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ABSTRACT

Colcium fronsport by cordioc subcellulor porticles in isoproterenol-

induced myocordiol necrosis in rots ond robbits wos investigofed. The

obility of mitochondriq to bind ond occumulote colcium in the necrotic

heort wqs similor to thqt of the control. Cqlcium binding, but noi colcium

uptoke, by heovy microsomes of the necrotic heqrf wos found io be depressed.

This chonge in colcium wos opporent over o wide pH rqnge os well qs qt

vorious concentrofions of colcium in fhe incubofion medium. The decreose

in colcium binding by heovy microsomes wos nof due fo the efff ux of cqlcium

from the microsomol vesicles ond wos seen within one hour of fhe subcutoneous

iniection of isoproterenol. Af on increosed onimol room ombienf temperoture,

not only wos mortolity due fo isoproierenol iniecfion increosed, but olso q

decreose in the colcium uptoke by heovy microsomes of the surviving onimols

wqs observed. These results suggest qn olterotion in fhe regulofory mechqnisms

responsible for the control of intrqcellulor colcium in the necrotic heort.
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I. STATEMENT OF THE PROBLEM

Although isoprolerenol-induced necrosîs hos been suggesled to be due

to o mossive influx of colcium into the myocordiol cell (l), no informqfion

concerning the obilíties of the subcellulor porf icles, frogmenÌs of sorcoplosmic

reficulum (heovy microsomes) ond mifochondrio, fo tronsport cqlcium in fhe

necrotic heorf is ovqiloble in the liferqture. Furthermore, colcium fronsport

by the subcellulor porticles in vorious other models of heorf foilure hos been

shown fo be defective (2 - 14). It wos iherefore fhe purpose of this sfudy fo

invesfigote chonges in fhe obilities of boÌh mifochondriol ond heovy micro-

somol frocfions of the necrotic heqrf fo bind qnd occumulofe cqlcium under

different experimentql conditions. Myocordiol necrosis wos induced in rots

ond rqbbits by iniecting high doses of isoproferenol. preliminqry results

reporled in this sfudy were presenfed before the Conodíon Federotion of

Biologicol Societies (15).

-l -



II. REVIEW OF LITERATURE

A. Colcium Accumulofion by Subcellulor Porticles of Heort

The importonce of colcium in heort funcfion hqs now been well

recognized ond severol excellenf reviews on this subiect ore ovoiloble in

fhe liferofure (ló - l9). Vqrious investigofors hove presented evidence

ihot suggesfs fhot voriotions in ihe omount of intrqcellulqr colcium ion

re leosed by f he sorcoplosmic ref icu lum during exci iof ion -contrqcti on

coupling moy be the mechonism responsible for fhe regulofion of myocordiol

controctilily (20 - 22). The current concept of exciiotion-controction

coupling implies ihot the entry of colcium info the myocordiol cell ond fhe

releose of cqlcium from fhe sorcolemmol superficiol sifes in response to de-

polorizotion, result in myocordiol contrqction by octivoting the conirocfile

opporofus. In the heort, sorcoplosmic reticulum ond mitochondrio ore

considered fo bring qbout relqxofion due to their obilities to sequester colcium

by energy dependenf mechonisms (2, 10, 23 - 34). Thus the obility of sub-

cellulor porticles to regulote infrocellulor colcium constifufes qn imporfont

fqcfor for determining fhe sfotus of confrocfion-reloxotion cycle of the heort.

The sorcoplosmic reticulum is believed to occupy q centrol position in

the regulofion of introcellulor colcium in the heort while fhe porticipotion

of mitochondriq in the processes of excifqfion-contrqction ond reloxotion is

generolly queslioned on fhe bosis of lock of continuity of fhese structures

with the cell membrone ond thus our inobility to exploin colcium releose from

fhese porticles. Although the rote of colcium uptoke by mitochondriq is less

-2-



-3-

thon thot by the sorcoplosmic reficulum it should be pointed ouÌ thot mito-

chondrio ore present inobundonce in the myocordium. Furthermore,

Hougoord 
"f d. (28) hove suggested thot Ìhe tronspori of colcium in mito-

chondrio is not o one woy streef ond thot fhe relolive concentrotions of

ATP, P¡ ond Mg# ore the imporfont fociors in determining which woy ihe

colcium ion will move. Chonges in ïhe infrocellulqr concentrqtions of

vorious ions such o, H+, Nq* ond K+ during depolorizotion moy be conceived

to releose colcium from bofh sorcoplosmic reficulum ond mitochondrio.

