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ABSTRACT

Infective endocqrdifis wos induced in cotheterized robbits by o single intrq-

venous iniection of Sfreptococcus viridons qnd the popillory muscle from the left

venfricle wos exomined for histologicol ond ulfrostructurol chonges of 3 ond ó 
.i.._ ..

doys of infecfion. Popillory muscles from normol ond cofheferized uninfected ;,'',''."''

onimols were used for comporison. Although left heort hyperfrophy ond infersfifiql

edemo were evídent in both uninfected ond infected onimqls, the infecfed onimols

exhibited in odditionrmonocytic infiltrotion, loss of normol myocordiol orchifecture, ,,,,,,,

ond muscle degenerotion, os well os lung congesfion ond pleurol fluid occumulotion .'.'.'

The popillory muscle from cotheferized uninfected onimsls showed some degree ::,,,,-,,,,,

of mitochondriol ond sorcotubulor swelling os well os controcture of myofibrils;

the infected myocordium exhibited dromqtic chonges in ultrostructure such os

mitochondriql swelling ond destructíon, sorcotubulqr swelling, seporqtion of the 
'

intercqlofeddisc,ondmyofibrillorconÌroctureonddisruption.Thesehistopothologicol

ond ulÌrostructurol chonges in popillory muscles from rqbbits with bocteriql

endocorditis ore indicqtive of the presence of infective cordiomyopothy.

The stofus of myocordiol function in cofheterized robbits qfter infection with

Strepfococcus viridons wqs ossessed of 3 qnd ó doys. Shom operoted controls qs

well os uninfected cotheterized onimols were used for comporison. Both uninfecfed

ond infected onimqls hqd elevoted levels of serum CPK, LDH, ond GOT qs well

os electrocordiogrophic qbnormolities such os increosed omplitude of the QRS ::,,:,,..,.,'

complex qnd flqttening or inversion of the T-wove. Unlike the uninfected onimols, ,ì,,,ì,..,1

the serum colcium, mognesium, ond sodium were slighfly buf signifícontly decreosed :'::1":'r:'

whereos serum potossium wos increosed in the infected robbits. The levels of

colcium ond pofossium were decreosed whereos sodium wos increqsed in bofh

infected ond uninfected heorfs; however, mognesium levels, which did nof chonge :.. t,.:,t:

in uninfected heorts, were decreosed ot 3 doys qnd increosed ot ó doys of infeciion.

Both heort rote ond pulse pressure were higher in ó doy uninfected ond 3 doy

infected onimqls whereqs 6 doy infected onimols showed q decreqse in heqrt rote.

In comporison to the shom operoted controls ond the uninfected onimols, the infected

onimols exhibited depression in the roles of left ventriculor pressure developmenr , , ,,,
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ond reloxqtion os well os prolongotion in time for holf reloxqtion Ìn situ. Exfro-

polofed V,no* from intrqvehtriculor pressure-velocity curves wos decreosed by

24,52, ond76/o of the conÌrol in the uninfected, 3 doy infected, ond 6doy

infecied onimols respectively. The isoloted perfused heorts from infected onimols

olso generoted less controctile force qnd showed o decreose in the rotes of controcfion

ond reloxotion, but the fime for hqlf relqxotion wqs increqsed. These results

demonstrote myocordiol dysfunction during experimentql bocferiql endocorditis

ond provide evidence thot infective cordiomyopofhy is qssocíoted with heort fqilure.

The sfofus of membrone systems ond confrocfile profeins in hypertrophied

leff ventricles from cotheferized robbits ot eorly ond lofe stoges of cordiomyopothy

ond foilure ofter 3 ond ó doys of infection with Strepfococcus viridons, wos exomined

by monitoring biochemicol ocfivities ond ultrostructurol integrify. Control ond

hyperfrophied heorts from shom operoted ond uninfected cotheterized onimols

respectively were used for comporison. No biochemicol chonges in sorcolemmo,

microsomql, mitochondriql ond myofibrillor ocfivities were seen in heqrts from 3

doy uninfected cotheterized onimols which qlso showed no ultrqsfructurql obnormolities.

On fhe oiher hond, decreqsed sorcolemmol Mg#ATPose, No*-K*ATPose, odenylote

cyclose ond colcium binding, microsomol colcium binding ond upfoke, ond myo-
..u

fibrillqr Co"-sfimuloted ATPose os well os increosed mitochondriol colcium uptoke

wàre observed in ó doy uninfected heorts. In oddition, these onimols hqd mqrked

cordioc hyperfrophy ond some oreos of myofibrillor controcfure, mitochondriol

domoge, sorcotubulor swelling ond some degree of infercoloted disc seporotion.

Vorying degrees of depression ín sqrcolemmol Mg#ATPor", No+-K*ATPor",

odenylole cyclose in the obsence ond presence of epinephrine qnd NoF, qnd colcium

binding, microsomql colcium binding, colcium uptoke, ond bqsol ATfuse, ond

myofibrillo, Co#-stimuloted ATPose were seen qt both eorly qnd lote sfoges of

infecf ive cordiomyopothy ond foi I ure; however, sqrcolemmo I Co++ATPose,

mitochondriol oxygen consumpfion in stote 3, ond myofibrillor Mg+ATPose were

decreosed only ot ó doys of infection. Mitochondriol colcium binding ond uptoke

were increosed of eorly sfoges but decreosed of lofe stoges of diseqse. Furthermore,

mitochondriql ATPose, respirotory index, ADP:O rotío, ond phosphorylofion rofes

were decregsed, whereos oxygen consumpfion in sfote 4 wos increosed qfter 3 ond



ó doys of infection. Alfhough only slight swelling of sorcofubules ond occosionql

infercqloted disc seporotion were observed in 3 doy infected heorts, generolized

severe myocordiol cell domoge wifh respecf fo myofibrils, mitochondrio ond sorco-

tubulor system were seen qt lqte sroges of infecf ion. The mognitude of chonges

in sqrcolemmol, microsomql ond myofibrillor octivify in the infected heqrts wos

greoter thon in the uninfecfed hyperfrophied heorts whereos mitochondriql olferotions

were opporent moinly in fhe infected heorts. Although heort fqilure in fhe infected

onïmols is superimposed upon left ventriculor hypertrophy, ihe resulfs demonstrofe

impoirments in different membrqne ond controcfile protein functions os well os

ulfrostructurol obnormolities in bocferiol cordiomyopoÌhíc heqrts which qre obsenf

or of lesser mognifude in heqrts with hypertrophy qlone. From these observqtions

we believe there is on ossociotion of heort fqílure ond chonges in funcfions of

cellulor components during bqcteriol infection.
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INTRODUCTION AND STATEMENT OF THE PROBLEM

The chonging nofure of infective endocorditis hqs been the subiect of severol

recent reviews especiolly with regord to microbiology, pothophysiology, ond clinicql

stotus (l-ó). Although mosf of the pothologicol sfudies on endocorditis hove been

centred oround investígofing fhe histology of the volvulor fissue ond vegefotions (7r8),

only o few reports concerning histologicol chonges in myocordium (9-12) hove oppeored

ín the literoture. Furthermore, no informofion concerning chonges in myocordiql ultro-

strucfure is ovoiloble eifher for potients or ony experimentol model. It wos fherefore

the purpose of this study to exqmine the ultrqstructure of myocordium during infecfive

endocqrditis produced by o single iniecfion of Sfreptococcus viridons in cotheterized

robbits. This experimentol model hqs recently been developed ond is regorded to simulote

the clinicol sifuotion in which tronsient bqcferemiq leqds to infective endocorditis

( r3-r5).

Although o sfriking chonge in the spectrum of bqcteriol ond virql ogents

responsible for endocorditis hos been reporled (21316), Streptococcus viridqns is

still considered fo be one of the moin etiologic ogents cousing clinicql diseose.

Such infection could occur following vorious cordiovosculor diognostic procedures or

cqrdioc surgery (ló-18), creotion of orteriovenous fistulqs for diolysis (19,20),

norcotic iniections (21,22), ond different medicol treofments which predispose the

blood sfreom to bocteriol invqsion. In spite of the qvoilobility of effecfive onÌïbiotics,

fhe mortolity of potíents with infective endocqrditis remqins high ond is moinly qttributed

fo congestive heort foilure (5,23r24). Although the role of differenf foctors cousing

heorf foilure due to bocteriol infecfion is nof cleorly defined, vqlvulor dysfunction

leoding to insufficiency hos been thought to qccount for the moiority of cqses. In

view of the possibility of pump foilure due to some defecls ïn cordioc muscle itself,

we wished to exomine some of ihe functionol chonges occurring in the rqbbits with

infecfive endocordifis in order to demonsfrofe the presence of heort foílure. The

exlent of myocordiol domoge in fhe experimentol qnimqls wos olso evoluoted by

monitoring fhe elecfrocordiogrophic chonges, elecfrolyfe shífts, ond serum enzyme

levels.

Involvement of biochemicol mechonisms in proper heort funcfion hos been wèll
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recognized; however, no informofion concerning the biochemïstry of cordioc

muscle porticulorly with respect to foctors for fhe regulolion of myocordíol

metobolism ond function during infecfïve endocorditis is ovoiloble in the lifero-

ture. It is now qbout 25 yeors since Olson discussed o hypotheticol frqmework

for fhe study of cordioc metobolism in relotion fo heqrt foilure (25,26). If wos

postuloted thot there exist two moleculor closses of heort foilure: o) those in

which the defecf loy in energy producfion ond b) those in which the defect loy

in energy ufilizotion. Abundqnt evidence hos qccumuloted in the interveiiing

yeors fo iustify thîs troditionol formulotion (27-29)¡ however, some reports

indicoting normol energy mefqbolism in the foiling heort hove olso oppeored in

the liferqture. Thus the moleculor mechonisms underlying the loss of controctility

în heorï foilure remoin obscure ond it is commonly held thof biocù¡emicql defects

ore dependent on fhe type ond degree of heqrf foilure.

Since mitochondrio ond myofibrils qre the moior sysfems for energy production

ond utilizotion respectively, fhe respirotory ond phosphorylqtion obilities of

mitochondriq ond ATP hydrolyzing octivify of myofibrils ore usuolly monitored

to reflecl metobolic chonges in heort foilure (30). Chonges in sorcolemmq con

qlso be conceived to be ossociqted wifh obnormol myocordiol function snd

metqbolism becouse it is enriched with enzymes such os odenylofe cyclose ond
f,I

No'-K' AThse which porficipote in fhe formotion of cyclic AMP ond ionic

movements (31r32). Furthermore, cordioc confroction qnd reloxqfion is considered

to be reguloted by movements of colcium ocross sorcoplosmic reticulum, mito-

chondrio ond sqrcolemmo (33-45); thus ony olferotion in their colcium reguloting

obility moy result in impoirmenf of confroctile evenls. It wos therefore decided

fo monitor the biochemicol sfqtus of myofibrils, mitochondrio, frogmenfs of

sorcoplosmic reticulum (heovy microsomes) ond sorcolemmo isolofed from heorts

ot eorly ond lote stoges of infective endocordifis. In oddition, the ulfrostructure

of the infected heqrts with respect to integrity of fhese membrones ond contrqctile

proteins wos monitored to provide morphologicol supporf for the bíochemicol

observotions with these cellulor components.
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REVIEW OF THE LITERATURE

I . Infective Endocqrdítis: Generol Aspects

Osler in 1885 wos owore of the importonce of reviewing clinicol feqtures

of o porficulor diseqse process (4ó). Referring to endocord¡t¡s he stoted:

It is of use from lime fo time fo toke stock,
so to speok, of our knowledge of o porticulor
diseose, to see exocf ly where we stond in
regord to if, fo inquire to whof conclusions
fhe occumulqted focts seem to point, ond to
qscertoin in whqt direction we moy look for
fruitful investigofions in the future.

This quoiofion is porficulorly opplicoble in the cose of bocferiql endocordifis, o

diseose which hos drqmqficolly chonged in the posf few decodes wifh respect to

both clinicol feotures ond pothophysiblogy. The chonging nofure of this díseose

hos been the subiecf of severol reviews especiolly concerning microbiology, potho-

physiology, ond clinicql stofus (l-5). In oddition , many reviewers hove tended

to emphosize the chonging concepts of chemotherqpy os well os surgicol problems

encounfered (ór18,47). Since these topics hove been odequofely covered, it is

fhe intention of fhis present orficle to highlight the importonf findings from lhese

works ond in qddition discuss the most recent concepts of myocordiql involvemenf

ín this diseose.

2. The Chonging Clinicql Appeoronce of Infective Endocorditis

Although fhere is consideroble debote qs io whether the incidence of infective

endocqrditis hos decreosed (48,49), not chonged (50), or increosed (51,52),

mosf studies do ogree thqt there hos been o chonge in oge disfribution since fhe

odvent of onfibioÌic fheropy (23,51) from young odults to individuols over fifty.
As well, o striking chonge in fhe spectrum of ogents responsible for endocorditis

hos been observed (B). Although Sfrep. viridons ond Stoph. oureus still cquse mosi

clinicql diseose, o voriety of formerly uncommon orgonisms such os microoerophilic

strqins of sfrepfococci, enterococci, enferobocterioceqe, ond severol types of

fungi, viruses ond cell woll-deficient bocferiq ore oppeoring (3).
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Clinicql feotures of the diseose hove undergone tremendous chonges ond

older clossificotions ore now obsolete (2r3). The incidence of rheumqtic ond

congeniïol heort diseqse, still the most common underlying disorders, is decreosing

ond thot of qrferiosclerotic volve diseqse or myocordiol inforction hos increosed

(49 r5'l). Clossicol monifestotions of infective endocorditis ore now fever ond o

heorf murmur, olthough the lotfer moy be obsent. Other signs ond symptoms such os

pefechioe, subunguol hemorrhoges, Osler's nodes, digitol clubbing ond splenomegoly

qre less common thon before. Atypicol presenfotions ore becoming increosingly

more prevolent.

A number of new dimensions hqve been odded to problems of infective

endocordifis. The wide opplicotion of cordiqc surgery hqs been followed by

infecfive complicofions (ló-18). Problems reloting to vqrious cqrdiovosculor diognostic

procedures os well os infecfions following insertïon of prosfhefic volves hove

ottrqcted o greof deol of qttention. An ossocíotion with infecTive endocorditis

hos been noficed in potients wifh orteriovenous shunts or fistulqs creqied for fhe

purpose of hemodiolysis (19 ,20,53). A widespreod increqse in fhe use of nqrcotics

hos been responsible for o rise in endocqrditïs ïn oddicts (21,22,54). This group is

porficulorly susceptíble to right-sided endocorditis due to Stoph. oureus. The

seriousness of this problem is emphosized by the high fotolity rote in these persons.

A similor problem is found in the cqse of olcoholics who ore especiolly prone Ìo

pneumococcql endocorditis (55). The immune ospects of endocorditis hqve furfher

complicqted our understonding of this diseose process (56r57), ond hove:recently

been emphqsi'ed becouse of the prolonged survivol time of potienfs due tó improved

qntibiotic fheropy

3. Complicqfions of Infective Endocorditis

In spite of the infroduction of effective qntibiotics, Ìhe mortolity of potients

with infective endocorditis remoins high. The mosf common c<:use of deoth in such

potients is now considered fo be congesfive heqrf foilure cqused mosf often by

perforotion of the qortic volve followed by insufficiency (5,23,24r58). It is

responsible for o fofol outcome in over 60o/o of coses. Recently, other workers

hove emphqsized The importonce of infection toxemio os o leoding ccluse of deoth (8).
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Other couses of heqrt foilure include vqlvulor leoflet desfruction, rupture of

chordqe fendinoe, volvulor sfenosis, myocorditis ond myocordiol qbscesses. Jef

lesions creqfed by oortic insufficiency moy exoggerofe fqilure by cousing mitrol

lesions (59). Hemodynomicolly significonl volvulor sfenosis moy occur if vegefofions

ore lorge ond precipitqte foilure (ó0ról). Despite lqck of knowledge concerning 
,:,,.:

pothogenesis of myocorditis during infective endocordifis, it is considered fo be on ': -

imporfont complicofion (9-12). Myocordiol obscesses ond extensions through the

myocordiol woll moy result in ventriculor septol defecfs, cordioc tomponode ond

folse qneurysms. Pericqrditis presents os o complicotion in obout 2Oo/o of coses of 
,.,,,,-

ínfective endocorditis (8, ll ,12,23). i""'i'

Arteriol emboli comprise the next lorgest group of complicotions ond commonly 
=..ì;:

involve coronory vessels, broin, spleen ond kidneys (5r12). Mycotic oneurysms

ore often found ond probobly result from embolic occlusion of voso vqsorum,

bocteriol invosion, or iniury secondory to Ìmmune complex phenomeno (ó3-ó5)

Neurologic or psychiotric symptoms, in oddition to cerebrol embolic phenomeno ' :.

meningitis, or signs of toxic encepholopofhy, occur in up fo one third of potienfs

(66-69). Renol lesions including glomerulonephritis ond renol fqilure seem fo be o

result of the immune complex diseose which moy occur (70).

