.E. of ó - g
experimenfs.

i,

I

Binding
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M ICROSO M ES
c d*u pto ke

Incubotion Time (min)

Time-course of colcium uptoke ond binding by microsomol
frqcfion of control ond myopothic homster (UM -X7.1)
heorts ot different stoges of heqrt foilure. A - Control heolthy
homsters (l50 - 200 doy old); B - Myopofhic homsters of eorly
stoge of foilure (150 doy old); C - Myopothic homsters of
moderote,stoge of foilure (17f5 doy old); D - MyopoÌhic homsfers
of severe,stoge of foilure (200 doy old). Eoch volue is o meon

1S.E. of ó - 8 experiments.

FIGURE I7.

cd* Binding
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wos cons¡dered of interest fo invesfigote the obilities of mítochondriol ond micro-

somol frocfíons of heqrts in which focol necrosis wos induced experimentolly. In on

eorlier study from this loborofory it hos been demonstroted thot oxidized isoproterenol,

but not the fresh'isoproferenol¡ . produces focol necrosis in isoloted perfused rof

heorfs (150). Perfusing fhe heort with oxidized isoproterenol did not decreose

cqlcium uptoke by mitochondrÍo signíficontly (p > 0.05), whereos microsomol

cqlcium upfoke wqs morkedly reduced (p < 0.0S). No significont (p > 0.0S) chonges

in mifochondriql or microsomql cqlcium binding were seen in heorts perfused with

oxidized isoproterenol (Toble 24). The resulfs for colcíum fronsport by subcellulor

froctions of heorts perfused with fresh isoproterenol were nof differenf (p ) 0.05) from

the confrol. Oxidized isoproterenol wos qlso found fo decreqse mitochondriol ond

microsomol colcium uptoke when odded in incubqtion medium without signficontly

(p >0.05) oltering mirochondriol cqlcium binding (Toble 25). Although microsomql

colcium binding wos increqsed when the incubqtion medium confqined oxidized

isoproterenol, the resulfs were nof significonfly (p > 0.05) differenf from the control.

The mítochondriol ond microsomql ATPose qcfivÍties were olso not oltered (p > 0.05)

by the oxidized isoprolerenol underboth in vivoond in vitroconditions (Toble 2ó).



TATLE 24

CALCIUM ACCUMULATION BY SUBCELLULAR FRACTIONS OF HEARTS

PERFUSED WITH MEDIUM CONTATNTNc oxrDrzED TsopRoTERENOL (100 ns/t)
FOR DIFFERENT INTERVALS

Colcium occumulotion
(nmolesr/mg protein)

Upfoke/l0 min Binding,/S min

Condítions Mitochondriq Microsomes Mitochondrio Microsomes

Confrol 222 + 'lJ 253 + 16 IO4 + 19 23 + s
t-

Oxidized isoproferenol
l, 3min 205+15 169+19 g2+g 19+7
; 5min lg0+9 155+14 gg+lt 2g+5l-i lomin 202+10 123+17 96+12 24+6j-

1-

I foch vqlue is o meon j S.E. of ó experiments.

l

I

-76-



TABLE 25

IN VITRO EFFECT OF OXIDIZED ISOPROTERENOL ON CALCIUM

ACCUMULATION BY SUBCELLULAR FRACTIONS OF RAT HEARTS

Colcium qccumulotion
(nmolesr/mg protein)

Uptoke /10 min Binding /S nin

Conditions Mitochondrio Microsomes Mitochondrio Microsomes

Control 238 + l0 240 + 16 103 + I 29 + s

Oxidized isoproferenol

100 ¡ts/nl 179 + 12 159 + il 100 + il 40 + ø

r 200 ps/ml 108 + 13 122 + 15 tOl + t0 4t +9

Eoch vqlue is o meon 1S.E. of ó experiments.