Similorly, o smoll omounf of Co# influx during depolorizotion moy be

considered fo bring obout cqlcium releose from subcellulor porficles of the

heort. Ii hos been suggested thot cqlcium releqse from the heorf mitochondriq

moy be medioted by chemicol sfimulus rother thon elecfricol currenl (26).

Over fhe post 5 yeors severol investigoiors hqve oitempted to show on

qbnormqlity of the subcellulcr componenfs to tronsport colcium in heort

fqilure induced by different procedures. For exomple, Gertz "tg!. (z) hove

reported thqf the colcium pumping obility of heovy microsomes wos morkedly

impoired in sponfoneously foiling dog heort-lung preporotion. Both mitochon-

driol ond heovy microsomol froctions of the subsfrote-depleted heorf , which

foiled to generote confroctility, hove been observed fo bind os well qs

occumulote cqlcium fo o lesser extent in comporison fo fhe control preporotions

(2,3). A defect ín fhe obility of heovy microsomes to fronsport colcium in

ischemic dog heorf hqs qlso been shown (8, 9). Colcium tronsport by heovy
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microsomes, but not by mifochondrio, hos olso been reported to be reduced

in the isoloted hypoxíc ror heort (35). A decreqse in colcium uptoke by the

microsomes wos qlso demonstroted in foilíng humon heorts (5, l0) os well

os in the foiling colf heqrt due to chroníc pulmonory hypertension (12).

Heod foilure in geneticolly myopothic homsters (BIO 14.6) hos qlso been

observed fo be ossociofed with depression in colcium binding ond uptoke by

the mitochondrio ond microsomes (4, 6, 13, 14). A rhorough survey of the

literoture reveqled no informqtion concerning the obiliiies of the subcellulqr

componenls of the necrotic heort to bind qnd occumulote colcium.

B. Cqtecholqmine-lnduced Myocordiql Necrosis

Cotecholomines hove been suggested fo ploy o primory role in ihe potho-

genesis of heort foilure (3ó). Isoproterenol ond ofher cqfecholomines, in o

wide ronge of doses, hove olso been reporfed fo produce mossive cordiqc

necrosis (37 - 39). Although norepinephrine sfores in the isoproterenol-

induced necrotic heorf ore reduced (40 - 42), simílor to ofher fypes of

foiling heorfs (43 - 49), +he significonce of this observqtion is fqr from cleor.

If hos been suggested thot occumulofion of metobolites formed during

deqminotion of endogenous cotecholqmines is o couse of îsoproferenol-

induced myocordíol necrosis (50).

The myocordiof domoge lo fhe ultrqstructure of mitochondrio, sorco-

plosmic reticulum ond myofibrils by isoproterenol wos found fo hove q focql

distribufion (51 , 52). Loss of high energy phosphofe compounds hos qlso
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been reporfed in the heqris of qnimols ireqted with isoproferenol (53 - 5s)

ond propronolol hos been found to prevent this chonge (5ó). Isoproterenol-

índuced necrosis hos been described os closely resembling the lesion ob-

served in potients with myocordiol infqrcfion os well os fhot in experimentol

cordioc inforct produced by coronory ortery ligof ion (s7, sg). An increose

in cordioc loctqfe ond o decreqse in pyruvote ond glycogen concentrotions

indicqfe o shift from oerobic fo onoerobic metobolism ofler isoproterenol

freofmeni (53).

Although the exoct mechonisms by which isoproterenol induces

necrosis ore not known, severol possibilities hove been suggesfed from lime

to time. Rqqb (37) hos postuloted thot cotecholomines creote on hypoxic

imbolqnce befween the oxygen supply ond oxygen demond in the heort. The

peripherol decreqse in blood pressure due to the vosodilolory effects of iso-

proferenol hos been suggested to reduce coronory perfusion pressure ond thus

couse fhe myocordium fo become hypoxic (57). Since isoproterenol dilotes

orterÌolor smooth muscle, if opens up precopillory shunts cousing the blood

to byposs copillory circulotion thereby decreosing perfusion of the myocordiol

cells (59). The olterotion in cell permeobility to vorious foïty ocids ond

subsequent limitotion of the ovoiloble supply of on essenfiql subsfrote hos

qlso been proposed os onofher mechonism of cqrdioc lesion produced by iso-

proferenol (ó0, ól). The influx of free foTty ocids into Ìhe cell due to

cotecholqmines would probobly uncouple mitochondrio (ó2) ond thus moy



-6-

lower fhe energy sfqfe of myocordium ond result in necrosis.