:

4. Pothology of Infective Endocorditis

A complefe understonding of infecfÍve endocordÍtis involves knowledge of 
,j i

specific pothologic chonges qssociqted with it. The froditionql division of this 
,, 

,

diseose info ocute qnd subocute bqcieriol endocorditis is groduolly being discorded 
,'.,,

since differences con be relqted olmost entirely to pofhoonotomic ond pothophysiologic

chonges induced ot the primory site of infection, the heqrf volve, qs well os the

nofure of the invoding orgonism. Cliniciqns understond durotion of illness,

bocteriologists the fype ond virulence of the orgonism, ond morphologisfs the destrucfion ,,r,.

the infection hos coused. The current consensus is thqf the subocufe form of the

dÍseose is o contÌnuum of the ocute form ond represenfs c¡ response thot differs, 
,

quonTifotÌvely but nof quolitotively

Pothologicol chonges in volve tissue during endocorditis hove been thoroughly

described ond mony studies of vqlvulor vegefoÌions hove been done (7). Microscopy i:;';:::



of lesions in diseose of long durotion reveqls slow progressive octivity ond eorly

heoling, but olwoys preceded by the rqfe of volve destruction. Neutrophils,

lymphocytes, plosmo cells, ond mosses of bocterio <lre seen. In ropidly progressive

diseose fhere is conspicuous qbsence of heoling processes. Volvulor distorfion

including thickening wifh edemo ond fibrosis, hyolinizotion, cellulor reoction ond

vegefof ion formofion ore chorqcteristic feotures. The type of vegetotion ond degree

of locol destrucfion depend on the virulence of the orgonism ond the resistonce of

fhe fissue to thof orgonism. Vegefotions consist of frioble mqsses of voriegoted

oppeorc¡nce vorying from yellow fo dork brown in colour. They consist predominontly

of fibrin with clumps of plotelefs, enmeshed blood elements, ond bqcferio. Vorioble

omounts of gronulotion Ìissue or foci of cqlcificotion ore present depending on

durotion of the diseose. As lesions progress, the chorocter of the inflommotory

infiltrqte is oltered in thof the polymorphonucleor cells ond Anitschkow myocytes

ore reploced by chronic inflommofory cells including polisoding mononucleor cells.

The site of vegefotion development seems to be reloted to either o iet effect (71)

producing vegetotion in endocordium in line with the regurgitonf streom, oÊoVenturi

effect (72) which îs coused by blood being driven from q high pressure source fhrough

on orifice info o low pressure sink. Such mechqnicol ond hydroulic explonofions

hove reploced Luschko's origÍnol concept of septic coronqry embolism to vqsculqrized

heorf volves (73). Electron microscopy of volvulor chonges os well os of vegetotions

support histologicol findings (7). Histoenzymqtic studies hqve been done in on ottempt

to understond ihe mechqnisms of vegetotion formqfion qnd fhe enzymotic olterotions

in infective endocordiris (7 r74). Evoluofion of enzyme octivify reveols'-diminished

DPI'.|¡+l.diophorose ocfivity qt fhe bqse of the vegetofions'during octive diseqse.

Studies on odenosine nucleotidoses revèol decreqsed ATPqse ond ADPose but increosed

AMPose octivity. A decreose in qlkoline phosphotose wqs olso observed. When

heoling processes supervened, DPNH diophorose, ATPose, ADPose ond olkoline

phosphotose reocfions become evidenf while AMPose wqs weqk or negligible.

Thus it is opporent thot fhe octivity of these enzymes vories with the stoge of fhe

diseose. However, it is difficult to evoluofe fhe significonce of such chonges sínce

histochemicol methods recognize only gross chonges in enzyme ocfivity. The

presence of bqcferio ond inflommotory cells qlso offecf the interprefotion of such

.1 ::



results. Cleorly more work musf be done before definitive conclusions con be

mode.

Although some eorly workers such os Blumer (75) considered myocqrdíol

involvement slight ond infrequenf in infective' endocorditis, ofhers such qs libmon

(76) ond Clowson (77) were cognizonf of its frequenf occurrence. Sophir (78)

described myocordiol chonges in humon tissue consisting of cloudy swelling, fotfy
degenerotion, petechiql hemorrhoges, ocufe myocorditis, foci of necrosis ond peri-

vosculor inflqmmotion. Myocordiol lesions todoy qre considered fo be found in

olmost oll coses of infective endocqrditis (8r9=t2). The most commonly occepted

description of histologic myocordiol chonges is thot of Sophir (79) ond Perry (9).

The inflqmmotory infiltrotion other thon thot locqlized fo perivosculqr oreos wos

usuolly focol buf occosionolly diffuse. Most often, it is interstitiql with predominonce

of qcufe inflommofory cells in eorly dîseose with oddition of mononucleor cells such

os mocrophoges ond lymphocyfes in lofer stoges of the diseose. Areos of muscle

necrosis contoining colonies of bqcterio ore seen os well os oreos with minute inforcts

in differenf stoges of orgonizotion. Perivosculqr cellulor infiltrqtion, cytologicolly

similqr to the interstitiol myocorditisr,,"is common. Popillory muscle necrosis is

often observed in potients with endocorditis ond is thought to be the result of poor

orterïql perfusion qssociqted with heort foilure (8)since popillory muscles ore fhe lost

to be supplied by orferiol blood (80). The role of myocordiql lesions in fhe cquso-

tion of congestive heorf foílure is uncleor qt fhe present time.

5. Experimenfol Infective Endocqrditis

(o) Description of models used for the study of infective endocorditis

Numerous methods hove been employed in ottempts to produce endocqrditis

in experimentql onimqls. The diverse experimentol procedures odopted ottesf to

difficuhies encountered in finding o relioble model which con reproduce fhe humon

díseose. The eorliest experimentol production of endocqrditis (8t) is usuolly

offribufed to Ribbert (188ó) who iniected stophylococci infrovenously ínto robbits,

Wyssokowitsch (188ó) who ufilized q technique designed fo domoge the heqrt vqtves

prior fo the systemic infroduction of o bqcteriql pothogen such os strepfococci info

robbits, ond Dreschfeld (1888) who produced endocorditis by iniection of pothogen
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isoloted from o potient wifh endocord¡t¡s. The exper¡mentql methods employed

by these eorly investigotors, nqmely (l) the iniection of foreign substonces,

(2) preliminory troumq of volves ond (3) simple iniection of o clinicol bqcteriol

pothogen, set o trend for lqter experimentol models.

Two generol systems hqve evolved. In the first, normol onimqls ore used; 
:::::::.::,:,:,:,

in the second, the onimols ore subiected fo some procedure intended to render their ;:::'::-::'

heort volves more susceptible to bocteriol ottock. Bocterio used most frequently

hove been fhose isoloted from mon. Experimenfol procedures include single or

repeoted inoculofion to normol qnimqls or fhose subiecfed to preliminory procedures 
,,,1,1,.,1.,,,

intended to render heorf volves more susceptible fo bocferiol qffock: o) mechonicol 1,.,'.,""

iniury lo volves b) sensitízofion of vqlves by colloidol dyes, cqseine or pifress¡n ...,,. ,.,,,,

ond c) stressing the cordiovosculqr system by orferiovenous fistuloe, high oltitude

or impoired cordioc lymph flow. Rorely endocordífis hqs been sfudied in onÍmqls

where if occurs noturolly.

Dog models for experímentol endocqrdifis dqfe bqck to 1923 when Kinsellq

ond Sherburne produced sfreptococcol endocordif is in dogs ofter qortic volve iniury (82).

Vegetotive lesions os well os peculior vosculor lesions in myocordium were noted (83).

Repeoted infrovenous iniections of streptococci in dogs with orteriovenous shunfs

coused endocorditis withouf fhe need for volve iniury (84185). However, fhis model

depends upon fhe severe hemodynomic chonges wh'ich occur upon creof ion of o

fistulo befween the oortq ond the inferior veno covo. Homburger (80187) reported 
::.::::,.:..

o 55o/o incidence of Stophylococcol endocordifis in dogs with volve iniury produced ;i.'': '

by open thorocotomy followed by mechonicol volve domoge ond posfoperotive ¡r'',','
bocterioliniection.Highmonefol.(88)describeomodelforproducíngendocqrditis

in dogs with oorfic ínsufficiency but could not produce diseose in dogs with intoct

oortic volves. Recently, Keys (89) hos studiedenterococcql endocorditis in dogs with

oortic volve domoge due fo needle puncture vio fhe corotid orfery. Although operofive tt,,r, 
,:';

mortolity wos 25o/o, upon iniection of slreptococcus over 75o/o of survivors developed

vegetofive endocorditis. Over ó07o hqd evidence of myocordiol involvemenf in

oddition to other fhromboembolic complicqfions.

Severql experimentql models hove been developed using bocterio isolofed

from cqses of sponfoneous endocorditis in pigs (90r9t). Without ony preliminory ;,: " :,''
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stressing focfors, Jones iniecfed hemolytic strepfococcus in sows qnd produced

strepfococcus endocorditis in 60o/o of onimols, primorily in ihe left side of the heqrt.

A progressive increose in vegetotions corresponding to durotion of survivol (91),

ond signs of myocordiql inforction were found. The myocordium showed muscle

degenerotion occompqnied by intersfitiol infilfrofion wÍth mocrophoges, but few

neutrophils. There wos focol myocorditis in oddition fo multiple renol infqrcts ond

orthritic ioint lesions.

A new model similqr fo Jones' utilizes the spontoneous occurrence of endo-

corditis in coptive opossums (92r93). A modificqfion by single infrovenous iniection

of Streptococcus viridqns or Stophylococcus oureus increoses fhe incidence of diseose

to over 60o/o. Usuolly the left side of fhe heort is offected. Vqlve ond myocordiol

lesions ore identicol to those occurríng in mon qnd some other experimentol models.

A more complicoted procedure for producing endocordifis in o very high

proportion of onimqls hos been described using x - irrodiofed rots (94,95). The

combined effects of x - irrqdiqfion ond cotecholqmine iniections to produce myocordiol

necrotíc lesions, resulfed in the production of q nidus on which subsequently iniected

Strepfococcus mifis would ottock. The myocordiol microcirculofion wqs found to be o

criticol fqctor in suscepfibility of the rots to infection (94). Since propronolol but nof

phenoxybenzomine minimized the resulting lesions ond infecfion, it is thought thot

fhe enhonced susceptibility induced by cotecholomines is relqfed topqd¡s.ergic

receptor slimulqtion.

Most of the obove models hove proved unsofisfocfory. Relioble preporofions

in lorger onimols require eloborote surgicol procedures whereqs simpler methods in

smoll onimols do not produce infecfion consistently. Recently o new model of

inducing endocordifis in robbits hqs been developed (t3,9ó) qnd hqs precipitoted o

series of experiments to unrovel the mysferies of infective endocordifis. A polyethylene

cofheter ploced in either the right or left heqrf enfronce produces q sferile endocqrditis

consistently ond stophylococcol confominofion produces bocteriol vegetotions.

This technique wos modified by Durock et ol. (14,15,97),who offer q sterile cqfheter

wqs in ploce, gove the robbit on intrqvenous iniection of streptococcus thereby

simulofing the clinicql sifuqtion in which tronsienf bocteremio leqds to infecfive

endocqrdifis. Extending the study of this model to commonly recommended ontibiofic
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prophylocfic regimens (98), fhese scienfists discovered the possible'procticol signifi-
conce in deciding which regimens would be effective in o porticulor clinicol
sifuofion. This is importont becouse of the populor use of cordíoc prostheses, pqce-

mokers ond introvenous cothefers.

The most common mechonísm of experimentol production of bocferiol endocqrditis

thus requires the seeding of orgonisms on previously exisfing non-bocteriql thrombofic

endocorditis produced by the vorious surgicol or stress situqtions described obove.

These initiql lesions moy well represenf on underlying mefobolic disfurbonce of

collogen in which endocrine ond nufritionol focfors mqy ploy o port (80,99).

Lillehei (84) noted morked odrenol hypertrophy in his dogs withA-V fistulos. Non-
specific sfress is known to offect the endocrine system qnd stressed rols hove been

shown fo develop endocordifis (100). Simulofion of physicol cold ond high oltiiude

with ond without hemodynomic stress (101,102) ond bqcteremio, in oddition to

olterotion of heorf lymphoiic droinoge (103) hove olso provided useful models of

either non-bqcferiol or bocteriql endocorditis. Hormones from ovory, tesficle,

thyroid, pituitory ond odrenol glonds hove been used experimentolly to produce

volvulitis ond vegetotions (104). All the obove models emphosize the possible

importonce of endocríne bqlonce in defermining potienf susceptibility to this

diseqse.

(b) Pofhophysiology of experÍmentol infecfive endocordítis

Utilizotion of the vqrÍous experimentol models of infecfive endocorditis

hos centred oround description of volve pofhology ond studies of vegefotíons.

Scottered reporfs hqve Ìouched on microbiologicol ond fheropeutic ospects of the

diseqse. Most workers ogree fhqt fhe experimentolly produced lesions qre similqr

fo those seen in humqns.

Vegetotions hove been described os mossive mulberry-like ogglomerofions

of bocferiq ond fibrin usuolly yellow in colour. They qre usuolly progressive

depending on fhe period of infection. Volvulor lesions vory in severify from intocf ,
but thickened ond edemofous, volve leqflets infiltrqted with lymphocytes ond neufrophils,

to o desfructive volvulitis wíth lorge, poorly orgonized mqsses of inflommotory cells,

bocterio, ond fibrin. The locqlizotion of bqcterio is dependent on sife of volvulor
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domoge os well qs the porticulor orgonisms involved. Mosi models involve gross

ond/or microscopic lesions in other orgons including kidney, lung, spleen, ond broin.

Renol inforcfion with neutrophilic infiltrotion ond fibrinopurulenf synovitis occur

in some models (90). Righf-sided lesions qre offen ossociofed with hepotic congestion,

pulmonory inforcfion ond splenomegoly (t5). 
,: ::.::

Severol onimol models reveql myocordíol involvemenf similor to thqt described ':'-:: ':': 
"

in humons (90196). Eorlyworkers such os Brocht ond Wochter (105) described oreos

of myocordiol necrosis surrounded by lymphocytes qnd fÍbroblosts in robbits ofter

strepfococcol iniection. These lesíons, loter termed "Brocht-Wochfer bodies" were ::,,',,..', 
:,,:

qlso seen by Tholhímer ond Rothschild (10ó). These myocordiol chonges ore especiolly ,,':,¡1"","'

prevolent in left-sided infections. A summory of the occurrence of myocordiol 
:,,,:,,,¡,,,r,,

pothology in differenf experimentql models is shown in Toble I. Lesions con be

idenfified in 100% of infected qnimqls in some studies. Gross chonges in myocordiol

size, colouring ond consisfency produce o moftled oppeqronce. Hisfologicolly,

chonges consisf of muscle degenerotion ond interstitiol infilfrqtion with predominonce

of mononucleqr cells.,, Heorts olso hod signs of focql or diffuse myocorditis with

bocferiq infiltroting fhe myocordium (15). More subtle myocordiol lesions hove been

demonstrofed even in heorts with no hisfologicolly observed chonges by fhe use of

sconning electron microscopy (107). Hístoenzymofic studies similqr to those described

obove for humon diseqse hove been done in these experimenfol models qnd demonstrote

comporoble results (7,74)

The obove experimentol studies hove thus loid the groundwork for further ...i.'',i:,.,'

studies in morphology os well os biochemicol ond functionql ospects of infective ,,,',',",,'",
'_:,',:r' t ,;: 

'endocordifis obout which little informotion is ovoiloble qt the present time.

6. Approoch to the Presenf Problem

From the foregoing discussion, ít is cleor thot cofheferized rqbbits íniected

with bqcterio form o good experimentql model for invesfigofing nechqnisms involved

in fhe pothogenesis of infective endocqrdifis. Furthermore, very little is known

concerning involvemenf of myocordium in this diseose. It wos fherefore fhe purpose

of this study fo chorocferize this new model in which streptococcol endocorditis wos

induced in fhe left ventricle. The first series of experiments wos undertoken to esfoblish ,,' ,,,',,t,.



