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INTRODUCCION —

s formas clinicas de

teriocesclerdtica, la an

sanguineo por el estrechamlento de las arterlas coronarias debi

do a ateroesclerosls. La forma mé&: mportante es el infarto del

miocardio porque-de esta enfermedad”mﬁere el mayor porcentaje ‘de
enfermos con cardlopat;a coronaria y constltuye la causa de muer

te més frecuenteien los paises 1ndustr1allzados, ocupando el -

q,lugar. Ademé&s esta enfermedad estd afectando

céncer el segu

ia ‘cada vez jSvenes, particularmente del sexo

" miocardio,

conocido tambi&n como necro-
ocasionado casi siempre por

as ‘arterias coronarias, en si-

esiones ateroesclerdSticas.
ructurales, funcionales y bio
per la enfermedad,
y evoluciona el

dafio patolégico y consecuentemente cuiles son los datos mis va-
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os més aparentes

que ocurren

entla- fase aguda de esta squemla.” la disminucidn

del conten;do de los dlnucleotldos de

n1cct1nam1da, la cual a su
vez, puede ser la -causa de la alteracidn en el funcionamiento de

la cadena resplratorla y en los procesos de la fosforilacidn oxi
dativa.

METODOLOGIA — -

Los trazos electrocardiogr&ficos sirvieron de base para ca

lificar el grado y la exten516n del dano histolégico.

El regis

tro se hizo a traves de ‘un rodo explorador aplicado en di-

cendente anterlor,de la- arterla coronaria izguierda y 5 min

antes de extraer el~corazon. Los signos electrocardiogréficos

que sirvieron para callflcar cualitativamente el dano fueron
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fundamentalmente~‘el de nlvel del . segmento‘ST y la alterac15n

del . complejo QRS 1 2'

la inicia-
se hizo a

los 30 min, a las 4’ respéctivamente, después de

La preparac;on mitocondri estudid la capacidad de sin-

tesis del ATP, incubsndola éon uno de los dos sustratos tipi

cos: elrD,L;B—hidroxlbutlrato‘o*el sucecinato. Con los datos

obtenidoéisé calculd elocidad: del consumo de oxigeno, la

relgciéh P/O e;del cpﬁ%bél respiratorio. Adem&s se

6$ dinuclé&otidos de nicotinamida
itqéondrial, antes y después de la

mo,dé oxigeno. También se determind el
rjoffa parte, el estiudio involuecrd la
rbécopio electrénico de las preparaciones
del tejidb'c ‘tanto de la =zona control como de la afecta
da por la. isquemia- y de las preparaciones mitocondriales de am

bas zonas (1,2).

Discusion —

En la fraccidn mitocondrial del tejido cardiado de la zona
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contfoi51é Qgidc déd”defcqnéumO‘de'oxigcnoffuéjdéhzsza;Sé‘nétomos

[ é 6.86 umoles for gramo de
profgina; asiipreparacio es mitécénariales recobradas al final
4 e »nometrlcas, presentaron una disminucién de 10
a 15% del dontenldo de  dinucledtidos con respecto a la concentra
c16n orlglnal, 1ndepend;entemente del sustrato con el que fueron

incubadas (1,2).

En las mitocondrias del tejido cardiaco con necrosis, la
velqci@ad del consumo de oxigeno bajd 25% a lAS 8 horas de la
isquémia v casi fue cero a las 12 h6ras de esta, en las incuba

ciones hechas en presencia del B—hidroxibutirato vy, cosa notable,

se conservd igual a las preparadas ‘del tejido control cuando el

sustrato fue el succ1nato~(2)

' La eficiencia de la fosforila-
cién ox1dat1va,;3uzgada por:laxfelacién P/O0, fue de 1.65 a los

30 min y bago' _uestras de las 12 horas de necro

sis, 1ncubadas irato. Lo mismo sucedid, aunque

el descenso fueimis

uando. el .estudio se hizo incubando

las" mltocond e succ;nato. La diferencia en la

evoluc16n del cambio valores P/O con. uno y sustrato, parece in

dicar una: mayor: labllldad del Sitio I de la fosfornlac;én oxida

tlva~en1a cadena respiratoria, con respecto al Sitio ITI. Las
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preparaciones mltocondrlales del tejldo lsqucmlco mostraron una

baja progre31va del contenldo

otal dc los dlnuclcotldos de ni-
cotinamida yfadenina, ‘adser del MO% del valor
iniecial a las 4 h Aoras.' ‘Adem8s estas

mitocondrias,pe?di “contenldo de nu-

cledtidos durante Smetro de Warburg,
pérdida qugVeE' “ocurria en las mi-
tocondrias;dél t