The myocordiol necrosis induced by isoproferenol hos been shown to

be ossocioied with subsfontiql chonges in the ionic content of the heort

(63 - 65), ond in the opinion of some invesfigoÌors, is o resulf of ischemio

which occurs both from the hemodynomic chonges ond increosed cordiqc

work (38, 66 ' 68). According fo Fleckenstein (l) isoproterenol-induced

necrosis is cqused by colcium overlood in the myocordium since vorious

ogents, prenylomine, veropqmil, compound Dó00 ond compound Boy o 1040,

which specificolly block cqlcium influx, olso prevent cofecholomine-induced

necrosis. Whefher or not the elecfrolyte shift ond myocordiol ischemio ore

fhe mechqnisms of primory imporfonce for cofecholomine-induced myocordiol

necrosis remoins to be investigoted. However, in view of the drqmotic

elevqtion of infrocellulqr cqlcium in fhe isoproferenol-induced necrotic heorf,

os well os Ìhe importont role of colcium in myocordiol metobolism, structure

ond function, fhe possibility of colcium portícipoiion in genesis of myocordiol

necrosis seems quite probqble.



III. METHODS

A. Inductíon of Necrosís

In one series of experimenfs, olbino robbifs (T.5 to 2 Kg) were

iniected subcutoneously twice with 2 ng/Kg isoproferenol* in normol

soline over q period of 48 hours. Isoproferenol in doses obove 5 mg/Kg wos

found to be lethol in robbits. These onimqls were fed regulor robbit pelleis

(Vicfor Fox Foods, Ltd., winnipeg, Monitobo)qd l¡b ond kepi qt on ombient

room temperofure of 70 ¡o 72"F unless otherwise indicqfed in fhe texi. In
onother series of experiments, olbino rqfs (300 to 3s0 g) were iniected sub-

cutoneously twice w¡th 80 mg/Kg isoproterenol in normol soline over o

period of 48 hours unless indicoted in fhe texf . This dose of isoproterenol

is commonfy employed in fhe induction of myocordiol necrosis in rols qnd

is well below the LDso (ó9). These qnimols were fed qd lib on rot pellets

ond kepi qt on ombient room temperoture oî 70 to 72oF. Control robbits ond

rots were iniected with on equivolent volume of normol sqline. The robbirs

were sqcrificed by cervicql díslocotion wh¡le fhe rots were sqcrificed by

decopitotion ond the heqrts were ropidly removed ond ploced in ice cold

sucrose solution. The qfrio were dissected out ond the ventricles trimmed of

fof ond connecfive tissue. The presence of myocordiol necrosis similor to

that observed by Rono (39) due to fhe odminisfrotion of isoproterenol wos

estqblished by light microscopy.

* DL-N-isopropylorferenol B grode - colbiochemicols, Los Angeles ó3,
cqlifornio; Isoproferenol-HCl, u.s.P. - winthrop Loborotories, New
York, New York 1001ó

-7 -
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B. Isolqtion of Mitochondrio

After thorough woshing ín 0.2s M sucrose , 20 mM Tris-HCl , pH 7 .0,

I mM EDTA solufion, the ventricle iissue wos weighed, ond minced with

scissors. The tissue wos homogenized in l0 volumes of medio contoining

0.18 M Kcl, l0 mM EDTA, 20 mM Tris-HCl, pH 7.4, o.so/oroftyocid free

bovine olbumin, in o wqring blendor ror 2x l0 seconds with q one minute

intervol. The homogenote wos filfered fhrough 4 royers of gouze ond

centrifuged of 1,000 x g for 15 minutes fo remove cell debris. The mito-

chondrio were isolqfed from the supernotont by centrifuging oi 10r000 x g

for 30 minufes. After woshing once in 50 mM KCl,20 mM Tris-HCl

solution oi pH ó.8, the mitochondriol pellet wos suspended in fhe some

solution ot o profein concentrofion of opproximotely I ro2 mg/ml. The

obove method Ís similor to fhof of sordohr ond schworrz (70).

c.