TABLE I - Myocordiol Lesions

Experimentol Model

Single iniection in pigs (90,91):
f-hemol yf i c streptococcus

in Different Experimentol Models of Infective Endocorditis

Incidence of Endocorditis Myocordiol
Involvement

(o/o oî Infecfed)

Single iniection in opossums (92,93):
-Sfreptococcus v i ri dqns

-Stophylococcus oureus

Single iniecfion in dogs ofter open
chesf surgery to produce oortic
insufficien cy (86,87) :

- Stophyl ococcus oureus

Single iniection in dogs with oortic
volve domoge (89):

- Strepfococcus feco I is

Single iniection in cofheferized
robbits ('l5, Present Study):

- S trepfococcus vi ridons

Double iniecfion in x-irrqdioted rqfs
qfter cqtecholomines (94 19 5):

-Streptococcus mitis

ó07o entirel y left-ided

587o enfirely left-sided

917" primorily left but
some right-sided lesions

907" entirel y left-síded

l00o/" Myocordiol degenerotion with ¡ntersf¡t¡ql
infiltrqtion with mqcrophoges qnd o few
neutrophils. (Also,renol enlorgement,
multiple inforcts, neutrophilic ínfiltrote,
ioint lesions, fibrino purulent synovitis.)

Myocorditis with focql or diffuse oggregotes
of ocute ond chronic inflommofory cells.
(Broin qbscesses 40V".)

Diffuse myocordifis. (Broin obscesses 70o/o,
Renol obscesses 90o/o.)

Inferstifiol myocorditis with focql infiltrotion
with neutrophils. (Also lung inforction,
renol lesions.)

Focol myocordiol inforcts with polymorpho-
nucleor response. (Hemorrhogic lesions in
kidney, spleen ond lungs.)

Myocordiol necrosis with interstitiql
infiltrotion with mononucleqr cells. (Renol
inforcts olso present.)

Myocordiol necrosis with murol vegetotions.

Myocordiol Lesions

83o/o entirel y left-sided

95/o

l00o/o enfirely left-sided

70o/o

670/o primari I y lef+-si ded

60o/o

100o/o

',.:

100o/o N}
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the involvemenf of myocordíum by histologicol ond eleciron microscopic exominofion

of popillory muscle. In o second set of experimenfs, some hemodynomic porometers

of these onimols were invesfigofed to provide informotion concerning ihe stqtus of

cqrdiqc function ond in oddition, fhe intensity of myocordiol cell domoge wos

moniiored. The lost phose of thÍs study wqs concerned wifh invesfigotion of biochemícol

ond ultrosfructurol exominotion of myocordiol cell components. In oll these sfudies,

qnimols ot eorly qnd lofe stoges of diseose were,employed. Shom operoted controls

ond uninfecfed cotheferized robbits were used for comporison purposes. It is hoped thof

this study will extend our present knowledge of endocqrditis ond provide informqtion

to form the biochemicql bqsis of heort foilure ín this diseose.
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METHODS

I . Experimentol Prepqrotion

Heolthy, normol New Zeolond whife mole robbits (l to 2 kg eoch) were

employed in this sfudy. In some cqses Dutch rqbbits were used for comporison. All
qnimols were onoesfhetized by introperifoneol iniection of sodium pentoborbitol

(45 mg/kg). A neck íncision wos mode slightly to the right of fhe midline ond the

right corofid orfery wos exposed. In one-fhird of these onimols, the corotid orfery

wos ligoted, the wound wos closed, ond fhese onimqls served os shom operofed

confrols. The corotid orferies of the remoiníng two-thirds of the onimols were

cqtheterized wifh o polyethylene tube (externol diometer 0.9 mm, internol diometer

0.ó mm) filled wifh sterile sqline. The tip of the cotheterwqs positioned in fhe

left venÌricle with fhe oid of o Strqthom pressure tronsducer (P23Db) which indicofed
q sudden drop in diqsfolic pressure. The cotheter wos fied in ploce, heof-seoled,

ond buried when the wound wos closed. After the robbits hqd recoveredfor 24

hours, bqcreriol endocqrdifis wos induced in hqlf of the cätheterized onimols by o

single iniecfion of different doses of Streplococcus viridons into the morginol eor

vein. The stroín of strepfococcus used wos originolly isolofed from fhe blood of

o pofient with bocterisl endocorditis qnd identified os Sfrepfococcus Songuis, Type I
(Americon Type Culture Collecfion, Rockville, Md.). The bocferio were cultured on

Todd-Hewitt-ogor slqnts qnd then incubofed overnight in Todd-Hewitt broth at 37oC

before iniection. The number of bocteriol orgonisms in I ml suspension wos odiusfed

by dilution of the Todd-Hewitt broth culfure with soline (usuolly l:100 dilution)

ond spectrophotomefric comporison ot ó50 m¡r ogoinsf o sfondqrd curve construcfed

for this orgonism by use of q Petroff-Houser counting chomber. The purity of rhis

bocteriol suspension wqs. ossessed by Grom stoin exominotion. The dose employed

in our experiments hos been found to produce 100% incidence of infecfive endocorditis

with volvulor vegetotions ond chqrocteristic lesions. The other holf of the cqtheterized

onimols were îniected with on equivolent volume (l ml) of Todd-Hewitt broth dilufed

with soline. These uninfecÌed cothefêrized robbits were used for estqblishing the

contribufion of hypertrophic chonges occurring due fo cqfheterizotion. The shom

I t- ..r- :
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oPerofed onimols described obove olso received I ml of Todd-Hewift broth-soline

suspension. The vqlues for shom operoted onimols were overlopping with those

obtqined from fhe normol heolthy robbits ond fherefore fhese onimqls were designqted

os confrols. All the qnimqls were kepf in environmentolly confrolled infecfion rooms

qnd mointoined on o sfondord robbit died fed qd libitum. Recfol temperoture ond

body weight were monitored in qll qnimols. Operotive mortolity within fhe firsf

24hours wos less hhon 5o/o. No spontoneous deqths occured in sqline-iniecfed

cofheferized rqbbits whereos fhe survivol time for the infected onimols vqried between

ó to 8 doys.

2. Pqthologicol Studies

(o) Gross qnd histologicöl exominqtion

Three ond six doys ofter iniection the rqbbits were socrÍficed by cervicol

dislocotion, the heorts quickly removed, ond weighed. In one sef of experiments.,

smoll portions of the left heort popillory muscles ond left ond righf ventricles (obout

2 mm fhickness) were dissected out qnd fixed in l0% buffered formqlin, pH7.O,

for one week. These tissues were dehydroted in o groded series of ethonol ond

xylol, embedded in poroffin, sectioned (5-10 ¡r thickness) ond sfoined wifh hemotoxylin-

eosin for histologicol exominotion. In onother set of experiments, left ventricle

wos corefully dissected ond the dry weight wos defermined by keeping fhe fresh

fissue in on oven ot l00oC for 3 doys.

(b) Electron microscopic exominotion

Porfíons of popillory muscle ond biopsíes of the left ventricle fissue

employed for biochemicql studies were fixed in lo/o glutoroldehyde for elecfron

microscopic invesfigotion. The tissue specimens were woshed overnight ¡n 0.1 M
phosphote buffer, fixed for I hour w¡th lolo osmium tetroxide, dehydroted in o

groded ethqnol series, ond embedded in Epon 812 occording to fhe mefhod of Luft (108).

The sections obloined with the use of o Blum MT-ll ultromicrofome ond gloss knives,

were sfoined with uronyl ocetqfe qnd leod cifrqfe qnd exomined with o Zeiss elecfron

microscope (EM9S).



3. Functíonol Sfudies

(o) Serum electrolytes ond enzymes

About 20 ml somples of blood were obfoined by cordiqc puncture from

shom operofed, uninfecfed cothelerized, ond infecfed robbits ond serum wos

prepored by ollowing the blood fo clot, followed by cenfrifugotion to remove the 
,.,..,..,t.

clofted blood. For elecfrolyte determínqtion, fhe serum wos boiled for 30 minutes

ofter fhe qddifion of 2 N HCl, centrifuged of 5000 x g, ond the supernotont employed

for onolysis. The cqlcium, mognesium, potossium ond sodium concentrotions were

meosured by ofomic obsorption with o Zeiss ofomic obsorpfion spectrophofomefer. ';' ,' .;,:

Lonthonum chloride (l%) ond stronfium chloride (.2Ío/")were used in fhe determinq- ' ":''"
fion of colcium ond mognesium respectively fo prevenf inferference by other ions. :,¡,.',t.''.,

Similorly, cesÍum chloride (0.1%) wos qdded to fhe supernofont somples when

potossium ond sodium were deÌermined.

Serum creofíne phosphokinose (CPK) wqs determined by the method of

Rcolki (109) with q Gilford 3400 outomotic enzyme onolyzer. Serum lqcfote

dehydrogenose (LDH), glutomic oxoloqcefic trqnsominose (GOT) ond olkoline

phosphotose were determined by roufine clinicol methods usíng o Technicon SMA

Flex outomotic onolyzer (710-t l2).

(b) Myocordiol electrolyfes

Animqls used for the sfudy of myocordiol electrol¡es were socrificed by

cervicol dislocqtion, the heorts were removed ond quickly perfused with 20 ml of 
.:.il:r,i,,,,:

ice-cold, Dowex freoted sucrose-hisfidine buffer (lt3) (0.32 M sucrose, 5 mM ,:,,.,:,r,,','

histidine, pH7.4) vio on oortic cqnnulq. This method wos found to sotisfocforily :::::.:;::::'':::

eliminote oll the extrocellulqr fluid since no red blood cells were defectoble upon

histologicol exominqtion. Portions of left venfricle from shqm operoted qnd uninfected

ond infected cqtheterized robbits were homogenized, ions were exfrocted in 2 N HCI : : :.::

occording to the mefhod of Reynoforie ond Lehninger (lt4). Totql ion contents in ''''i''".: '"

fhe cleor supernotont ofter cenfrifugotion ot 5000 x g were determined by otomic

obsorpfion qs described obove.

(") Elecfrocordiogrophic ond pressure recordings

Rqbbits used for fhis purpose were onqesthetized with sodium pentoborbitol i.,,,,,, ,
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(45 mg/kg introperitoneol iniection) ond 30 minutes lqter on electrocordiogrom

using sfondord limb leods wos performed. A Grqss Polygroph (7VvcgpA) wíth on

EKG pre-omplifier (7P6A) ond pin elecfrode oftochments to shoved oreos on robbit

front ond hind limbs were used for fhis purpose. After the EKG wos recorded, the

right corotid ortery wos exposed, the originol cotheter wos corefully removed ond o

second cotheter wifh qffochment to fhe Polygroph wos puf in its ploce. In infected

robbits ít wos somefimes necessqry to connulqte fhe orfery of o point closer fo the

heort fhqn initiolly. The cothefer wqs moved until it wos iudged to be close to

the corofid-oortic iunction. Pressure wos monitored wifh o Slrqthqm P23Db pressure

tronsducer connected fo ihe new cothefer ond recordings were mode on o Gross

Polygroph recorder. For introvenfriculor recordings, the cotheter wos positioned in

the left ventricle. The rote of chonge of venlriculor pressure wqs monifored with

the use of q differentiql omplifier.

(d) Isolqfed heorf preporqtion

Robbits used for this purpose were socrificed by cervicol dislocqtion, fhe

heorts quickly removed, ond chilled in ice-cold perfusion medium. After frimming

of fotty moteriql ond connecfive tissue, the heorts were orronged for coronqry

perfusion by the Longendorff technique qs described prwiously (l l3). Heorts were

equilibroted for l5 minufes with Krebs-Henseleit solution of the following composition

(mM): NoCl , 720; NoHCOr, 25¡ KCl, 4.8¡ KH2PO4, 1.25; MsSO4, 1.25;

CoCly 1.25; glucose, 8.ó. The perfusion medium, pH7.4, wos oxygenoted with

o gqs mixfure of 95o/o O, ond 5o/oCO2ond moinloined of o temperoture of 37oC.

Flow wos kept constont ot q rote of obout 60 ml/min. The opex of fhe heqrt wos

wired to o force displocement trqnsducer (FTO3C) by o pulley qnd controctile

force ond rqte of chonge of force were monifored of vorying degrees of resting

fension.

4. Biochemicol Studies

Rqbbits used for this purpose were socrificed by cervicol dislocotion, the

heorts were quickly removed ond the left venfricle dissected out ond employed for

isolqfion of vorious cellulqr componenfs. The left ventriculqr fissue from the shom

operofed (control), uninfected cotheterized, ond infected robbits were processed
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simultqneously under identicol condif ions. The qctivities of qll cellulor froctions

employed in fhis sfudy were determined within I hour ofter isolof ion.

(o) Isolotion of the sorcolemmol froction

The sorcolemmol froction wos prepored essentiqlly occording fo o method

described eorlier (31). The ventriculor fissue wos thoroughly woshed ond homogenized

in l0 volumes of l0 mM Tris-HCl, pH 7.4, contoining I mM ethylenediomine-

fefroocefofe sodium (EDTA) ond I mM dithiothreitol (DTT). The homogenote wqs

filtered fhrough gouze qnd centrifuged of 1000 x g for l0 minutes. The sediment wqs

repeotedly suspended (four times) in l0 mM Tris-HCl, pH 7.4 ¡o 8.0, contoining

I mM DTT (Tris-DTT buffer) ond centrifuged oi 1000x g. The residue fhus obtoined

wos extrqcted with Tris-DTT buffer, pH 7 .4 contoining 0.4 M HBr for 45 minutes

ond centrifuged ot 1000 x g for l0 minutes. This sediment qfter wqshing with the

qbove Tris DTT buffer, pH7.4, wos exfrocted with 0.óM KCI in Tris-DTT buffer

for 30 minufes, cenfrifuged ond rhoroughly wqshed with Tris-DTT buffer, pH7.4.

This pellet wos suspended in I mM Tris-HCl , pH7.4 ond employed for biochemicol

sfudies.

(b)Isolotionofmitochondriqlondheovymicrosomolfroctions

For this purpose the tissue wos homogenized in l0 volumes of 0.25 M

sucrose contö'rning I mM EDTA, pH7.O, ond the mitochondriol (1,000 - t0r000x g)

ond heovy microsomol (101000 - 40,000 x g) frocfions were seporoted by differentiol

centrifugotion (tt5). The crude mitochondriol froction wos resuspended in 0.18 M KCI .,,.,,,
-:'-:11:

contoining l0 mM EDTA ond 0.5olo olbumin (fotty ocid free), pH7.0 ond centrífuged 
,1,,,1_,

ot 1000 x g. The sedimenf of 10,000 x g wqs woshed twice, suspended in 50 mM KCl, '"'.

20 MM Tris-HCl, pH ó.8, ond employed for colcium tronsporf sludies. The crude

microsomol froction wos suspended in 0.ó M KCl, 20 mM Tris-HCl, pH 7.0,

centrifuged of 401000 x g for 45 minutes qnd the sedimenf wqs wqshed ond resuspended ,::::::

in 0.25 M sucrose, t0 mM Tris HCI , pH 7.0. i:::' :;

For sfudying oxidotive phosphorylotion, mitochondrio were isoloted

occording to the mefhod of Sordohl ond Schwortz (lló). This froction wos found to

yield essentiolly similor results for colcium fronsporf os obtoined by the method ouflined

qbove. The microsomol frqcÌion wos olso obtoined by homogenizing the fissue by . :,:
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the sodium bicqrbonote method (34) ond the results were similor to fhose obtqined

with the heovy microsomol frqcf ion qs described obove.

(") Isolofion of the myofibrillqr frqction

The myofibrillor frqction wos obfoined by the mefhod of Muir et ol. (t l7)
by homogenizofion of the tissue in 0.1 M KCl, 5 mM histidine, pH7.0 ond centrifugo-

tion of 5000 x g. This sediment wos woshed ond suspended in 407o sucrose sol.ufion

confoining 5 mM hisfidine, pH7.0 qnd centrifuged ot 151000 x g. The residue

offer repeoted woshing ond centrifugotion oÌ 5000 x g wos resuspended in 0.1 M KCI

histidine buffer ond used for biochemicol sfudies.

(d) Determinotion of cqlcium fronsport qctivities

Colcium occumulofion by mitochondriol, microsomql ond sqrcolemmql

frqctions wos determined by employing the millipore filtrotion fechnique (l t5).

For mitochondriql qnd microsomol colcium binding, fhese porficles were incubqted

in medium contoíning 100 mM KCl, l0 mM MgClr, 20 mM Tris-HCl, pH ó.8,
4 mM ATP qnd 0.1 mM Co4scl"in q totol volume of I ml. The reocfion wos sforfed

by the qddition of Co 
SClronirropp.d 

by millipore filtrotion qt vorious fimes of

incubotion ot 25oC. The rqdiooctivity in the protein-free filtrote wos estimoted in

q Pockqrd Liquid Scintillofion Spectromefer. The cqlcium uptoke by the microsomol

froction wos corried out ot 37oC ín the obove medium in the presence of 5 mM

pofossium oxolqfe whereqs thot by the mitochondriql frqction wos corried out in fhe

presence of 5 mM inorgonic phosphote qnd 5 mM sodium succinote. The colcium

occumulotion by the sorcolemmol froction wos corried out in 100 mM KCl, 20 mM

Tris-HCl, pH ó.8 ond 0.1 mM co4'clrin the qbsence or presence of 4 mM MgATp.