. Las células ardlacas dél tejido-contrél mostraban abundan

tes grénulos'de»glucégeno en los espacios 1ntermlof1br11ares v

sobre las mloflbrlllas, asi como alrededor del nificleo; las mio-

fibrillas estaban contraidas y mno se apreciaba la banda I; las

mitocondrias tenian variadas formas, eran del tamafio del sarcd
mero y ocupaban la mayor parte de los espacios interfibrilares

vy de los espacios paranucleares, asi como el espacio subyacente

a la membrana plasmitica; las crestas de estos organelos eran

paralelas entre si y llenaban el espacio intramitocondrial

siendo escasa la matriz y moderadamente densa a los electrones.
En las preparaciones de la fracecidn mitocondrial, las mitocon-

drias aisladas del tejido control, aparecian de corte qircular
todas ellas y con sus crestas muy compactas (2).

A los 30 min de la oclusidn arterial el aspecto del tejido
cardiaco a simple vista era casi normal, mientras gque a las 12
horas el cambio era visible en todo el espesor de la pared car

diaca: la necrosis aparente era transmural m8s qgue subepiclrdica.
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como ocurrfia en las primeras horas. El’'porcentaje de mitocon-

drias dafiadas qu
nelos, aumentaba

(2>.

lo larngdel

corte casualme

" de isquemia pocas:-alteraciones en muestras de tejido con mayor

»tiempbgdg dafios eﬁ'dfras palabras, dependia mucho de la muestra
tomaaau51 ézar péra este anflisis; por esto en este tipo de es-
tudioé deberid observarse al microscopio un nlGmero mucho mayor de
cortes para valorar mejor los resultados. Los datos més frecuen
temente observados fueron: el ensanchamiento notable de los es-
pacios interfibrilares, la desaparicidn de los grinulos de glucd
geno, el desgarxramiento transversﬁl v longitudinal de las miofi
brillés, el ensanchamiente de los espacios intramitocondriales y
la ruptura de las crestas, llegando a verse el espacio intramito

condrial vacic o bien ocupado en parte por unas estructuras muy

tiplcas formadas por restos ‘de crestas agrupadas en haces rela-

't:.vamente muy densos lOS electrones.

E1l contenldo del total de los dinucledtidos de nicotinamida

y adenina de 1a pared del ventriculo izquierdo normal del perro

fue 1-007 *

105 (promedlo 'y error estindar) uwmoles por gramo -—

de tejido h‘?‘mcdc‘, valor que incluye .676 * .050 de NAD, .276 * .036
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de NADH, f ou3 = .01u de NADP v

% .005 de NADPH,. Estas ci

frasfee obtuv1eron en'muestra

arter1 sva

los del corazén normal -
del perro.»;"w

El contenide de nucleotldos de- nlcotlnamida en la pared an-—

texrior y de la posterlor,'respectlvamente, del ventriculo izquier

do, a los 30 min de 1la oclusién, fueron semeljantes entre si e -

iguales a los obtenidos en los corazones normales. A partir de

la segunda hora de la ligadura se observd una disminucidn progre
siva del contenido de estos nuclebtidos v a las cuatro horas 1la

pérdida del NAD y del NADP, tanto en sus formas oxidadas como re

dﬁcidas; era de un 50%. A las 48 horas disminuyd 80% con rela-—

cidn a los wvalores de la zona control (3).

Se consideraron varias posibilidades para explicar la dis-

minucidn de estas coenzimas en el tejido con infarto: la salida

de las coenzimas al torrente circulatorio, su deégradacidn in sLtu

por alguna actividad enzim&tica del tejido o bien una deficien-—

cia en su sintesis (3).

Para estudiar la primera posibilidad, fue necesario determi

nar los valores del NAD oxidado y del NAD reducido en la sangre

arterial general y en la sangre venosa del seno coronario, donde



nlcotl amlda
en 1a sangre
Sin embargo,

haber salldo Yy en peque-
fias cantldades no detectables por el método utilizado y que &sto,

aunado a la presencia de una NADasa en la sangre del perro, seme
jante a la descrita en otras especies, pudo haber impedido la ob
servacidn de un aumento en el contenido de NAD en la sangre del

seno coryonario.