'77 -
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V " DISCUSSION

In fhe present sfudy we hove demonstrofed thot the obilíty of rhe micro-

somol frocfion fo bind ond qccumulofe colcium wos impoired upon perfusing the

heqrfs with hypoxic medium for o period of l0 minutes or longer. On fhe other

hond, mitochondriol colcium binding, but nof the upfoke, decreosed in heorts

perfused with hypoxic medium for 20 fo 30 minutes. These chonges in microsomol

colcium binding ond uptoke os well qs mitochondriol cotcium binding in hypoxic

heorfs ore unlikely to be due to the presence of some contominonts becouse both

control ond hypoxic preporofions were mode under idenficol condifions. Furfher-

more' both qzide ond oligomycin inhibited cqlcium binding by the controt qnd

hypoxic mitochondriol preporotions fo on equol exfent without opprec,iobly offecting

fhe microsomql colcium binding. Elecfron microscopic exqminqtion of the microsomql

pellets did not reveql fhe presence of myofibrils or infqcf mitochondrio. In oddition,

the yields of the subcellulor frqcfions from the hypoxic heorts were not differenf

from those of the control.

In confrosf to fhe hypoxic heorts, electricolty poced heorfs mode to fqil

fo on equol degree by perfusion wíth substrote-free medium showed o decline in

mitochondriol cqlcium uptoke qrd more dromotic decreqse in the microsomol colcium

binding. This depression in microsomol colcium binding by hypoxic qnd substrole-

deplefed heqrf preporofions wcrs olso opporent ot different pH ond colcium concenfrq-

fions of the incubofion medium. If should be noted fhot colcium tronsport by sub-

cellulor frqcfions hqs been shown fo be impoÍred in sponfoneously beoting heqrfs on



-80-
perfus¡on wifh substrote-depleted medium (12,26r93). Bofh mitochondriql ond mÍcro-

somql colcium stores in heorts foìling due fo subsfrote ond oxygen locks hove olso

been shown fo decreose (139). However, in this sfudy it hos been demonstrofed

fhqt omission of glucose from fhe perfusíon medium qccelerofed the inhibitory

effects of hypoxio on colcium fronsport by subcellulor frqcfions. In this regord, it

is poÌnted out thqt microsomol colcium binding ond mitochondriol colcium upfoke

hqve been reported to be reduced in chronicotly ischemic dog heorts (l3O). Further-

more, depression in cqlcium binding (89) or colcium uptoke (88) hos been observed

in ocute ischemic dog heorfs qfter ó0 to 90 minutes of coronory occlusion. Therefore,

¡f ¡s l¡kely thot, in condifionssuch'ss íschemie hesrt dkesse cin.d myocordiol

, 
tnforcÌion, chonges in fhe cqlcium tronsporting obilities of the subcellulor orgonelles

i ore occurring due to limited supply of both oxygen qnd substrqfe.

i

I 
Oepression in fhe qbilities of subcellulor orgonelles of fhe hypoxic heort

to bind ond occumulote cslcium would roise fhe introcellulor level of ionized

cqlcium. These events will be ossocioted with on increose in the reloxotion tine os
ì

well os controcfure of the hypoxic myocordium. This is exoctly whot hos been shown

¡n rof heorts upon perfusion with hypoxic medium (ó9,151). ,At ony rote, fhe results

of the presenf study demonstrote Ìhot chonges in the obílities of the subcellulor

froctions ore reversible upon reperfusîng the hypoxic heorfs with oerobíc medium.
i

I Furthermore, reduction in the obility of the hypoxic microsomol froction to occumulote

cqtcium moy be due to o decreose in the octivify of Co# -stimutoted ATpose, which

hqs been cmsidered to provide energy for fhe tronsporf of colcium ocross the micro-

I somol membrones. Although the mechqnisms for depression in colcium binding by
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hypoxic heorf mitochondrio ore nof cleor, if is possÍble fhot this defecf, like thof

in fhe microsomol vesicles, moy be q reflecfion of chonges in the membrone prop-

erfies. This is consisfent with on eorlier suggestion thof hypoxío moy induce membrone

olterotion by chonging fhe phospholipid-protein composifion (98,152). Chonges in

in fhe phospholipid composition of the myocordium due to hypoxío hos been reported

recenf ly (153).