(") Determinotion of ATP hydrolyzing qbilities

For this purpose, the mítochondriql frqction wos incuboted ot 37oC ín

medium contoining 100 mM KCl, 20 mM Tris-HCl, pH 6.8, l0 mM MSCI, ond

4 mM ATP. The microsomol frqction on the other hond wos incuboted ot 37oC in

medium contoining 100 mM Kcl, l0 mM Mgclr,20 mM Tris-HCl, pH ó.8,4 mM

ATP, 5 mM potossium oxolqte qnd eirher 0.1 rM CoCl, or I mM EGTA (êthylenebis

(oxyethylenenitrilo) tetrqqcetic ocid). The vqlue in fhe presence of EGTA is token
qs bosql octivity whereos the difference between the bqsql ond totol (in fhe presence



20.

of 0.1 mM CoClr) octivifies wos considered due fo Co#-stimulqted ATPose.

The myofibrillor ATPose ocÌivify wqs defermined in fhe presence ond

qbsence of 5 mM sodium ozide by incuboting this froclion in medium contoining

ó0 mM KCl, l0 mM histidine, pH 7.0, 4 mM EGTA , 2 mM MgCl' qnd 2 mM ATp

ot 37oC. The colcium sfimulqted ATPqse octivity of the myofibrillor frqcfion wos

determined in fhe obove medium wíthout EGTA but in the presence of 5 mM sodium

qzide ond vorying concentrqfions of CoClr. The free colcÍum concentrofion in the

presence of 0.5 mM EGTA buffer wos cqlculoted by the method described by Imoi

ond Tokedo (t ls). On fhe other hond, the sorcolemmol Mg# ond co# ATpqse

octivities were determined by incuboting this frqcfion in medium contoining 50 mM

Tris-HCt , pH 7 .4, ond 4 mM ATP ín the qbsence qnd presence of 4 mM MsCl, or

4 mM CoCl, qt 37oC. The sorcolemmol ATP hydrolysis in fhe obsence of CoCl, or

MsCl, wos loken os due to nonspecific ATPqse. The sorcolemmol No+-KtATPlse

octivíty wqs estimqted by finding the difference befween ATP hydrolysis in the obsence

orpresenceof 2 mM ouqboin in o medium confoiníng 50 mMTris HCI , pH7.4,
4 mM MgCl' 100 mM NoCl qnd l0 mM KCl, ond 4 mM ATPof 37oC.

All the reoctions forATP hydrolysis were storted by the oddition of ATP

ond sfopped by the oddition of l2o/" cold trichloroocefic ocid ond cenfrifugotion.

The inorgonic phosphofe,releosed in fhe cleor supernofonf wqs meosured by fhe mefhod

of Toussky ond Shorr (ll9). The protein concentrotions were defermined by the

method of Lowry et ql . ( 120).

(f) Deferminotion of sqrcolemmol odenylote cyclose octivity

The odenylote cyclose ocfivity wos ossqyed by employing descending

chromotogrophy occordíng fo the mefhod by Drummond qnd Duncon (l2l). The

incubotion medium at37oC contqined 50 mM Tris-HCl, pH 8.5, I mM coffeine,

5 mM Kcl, 20 mM. phosphoenolpyruvote, 15 mM Mgc12, 130 vs/ml pyruvote kinose,

qnd 0.4 tM Atpl4C. The odenylofe cyclose ocfivity wqs studied in the obsence

(bosol) ond presence of 100 ¡rM epinephrine or 4 mM NqF.

(g) Deferminofion of mitochondriol respirotion qnd oxidotive phosphorylofion

The mitochondriol oxygen consumption ond oxidotive phosphorylofion

(ADP:O rotio) were meosured polorogrophicolly of 28oC using o Gilson oxygroph ond
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Clorke elecfrode in q medium contqining0,2S M sucrose, t0 mM Tris-HCl, pH

7.4, l0 mM K,HPO O, 1.5 mM pyruvote ond 0.3 mM molqte. This method hqs been

described by Sordohl ond Schwortz(116). Sfqfe 3 respirotion wos inítioted by the

oddition of 200 nmoles ADP whereos stote 4 respirotion ensued when oll fhe ADP

wos phosphoryloted. The respirofory confrol index (RCI) wqs colculoted os fhe rotio 
.,.,,r,,,,,:,

of oxygen uptoke rofes in siqfes 3 ond 4 whereqs the phosphorylotion rote wos 1r"::;r::

colculoted by multiplying ihe oxygen uptoke rqfe in stofe 3 (aO2(3)) by fhe ADP:O

rotio.

5. stotisticol Anqlysis 
,rr'..',1..

The sfudenf's t test wos used to onolyze stotisticol significonce of ,', .:-:.:.....
differences in poíred ond unpoired dotq. Dqto for infected onimols wos siqtisticolly ::,.,::,,::,t

comporedwithdotqfrombothshomoperotedcontrolonduninfectedcotheferized

qnímqls ot fhe sqme f ime períod ofter iniecf ion.
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RESULTS

I . Pofhologic,.ol Chonges in o New Model of Bocteriol Endocqrditis Indicoting

Infect ive Cordiomyopothy

(o) Generql observofions

In the first series of experíments, differenf doses of bocterio were iniected

in New Zeolond White ond Dufch robbits in order to determine the number of

orgonisms necessqry to produce endocorditis without ony incidence of mortolity

due fo eorly toxemio. The results shown in Tqble II indicofe thot qll the New Zealond

White qnd Dutch rqbbits díed within24hovrs from toxemiq due to overwhelming

bocferiol invosion qffer receiving 109 ond 107 bqcteríol orgonisms/kg respectively.

The most effective doses forproducing endocorditis in oll iniected onimqls without

toxic complicotions were l0l orgonismfg for New Zeolond White ond 5 " 105

orgonismfg for Dutch robbits. These results suggest thot not only were Dutch

rqbbits more sensifive to the bocteriq but olso the morgin of sofety in fhese onimols

wos smoller thon ín the New Zeqlqnd White stroin. It wos olso noted thot fhe

New Zeolond White ond Dutch rqbbits with. gross evidence of endocqrd¡t¡s d¡ed

within ó-8 doys qnd 4-ó doys of infecfion respecfively. None of the normol or

soline iniecfed cofheterized onimols showed ony evidence of infection. All
furfher experiments were corried out wíth New Zeolond White robbits qnd 107

bocteriol orgonisms/kg were used for producing endocqrdifis.

Since hyperthermio qnd weight loss ore common mqnifestotions of the

presence of infectïon, rectol temperoture ond body weight were monitored in normol

ond experimentol onimols. As indicqted in Figure I the infected onimols become

hyperthermic within 2 doys qnd demonstrqted progressive weight los whereos the

normol ond cofheterized uninfecfed robbits mqinfoined o constont femperoture ond

exhibited the normol rise in body weight chorocteristic of robbits of this oge.

Furthermore, lethorgy, potchy hoir loss, ond demonstroble poin upon hondling were

generol chqrocferistics of infected robbits. In controsl to confrol ond cotheterized

uninfected onimols, the infected robbits hod greenish pleurol qnd often pericordiot

effusions. The lungs in infecfed onimols oppeored congested; however no gross

obnormolities were seen in liver, spleen or kidney.
)



TABLE II

Incidence of Strepfococcol Endocorditis in Operoted Robbits Iniected with Dïfferent Doses of Streptococcus Viridons

DOSE
(No. of orgonismfg)
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Sqline
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1/8
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0/4

'!:

0/10

* The denominstor rePresenfs the number of onimols employed in eoch experimenf whereos the numerotor indicofes the
incidence of eorly toxemiq or endocordítis.
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FIGURE I Alterotions in body weight ond rectol temperoture following
iniection of soline or Strep. viridons in cotheterízed robbits.
* - sígnificontly dïfferentTrom conirol ond uninfected robbits (P<0.05)

NORMAL

NORMAL



: l '- l:'.:.'::jj.:r.

ôtzJ.

(b) Gross qnd histologicol chonges in heorf ond volve

Progressive chonges in heort size ond volvulor vegetofion were observed

ot l, 3 ond ó doys ofter infectíon. At 3 ond ó doys ofter infection the heorts were

obviously enlorged with mqrked thickening of the left ventriculor woll (F¡g. 2).

Although operoted uninfected robbit heorts were qlso enlorged, fhe ventriculor wol' 
,,.:,. .,::

did not oppeor qs thickened. At the mosf severe stoges of diseose, fhe infected :'"'. ' 
"'

heorfs seemed more flqbby ond myocordium of the left venfricle oppeored pole ond

moftled; gross exominqtion of the qorfq reveoled o firm polypous mqss filling mosl of

the lumen. The results shown in Toble III reveol thof not only ore heqrf ond left :,::.:,
,t.,',t,,', ,'.',

ventriculqr weight increosed (P<0.01) bui qlso fhere is o significonf increose ,:ì:,':,::::::'

(P<0.01) in wet weight/dry weight rqtio in uninfecfed ond infected cotheterized ,,::,::,;,,;

onímqls in comporison io shom operofed confrols. The infected robbits ot ó doys 
' ' ::

ofter bocteriol iniecfion hqd significontly lorger heorfs (P<0.01) thon either confrol

or uninfecfed cqtheferized robbits. l-eft ventricle/body weight rqtio wos significontly

increosed (P<0.01) in both uninfected qnd infecfed robbïts, ond the mognitude of the

chonge wos greofer (P<0.01) in infecfed in comporison to uninfected onimols;

however, il must be noted thot the infected onímqls demonstrot ed o 20o/o loss of :

weight qf loter sfoges of diseqse in controst fo uninfecfed qnd confrol onimqls

FromFigure3itisopporentthottheoorticvolveqreooswellqsportof

fhe ventriculor wqll were covered with o yellowísh moss of friqble vegeÌotions of

rubberlikeconsisfency.AsseeninFigure3(b)onlysmollwhitishnodulesrepresenfing

non-bocteriol thrombotic endocorditis ore seen in fhe cqtheferized uninfecfed heorts. 1,,r,,,.'¡¡.,.¡

Vegefotions were olso ossociqted with the mitrol volve; however'no gross lesions i,','j.'.,',,r',,

were seen in the right ventricles of ony heorfs. 'r:;: 
::r:

Histologicolly the oortic volve oreo qppeored swollen with on increosed

omount of fibrous tissue (Fig. 4). Vegetotions were omorphous with occosionol

polymorphonucleqr qnd red blood cells ond bocteriql clumps. The endocordiol rissue i,: ,,,:.,:,1.:

odiocent to the votve ot lote sfoges of diseose reveoled focol necrosís, bocteriol '.''

infestofion, ond mononucleqr cell infiltrote; polymorphonucleor cells were common

of eorly stoges of diseose ond olso in oreqs of ocÌíve'desfruction. The solient

histologicol chonges in fhe popillory muscles of the cotheferized uninfected qnimots

include increqsed myofibre size ond ínferstitiql edemo (Fig. 5(o)"). Fopiltory muscle ,,., ,.: ,,
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FIGURE 2 Hypertrophy in experimentol bqcteriol endocorditis. (o) heort
from shom operofed control robbit; b) heort from uninfected
cotheterized rqbbït ó doys qfter sqline iniecfion; (c) heori
from robbit with bqctericl endocorditis 3 doys offer iniection
of Sirep. viridons; (d) heorf from robbit with bocteriql
endocordilis ó doys ofter inieclion of Strep. viridons. X 1.5



TABLE III

Evoluotion of Cordioc Hypertrophy in Conirol, Uninfecfed ond Infected Robbits

Control

Uninfected (3 doys)

Uninfected (ó doys)

Infecied (3 doys)

Infected (ó doys)

Heort Weight
(g)

Eoch volue represents the meqn * sfondord error of ó-'l0 experimenfs.

* - Significontly different from shom operoted confrol heorts (P<0.0T).
nn - Significontly different from control ond uninfected heqrts (P<0.01).

4.47 + 0.16

5.01 + 0.15

5.8ó + 0.35*

5.98 + 0.31*

6.57 + 0.30**

Leff Ventricle
(g)

2.91 +0.11

3.41 + 0.34

4.00 + 0.28"

3.95 + 0.2'l*

4.90 + 0. 1ó**

Left Ventricle/
Body Weight

(x10r)

1 .3ó + 0.0ó

1 .50 + 0.1'|

1 .76 + 0.0ó*

2.10 + 0.10**

2 .55 + 0.09* *

Wet Weisht/
Dry Weight

4.085 + 0. 19

4.1 l0 + 0.26

4.55 + 0.17*

4.49 + 0.22*

4.98 + 0. 15**

l\)\
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FIGURE 3 Volvulqr vegetotions in experimentql bocteriol endoc-orditis.
(o) heorf from shom operoted control robbit; (b) heort from
uninfected cotheierized rqbbit ó doys ofter iniection with
solïne; (c) heort from robbii with bocteriol endocorditis
3 doys ofier iniection with Sfrep. viridons; (d) heort from
robbit with bqcteriol endocãiãitiió dãFãfter iniection wiih
Strep. viridons. X '|.5
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FIGURE 4 Low power mognificotion of puro volvulor oreq from heqrt
of ó doy infected robbit showing omorphous vegeiotions (V)
ond bocferio ond ínflommotory cell infilirqiion (BE).
Hemotoxylin ond eosin. Xl5ó
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FIGURE 5 Popillory muscle hisfopofhology in bocteriql endocordiris.
. (o) popillory muscle from heqrt of uninfected cotheterized

robbit ó doys qfier soline iniecfion showing increosed
size of myofibres (M) ond some edemotous spoces (E);
(b) popillory muscle from heqrt of robbit with bocieriql
endocorditis ó doys ofter inieciion wiih strep. viridons
showing increosed size of myofibres (M);monocytf-
infiltrqfion (Mo), qreqs of muscle degenerofion ond
fotfy infiltrotion (D) ond edemqtous spoces (E). Hemoioxylin
ond eosin; X 625.



3ï.

from infected heorTs (F¡g. 5(b))showed signs of inferstiiiol edemq, infiltrofion with

mocrophoges ond ofher monocytic cells (troditionolly colled Brocht-Wqchter lesions

(105)(F¡g. ó) ond myofibre hyperirophy ond destrucfion. Loss of the normol myocordiol

orchifecture os well os signs of foity degenerotion were seen in the popillory muscles

of ihe infecied heorts. Secfions of the lefi ventricle tissue from shqm operoted,

uninfected cotheterized, ond infecied heorts were olso exomined microscopicolly.

In comporison to the shom operoted controls, bofh uninfected qnd infecied heorts

showed morked ihickening of myofibres os well qs interstitiol edemo (F¡g. 7).

In oddition, the infected left ventricles showed monocytic infilfrofion with oreqs of

muscle necrosis ond fotfy degenerorion (Fig. 8)" The monocyiic infilirofion ond

muscle necrosis wos porficulorly severe in perivosculor oreos. These histologicol

lesions, olthough relotively locolized ond less severe ot 3 doys of infection become

consistenf ly diffuse ond more intense of ó doys of infection. No chonges were seen

in the right ventriculor tissue of ony onimol.

(") Ulfrqstruclurql olterotions in myocordium

Electron microscopic exominotion of the popillory muscle wqs done ot 0, I,
3, ond ó doys ofter infection. No chonges were seen until 3 doys ofter bocteriql

iniectÌon when signs of mitochondriql qnd sqrcotubulqr swelling, seporofion of the

intercoloted disc ond some oreos of muscle confrqcture oppeored (F¡g. 9). However,

oi lqte stoges of the diseqse (ó doys qffer infecfion), the popillory muscle showed

signs of immense tissue domoge such os wide seporotion of the intercolofed disc,

generolized controcture, mitochondriol desiruction, ond disrupfion of myofibrillor

coniinuily (Fig. t0). The cotheterized uninfecfed rqbbit heori popillory muscle

demonstrqted relqfively minor chonges in ultrosfructure such os swelling of loferol

sqcs of the sqrcotubulqr system ond mitochondrio, ond some confrocture of myofibrils

(Fig. ll). Occosionql signs of intermyofibrillor edemo wqs noted in the vicinity of

the infercolqted disc in muscles from the cotheferized uninfected onimols.