Al. estudiar la segunda poéibilidad, se demostrd la presen-—

cia de una actividad enzimitica gque degrada al NAD, cuando se -

provoca la desorganizacidn intracelular al fragmentar el tejido
cardiaco normal con el homogeneizador. Por otra parte, los da-
tos parecen indicar qQue la anoxia por si sola no es el factor resg
ponsable de provocar la degradacidédn de las coenzimas, ya que en
fragmentos .de tejido cardiaco normal incubados por u5 & 60 min
a 37°C, en los qQue existe anox1a tlsular no disminuyd el conte-

nido de NAD como sucedid duran 1a homogenelzac1on.
En el tejido cardiaco del ventri dlo7izquierdo con dos horas de
isquemnmia, encontramos'QUé o sélo el contenido de NAD fue menor

que en el tejido normal, sino que hubo un aumento equlvalcnte de
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nicotinamida.’ “Todavia mmés:cuando; los fragmentos de este tejido
rinféf£adofs :

prop1c1e la ac{lon de la enzima sobre el dlnucleotldo (H).

En la suspen51on homogeneizada de- corazon nornal, la velo-
cidad de degrada01on del NAD agregado a esta suspensidn, fue se

mejante a la velocidad de'degradacién del NAD contenido en 1la

propia preparacidn; la cual sugiere que la mayor parte del NAD

intracelular se halla en forma libre, puesto gque el NAD unido a

proteinas es hidrolizado més lentamente por la enzima (u4). Ade
méds, la cantidad degradada de NAD, fue equivalente a la cantidad

formada de nicotinamidaj;

dado que la relacidn del NAD desapareci
do, medido con la deshidrogenasa l&8ctica, y la nicotinamida for-
mada, medida colorimé&tricamente, fue de 1.

La actividad enzimética que cataliza 1la degradacidn del NAD
fue inhibida totalmente por la nicdotinamida, cuando este inhibi-

dor se agregd afl

la-de.incubacidn en la proporcién de L.S
mmoles por gramo:d tejldo. 3 V

En el teji co normal la actividad NADasa, expresada

como micromole de’NAD q$saparec1do en 15 mlnutps por gramo de

tejido, quils entre 7,§ v 13.4 y en tejido cardiaco isquémico

los valores f eronfsemejantes cud.

El pH Sptimo de esta actividad enzimi&tica en preparaciones
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homogenelzada de tejldo card;aco normal de: perro, se’ encontrd en

una zona: entre'642“y’7"

chando elisustrato fue NAD. ' Cuando se

usd - 51empre se 11bero una canti-
dad | al nucleétldo degradado, lo que

permltlo conslderar'

sta act v1dad en21mét1ca comoe una NAD -
gllcohldrolasa especiflca,oue actiia sobre el enlace N- B glico—
sidico que une la nicotinamida a la rlbosa, tanto en los dinu-—
clebtidos como en el mononuclé&otido.

Los valores de 1; Km pPara el NADP y el NAD fueron 46 a 56
y 67 a 71 uM, respectivamente, en cambio para el NMN la X
de 120 a 135 uM (5).

fue

La nicotinamida y la hidrazida del 4dcido nicotinico actua

ron como inhibidores no competitivos y los valores de la Ky fue

ron de 1.2 a 1.6 mM y de 0.24 mM a 0.25 mM, respectivamente, con

NAD como. sustrato. Cuando se incubaron las preparaciones en pre

sencia de EDTA o bien de AMP, inhibidores caracteristicos de la

pirofosfatasa, no hubo inhibicibén y por el contrario, en el caso
del AMP, se activd la degradacidn del MNAD (5).

La actividad NAD glicohidrolasa de la suspensi&n homogenei-
zada del corazdn del perro calentada primero a 50°C durante 15
min y medida después a 37°C, fue semejante a la de otra muestra
de la misma preparacidn mantenida a L°C y medida despué&s a 37°C
lo que demostrd que el calentamiento modifica reversiblemente a

la enzima.