Impoired qbilities of the subcellulor porticles fo occumuloÌe cqlcium would

result in decreosed colcium qvqiloble for releose from the ínfrocellulor sfores upon

qctivofion of the hypoxíc heort. This mechqnism moy exploin the depression in the

obility of the hypoxic heort to generote confrocfile force. However, if wos found

fhot perfusing heorts with hypoxic medium for 5 minufes decreosed controctile force

by obouf 40o/o of the control without ony chonges in the cqlcium binding ond uptoke

qbílities of mitochondriql ond microsomol frqcfions. This could be inferpreted to

suggest thot chonges in subcellulor porficles to tronsport colcium due to qlferotions in

their membrqne Properties ore secondory to depression in fhe controctile force of the

hypoxic heorfs. If could olso be possible thot the subcellulor porticles of fhe hypoxic

heort during initiol phoses of foiture moy recover during the isoloÌion ond incubof íon

periods. At ony rofe, hypoxio hos olso been shown to decreose sorcolemmql colcium

binding ond colcium uptoke in oddifion fo oltering fhe,sorcolemmol enzyme octivifies

(98r138r152). Furfhermore, obnormol concentrqfions of different cyfoplosmic

constituents, in oddition to struclurol domoge, hove qlso been suggested to influence

colcium tronsporf in foiling heorts due to hypoxio (25rg3rl3l), In view of dromotic

chonges in energy mefqbolism due fo hypoxio (ó9rl5l ,15415n, the onset of foilure



82-

of the hypoxic heqrf to generote controclile force hos been thought to be mosf

likely due to on insufficiency in the processes of energy generofion, whereos

obnormolifies in the processes of energy ufilizotion subservíng fhe mechonisms for

mointoining fhe ionic grodients ond excitofion-contrqcfion ond reloxotion qre

'secondory in nofure (ó9). Thus the present study demonsfroting defects in the

obílities of hypoxic heort mitochondriol ond microsomol froctíons to fronsport

cqlcium cqn be considered to be only one of fhe vorious obnormolifies qssociqted

with fqiling heorts due fo hypoxio.

In the present sfudy we hove demonsfrofed q deéreqse in colcium binding

ond uptoke by fhe mitochondriql froction without ony chonges in the obility of rhe

microsomql froction fo tronsporf colcium on perfusing the heorfs w¡th Cq++ -free

medium. However, heorfs foiled to generote confrqctile force within 30 seconds fo

I minute upon perfusion wifh Co# -free medium withouf ony chonge in the obiliries

of the mitochondriol ond microsomol frqctions to bind ond qccumulote colcium. It

hos been shown fhot cessotion of conlroctile octivity of the heorf on perfusion with
++Co -free medium occurred in fhe obsence of ony chonge in the,surfoce elecfricql

ocfivify (l37,l58rl5g). Recently, uncoupling of the electricql ond mechonicol events

hqs been reported fo be due fo removol of o lobile colcium componenf occurring within

30 seconds of Co# -free perfusion (13ó) ond rhe decline in the confroctile force con

be reodily understood in terms of membrone colcium fluxes (ló0rlól). Thus if oppeors

fhof the oberved reducfion in fhe mitochondiiol colcium binding ond upfoke is

secondory io heort fqilure due to Co# -free perfusion. It is pointed out fhof

B. Heqrfs Foiling Due fo Introcell.ulor Cqlcium Defic qnd Colcium Overlocid:
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perfusion with Co+ -free medium hos been shown fo produce inirqcellulqr cqlcium

deficiency in the rot heqrf muscle (137,13g).