2. Alferqtions in Myocordiol Funcfion During Bocteriol Infective Cgtd¡gqyolglhy

(o) Serum enzymes ond electrolytes

The serum levels of some importont introcellulor enzymes qnd electrolytes

were meosured in shom operoted, uninfected cotheterized, ond infected qnimols
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robb¡f with bocteriol endocord¡t¡s showing focol oreos of
invosion qnd Brocht-Wochter lesions (BW). Hemotoxylín
eosin; X 250.
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7 Low power phofomìcrogrqph of left ventriculor myocqrd¡um from
(o) shom operoied confrol, (b) ó doy ûninfected, ond (c) ó doy
infecfed rqbb¡ts, showing Brocht-wochter lesions (Bw) consisting
of monocytic ond bqcteriql infiltrofion qnd muscle degenerofion,
edemotous spqces (E), ond myofibre hyperirophy. Hemotoxylin
ond eosin; X 250.
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FIGURE 8 High power photomicrogroph of left ventriculor myocordium of
rqbbit wîth bocferiol endocorditis six doys ofter iniecf ion with
Sfrep. viridons showing fofty degenerqtion (F), myofibre disruption

õd nectþsElM) ond domoge porticulorly severe neor vessels (V).
Hemotoxylin ond eosin; X 625.
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FIGURE 9 Eleciron photomicrogroph of popillory muscle from heo¡f of robbit with
bqcteriol endocorditis 3 doys ofter iniecfion of Streþ. viridons showing
milochondrio (M) ond sorcofubulor (S) swelling ãñ'd-m:y;fî6dÏ1ãr
controcture (C) os well os seporotion of the intercqloted disc (orrows).

Uronyl qcetqfe-leod citrote; X lór500"
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FIGURE IO Electron phofomicrogroph of popíllory muscle from
heort of rabbil with boctq¡iol endocorditis ó doys ofter
iniection of Strep; viridons showing drostic ultro-
sf ru c iu rq I doñõS:ft-iTñ'-iilé1 I i n g o n d destru ct i on of
mitochondrio (M), myofibrillor disruption (MF) os well
qs wide seporotion of the intercoloted disc (orrows).
Uronyl ocetqte-leod citr:ote.
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FIGURE I I

Jl .

Elecfron photomicrogrqph of popillory muscle from
heqri of cqtheterized rqbbii ó doys ofter iniecfion of
soline showing relotively minor chonges in ultro-
sfructure including myofibrillor contrqcture (C)
edemotous spqces (E) ond mitochondrio (M) ond sorco-
tubulor (S) swelling. Some locolized widening of the
intercolofed disc is opparent (orrows). Uronyl ocefote-
leqd citrote; X ló,500.
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ó doys ofrer iniection. significonr (p<0.01) elevorions of cpK, tDH qnd GoT
were observed in both uninfected cotheterized ond infected onimols (Toble IV).
Alihough fhe increoses in CPK ond GOT in infected qnd uninfecfed onimols were

comporoble, fhe elevotion in LDH in uninfecfed cqfheterized qnimqls wos significontly
(P<O.Ol) more thon fhot in the infected onÍmqls. In controst fo the serum from

confrol ond unînfected onimols, the serum of infected robbits hod q signíficont
(P<0.01) decreose in the level of olkoline phosphotose. In comporison to bofh controt
qnd unínfecfed cqtheterized onimols, the levels of serum colcium, mognesium ond

sodium were slighfly but significonfly (P<0.05) decreosed whereqs thot of pofossium

wos increqsed (P<0.05) in infecred onimqls (Toble V).

(b) Myocordiol elecrrolyres

Toble VI shows electrolyte contents in the leff venfriculor muscle from

control, uninfected cqfheterized, ond ínfecfed heorts. The levels of colcium ond

potossium decreosed (P<0.05) whereos the sodium level increosed (p<0.0S) ó doys
qffer soline iniection in cqtheterized onimots without ony sígnificonf (p >0.05)
chonges in fhe mognesium level (P>0.05). Three ond ó doys offer bocferiol iniecfion
myocordiol potossium ond colciurn were decreqsed (P<0.05) ond sodium increosed
(P<0.05) in comporison to controls. Myocordíol'mognesium decreqsed (p<0.0S)
ofter 3 doys ond increosed (P< 0.05) ofter ó doys of infection. On the other hond,
colcium, mognesium ond potossium levels in ó doy infecfed heqrts were nof significontly
(P>0.05) differenf from the uninfected heorts; however, fhe level of sodium wos

significontly (P<0.05) higher in infected heqrts.

(") Electrocordíogrophic ond pressure chonges

Typicol elecfrocordiogrophic trocings (Leod II) from shom operoted,

uninfected ond infected robbits ore shown in Figure 12. All the infected ond un-
infected cqtheterized onimqls showed increosed omplitude of the QRS complex qnd

flotfening or inversion of the T-wove.

Both infected robbíts of 3 doys ond unínfecfed robbits ot ó doys hod on

increose (P<0.05) in heqrt rofe ond o widening (p< 0.05) of pulse pressure in

comporison to controls (Toble VII); however, no chonge (p>0.05) in pulse pressure

ond o decreose (P<0.05) in heort rqte were observed in ó doy infected rqbbits.



TABIE IV

Serum Enzymes in Control, Uninfected ond Infected Rqbbits

Confrol

Uninfected (ó doys)

Infected (ó doys)

Eoch volue represenfs the meon l stondord error of ó experiments ond is expressed in infernotionol units (i.u.).

- Significonfly differenf from control robbirs (P<0.01).
- Sígnificontly differenf from control qnd uninfected robbits (P<0.01).

Creof ine Phosphokinose
(cPK) (¡.u.)

*
**

449 + 88

1466 + 194*

'1490 + 120*

Loctic Dehydrogenose
LDH (¡.u.)

281 + 24

1006 + 47*

ó21 + 91n*

Tronsominqse
GOT (i.u.)

48 1 6.2

133 + 13.5*

ló5 + 2.7*

Alkoline Phosphoiose
(¡ .u .)

125 + 5.2

122 + 10.0

ól + 19.1*n

G)
.O



TABLE V

Serum Electrolytes in Control, Uninfected ond Infected Robbits

Confrol

Uninfected (ó doys)

Infecfed (ó doys)

Eoch volue represenfs the meqn l stondord error of ó experimenfs.

* - Significontly different from confrol ond uninfected robbits (P<0.05).

Cqlcium
(mE{t)

6.9 + 0.09

ó.ó + 0.10

ó.110.1ó*

Mognesium
(nEq/t)

2.0 + 0.09

1.9 + 0.09

1 .6 + 0.09*

Sodium
(mEqll)

141.8 + 1 .07

140.1 + 0.91

137 .0 + 0.ó8*

Potossium
(mEqll)

v ,v + 0.34

7 .5 + 0.27

8.9 + 0.lg*

Ào



TABLE VI

Myocordiol Electrolytes in Confrol, Uninfected ond Infected Heorts

Control

Uninfected (ó doys)

Infected (3 doys)

Infected (ó doys)

Eqch volue represents the meon l stondord error of 4 experimenfs.

n-Significontly different from control (P<0.05).
**-Significontly different from confrol ond uninfected heorts (P<0.05).

Colcium

7 .41 + 0.28

5 .69 + 0.3ó*

3.87 + 0.41*

ó.01 + 0.29*

Myocordiol ElecÌrolytes (¡rmoles,/g heorf dry weight)

Mognesium Sodium

3l .75 + 0.97

33.óó + l.ló

28.45 + 0.58*

35.10 + 0.72*

130.7 + 9.6

213.9 + 14.5*

171 .3 + 13.2*

258.2111.9x*

Fotossium

342.7 + 10.5

267 .4 + 14.8*

278.5 + 8.9*

257 .7 + 12.3*

È
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FIGURE 12 Electrocordiogrophic obnormol ities in shom operoted
confrol , 6 doy uninfected, ond 3 ond ó doy infected
robbits (leod II) showing increqsed omplitude of QRS
complex qnd flotfening or inversion of the T wove in
both uninfected ond ïnfected onimols.
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6 DAY
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TABLE VII

Heort Rofe ond Blood Pressure in Confrol, Uninfected ond Infected Rqbbifs

Heort Rofe (bpm) Blood Pressure (mmHg)

D iostolic Systolic Pulse

Control 251 + 0.d 79 .3 + S .4 g3.4 + Z.g 4.1 + O .gl

Uninfected(ódoys) 295+6.9* 83.2+3.9 92.9+3.1 9.7!0,87*

Infecled (3 doys) 280 +ó.1* 56.4+ ó.3** 7S.g + 4.7 t9.5 + l.t*
Infected (ó doys) 195 + 7.1*x 63.7 + 4.1** 69.1 + 3.9** 5.4 + O.7g

Eqch volue represenfs meqn *stondqrd error of 4 experiments. bpr = beots per
minule

* - Significontly different from control robbits (p<0.05)
** - significontly different from control qnd uninfected rqbbits (p<0.05) 

,,.,,
- : '''.
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Although o decreose (P< 0.05) ín diostolic pressure wos demonstrofed of both 3 ond

ó doys of infection, o decreose (P(0.05) in systolic blood pressure wos only seen

ot ó doys of infecfion. The obsence of widened pulse pressure of lote stoges of

diseqse moy be reloted io the extensive vegefof ion development seen in these

qnimols.

Introventriculqr pressure records showed q morked diminutfo,nr (P<0.05)

in the rofes of pressure development ond fqll in infecfed onimols ot 3 ond ó doys ín

comporison to contiol or uninfected onimols (Toble VIII). A significont (P<0.05)

prolongotion of bofh times to peok tension ond holf relqxotion wos olso nofed in the

infecfed onimqls.

Recenfly, on indirect meosuremenf of the velocify of shortening of the

controcfile elemenf of myocordium in.intocf onimols hqs been described (122,123)

which involves o plof of dP/dt/P vs left venfriculqr isovolumîc pressure. A similor

grophicol onolysis of venfriculor pressure chonges is shown in Figure 13. It is

opporenf thot exfropolqted mqximol velocity of shortening in onimqls infected for

3 ond ó doys is depressed in comporison fo bofh confrol ond uninfecfed cqtheferized

robbits. Since no effort wqs mode to colculqfe o stiffness consfont volue for robbit

myocordíum, it must be remembered fhqf the volues given reflecf only relofive

chonges in velocity of shortening of fhe controctile elemenf .

(d) Contrqctile force in perfused heqrts

In order to rule out the effecfs of qnqesfhesiq on myocordium qs well qs

fo estoblish the differences omong contrqctile slotes of ínfected, uninfected, ond

shom operoted rqbbit heorts, if wos decided to monifor the obilíty of these heqrts

io generote controcfile force under in vifro conditions. For fhis purpose, heorts

were perfused by the Longendorff technique ond theìr obilifies fo generofe controctile
forceweremonitored ot different resting fensions. The results shown in Figure l4
reveol thqi the obility of ó doy infected heort to generote confroctile force wos

morkedly less ot eqch resting tension in comporison to bofh control ond uninfected

heorts. A typicol experiment with shom operofed qnd infected heorts shows fhot under

fhe some resting tension (0.5 g/g heort) not only is developed conÌrocfile force

decreosed but olso the rqtes of tension developmenf ond reloxotion ore decreosed



TABLE VIII

Infrqventriculor Pressure in Control, Uninfected qnd Infected Rqbbits

Control

Uninfecfed (ó doys)

Infected (3 doys)

Infecfed (ó doys)

Development of Left Ventriculqr Pressure

dP/¿¡ Time fo Peok Tension
(mmHg/sec) (sec)

Eoch volue represents the meon * stondord error of 3 experiments.

* -Significontly different from control (P<0.05)
** -Significonf ly different from control ond uninfected rqbbiis (P<0.05)

476 + 26

404 + 28*

259 + 3l*

198 + 24**

.109 +.007

.122 + .010

.133 + .007*

.l5l + .009**

Left Ventriculor Relqxqtion

dR/dt Hqlf Reloxqrion Time
(mmHg/sec, (sec)

332 + 2l

32ó + 33

2'17 + 22*

185 + 27**

ì.
l:

0.058 + .002

0.046 I .004

0.081 + .002*

0.104 + .QQ$:t*

È('l
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FIGURE l3 Rèpresentotive comporison of the left-ventriculor pressure-
velocity relotion during isovolumic controction in shom operofed
control (SC), 6 doy uninfecred (UF), 3 doy infecred (13), ond
6 doy infected (ló) heorts. V¡q¡-relotive exfropoloted moximum
controcfíle element velocity; dp/dt - rote of developmenf of
left ventriculor pressure; P - left ventriculor pressure.
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FIGURE 14 Representofive frqcings of force developmenf by the ísototed
perfused rqbbit heqrt. (") shom operoted control; (b) ó doy
infected. CF - developed controcfile force; dF/dt - rote of
development of tensíon; dR/dt - rote of relqxqtion or foll
in tension; HRT - time for holf reloxqtion; TpT - time for
peok tension development.
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(Fig. l5). Although time for hqlf-reloxotion wos prolonged, rhe fime to peok

fension wqs decreosed.

3. Abnormolifies ín Heort Membrones ond M ils During Bocferiol Infective
Cordiomyopothy

(o) Sorcolemmql olterotions

The ATP hydrolyzing obilities of the cordioc sorcolemmol frqctions from

control, uninfecfed ond infected onimols were exomíned ond the results qre

reporfed in Toble IX. The nonspecific ATPqse ocfivify wos increqsed (P<0.05)
-l-L J -L

whereos Mg' 'ATPose qnd ouobqin-sensitive No*-KtATPose qctivities were decreosed

(P<0.05) in comporison to control, without signifíconf (P>0.05) chonges in Co#ATfuse
octivify, in sqrcolemmo from uninfected onimqls of ó doys offer soline iniection.
On the other hond, both Mg#ATPose ond Nq+-K*ATPor" were decreosed (p<0.05)
in 3 qnd ó doy infecfed heqrt sorcolemmo. The nonspecific ATPose wos increqsed

-!a
ond the Co"ATPose ocfivity wos decreqsed significonfly (p<0.05) in ó doy, but

nof in 3 doy, infected heqrts. The mognifude of chonges in the membrqne bound

enzymes such os co#ATPor., Mg#ATpose, qnd Nq+-K*ATpor" in the 6 doy infecfed
heqrts wos significontly greoter (P<0.05) thon the uninfecfed heorts. The nonspecific

ATPose octivity in the qbsence of cofions in fhe ó doy uninfected ond infecfed

preporolions did not decreqse when the ossoy wqs corried ouf in the presence of
I mM EDTA or EGTA índicoting thot the higher levels of nonspecific ATPose

ocfivify in fhe operoted qnimqls were not due to cotionic contqminofion.

In onofher set of experimenfs, the octivities of sorcolemmol odenylote

cyclose of control, uninfected ond infected heorts were meosured in the obsence ond

Presence of 100 ¡.rM epinephrine ond 4 mM NoF ond the results ore given ín Toble X.
The bosol, epinephrine-stimulofed, ond NoF-sfimulqfed odenylote cyclose ocfivity
were decreosed (P<0.05) in ó doy uninfecled os well os 3 qnd ó doy infected heorfs

in comporison fo fhe control volues. In compqrison fo the uninfected heorÌs, NqF-
stimulqfed odenylofe cyclose qctivifies were decreôsed (P<0.05) in the 3 qnd ó doy

infecfed heorts whereqs bosol ond epínephrine-sfimuloted odenylofe cyclose ocfivities
were decreosed (P<0.05) only ot 3 or ó doys respecfively.

Colcium binding by the sorcolemmol frqction wqs studied in fhe qbsence
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FIGURE l5 Representotive comporison of the developed tension-resting
tension relotion in control, uninfected ond infecfed isolotãd
perfused heorts.



TABLE IX

ATPoses of Sorcolemmo from Control, Uninfecfed qnd Infected Heorts

Control

Uninfecfed (3 doys)

Uninfected (ó doys)

Infected (3 doys)

Infected (ó doys)

Non-specific ATPqse
(¡.rmoles Pi/ms/hr)

The resulfs ore meon + SE of 4 to 6 experiments. The sqrcolemmql profein (0.05 to 0.07 ng/ml) wqs incubofed ot 37oC
in medium contoining 50 ñ'M Tris-HCl , pH 7 .4, qnd 4 mM ATP (Tris form). Co*ATpose qnd frrä+Ãrp.r"*ãr. ¿"term,í,ned in
thecbsence ond presence of 4 mM MgC12 or4 mM CoCl2 respectively. ATP hydrolysis in the obsence of odded CoC12 or
MgCl2 wos foken qs non-specific ATPose. No+-K+ATPose wos estimoted by fiÁding the difference between ATphydroÎysis in
the obsence or presence of 2mM ouqboin in the obove medium w¡fh 4 mM MgC12, IOO mM NqCl qnd l0 mM KCl.