The woshed fissue wos minced with scissors ond ploced in l0 volumes

of l5 mM Tris-HCl , pH 6.8, l0 mM NoHCO, ond 5 mM Nq-ozide solution.

The homogenoÌe wos prepqred in o woring blendor operoted of medium speed

for two periods of l0 seconds seporofed by I minuie. After filiering ihrough

4 loyers of gouze, the homogenote wos cenfrifuged ot 1 1000 x g for l0

minuies ond then ot 10,000 x g for 30 minufes to remove cell debris ond

mitochondrio, both pelleis being discorded. The resulting supernotont wos

centrifuged ot 401000 x g for I hour to remove fhe frogmenied sorcoplosmic
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reticulum qs the heovy microsomol pellef . After woshing in 0.ó M Kcl,

20 mM Tris-HCl, pH ó.8 the frqction wqs suspended ot o finql protein con-

centrotion of 0.5 fo 1.0 mg/ml. This method is similor to thoi of Horigoyo

ond Schwqriz (10) .

D. Meqsurement of Cqlcium Tronsport

o) Colcium Binding: Cqlcium binding by mitochondrio ond microsomes

wos meqsured in o medium consisting of 100 mM KCl, l0 mM Mgclr, 20 mM

Tris-HCl, pH ó.8, 0.1 mM 
A5coclr,4mM 

No-ATp in o rotol volume of I

or 2 ml. The mitochondriol protein concentroiion in the incuboÌion medium

wqs 0.3 to 0 .4 ng/ml whereqs the microsomql frocfion concenfrqiion wos

0.1 to 0.2 mg/ml. The mitochondriol or microsomql suspension wos pre-

incuboted for 2 minutes ot 25oC ond for o fudher 2 minute period in the

presence of ATP. The reoction wos stqrïed by the oddition of 
45cocl^

¿

(New Englond Nucleor, Dorvol, Quebec) ond sfopped by millipore

filirqtion (Millipore corp., pore size 0.45 p). The omount of 
45co 

in 0.7

ml of ihe filtrote wos onolyzed in l0 ml of Broy's solufion (71) in o pockord

Tri Cqrb sciniil lotion spectromefer.

b) Cqlcium Uptqke by Microsomes: Cqlcium uptoke by microsomes

wos meosured by the method described for binding excepl thoi 5 mM K-oxolote

wqs odded io the incubotion medium ond 0.05 to 0.1 mg microsomol proiein/

ml qt q lemperoture of 37oC wos employed.
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c) Cof cium Upfoke by Mitochondrio: Cqlcium uptoke by mitochondrio

wos determined ot 37"C in ihe presence of 5 mM inorgonic phosphote (pi)

ond 5 mM sodium succinote of o mifochondriol protein concentrotion of 0.1

to 0.2 mg/ml.

d) cqlcium Releose: colcium releqse from loqded microsomes in fhe

obsence of K-oxolqle wqs studied occording fo fhe method of Pretorius et ql.

(32). Microsomes were looded *ith 45co 
by incubofing in the medium

described for colcium binding. At 5 minutes, exoctly 0.5 ml medium wos

removed from fhe incubofion tube, filfered ond reploced with 0.5 ml of

100 mM Tris-EDTA, pH ó.8. Seriol sompfes were fhen tqken ond onolyzed
Á.1

for '-Co by fhe obove mentioned methods.

All of the obove procedures were corried ouf in o cold room ot 0 fo

4"C. Either q Sorvoll RC2-B or on Internotionol 820-A refrigerofed centrifuge

wos used. The profein concentrof ion wqs determined occording to the meihod

of Lowry et ol. (72).



ry. RESULTS

Colcium binding ond uptoke by the control ond necrotic rqbbit heort

mitochondrio were determined ot different infervols of incubqtion ond fhe

results ore described in Tqble I. No significonf (P > 0.05) chonges in

colcium binding or upfoke by ihe necrofic heort mitochondrio were observed.