Prolonged perfusion of heorts with Co# -free medium hos been shown fo

i Produce dromqfic chonges in fhe ultrqsfrucfure of mitochondrio, sorcoplosmic

reticulum ond cell membrone (13ó). Therefore, it is possible thot the observed

, chonges in mitochondriql cqlcium tronsport moy reflect olferofions in fhe mitochond-
i

riol membrone, whereos our inobility fo detect chonges in microsomol colcium frons-

, Porf cqn be exploined on the bosis thof sorcoplosmíc reticulor membrone ís more

' resisfqnt to chonges occurring os q consequence of Co#-free perfusion. It should be

I nofed fhof o decreose in sorcolemmol No+ -K+ ATpor., Mg# -ATpqse ond odenylote
l

] "yclose 
qcfivÍfies hos olso been reported on perfusing the heorfs w¡th CoJ+-free

medíum (138). These resulfs ore consisfenf wifh'the view thqt colcium ploys on

imporfonf role in moinfenonce of membrone integrify.

If wos inferesfing to find thot fhe obility of the mic,roomol frocfion fo

bind ond occumulote colcium wos morkedly decreosed upon reperfusing the heorts

following perfusion w¡fh co{+ -free medium for 5 minutes or longer. Furthermore,

resulfs of the present study show thoi mifochondriql colcium bindíng ond uptoke were

morkedly increosed upon reperfusing the Co# -deprived heorts. Inobility of the
++

Co -deprived heqrts fo recover controcfile force hos qlso been shown fo be

occomponied by extensive domoge to fhe ulfrostrucfure of the myocordium (133-l35rl3Z. ".' '

Recent sfudies from this loborotory hove reveoled o morked decreose in sorcolemmqt

No* -K*-ATPose, co#-ATPor", Mg# -ATPose ond odenylofe cyclose octivities

(138) upon repurfusing the'Cq# -deprived heorts. These results suggest fhot
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,

'reperfus¡on of Co# -depríved heqrts couses qlferotions in vqrious cordiqc membrone

sysfems.

Perfusion of Cq# -deprived heqrts with confrol medium hos been reported

' to produce o morked íncreose in the introcellulor cqlcium contenfs (138). Cqlcium

overlood in fhe cell hos been suggested to resulf in disrupfion of the cellulqr

strucfures by lowering fhe energy sÌote of the myocordium (134. If cqn be : : .

: ..: . j .:i
: .'._: .

conceived fhof fhe infrocellulor colcium overlood will enhonce fhe splitting of the : : '

..,. . ..,, high energy phosphote compunds os well os depress energy production by inhibiting ,'., . '-'','

mitochondriql funcfions. Both creqfine phosphote qnd ATP contents of Co# -deprived
.

I heorts hove been found fo decreqse upon reperfusion with control medium (Dhollo-

, unpublished observotion). Thus it oppeqrs thqf Íntrocellulor colcium overlood offects

, differenf biochemicol events ínvolved in the mointenqnce of cordioc structure ond

I tunction qnd the inobility of the Co# -deprived heorts fo recover upon reperfusion

moy be q conseguence of these complex metqbolic chonges.

The depression in microsomql colcium tronsport ond ougmenfolion in
'' _ '[ 

:_ t t 
': ¡¡ifochondriol colcium tronsport due to introcellulor colcium overlood in Co* - ', ' '

..._.: .r','' : .: :

"' deprived heorfs wos seen of differenf pH ond cqlcium concentrotions of fhe incubotion ' :': :¡:'

medium. Although the observed decreqse in microsomol cotcium uptoke moy be

exploined on the bqsis of depression in Ìhe microsomql Co+ -sfimutqted ATpose
: '... ::.

",, 
octivity, fhe mechonisms for the observed increose in mifochondriql cqlcium tronsport ' ' " ""
due to introcellulor colcium overlood ore not cleor. It is possible thot mitochondriol

membrones ore oltered in such o monner thot these orgonelles serve os ori,odopfive mech-

onism under conditions of íntrocellulor colcium overlood. However, it is of interest
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fo nofe fhqt lowering fhe concentrotion of sodium in fhe Co# -free medium, nof

only prevenfed depression in microsomql colcium fronsport or ougmentofion in mito-

chondriol colcium fronsport, but:olso enobled the Co# -deprived heorÌ to recover
','' controctile force upon reperfusion wifh confrol medium. Lowering the concentrofion

of sodium in the medium during Co# -fr"" p"rfrsion hos been suggested to prevenf

infrocellulor colcium overlood upon reperfusion ßn. These results indicote thqt
,', ,

introcellulor cqlcium overlood moy produce qlterotions in vorious cqrdiqc membrone

"' 
systems ond lend further support to the hypothesis thot inÌrocellulqr colcium overlood

moy ploy on importont role in fhe pofhogenesÍs of heort fqilure.