* - Significontly different from control heorts (p<0.05) ,** - significontly different from confrol ond uninfected heorfs (p<0.05)

0.58 + 0.08

0.54 + 0.08

0.87 + 0.05*

0.ó9 + 0.0ó

0.98 + 0.09*

J-t

Co' 'ATPose

(¡rmoles Pi/ms/hr)

18.l + 1 .26

17.l + t.03

16.3 + I .29

16.7 + | .21

13.3 + o.óo**

..u
Mg' 'ATPose

(¡rmoles Pi/ns/hr)

19. t + 0.98

18.3 + I .2t

16.4 + 0 .89*

16.6+1.01*

14.0 + 0.79**

++
No -K ATPose

(¡.rmoles Pi/ms/hr)

ó.2 + 0.50

5.9 + 0.81

4.6 ! 0.43*

4.1 !0.55*

3. I 1 0.38**

(Jto
'.:::

!..1
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TABLE X

Adenylote Cyclose of Sqrcolemmq from Control, Uninfected ond Infected Heorts

Confrol

Uninfected (3 doys)

Uninfected (ó doys)

Infecfed (3 doys)

Infecfed (ó doys)

The results ore meon + SE of ó experiments. The sorcolemmol profein (0.05 fo 0.07 ng/ml) wos incubqted ot 37oC
in medium contoining 50 r;M Tris-HCl, pH 8¡!, I mM coffeine, 5 mM KCl, 20 mM phosphoenolpyruvote, l5 mM MgC12,
130 pg/ml pyruvote kÌnose ond 0.4 mM ATP-l4C ¡n the obsence (bosol) or presence of 100 ¡rM epinephrine or4 mM NoF.

* - Significontly differenf from confrol heorts (P<0.05)
** - Significontly different from control ond uninfected heqrts (P<0.05)

Bosol

131 .9+ll.l

125.4 + 6.9

95.9 + 3.ó*

93.0 + 5. 1**

gl .3 + 7.7*

100 pM Epinephrine
Stimuloted

205.2 ! 6.e

1e2.7 !7.4
173.318.1*

177.1 ! 6.2*

132.5 * $.9**

4 mM NoF
Stimulqted

637.8 + 4t .0
Ì-

594.3 + 37 .1

472.9 + 29.1*

445.4 + Jl .$**

396.2 + l/.6xx

(¡r
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or presence of MgATP ond fhe results ore shown in Toble XI. The colcium binding

obílity in the qbsence buf not in the presence of M9ATP, of sorcolemmo from un-
infected heorfs wos signÍficontly less (P<0.05) thon thqf from control; however, the

volues obtoined in bofh the qbsence qnd presence of MgATP for sorcolemmq from

fhe infected heqrfs were decreosed significontly (p<0.05). Furthermore, in

comporison to the uninfected heorts, the infected heort sorcolemmo bound less (P<0.05)

colcium.

(b) Mícrosomol qlterotions

Colcium binding ond uptoke by the cqrdiqc heovy microsomot frocfions

from fhe shom operoted control, uninfecfed, ond infecfed onimols were studied ot
different intervols of incubotion ond the resuhs ore reported in Figures ló ond 17.

The obility of fhe heovy microsomol frqcfion to bind colcíum in fhe presence of MgATp

wos morkedly depressed (P<0.05) in the 6 doy uninfected, ond 3 ond ó doy infected

heorts. On the ofher hond, cqlcium binding by the 3 doy uninfected microsomol

preporotion wos not different (P)0.05) from the control. In comporison to the

unÍnfecfed heorts, depression in colcium binding by infected heqrt microsomes wos

significontly greoter(P<0.05) ot borh 3 ond ó doys (Fíg. ló). The doro shown in

Figure 17 reveol fhqf microsomql colcium uptoke when studied in the presence of
M9ATP ond potossium oxolofe wos significontly decreosed in 3 ond ó doy infected
heqrts in comporison to confrol whereos colcium uptoke wqs decreosed in unínfected
heorts only ot ó doys (P<0.05). In compqrison fo uninfected heorts, the microsomes

from infected heorfs qccumuloted o lesser qmount (P<0.05) of cqlcium bofh ot 3 qnd

ó doys.

Bqsol ond Co#-stimuloted ATPqse octivifies of the microsomol frocfion

were olso exomined ond the resulfs qre shown in Tqble XII. Although no chonge in
-l-L

the Co' '-stimuloted ATPqse wqs observed in microsomes from either infecfed or
uninfecfed heorts, o significonf depression (P( 0.05) wqs observed in bqsol ATpqse in
Ìhe ínfected heorts in comporison to both control ond uninfected heorfs.

(") Mitochondriol olferotions

Mitochondriol MgATP dependenf cqlcium binding ond uptoke were sfudied

in the obsence ond presence respectively, of inorgonic phosphote ond sodium succinole



TABLE XI

Cqlcium Accumulotion bySorcolemmo from Control, Uninfecled qnd Infected Heorfs

Confrol

Uninfecfed (ó doys)

Infected (3 doys)

Infected (ó doys)

The results ore meqn +SE of 5 experiments. Thesorcolemmol protein (0.lqJo 0.20 ng/ml) wqs incuboted ot 3ZoCin medium contoiníng l0o;M Kcl, 20 mM Tris-HCl, pH ó.8, onj o.l m¡¡ co45ðlz'i" inË'our"n"e or presen"u of4 mM MgATP.

* - Significonfly different from control heorfs (p<0.0S)** - significontly differenf from control ond uninfected heqrÌs (p<0.05)

Absence of 4 mM MgATP presence of 4 mM MgATp

Cqlcium BÍnding (nmoles Co++/^g prot/min)

44.2 + 2.86

30.7 + 2.24*

34. 1 + 3.41*

20.2 + 2.99**

19.9 + I .78

17.7 + I .81

15.2 + 2.06*

ll.8+1.95**

a:

:..

i,.
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FIGURE 16 Time coune for colcium binding by heovy micræomql frqctions
from shom operoted control heorts (SC), uninfected cqtheterized
heorts ot three (U3) qnd six (Uó) doys ofter iniection of soline,
qnd infected heorfs ot three (13) ond six (ló) doys ofter iniection
of Strep. viridons. The ossoy system wos the some qs in Methods
onfrãlãä-iõõnrrorion *o, ó.2 ro 0.3 ^g/^i. È""n p.i"t
represents o_11eon + SE of ó experiments ond is expressed qs o
per cent of l0 minute control binding. (Averoge volue wos ó3.4 +
4.ó nmoles Co#/mg protein.)* - significontly different from confrol heorts (p<0.0S)

' 'r* - significontly different from controt ond uninfected heorts (p<0.05)



õ

o
O

o
\oo\

UJ
)<

t-
o-
=

==C)J
C)

OF INCUBA ION ( min)

FIGURE 17 TÍme course of colcium uptoke by heovy microsomol froctions
from shom operoted control heorts (SC), uninfected coiheterized
heorts ot lhree (U3) ond six (Uó) doys ofter iniection of soline,
ond infected heorts ot three (13) ond six (ló) doys ofter iniection
of sfrep. viridons. The ossoy system was the rornu o, in Merhods
ond-prãGinìonããnrrorion *o, ó.02 io 0.05 ^s/^t. r""r..' p"i"t
represents o meon + SE of ó experíments ond is expressed os o per
cent of l0 minute õontrol uprote.(Averoge volue wos 848.7 +
46.7 nmoles Ca#/mg prorein).

* - significontly different from conhor heorts (p<0.0s)** - significontly different from control ond uninfecfed heorts (p<0.05)



TABLE XII

Membrone ATPose of Subcellulor Froctions from Control, Uninfected ond Infected Heorts

Control

Uninfected (ó doys)

Infected (3 doys)

Infected (ó doys)

The resulfs ore meon + SE of ó to I experimenfs. The subcellulqr frqcfions (0.2 ¡o0.3 mg/ml) were incubofed
q¡37oC ïn medium contoiñing 100 mM KCt, lO mM Tris-HCl, pH ó.8 ond 4 mMATP. In the cose of heovy
microsomes,medium olso confqined 5 mM potossium oxolote ond either 0.1 mM CoC12 (Co#-stimuloted) or
I mM EGTA (bosol).

* - Significontly different from control heorfs (P<0.05)
** - Significontly different from control ond uninfected heorts (P<0.05)

Heovy Microsomes
(¡.rmoles Pi/ms/min)

Bosol Co**-stimuloted

1 .182 + 0. ló0

I .002 + 0.1.l0

0.670 +-0.171*

0.5ó0 + 0.03ó**

.244 + .053

.237 + .031

.243 + .081

.249 + .073

Mitochondrio
(¡.rmoles Pi/mg/nin)

.714 + .054

.693 + .0ót

.621 + .092*

.547 + .047x*

(¡r
o.
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and the results ore given in Figures T8 qnd 19. Mitochondriol cqlcium binding
qt different infervols of incubofion by the 3 doy infecfed heqrts wos significonfly
increosed (P<0.05) whereqs thot by the ó doy infected heorts wos significonfly
decreosed (P<0.05) in comporison to volues obtoined for confrol or uninfected
qnimols. On the ofher hond, cqlcium binding by fhe uninfected heorf mitochondrio

wos not differenf (P>0.05) from confrol (Fig. t8). The time course of cqlcium
upfoke by mitochondrio reveqled thot the volues for fhe 3 doy ínfected ond ó doy

uninfecfed heorts were higher (P<0.05) whereqs fhose for the 6 doy infected heorts

were lower (P<0.05) thon control (Fig. l9). In comporison to uninfected heorts,
mitochondriol colcium uptoke by 3 doy infected heorts wos increqsed (p(O.OS)

but by ó doy infected heorts wqs mqrkedly decreosed;' The mitochondrio ATp

hydrolyzing obility wos decreosed (P<0.05) in infected qnimqls in comporison to
control (Toble XII ). The mitochondriql ATPose octivity of the ó doy infected heorts

wos less (P< 0.05) thon fhqt of the uninfected heorts.

The respirotory ond oxidofíve ocfivities of mitochondrio were olso

monitored ond the results ore given in Toble XIII. If wos observed fhqt the vqlues
for RCI, ADP:0 rotio ond phosphorytqfion rqte were decreosed (P<0.05) in fhe 3 qnd

6 day ínfected heorf mifochondrio. Furfhermore oxygen consumptîon in sfofe 4 wos

íncreosed (P<0.05) in 3 ond 6 doy infected heorts, whereos thot in sfote 3 wqs

decreosed (P<0.05) only in ó doy infected heorfs. In compqrison fo unínfected
heorts, RCI, ADP:O rotio, phosphorylotion rote ond oxygen consumpfion ín stofe 3

were decreosed whereos oxygen consumpfion in sfofe 4 wqs increosed (p<0.05) in
6 day infecfed heorts.

(d) Myofibrillor qlrerotions

Sínce the myofibrillor preporofíon is considered fo be contqminoted to
some extent with mitochondriol frogments, fhe ATP hydrolyzing ocfivity of these

proteins wos determined in the obsence ond presence of sodium ozide, q well known
inhibitor of mitochondriql ATPose. The results in Tqble XIV show thqt fhe Mg#ATpor.
octivíty in the Presence of qzide wos lower thqn thqt in its obsence. The Mg#ATpose
volues qt 2 ond 5 minutes of incubotion for infected heqrts were significontly less

(P<0.05) thon fhe confrol only when sodíum qzide wqs used in fhe medium. On fhe
other hond, totol Mg#-co'l+Árpose volues in Ìhe presence of qzide for the 3 ond ó
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FIGURE lB Time course of colcium binding by mitochondriol frqctions from shqm
operoted control heorts (SC), uninfected cotheferized heorts of
three (U3) ond six (Uó) doys ofter iniecfion of soline, ond infected
heorts ot three (13) ond six (ló) doys ofter iniection of Str"p. viridons.
The ossoy sysfem wos the sqme os ín Methods ond proteïñ-*ñããffin
wos 0.3 to 0.5 mg/ml. Eoch point represents o meqn + sE of ó
experimentsond is expressed os o per cent of t0 minutã control binding.
(Averoge volue was 87.21 5.1 nmoles Co#/mg protein.)* - significontly differenì from contror heorfs (p<0.05)** - significontly different from control ond uninfecfed heorts (p< 0.05)
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FIGURE I9 Time course of colcíum uptoke by mitochondríol froctions fro,n ,ho,
operoted control heoris (sc), uninfected cotheierized heorts ot
three (u3) ond six (uó) doys ofter iniection of soline, ond infected
heorts ot rhree (13) qnd six (ló) doys tfter iniecfion oî srrup. viridons.
TheossoysystemwqsthesomeosínMethodsondp,ot"Ï;-ffi.
tion wos 0.2 to 0.3 mg/ml. Eqch point represents q meon f SE of
six experimenfs ond is expressed os o per cent of l0 minute-control
uptoke. (Averoge volue wos 203 .6 +.8.7 nmoles Co#/^g p-t"in.¡
. i - rig"iiicontly differenr from conirol heorrs (p<0.05) -** - significontly different from control ond uninfected heorts (p<0.05)



TABLE XIII

Oxidqtive Phosphorylqtion of Mitochondriq from Control, Uninfected qnd Infected Heorts

Control

Uninfected (ó doy$

Infected (3 doys)

Infected (ó doys)

The results ore meon + SE of 5 experimenfs. ADP:0 = relotion of odenosine diphosphote to oxygen efficiency
(phosphoryloiion); Phos. Rãte = phosphorylqtion rqte (ADP:O x QO2(3) ); aO2(3) = oxygen 

"onrurpiion 
in stote 3

(nmoles O2/nin/ng protein); ao2(a) = oxygen consumprion in stoie 4 (nmoles O2/nin/mg profein); RCI = respirotory
control index.

* - Significontly different from control heorts (P<0.05)
** - Significontly different from confrol qnd uninfected heqrfs (P<0.05)

RCI

ó.50 + 0.41

6.39 + 0.47

4.ll + 0.3ó*

3 .82 + 0.71**

ADP:0

3.23 + 0.08

3.15 + 0.08

2.89 + 0.0ó*

2.72 + 0. l0**

ao2(3)

38.78 + 2.92

43.41 + 2.59

36.U + 2.06

24.31 + )./!xx

ao2(4)

5.98 + 0.45

6.94 + 0.49

7 .82 + 0.ól *

8.51 + 0.40**

Phos. Rote

'116.7 + 7 .6

125.1 + 9.5

91.0 + 6.7*

73.8 + 8.ó**

o.o

t:
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t:



TABLE XIV

ATPoses of Myofibrils from Control, Uninfected qnd Infecfed Heorts

Control

Uninfected (3 doys)

Uninfected (ó doys)

Infected (3 doys)

Infected (ó doys)

Absence of 5 mM No Azide

Mg-ATPose
2t 5'

.346 + .gg7

.344 + .009

.371 + .012

.352 + .911

.339 + .969

The results qre meon + SE of 4 experiments. The myofibrillor protein (0.ó fo 0.8 ng/ml) wqs incuboted qt 37oC
in medium contoining ó0 rñ¡il Kel, l0,mM histidíne,4 mM EGTA, 2 mM MgC12 ond2riii Aîpin rhe presence ond
obsence of 5 mMsodium ozide. Mg+-Cq#AThse wqs defermined in the qbove medium withouf EGTA but in fhe
presence of 5 mM sodium ozide ond 0.1 mM CoC12.

* - Significontly different from control heqrfs (p<0.05)
** - significontly different from control qnd uninfected heorts (p<0.05)

.642 + .016

.ó51 + .015

.640 + .016

.638 + 0.17

.599 + .015

..u
Ms' '

2t

Presence of 5 mM

-ATPose
5'

.178

. t8t

.162

.l9l

. t53

J

1

1

J

+

.005 .341

.003 .353

.004 .295

.004 .33t

.00ó* .281

No Azide
+#Mg -Cq -ATPose

2', 5'

J

I
1

1

+

.01I

.014

.009

.0t I

.007*

.479 + .ggg

.467 + .009

.422 + .010*

.416 + .012*

.351 + .008**

.872 + .013

.883 + .0t4

.820 + .0ll*

.755 ! 0. tó**

.701 !.014**

o.
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doy infected, ond 6 doy uninfecfed heort myofibrils were less (P<0.05) thon control.
In comporison to the uninfected heorts the myofibrillqr toiol Mg#-Co#ATpor"
ocfivity in infected heqrts wqs decreosed (P<0.05). The ocfivities of the Co#-
sfimulofed ATPose of the ó doy uninfected, os well os 3 ond ó doy infecfed heort

myofibrils wqs olso decreqsed (P<0.05) when monitored ot differenf concentrotions

of colcium (F¡g. 20). The Lineweover-Burk (124) onolysís of the obove dotq

reveqled thot the decreose in myofíbrillor Cq#-sfimuloted ATPose in ihe infected
heorts wos due to o depression in the moximol velocity'of ATP hydrolysís (Vn.'o*)

without ony chonges in the offínity (Kr) of the enzyme for colcíum (Fig . 20).