If cqn be seen from Tqble II thot sodium ozide, o well known inhibitor of

mitochondriol colcium fronsporf, depressed colcium binding by fhe mifo,

chondriq from fhe confrol ond necrotic heorfs to o similor degree. On the

other hond, ozide did not offecr colcium binding by the microsomol frocfions

of the confrol ond necrotic heorts, olihough colcium binding by heovy micro-

somes of the necrotic heqrf wos significontly (P < 0.01) decreosed in comporison

fo fhe confrol (Tqble II ).

The Time-course of cqlcium binding ond upÌoke by the heovy microsomol

froctions from the conirol ond necrotic robbit heorts is shown in Figure I .

Colcium binding wos depressed withouf significont (P > 0.05) chonges in

cqlcium upfoke by the microsomes of the necrotic heqrt when fhe onimols

were moinfqined qf normql room temperoture. This defect in cqlcium binding

by heovy microsomes wos found over o wide pH rqnge (Figure 2) os wellos of

vorious concentrqfions of cqlcium in fhe incubqtion medium (Figure 3). The

cqlcium binding by the microsomol froctions of the qpex, righf venfricle ond

left ventricle of the necrofic heorf wos qlso lower fhqn the respecfive confrol

vqlues (P < 0.05) where fhe cqlcium uptoke in vorious qreos of Ìhe necrofic

heort wqs similor to those in fhe control heori (Toble III).

- ll -
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TABLE I

..[
Co' ' Accumulqtíon by the Mitochondriol Froction of

Conirol ond Necrotic Robbit Heqrts*

CoH Accumulotion
(nmoles Co# /mg protein)* *

Time of Binding Uptoke
Incubotion

(min) Control Necrotic Control Necrotic

2 19.2 + 4.9 25.0 t 4.4 152 !36.7 122 ! 28.1

5 34.8!4.2 37.6!5.6 202t36.6 180t40.1

I 0 59.8 t 8.4 63 .2 ! 7 .4 288 t 34.3 262 ! 41 .9

*Necrosis wos induced by two subcutqneous inieciions of isoproferenol
(2 mg/Kg), odmínisfered 24 hours oport.

**Eqch vqlue is o meqn t S.E. of 5 to ó experimenfs.
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TABLE II

Influence of Sodium Azide on Colcium Binding by Subcellulor Frocfions
from Control ond Necrotic Robbit Heorts*

Colcium Binding
(nmoles/m g prot ein/l 0 min)* *

Mitochondrio Heovy Microsomes

Wirh Wirh
Without Azide 5 mM Azide Without Azide 5 mM Azide

Conrrol 7l .6 ! 8.0 10.3 t I .4 3ó.3 t 4.5 37.5 t 4.6

Necroric 66.9!8.4 8.4+1.1 20.4+1.4 21.9+3,8

*Myocordiql necrosis wos induced by fwo subcufqneous iniections of iso-
proterenol (2 ng/Kg) odministered 24 hours opori.

**Eqch vqlue is q meon t S.E . of 4 to ó experiments.
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TABLE III

Colcium Binding ond Uptoke by fhe Heovy Microsomes from Vorious Areos
of Control ond Necroiic Robbif Heorfs

Colcium Accumulotion
(nmoles/mg protein)*

Control Necrof ic

A. Binding

Apex 25. I t 1 .B 17 .2 ! 2.0

Risht ventricle 25.8 t l.l 19.9 ¡ 1.7

Left venfricle 30.1 1 1.5 21.2 ! 1.6

B. Colcium Upfoke

Apex 219.8 t 31 246.2 ! 43

Righf ventricle 206.9 ! 23 283.0 t 5l

Leff ventricle 456.9 ! 67 462.8 t 40

*Eoch volue is o meqn t S.E. of 3 to 4 experiments. Myocordiol necrosis
wqs induced qs described under Figure I .
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TABLE IV

Mortolity, Heort Wt/Body Wt Rotio ond Yields of subcellulqr portÍcles
from Control ond Necrotic Heorts of Robbits kept

ot Different Ambient Temperofures*

Necrotic

Control 70 - 72o F 82 - 84o F

Morroliry o/o 6 (35) 15 (26) 46 (t3)

Heort wt/body wt 2.23 ! O.O5 2.70 ! O .11 2.94 ! 0 .12
rorio x to3 (33) tzz) f7l

Mitochondriol yield 1 .90 + 0.37 I .95 t 0 .23 2.05 J 0.5ó
(msprofein/sheo*) (8) (B) (¿)