. Il hos been shown in the present sfudy thof both microsomol colcium

I binding ond uptoke ore depressed upon perfusing fhe heqrts w¡th No+ -free or
+..,K -free medium. The microsomql Co'- -ATPqse octivity wos olso found to decreqse

.t-L
upon No' -free or K''-free perfusion for 20 minufes. These chonges in the microsomql

colcium pump mechonisms in heorfs perfused with No+ -free or K* -fr"" medium moy
,

be due to introce,llutorllcolcium orerlood. .This ís bo¡:ne ouf .by o rêcêhf,study
ì

" from fhis loborotory thof colcium contents of the heorts were increosed upon
,t' -i,' perfusion with No+ -free or K+ -fr"" medium (138). If introcetlulor cqlcium over-

, tood is on importonï mechonism for depressíng the microsomol ,,cqlcium pump,' in

' heorts perfused with No* -fr"" ond K+ -free medium, Ìhen olterofions similqr to
,'.i

.,' those observed in sorcoplbsmilo reticulum should be opporent in other membrqne

s¡æfems such os mitochondrio ond sorcolemmq upon reperfusing the Co# -deprived

heorfs. In on eqrlier sfudy chonges in sorcolemmq hqve been shown to occur in heorts

:.

.-. .: ::._
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cleorly indicqte thot mifochondriol cqlcium binding ond upfoke were increqsed in

heorfs perfused with K+ -free medium. Feeding onimols with low pofossium dief

hos qtso been shown to decreose microsomol colcium tronsport qnd fo increose

mitochondriol cqlcium fronsport in the heort (162).

Although both mifochondriot colcium binding ond upfoke tended to

increose in heqrts upon perfusion with No* -fr"" medium, fhe results were nof

significont. It is possible fhot in the cose of No+ -free perfusion, infrocellulqr
+

No. -deficiency moy be preventing mifochondrÍql membrone chonges in response

' to introcellulor colcium overloqd. It should be noted thot while heorts perfused

for l0 minufes w¡th No+ -free medium regoined contrqcfile force by obout 60o/o oî

the intitiol volue, the heqrfs perfused for l0 minutes wirh K+ -free medium completely

fqiled fo recover controcfile octivity upon reperfusion. Such differences moy be due

fo differences in the infrocellulqr levels of sodium (t38) since fhis cotion hqs been

suggested to ploy o deleferious role in heorf foilure due fo infrqcellulqr colcium

overlood ßn.

C. Myopothic Foiling Heorrs:

Previous sludies from fhis loborotory hqve reveqled thqt microsomol ond

mifochondriol colcium binding qre decreosed in myopofhíc homster (BlO 14.ó) heorts

ot moderote ond lote stoges of heorf foiture (281118,142). In oddition, it hos been

reporfed fhot mitochondriql colcium uptoke is decreosed in these myopothic heorts

qt moderofe qnd lote stoges of foilure, whereqs microsomol colcium uptoke is reduced

in lofe stoges only. The present findings with BIO-14.ó myopothic hqmsters confirm

fhe eqrlier resulfs qnd further demonstrote fhof microsomql colcium binding, but not
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upfoke, os well os mifochondriol colcium binding ond uptoke ore impoired in B10-14ó

myopothic hqmsfer heorts ot eorly stoges of foilure. Other invesfigotors hove olso

shown vorying degrees of depression in colcium tronsporf by fhe mifochondriot qnd

micro'somol frocfions of fqiling heorts from fhese onimots (lllrll21116rllT,163). The

defective colcium tronsport by fhese subcellulqr froctions of myopothic heorfs hos

been reported to be due to chonges in their cholesterol-phospholipid composifions

(il9, tó3).