(") Generol chorocferistics of the cellulor components

The dofo shown ín Toble XV indicqfe thqt the yields of sqrcolemmo ond

myofibrils from infecfed ond uninfected heorfs were not differenf (p>0.05) from

shom operoted controls. The yields of mitochondrio ond microsomes, however, were
increosed (P<0.05) in ó doy infecfed heorts. It is pointed ouf thqf the degree of
purity of the cellulor frocfions employed in this sfudy wqs routinely checked by
different meqns. Sodium ozide (5 mM) inhibited MgATP dependent cqlcium binding
by mitochondrio by 70 to 80o/o without oppreciobly offecting microsomes from control
ond experimenfql preporofions. Furfhermore, in controsf.to mitochondriql qnd micro-
somql frocfions, the cqlcium binding by fhe sqrcolemmql froction wos inhibited
by fhe Presence of MgATP. Unlike myofíbrillor, mifochondriql ond microsomql

froctions, the sorcolemmol frocfion exhibited ouoboin sensifive No*-K*ATpor"
ocfivity. The microsomol frocfion, unlike the mirochondriql ond sorcolemmol froctions,
showed stímulqtion of energy-dependenf cqlcium tronsport by oxolofe. The electron
microscopic exqminofion of pellefs of frocfions employed in fhis study reveoled
minimql opporent cross contqminqtion. Although we by no meons cloim thqt these

froctions were PUre, we believe thot the degree of impurity in the experimentol
preporotion wos comporoble fo the confrol.

(Ð Ultrqsfructurql qlferofions of cellulor components

Biopsies obtoined from left ventricles employed for biochemicol studies

were exqmined under the electron microscope. In comporison to the shom operoted
control, the secfions from the 3 doy infected heqrfs showed only minor chonges such
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Representofive comporison of myofibrillor colcium stimulqfed
ATPose of shom operoted control heqrts (SC), uninfecied
cofheterized heorfs of three (U3) ond síx (Uó) doys ofter
injection of soline, ond infected heqrts ot three (r3) ond six
(Ió) doys ofter iniection of Strep. viridqns. The ossoy system wos
the some os in Methods excÇt-tlffiIhe concentrotion oi colcium
wos voried. Protein concentrotion wos 0.ó to 0.8 mg/ml. The
insert is Lineweover-Burk onolysis of the dqtq for shom operoted
control qnd ó doy infected heorts.
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TABLE XV

Yields of Membrones ond Controctile Proteins Isolqted from Control, Uninfecfed ond Infected Heorts

Confrol

Uninfected (ó doys)

Infected (3 doys)

Infected (ó doys)

Sorcolemmo Myofibrils
fuS/S heort wet weight) (^g/g heort wet wf)

The results ore meqn + SE of 4 ¡o 6 experimenfs.

* - Signifícontly different from control ond uninfected heorts (P<0.05)

8.75 + 0 .61

8.42 + 0.53

7 .e7 ! 0.51

9 .04 + 0.62

30.9 + 2.1

28.9 + 3.1

3l .8 + 1.7

32.1 + 2.4

Mitochondrio
(^g/g heort wet wt)

4.12 + 0.39

4.94 + 0.52

5.31 + 0.ól

ó.81 + 0.29*

Heovy Microsomes

@S/g heort wet wt)

0.31 + 0.04

0.29 + 0.02

0.32 + 0.0ó

0.42 + 0.04*

o.À
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os sl¡ght swelling of the sorcofubulor system ond occosionol seporqfíon of fhe

infercolofed disc (F¡g. 2t). On the other hond, 3 doy uninfected heorf sections

were indisiinguishoble from control. Exqminofion of secfions from ó doy uninfected

heorfs reveqled oreos of moderofe muscle qbnormqlity, including myofibrillor
controcture, sorcofubulor swelling, olterofion in miiochondriql crístqe'., vocuolizofion
ond some degree of seporotÎon of the infercolqted discs (Fig. 22). Generqlized
ond dromotic domoge to ultrqstructure of the left venfricte wos seen ó doys ofter
infection. The chonges included disruption of myofibrits in some oreos ond confrqcture
in others, swelling ond destrucfion of mitochondrio, swelling of fhe sorcotubulor

sysfem qnd mqrked seporotion of the intercolqfed discs (F¡g. 23). Although swelling
of sorcoplosmic reticulum underneqth sqrcolemmo wqs nofed in the ó doy ínfecfed

heorfs, we were unqble to observe ony opporent rupture of the sorcolemmo in ony of the

experimenfol preporofions. If should be poinfed ouf fhot the myocordiol cell domoge

in ó doy infecfed heqrts is exfremely severe in comporison fo thot seen in ó doy

uninfected heorts.
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Electron photomicrogroph of biopsy of left venfricle from heort of
robbit with infective cqrdiomyopoihy 3 doys ofter iniection of
Strep. viridqns showing slight swelling of sorcotubules (S) ond
;ccosÏãnoTlntãrcqlqted disc seporotion (orrows). Uronyl ocetqte-
leqd citrote; X 1ó,500.

FIGURE 2I
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Electron photomicrogroph of biopsy of left ventricle from heqrf of
uninfected cotheterized rqbbit ó doys ofter iniection of soline
showing occqsionql qreqs of myofibril controcture (C), some degree
of mitochondriol domoge (M), sorcotubulqr swellíng (S) ond some
degree of iniercqlqted disc seporotion (orrows). Uronyl qcetqte-
leqd citrote; X ló,500.

FIGURE 22
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FIGURE 23 Eleciron photomicrogroph of biopsy of leff venfricle from heqrf of
r"obbil with infectìve cqrdiomyopqfhy ó doys ofter iniection of
Sfrep. viridons showing extensive domoge including disruption of
myofibrils (MF), swelling qnddestruction of mitochondrio (M),
sorcotubulor swelling (S) ond wide seporotion of the intercoloted
disc (orrows). Uronyl qcefqte-leod citrote; X ló,500.
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DISCUSSION

ordiol Duri rimenlol Infective Endocorditis

Infective endocorditis in robbíts due fo o single infrqvenous iniection of

Streptococcus viridons wqs found to be ossociofed with hyperfhermio, weight loss,

development of volvulor vegetofions ond hisfologicol feqtures chorocferistic of

left-sided endocorditis in humon diseose ond severol experimentot models (7,8r13,
90,92). Our histopofhologicol findings Índicofing involvement of myocordíum

support eorlier sfudies which suggest thot myocordiol lesions occur in over 90olo of
pofÍents with infective e4docorditis (5,8-10,76 r77) .

If is notoble thot the mosl common cquse of deqth in potienfs with infective
endocorditis is congestive heort fqilure (5,8,24). The experimentql model employed

in this study wos olso found to exhibit clinicol evidence of heorf fqilure in oll
rqbbits ot terminol stoges of diseqse. Defecfíve popiLlory muscle,ond volvulor lesions

in infective endocorditis will produce volvulqr dysfunction thus leoding fo qortic

regurgitofion which will exploin fhe observed heqrf fqilure (5,8). It should however

be opprecioted thqt the volvulor vegetotions moy ocfuolly be obstructíng the vqlvulor
orifice ond fhus produce o situqtion simulofing volvulqr stenosis, which hos been

shown io occur in some pofients (ó0ról).

In thÍs study we hqve demonsfroted drqmofic chonges ín myocordiql ultrostructure

such os mitochondrÍol ond sqrcotubulor swelling, mirochondriol domoge, myofibrillor
disruption ond seporotion of fhe infercolofed disc in infective endocorditis. These

chonges connot be due entirely to hypertrophy produced by cotheterizotion since

only relotively minor chonges such os swelling of sorcotubulor system ond mitochondrio

were seen in the hypertrophied cotheterized uninfecfed heorfs. The ulfrqstructurol
chonges observed in infecfive endocorditis qre similor to those reported in heqrf
foilure due to myocordíol ischemio (38,125) colcium deficiency or colcium overloqd
(126,127) myocardiql necrosis (128,129) hypoxío ond subsfrote lock (130,131) ond

cordiomyopothy in humqns (132) ond homsters (42). Thus, ¡f ¡s d¡ff¡cult to srqte

whefher the observed ulfrostructurql chonges in infective endocqrditis ore due fo q

direct effeci of the infectious ogent or is q conseguence of functionql ischemiq due fo

l.



70.

hypertrophy or foilure due to vofvulor dysfuncfion. It is olso possible thof domoge

to myocordiol ulfrosfructure moy be due to olterqtions of introcellulqr colcium

mefobolism (126,127,133) ond porticulorly introcellulqr colcium overlood hos been

demonstroted to be ínvolved in heort pothophysiology (127,134,135). In this regord

ït should be noted fhot conÌrocture of myofibrils in infected myocordium moy be o

reflection of intrqcellulor colcium overlood which hos olso been demonstrqted fo

produce seporotion of the infercoloted disc (127) .

Studies of the hisrology ond ultrostructure of popillory muscle from robbits

with bocteriol endocqrditis provide evidence for the presence of infective cordio-

myopoihy. In lhis regord, our p.resent experiments hove indicoted thot myocordiol

cell domoge in bocteríql endocorditis is not only limited lo popiJlory muscle but qlso

exfends to the ventrÍculor muscle. Thus, fhis experimenfol model mqy serve os on

imporfont tool for investigofing functionql ond biochemicol chonges during fhe

development of congestive heorf foilure.

2. Myocordiol Funcfion During Bocteriql Infective CqrdiomyopoJhy

The experimenfol preporofion employed for producing infecfive endocorditis

involves cotheterizqtion of the left ventricle. Therefore, il wos essentiol fo compore

the infecfed onimols with both shom operofed ond uninfected colheferized onimols.

Alihough bofh infected ond uninfecfed qnimols showed gross ond histologicol evidence

of cordiqc enlorgement, the degree of hypertrophy in the infected onimqls ot ó doys

wos significonfly greoter thon fhe uninfecfed onimqls. This difference could be

due fo o greoter degree of volvulor dysfunction coused by infective t.sions in qortic

volve ond popillory muscle. In oddition to volvulor regurgitotion, oortic sfenosis

due to the presence of mqssive volvulqr vegetotions in infecfed qnÍmols could olso

be o foctor in this regord. Then, oortic insufficiency ond stenosis in the infecfed

onimqls could leod to o combined volume ond pressure overlood sifuolion cousing

on inðreqse in intromyocordiol tension which in turn could serve os o mechonicql-

biochemicol fronsducer or coupling mechonism responsible for ihe íncreosed profein

synthesis ond occeleroted production of venfriculor moss (13ó-l38).

In contrqst to the uninfected cqtheterized qnimols, fhe infected heorts

showed muscle degenerotion ond monocytic infíltrotion. Although serum CPK,
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LDH snd GOT were elevoted in both infected qnd uninfected qnimols, fhe rise in
LDH in the infected qnimols wos significonfly less fhon thot in fhe uninfected
cotheterized onimols. The elevoted serum levels of differenf ínfrocellulor enzymes

orecommonly considered fo reflecf the degree of myocordiol domoge (139,140);

however, the mognitude of chonges in serum levels of these enzymes showed no

correlqfion with chonges observed when infected ond uninfected heqrts were compored

histologicolly. Similorly, qn increose Ín QRS omplitude qnd flottening or inversion

of the T-wove wos noted in both infected ond uninfected heqrts. These elecfro-
cordiogrophic chonges ore índicoiive of myocordiot hypertrophy but provide no

informotion with respect to fhe extent of cordioc íniury. Furthermore, in spite of o
mqrked decreqse seen in myocordiol colcium levels ond o slight increose ín myocordiol

mognesíum in the 3 doy qnd ó doy infected heorts respecfively, Ihe potfern of
electrolyfe shifts in fhe infected heorfs wos essenfiolly similor fo fhqf observed in
fhe uninfected heorts. Thus some coufion should be exercised in relqting myocordiol

electrolyte shifts, electrocqrdiogrophic chonges ond elevqted levels of intrqcellulor
enzymes with myocqrdiol cell domoge. It should, however, be noted thqf unlike the

uninfecfed onimols, the infected robbits hod q significont reduction in the serum

levels of colcium, mognesíum ond sodium os well qs elevotion in the serum level of
potossium. The significonce of these chonges in serum elecfrolytes in the infected
onimols is nof cleor of present becouse these observotions moy not be o reflection of
olterofions limited to fhe myocordium. At ony rote, we hove shown fhqt bocteriql
infection superimposed upon myocordiol hypertrophy results in'hirtologicolly
demonstroble lesions which moy be o consequence of fhe infective process itsetf,
functionol hypoxio due to qn excessive increqse in muscle moss, and/or coronory

insufficiency. It is however pointed out thof no conventionol elecfrocordiogrophic
indicotions of myocordiql ischemio such os ST segment elevqtion were nofed in the

infecfed heorts.

Increosed sympothetic octivity in eorly stoges of cordiomyopofhy ond hypertrophy
hos been reporfed in different experimentol models (t4t) ond possibly represenis o

compensotory mechonism for ossisting myocordiol performonce. It should olso be

recognized fhof lofe stoge of heorf fqilure hos been demonstrqted to be ossocioted

with deplef ion of cordiqc norepinephrine stores (142-144). Thus it is possible fhot
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the observed íncreose in heort rote in 6 doy uninfecfed ond 3 doy infecfed robbits

moy be due fo on increose in the sympofhetic octlvity whereos brodycordio in ó doy

infected onimols moy be q consequence of depletíon of the cordioc cotecholomine

sfores. In oddition to chonges in circulofing cotecholomines, the hemodynomic

chonges observed in eorly infection ond hyperfrophy could be due to oortic volve
incompefency, buf these ore further complicoted in ó doy infected onímols by

oortic stenosís. Further detoiled experiments concerning the stqtus of cotecholomine

stores, cordioc outpuf, ond peripherol resisfonce in fhe infecfed rqbbits ore needed

fo moke ony definifive conclusions. The possibility thor myocordíol necrosis observed

ín the infected heorts ís due fo cotecholomines (1281129) is olso nof ruled ouf ot
presenf .

In situotions with compensoted venfriculor hypertrophy ond heort foilure,
it hos been shown thot controctile stqfe os meosured by confrocfile element velocity
is reduced (145'147). We hove shown fhqt dP/dt qnd relotive Vmox ore decreosed

in 3 ond 6 doy infected ond uninfecfed onimqls in comporison to the shom operofed

onimols in situ. In odditÍon, fhe obilities of the isoloted perfused.heorts from

ínfected qnd uninfected qnimqls fo generote controctile force wos olso observed

to be depressed. However, it should be noted fhot fhe depression in fhe confrocfile
stote of myocordium ín fhe infecfed onimols wqs much more severe in comporison to

fhe uninfected onimols. Therefore, we believe fhot the infecfed onimqls were in

cordioc controctile foilure. This is furfher evident from the clinícql monífesfofions

of left heqrt foilure in the infected robbits. The potfern of ventricutor funcfion

curves for the isolqfed heorts suggesfs thqt fhe infected heorfs moy be operoting

on fhe descending limb of lhe Fronk-Storling curve. Although it is recognized

thqt extensive mechonicql sfudíes ore needed to define fhe exoct funcfionol stqte

of the infected heorts, the resulfs ot hond qre indicqfíve of impoired myocordiol

controcf i lity.

According to the current concept of excifotion-contrqcfion coupling ond

reloxofíon of myocordium, fhe octíon potentiol ís believed fo releose colcium from

ihe superficiol membrone sites qs well qs the sorcotubulor system leoding fo on

increose in the infrocellulor concentrotion of free cqlcium ond myofibritlor octivotion
ond controction (33,42,148). Reloxqtion, on the other hoird, is considered to be
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the result of o lowering of intrqcellulor free colcium by energy dependenf mechonisms

in fhe sorcoplosmic reiiculum, sorcolemmo, ond possibly mitochondrio. The

controctile foilure seen in the infected heorts could be exploined on fhe bosis of
defecfs in the evenfs reguloting confroction qnd relqxqfion processes. The observed
decreose in the rofe of development of ventriculqr pressure qs well qs controctile
force moy be due fo q reduction in fhe rqte of delivery of colcium whereos increosed
holf-reloxotion fime probobly reflects impoirmenf in mechonisms responsible for
the removql of colcium from fhe controctile opporqtus. It wos inferesfing to nofe
fhof time fo peok fension wos morkedly prolonged in vivo but slightly shortened in
the isoloted heort preporotions from fhe infected onímqls. At this moment we hove
no explonotÍon for this phenomenon except to menfion thot if moy be due to
differences in fhe environment for fhe in situ ond in vítro preporotions. It should
qlso be poinfed out fhoÌ heqrt foilure is known fo occur due to defecfs in the processes

of energy production ond utilizotion (2g).

3. Biochemistry of Heort Membrqnes ond brils During Bocferiol Infecfive
Cordiomyopqthy

Normol performonce of the myocordiol cell con be opprecioted in ferms of
the funcfions of different cellulor components. For exomple, myofibrils, which
convert chemicol into mechqnicol energy¡ ore known to hydrolyze ATpwhereos
mitochondrio, which oxidize different substrqtes ore known to generote ATp.