Heovy microsomql
yield'(ms protein/ 0'ó2t 0'08 0'75 !0'07 0'óó t 0'ló
s heorr) (14) (14) (7)

*The results ore o meon J S.E. of the number of onimols shown in brockets.
Myocordiol necrosis wos induced by the meihod described under Figure I .
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Time-course of colcium binding (upper ponel) ond colcium
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357
lncubation Time (Min)

Colcium binding (upper ponel) ond colcium uploke (lower
ponel) by control ond necroiic rqt heorf microsomes. Myo-
cordiol necrosis in rots wos induced by iniecting isoproterenol
(80 mg/Kg, twice over o period of 48 hours). Eoch volue is

o meon t S.E. of 5 to l0 experiments.
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Eoclr volue is o meon t S. E. of 3 experiments.
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FIGURE 7 Colcium releose from confrol ond necrot¡c rqt heort micro-
somol froctions. Myocordiol necrosis wos ¡nduced os

described under Figure 5. The omounts of colcium bound
by the control ond necrotic microsomes were 3l t l.ó ond
lB t l.B nmoles Co#/mg prote¡n respectively ot the stort
of cqlcium releose experiment (0 min volues). Eqch volue
is o meon t S.E. of 3 Ìo 4 experimenis.
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When isoproterenol wos qdminisfered to rqbbits housed of on qmbient

temperoture of 82 to 84oF, mortolity wos morkedly increosed (Toble IV).

This is in ogreemenf with ihe observoïions reporfed by other workers in

rots (73). The incremenf in heqÉ wt/body wt rotio in surviving onimols

kept ot 82 to 84oF wos not different from those aI 70 to72oF (P > 0.05).

Isoproterenol hos olso been shown to increose heo* wt/body wT roiio in

rots (53). The yields of mifochondriql ond microsomol proteins from ihe

necroÌic heqrts were essentiolly similor fo fhose from the control heorts

(Toble IV). It wos interesTing to note fhof heovy microsomes from fhe iso-

prolerenol-freoted rqbbits kepf ot 82 lo 84"F showed o decreose (P < 0.05)

not only in colcium binding bui qlso in colcium uptoke (Figure 4). The

mitochondrio obtoined from heorts of necrofic robbits kept ot 82 to 84oF

bound cqlcium similqr ro those of the control under identicol conditions

(doio nof shown).

The tronsport of cqlcium by the heovy microsomol preporotion from the

necrotic rot heori wos qlso sludied ond the results ore shown in Figure 5.

Cqlcium binding, but not cqlcium uptoke, by fhe necrotic rqf heort micro-

somes wos decreosed significontly (P < 0.05). In one series of experiments

rqts were given o single dose of isoprolerenol (80 mg/Kg) qnd the heorfs

removed ol vqrious intervols. It wos found fhot the microsomol colcium

binding, but not colcium uptoke, in these heqrfs wos reduced (P < 0.05) of

different intervols (between 1to72 hours) qffer lhe iniection (Figure ó).
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Although the obsolule qmount of colcium releqsed from The necrotic heort

microsomes wos less fhon the control preporotion, the potterns of colcium

releose from both preporofions were similor (Figure 7).



V. DISCUSSION

In this study ít hos been demonstrofed fhqt cqlcium binding ond upfoke

by necrofic heorf milochondriq qre unqltered, while colcium binding by fhe

heovy microsomql froction is decreqsed wifhout chonges in colcium upfoke.

These findings ore similor to those observed in the eorly phoses of myocordiol

hypoxio ond ischemio (35, 9). Since isoproterenol hos been suggested to

couse tissue hypoxio (66,38), ii is possible thot the mechqnism for the

observed decreose in colcium binding by fhe heovy microsomes of the necrofic

heort qre similor fo those for the hypoxic heqrf . ,A,lthough we observed o

decreose in cqlcium binding wiihin one hour qfter the iniection of isoproterenol,

the present sfudy wos not designed to provide informotion concerning the couse-

effect relqtionship befween chonges in colcium binding ond myocordiol

hypoxio in isoproferenol treofed rots.