In the present study we hwe shown thot microsomol colcium binding ond

upfoke qs well os mifochondrÍql colcium binding in o new stroin of myopofhic homster

(UM-X7.1) heorfs were decreosed in eorly, moderofe ond severe stoges of heqrt

fqilure. On fhe ofher hond, mitochondriql colcium uptoke did not decreose in

eorly ond moderofe'stoges of heqrt foilure, olthough it wqs depressed in severe stqges.

The impoirment in cqlcium tronsport by both mitochondriql ond microsomql frqctíons

of the myopothic heorfs ot severe stoges of foilure wos seen of different pH of the

íncubqfíon medium qnd wos not ossocioted with ony olterotion in ATpose octivities

of these subcellulqr frqcfions. Such o defect in colcium fronsport con be exploined

on fhe bqsis of uncoupling of t'colcium pump" mechqnisms due to disorgonizqtion of

the infrqcellulqr membrones (2ó).

The sfudy of kinetics of colcium bindíng by the mícrosomol froctions of

control ond myopofhic heorts reveoled thot fhe number of binding sites, but nof

fhe bínding consfont' wqs reduced in the foiling heorts. Furfhermore, fhe dofo on

mqrker enzyemes ond yíelds of subcellulor frqctions indicofe thot fhe impoirment of

fhe myopofhíc heqrts is not due fo the presence of some contominonts. This is
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strengfhened by the experimenfs which showed no dífference ín mitochondríol or

microsomol colcÍum binding when the frqctions were isoloted from fhe myopothic

heort homogenotes in fhe obsence ond presence of differenf exogenous membrones.

Oligomycin qnd sodÍum ozide, which inhibited mifochondriol colcium binding Ín

confrol ond myopothic preporqtions fo on eguol degree, hod no opprecioble effect on

the microsomol colcium binding. Therefore, if seems cleor thqf fhe defect in

cqlcium tronsporf by fhe myopothic subcellulqr frqctions is reol qnd moy be of cruciql

imporfonce in the pothogenesis of heqrt foÍlure in UM-X7.1 strqin of myopothic

homsters.

Although morphologic srudies using BIO-14.ó ond UM-X7.1 srroins of

myopothic homsfers did nof reveol ony difference in fhe expressions of myopothy due

to genefic voriofíon (140), the biochemicql dofo indicote some differences in the

foiling heorts of these qnimqls. For instqnce, it wos found fhot mífochondriol col-

cium uptoke in the uM-x7.1 myopothic heorfs unllke the Blo-14.ó myoporhic

heorfs, ot eorly ond moderote stoges of foilure wqs not differenf from the control.

On the other hqnd, microsomol colcium uptoke in the BIO-14.ó myopothic heorfs,

unlike fhe UM-X7.1 myopothic heorts, of eorly qnd moderote sfoges of foilure wos

not different from fhe control. These observqtions ore not surprisíng becouse studies

from this loborotory hove indicofed thot sorcolemmol Nq+ -K+ ATpor", Mg# -ATpose

ond Cot -ATPose ore decreosed in UM-X7.1 myopothic heorts but increosed in

BIO-14'ó myopothic heorts. Thus' it is opporent thot there qre differences in fhe

biochemicql funcfions of cordiqc membrone,systems in these fwo types of myopothic

homsfers, which ore probobly due Ìo genetic differences.
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Since heorf foilure in myopqthic homsfers is preceded by vorying degrees of focol

necrosis it is possíble fhot chonges in colcium tronsport by subcellulor porticles of

the myopofhic heorts qre coused by the some process which couses these focol

lesions. Although oxidized isoproferenol (150) hqs been shown fo decreose míto*

chondriol ond microsomol colcÍum uptoke under ¡n-yre conditions, this necrotízing

ogent hod no qffecf on cqlcium binding by fhese membrones. Furthermore, per-

fusing the heqrfs with oxidized Ísoproterenol decreosed microsomol colcium uptoke

without significontly offecting mitochondriol colcium uptoke or mitochondriol ond