Sqrcolemmo, on the other hond, nof onty moinfqins the concenfrqtions of vqrious
cytoplosmic consfituenfs of q desired concentrofion, but qlso is the site of severql

enzymes involved ín reguloting severol metqbolic processes. In oddifion, fhe contribu-
fion of sorcoplosmic reticulum moinly, qnd mitochondriq fo some exfent, in
reguloting the movements of cyfoplosmic cqlcium for initioting controction qnd

reloxotion of myocordÍum is wídely occepted. Thus, impoirmenf in the functions
of myofibrils, mitochondrio, sorcolemmo qnd sorcoplosmic reticulum ccrn be conceived
to result in defecfive myocordiol performqnce. Since techniques qt hond do not
permit the ossessmenf of the..stofus of these cellulor components in íhe infoct heorf,
it is necessory to seporofe Ìhem into different frocfions ond sfudy under ¡n v¡trò
conditions. In spite of the numerous limitotions of this opprooch, if is commonly
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held (30,35,40,42r43) thof vqluoble informotion concerning the pofhogenesÍs of
heort foilure cqn be goíned by such investigotions. In porficulor, the resulfs with
isoloted cellulor frocfions ore considered to reflect ihe operotions of mechqnisms

involved in fhe processes for ATPproducfion ond utilizqtion os well os for colcium
regulotion in normol ond diseosed sfotes.

(o) Mechonisms for ATP prgducfion

In fhis sfudy we hove demonsfrqfed o progressive decreqse in mitochondriol
ADP:O rotio, phosphorylofion rote, ond respirofory control index during infective
cordiomyopothy qnd foilure. Oxygen consumpfion by mitochondrio under stofe 3

conditions wqs olso decreosed of lofe stoges whereqs oxygen consumpfion under

stofe 4 wos increqsed qt eorly ond lofe stoges of infection. These chonges in

mitochondriol function in the infected heqrts connot be ottributed to myocordiol

hypertrophy since no such olferofions were nofed in the uninfecfed hyperfrophied

heorts. Furfhermore, ultrostructurql exominofion of the left ventriculor myocordium

reveoled o greofer degree of mitochondriql swelling ond domoge in infecfed heqrts

in comporison fo uninfected. The biochemicol qnd morphologicol chonges con be

interpreted to reflect q reducfion in fhe obílity of mitochondrio fo generote ATp in
the infected myocordium. Thus, we believe fhot o defect in fhe process of energy
production is one of the fqctors which moy be ossocioted with heqrt fqilure due to
bocferiol infecf ion.

It should be noted thot some invesfigotors hove cloimed the involvement

of chonges in mitochondriol oxidofive phosphorylqtion obility in the devetopm"ni

of heort foilure (30'37) while others hqve foiled to obtqin resulfs which supporf

such o contention (149r150). At ony rote, o deioiled study requiring meosurement of high
energy phosphoie stores in the infecfed myocordium is necessory before ony definitive
conclusions con be drown concerning fhe contribution of the observed defect in
mitochondriol funcfion in the pothogenesis of controctile foilure during infective
cordiomyopgthy.

(b) Mechonisms for ATP urílizotion

Most workers in the field of experimentol cordiology qre of the víew thot
o moior portion of the energy stores in the heqrt ore utilized for mechonicql work
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of the myocordíum. Vorious invesfigotors hove reporfed thot heorf foilure moy be
qssociofed with o defecf in fhe process of energy ufilizotion (l5l-t53); however

reporls indicoting no such obnormolify ore otso ovoilqble in ihe liferqfure (154,155).
In fhe present sfudy we hove observed o decreose in myofibrillor Mg++ATpose in

lote, but not in eorly, sfoges of infectíon in comporison fo fhe confrol or uninfected
heorfs. FurÌhermore, myofibrillor Co#-stimuloted ATPqse octivity wosiolso depressed

ot eorly ond lofe sÌoges of infection; fhese chonges were of greoter mognitude ¡hon
those seen in uninfecfed heqrts. Extensive myofibrillor domoge wqs olso seen in

the ínfected heorts upon elecfron microscopic exominofion. Thus, our resulfs con
be considered to indicqte some impoirmenf in the processes involved in the utilizofion
of ATP in infective cordiomyopothy qnd this moy represenf onother mechonism

ossocioled with heort foilure.

(") Mechonisms for cqlcium regulofion

It is now being occepted thot chonges in the infrocellulor concentrotion of
colcium ploy o centrol role in the monifestotion of myocordiol controction ond
reloxotion processes, qnd vorious membrone sysfems such qs ,or"olurro, sorcoplosmic

reficulum qnd mitochondriq ore considered to porticipote in ifs regulofion. We hqve
shown fhof microsomql cqlcium binding ond upfoke qre decreosed in eorly ond lote
stoges of infective cordíomyopothy. Although colcium binding ond uptoke by
microsomql froctions of uninfected heorts were olso decreosed these chonges were of
lesser mognitude in comporison to infecfed heqrts qnd were only opporent qt lote
stoges of hypertrophy. Microsomol Mg#ATeose ocfivity wos d."reos"d ín infected
heorfs, buf the oclivity of.the Co#-stimulqfed ATPose, which is considered to be

involved in the fronsporf of colcium ocross the reticulqr membrone (41), is nof
oppreciobly oltered. Thus, it oppeors fhot chonges in colcium uptoke by fhe frogments

of sorcoplosmic reticulum from the infected heorfs ore due fo on uncoupling of the
ATPose from the fronsport system. Reduction in microsomol cqlcium uptoke by
myopothic homsfer heorts hqs qlso been,shown to occur withouf ony chonges in the

co ' 'ATPose ocf ivíty ( I l5) . At ony rqfe the defect in co lcium binding by the
microsomol froction from infected heqrfs does not qppecrr to be due to contominqtion
by mitochondrio since sodium azide, o well-known inhibitor of mitochondriol colcium
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Ìronsport hod no effect on microsomol frocfions from either control or experimentol

preporofions. Uhrostructurol exominofion of the infecfed myocordium otso reveoled

some swelling of fhe sorcofubulor system.

Depression in fhe obility of fhe infected heqrt microsomol froctíon fo
qccumulote colcium con be conceived to result in o decreose in colcium sfores in

the sorcoplosmic reficulum. It should olso be nofed fhot sqrcolemmo from infected
heorfs bound considerqbly less colcium in comporison to control ond uninfecfed
preporoiions. Thus o lesser qmount of colcium will be qvoíloble for releose from

sorcoplosmic reticulum or sorcolemmq sifes upon excitofion of the infected myocordiol

cell. Thís will result in decreosed obílity of infected heorts to develop confroctile
force ond subsequently pump foilure. Since the obilify of sorcoplosmic reticulum

fo occumulofe colcium is linked to the obîlity of the myocordium to relox, fhe observed

depression in microsomol colcium binding ond uptoke moy exploin fhe prolongofion

of the relqxofion phose in the infecfed myocordium. The contribution of chonges

in mitochondriol fronsport for the regulofion of controcfile octivity of infected
heqrts is diffícult to evoluote sínce mítochondríql colcium binding ond uptoke were

increqsed in eorly stoges qnd decreosed in lote stoges of infecf ion. However, the

observed increose in mitochondriol cqtcium qccumulqtion in heorts of eorly sfoges

of infection os well os in uninfecfed heorts, moy represenf o compensotory mechonism.

At ony rofe, vorying degrees of chonges in fhe obilities of both microsomol ond

mitochondriol froctions hqve been reporfed in d'ifferenf types of foiling heorts by

numerous workers in fhis field (34-39,41,43,115).

(d) Sorcolemmol obnormolitíes

In qdditíon fo impoired obiliiy of the sorcolemmol froction from fhe

infected heort fo bind colcium, we hove demonsfroted thqt the qctivities of
sorcolemmol Mg#ATPqse ond No+-K+ATPqse were lower Ín eorty sfoges of infection
in comporison to controls, ot which time no chonge wqs noted ín sorcolemmo from

uninfected heqrts. Furfhermore, the ocfivity of Co++ATPose wos olso lower qf lqfe

stoges of infection in comporison to confrol ond uninfected heqrts, ot which time fhe

degree of depression in Mg#ATPose ond No*-KnATPor" in infected heorts wqs olso

greoter thqn in uninfected heorts. These results suggest sqrcolemmol qlterotions in
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the infected myocordium orld moy occount for our previous findings concerning

elecfrolyte shifts ond leokoge of infrocellulor enzymes.during infective cordiomyopofhy.

Although we were unqble fo observe disruption of the myocordiol cell membrqne in

infected heorts upon elecfron microscopic exominqtion, the possibility of sorcolemmol

defect in infecfive cordiomyopofhy is substqntiofed by our observofions concerning

chonges in the odenylofe cyclose octivify. In this regord, we hove nofed thof the

octivities of sqrcolemmol odenylote cyclose in fhe obsence ond presence of epi¡ephrine

ond NoF wos decreosed in eorly ond lote stoges of ínfection. The chonges for

epinephrine ond NoF stimuloted odenylote cyclose octivity in the infected heorts

weregreoterfhon those in the uninfected myocqrdium. Since odenylote cyclose is

known to cofolyze fhe formofion of cyclicAMP,which is involved in the regulotion

of vqrious metobolic processes, fhe observed olterotion in sqrcolemmol odenylofe

cyclose in the infected heorfs moy be ossocioted with metqbolic disturbqnces qnd

impoired controcii I ity.

(u) Signíficonce of chonges in cellulor components

We hqve shown defects in sqrcolemmol, microsomol, mitochondricìl

ond myofibrillor ocfivities during infective cordiomyopothy. The heort foílure in
this experimenlol model is superimposed upon left heort hypertrophy which mokes

the effecÌs of bocferiol infection upon cellulor sfruclures rqther complex to evqluote.

However, it wos observed thof the extenf of chonges in sorcolemmol, microsomol,

ond myofibrillor ocfivities in mosf cqses ot bofh eorly ond lote stoges of infecfion

wos greofer fhon in fhe uninfected hypertrophied heorts. Furthermore, mitochondriol

respirotory qnd oxidotive phosphorylofion octivity were qltered only in the infected

heorfs qnd unlike uninfecfed myocordium, colcium Ìronsport in mítochondrío wos

decreosed in lote sfoges of infectÍon. The degree of myocordiol cell domoge wos

olso greofer in infected myocordium in comporison to uninfecfed. From these

observqtions we believe thqf there is on ossociofion of heqrt foilure ond chonges in

funcfions of membrqne ond controctile protein systems during bocteriol infection. At
fhe present time, it is premoture fo stote wÍfh certointy whether heort foilure ond

fhe observed biochemicql qnd ulfrosfrucfurol chonges hqve qny couse-effect relotion-
ship or ore q conseguence of the infective process. However, it is tempting fo
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speculoie thof heorf fqilure in infecf ive cordiomyopothy moy be due fo some defect
in processes of energy producÌion.

4. Generol Comments

Infecfive endocordifis in rqbbifs is ossocioted with extensive volvulor vegetofion
devetopment, morked cordioc enlorgement ond ultimotely, left heort foílure. It is

interesfing to nofe thot olthough some of the increose ín left ventriculor mqss con be

occounfed for by edemo, the left ventriculorweíght wos still'increosedby 24, 23

ond 40 o/" in 6 doy uninfected qnd 3 qnd 6 doy infected robbits respectively when

odiustments were mode for chonges in the wt/dry weight rofio. Pothologicql exqminqtíon
of the myocordium in fhe infected robbits indicoted fhe presence of on infecf ive
cordiomyopofhy, but it is difficult fo stofe with certointy whefher the observed chonges

ore due to o direct effect of the infecf ive ogent, qre o consequence of functionql
iséhernío due to hypertrophyt or simply o monifestofion of foilure olthough fhe lotter
ís unlikely becouse of the type of lesions produced.

The myocordiql functionol stotus of the diseosed onimols wos exomined by two
different opprooches. The first fechnigue involves on indirect grophicol esf imotion

of confrocrility derived from onolysis of intrqventilculor pressure chonges in the intoct
qnimol. The second opprooch is dependenf or the isolqfed perfused heort. Eqch of
the obove techniques hqs inherent limítqtions ond occordingty the resulfs must be

interprefed coufiously. In thelight of recent odvonces in fhe fietd of myocordiol

mechqnícs ond widespreod occepfqnce of the Voigf model of cordiqc muscle controction,
fhe volidity of the first opprooch is porticulorly sus;pect. In spite of this it is our

contentìon thot such studies do provide qn occurote reflection of relqtive chonges in
confroctility in control, uninfected, ond infected heqrts ond therefore it is our

conclusion fhof fhe diseosed onimqls qre indeed in controcfile foilure. Although the

ccruse of fqílure is not cleqr qt the presenf time, it is conceivoble fhot myocordiol

lesions due to the infectíve process, superimposed upon votvulor dysfunction from

defecfive popillory muscle ond volvulqr desfrucfion, would resulf in heort functionql
impoirment

The presence of heoÉ foilure in ínfectÍve endocorditis con be opprecioted in

terms of obnormolÍties in the funcfions of different cellulor components. The sqrcolemmo
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is the site of severol enzymes involved in regulotíng cell metobolism including
odenylote cyclose whích cofotyzes cyclic AMP formotion. A defecf in the ocfívify
of these enzymes moy be ossociofed with mefobolic disturbqnces. Abnormqlities qt
fhis level moy be potentioied by fhe observed defect ín mitochondriol ATp productÍon
resulting in decreqsed cell levels of ATP. Since ATP ís needed by both the controcfile
opporotus ond the subcellulsr orgoneltes involved in regulotion of confroctíon it is
entirely plousible thot ímpoirment in producf ion of ATP could exploin the observed
foilure. Conversely, even ¡f ATP sfores were íntqct, ollerotions in the processes

involved in the utilizotion of ATP such qs o defect in myofibriltqr ATpqse, could leod
to o similqr result. Since colcium ion ís considered fo ploy o cruciol role in
regulotion of myocordiol confrqction qnd reloxotion, obnormolities in the obility of
the cordioc cell fo regulote ifs introceltulqr concenfrotion could evenfuqte in
myocordiol dysfunction. Decreosed obility of sqrcolemmol, sorcoplosmic reticulor,
ond mitochondriol membrones lo tronsport this ion moy result in infrqcellulor cqlcium
overlood ond result in functíonol chonges in the troponin --fropomyosin regulofion
of octín¡ond myosin. As well, o lesser qmount of colcium would be ovoilobte for
releqse upon excifotion. Such o condition would olso exploin the observed chonges
in myocordiol function.

Abnormolities in severol cellulor componenfs hqve been shown to occur during
infective endocorditis qnd ore ossocioted with left ventricutor foilure. Although such
studies with isolqfed orgonelles do not necessorily reflecf fhe sfofus of these components
in fhe íntqct cell, they provide voluqble insight into fhe pofhogenesis of foilure in
fhis diseqse model. Extropototion of fhe dqtq obtqined in this experimentol model to
the humon diseqse must be done with coution; however ít is possible thot fhe poftern of
myocordiol olterotions in pofienfs wifh heort fqilure due to bocteriql endocorditis
moy be similor to fhose observed in this sfudy.

i r: :)..
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CONCLUSIONS

In this study, infective endocordifís wos induced in cqfheterized robbirs

by o single intrqvenous iniecfion of Sfrepfococcus viridons, ond the heort wos

exqmined for pothologicol chonges. In oddition, the stofus of cordioc functíon

ond biochemicol integrity of myocordiol membrqnes ond contrqctile proteins were
qssessed in these robbits in comporison fo shom operoted confrol ond uninfected

cofheterized qnimols. From the doto obtoined in this study, fhe following
conclusions ore drqwn:

I . The hisÌopothologicol ond ultrosfrucfurol chonges in myocordium from

robbits wifh bocteriql endocqrditis qre indicqfive of the presence of infecfive
cordiomyopofhy.

2. Hemodynomíc studies in infqct onimols os well os in vitro studies in

coronory perfused heorts demonsfrote myocordiol dysfunction during experimentol

bocteriol endocqrdiiis qnd provide evidence thot infective cordiomyopothy is

ossociqÌed with heort foilure.

3. Biochemicol qnd morphologicol chonges in mifochondrio con be

interpreted fo reflect q reducfion in fhe obilíty of mitochondrio Ìo generote ATp
qnd it is believed fhqt o defect in fhe process of energy production is one of the

focfors cousing heqrt fqilure in infeclive cordiomyopothy.

4. Although heort foilure is superimposed upon left venfriculor hypertrophy,
ihe results demonstrote impoirments in different membrone qnd controctile protein
functions os well os ultrosiructurol obnormqlities in bocferiql cordiomyopothic heqrts

which ore obsent or of lesser mognitude in heqrts with hyperfrophy olone. From

fhese observqtions, if is opporent thqt there is on qssociqtion of heort foilure ond

chonges in function of cellulor components during bqcteriql endocorditis.

5. Although exfropolotion of dqfo to the humon diseqse must be done

coutiously, il is possible thoi q similor potfem of nnyocordiol olterqtions is presenf

ín pofients with heoÉ fqilure due to bqcteriql endocorditis.
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