The observed decreose in colcium binding by the heovy microsomql

frqction of the necrotic heorf does nof oppeor to be due to conlominofing

inerr protein since colcium uptoke by these porticles wos unoltered ond fhe

yields of these poriicles were not significontly different from control volues.

Mitochondriol confominolion in the necrotic heort microsomes olso seems

unlikely qs sodium ozide, o well known inhibitor of cqlcium tronsporf , hod

no effect on cqlcium binding. It is difficult to exploin this defect in colcium

binding by necrotic heort microsomes on the bosis of ATP insufficiency (53, 1),

increosed introcellulor free fotfy ocids (ó0) ond lysosomol enzyme degrodotion

(74) since mifochondriq from fhe some fissue showed no such olferotion. If

-25-
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is, however, possible thqt miiochondriol membrones ore more resistont to

the domoging influence of the qbove foctors thon heovy microsomol

membrones.

The defect in colcium binding by heovy microsomes of the necrotic

heorf wos evident boih in rqts ond robbits ond wos opporenf over o wide pH

ronge ond of vorious concenlrqtions of cqlcium in the incubofion medium.

This chonge wos noÌ due to increqsed colcium efflux since fhe poftern of

colcium releose from fhe fooded microsomol vesicles wos similor in control

ond necrotic heoris. Sînce sorcoplosmic reticulum hos been reported fo

swell in necrotic heoris (74,75), fhe observed decreose in cqlcium binding

moy be the resulf of structurol domoge. It is olso possible thqt decreqsed

colcium binding moy be due to conformofionol chonges or chonges in the

phospholipid-protein composition of fhe microsomol membrones of fhe

necrotic heori. Such mechonisms hove been postuloted previously for other

types of foiling heorts (3, ó).

Cqlcium uptoke, in the presence of oxolqte, by heovy microsomes

hos been shown to be unolfered in the necrotic heort. However, of higher

qmbieni temperofures, which hqve been shown to increose the toxicity of

isoproferenol (73) we were oble to demonslrote o significont decreose in

colcium uptoke by heovy microsomes from necrotic heorts. This indicotes

the possibility thot cqlcium binding is more sensifive to necrosis thqn colcium

uptoke, which is qffected only in severe myocordiol necrosis. These results
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ore ¡n ogreement wiih the findings of others (3, 9) who showed thot colcium

binding wos decreosed soon qfter the onseï of substrote free perfusion in

the rot heqrt ond ischemiq in the dog, ond thof colcium uptoke wos offected

only ofter prolonged treotment. The greoter sensilivity of cqlcium binding

to pothologicol chonges supporis ihe contention of some investigotors who

mointoin fhot colcium binding by subcellulor frocfions is o more physiologicol

meqsure of colcium fronsport fhqn colcium upfoke in the presence of oxolqte

(2e).

Depression of the obility of heovy microsomes to bind colcium reflects

on olterotion in ihe confrol of introcellulor colcium which moy resulf in on

increose in the concenirqtion of free colcium in the cytoplosm of the necrotic

heort. In oddition, Fleckenstein (l) hos demonslrofed on increose in colcium

influx into the isoproterenol-induced necrofic heqrf. Thus fhe decreqsed

obility of subcellulor mechonisms to regulote intrqcellulqr colcium under

condifions of mossive influx of colcium support the contention concerning

the role of cqlcium in fhe pothogenesis of myocordiol necrosis.



VI . CONCLUSIO NS

In this sfudy ihe obiliiies of mitochondriol ond microsomol froctions

of the control ond isoproterenol-induced necrotic heqrts to tronsport

colcium were exomined. The followíng conclusions were drown:

l) The obility of mifochondrio to bind ond occumulote cqlcium wos

normol in the necrotic heqt-i.

2) The qbility of necrotic heqrf heqvy microsomes to bind colcium

wos decreosed wilhout ony opporenf defecf in colcium uptoke.

3) Mointoining the onimqls ot o higher ombient room femperqÌure

increosed not only ihe mortqlity due fo isoproterenol, but qlso cqlcium

upfoke by necrotic heort heovy microsomes of the surviving onimols.

4) The results described in ihis sfudy suggest o defecf in fhe infrq-

cellulor regulotion of colcium in fhe isoproterenol-induced necrotic heorf .

It is concluded thot such domoge in fhe presence of increosed cellulor

colcium, moy contribute to fhe pofhogenesis of necrosis.
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