microsomol colcium binding. Microsomol colcíum tronsport, but not mitochondriol

colcium tronsporf, hqs qtso been reporfed to decreqse in isoproferenol-induced

myocordiol necrosis under in vivo conditions (132). Therefore if seemsthot fhe

pottern of chonges in fhe cqlcium fronsport system in the myopothic homsler heorfs

is quite differenf from fhot of the eNporÍmentqlly induced myocordiol necrosiq

Cleorly, furfher experimenfs ore needed to esfoblish fhe couse-effect relofionship

befween myocordiol necrosis ond chonges in cqlcium tronsporf by subcellulqr frqctions

of the myopothic heorts

In view of the preventive effects of o colcium onlog.onísfic compound,

isoptin, in the developmenf of myocqrdiol lesions ond heort foilure in myopothic

homslers (140), it is possible fhot the observed chonges in colcium fronsport by

subcellulor froctions of the myopofhic heqrts ore due to intrqcellulqr cqlcium oveF

loqd. However, the pottern of chonges in colcium fronsporf by subcellulor porticles

of the myopothic homsfer heqrt is different from fhof obtoined in colcium-overlooded

heqrfs produced under on qcute experimentol condirion by repertusing rhe Cq# -
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depríved heorts qs well os by perfusing with Nq+ -free or K* -fr"" medium. such

o difference in fhe potfern of chonges in cqlcium fronsporf systems moy be o

reflection of the degree ond type of heqrf foilure.
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VI. CONCLUSIONS

In fhis sfudy colcium tronsporting obilities of the mitochondriol qnd

microsomol froctions of different fypes of folling heorfs were:.,exorñined. i;From fhe

results the following conclusíons ore drown:

l. Although mícrosomol cotcium binding ond uptoke were decreosed upon perfusing

rqf heorts with hypoxic medium, these chonges oppeor secondory to fhe dectine in

the obility of these heorfs fo generofe contrqctire force.

2. Omission of glucose from the perfusion medium qcceleroted the inhibitory

effecfs of hypoxio upon microsomol cotcium binding ond uptoke os well os mito-

chondriol colcium binding. In controsf to the hypoxic heorts, heorfs,fcii,ling due to

substrote-lqck were found to show o decreqse in mitochondriol colcium uptoke.

3. Intrqcellulqr colcium de,ficiency, produced by perfusing rot heorfs with Co# -
free medium wos qssociofed with o decline in mífochondríql colcium binding ond

uptoke without ony chonges in microsomol colcium fronsporf .

4. Infrocellulqr cqlcium overloqd produced by reperfuring Co++ -deprived heorts

wqs shown fo resulf in reducing microsomol colcium tronsport ond ougmenfing

mitochondriol colcium fronsporf .

5. Although microsomol colcium binding ond uptoke qlso decreqsed on producing

infrocellulor colcium overlood upon perfusing heorts with Nq+ -free or K+ -fr"u

medium, o significont increqse in mitochondriol colcium binding ond uptoke wos

demonsfrqted only in heorts perfused with K+ -free medium.

6. Cqlcium binding by both mitochondriol qnd microsomol frocfions wos decreosed

in eorly, moderote ond severe stoges of heort fqilure in two types of myopothic
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homsfers (UM-X7.1 ond BIO 14.6)¡ however, depression in mitochondriol colcium

upfoke in the UM-X7. I stroín of onimols ond depression in microsomql colcium upfoke

in fhe BIO 14.ó sfroin of onimqts occurred in lofe sfoges of heorf foilure only.
,

7. Myocordiol necrosis due fo oxidized isoproferenol ín the isolofed rot heqrt

wos found fo be qssocioted wíth o morked depression in microsomol colcium uptoke

,, withouf o significonf decreose in mitochondriot colcium uptoke.
ì

8. It is suggested thot depression in microsomol colcium tronsporf, depending upon
':

' the degree ond type of foiling heorf , ploys,:on,importorif , role in;fhe:pothogenesis of

heort fqilure, whereos mitochondriol colcium tronsporf moy increose or decreqse

depending upon whether or not mitochondrio ore serving os on odoptive mechonism

i for regutoting infrocellulor colcium.
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