La energia de activacidn calculada de una griafica de Arrhenius,

entre 10 y 50°C fue de 10 kcal (42kJ) por mol. La gr&fica no -
- L
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"la-presencia:de

17000 xg mostraron un material vesicular homogé&neo sin contamina

cidén aparente con restos mitocondriales o con mitocondrias
enteras.

En los estudios de las enzimas marcadoras se encontrd que

las actividades especificas de la ATPasa dependiente de Na¥t

y
—K+, de ‘la ATPasa Na‘t -x* —Mg++

v de la fosfatasa &Acida, fes—

pectivamente, eran mayores en la frac:c:.Lon de 17000 xg que en el ci

tosol, en la‘;racc16n mltocondrlal o en la microsomal de 105000
*xg3 lo que permltlo cons;derar que la fraccidén de 17000 xg tenia

un ‘alto coﬁtéﬁid'

embranas plasmétlcas, va que la ATPasa
dependiente de Na*

V. K+ se ‘considera peculiar de esta estructu-
ra celular (S). .

Para diluciééb"si‘la actividad de NADasa presente en la

fraccidn mitocondrial era propia de las mitocondrias o se trataba
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de una contaminacidn,

se anallzé 1a prcparac;én a través de
un gradiente:d : : :

drias en buen v dad espec;flca de

NADasa y la'méyo 1tocromo ox1dasa (Fig. "2). Estos hallaz

g0s nos permltleron'conclulr que en la suspensién homogeneiza
da del tejido cardlaco del perro liberada de la fraccibén nuclear,

la actividad NADasa se localiza en una fraccifn membranosa mi-

crosomal; sin embargo,
A}
crosomal,

no podemos excluir que esta fraccidn mi
constituida en su mayor parte por membrana plasmética,

no esté& contaminada con reticulo sarcoplasmético.

Recientemente hemos iniciado el estudio de la actividaad

NADasa en la sangre humana (8), para poder valorar la partici

pacidn que pudiera tener esta actividad en la - degradacidn del

NAD del tejido cardiaco isquémico, pues es sabido gue durante

la necrosis dCurre extravasaci&n de algunos componentes sangui

neos al miocardio dafiado.

CONCLUSION :

ADasa del tejldo cardfaco normal y del isquémico tienen

" la: mlsma act1v1dad especifica. La ruptura de la integridad ce

lular por medios mecdnicos provoca la degradac16n total del NAD
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celular por acc16n de lavNADasa. En el tejldo 1squcm1co hay

desorgan1zac16n cclular Y, dlsmlnuye,la concentracid

lo que probablemen

las deshidrdgéha
B-nidroxibutin
cesos de fosfofil
ponen de manifi
ma NADasa'én;

del miocardio. ' ”'”}' : S _" e -




s'UMMARY £

he P/O ratio and

‘'whereas incubat

sion.. Howejef the concentratlon of NAD and NADH2 before and

after occlusic as'the same 1n the  eoronary sinus blood. The
ultrastrucfural‘damages observed: in cardiac cell were dilation
of 1ntermyoflbrlllar spaces,'diéappearance of glvcogen granules,

rupture of myoflbrlls, ltochéﬁdrial swelling with disorganiza-

tlon and fragmentatlon of the1 cristae, lost of their granules

and appearance of bundlesiof cristae.

NAD was Lyzed w1th ‘the formatlon of stoichiome

tric amounts - hen the normal cardlac tissue was
mechanical;y! cpfinamide completely inhibited NAD
degradatiéh;r

The aJtlvatlon energyaof ‘NAD glycohydrolase of homogenized

suspens;ons of the normal dog heart was 10 kcal mol -1 in the -

range 10 to 50°. The Km values were 70 uM for NAD, 50 yM for



The NADasec

fractions.. .

tivities:.o c ph Phatase and Klactivatea phos~

high:proportion: of ‘plasmatic membranes.

15_ éa iﬁ,the membrane and the NAD distributed mainly

in the! cyft:osorl". :
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Mitochondrial biochemical changes and
glucose-K Cl-insulin solution in cardiac infarct'

EDPMUNDO CALVA, ADELA MUJICA, ROSARIO NUNEZ

KAZUKO AOKI, ABDO BISTENI], AND
DEMETRI1IO SODI-PALLARES

Departments of Biochemistry and Electrocardiography, Instituto
Nacional de Cardiologia, Adéxico, D.F., México

CaLva, EDMUNDO, ADELA Mi)icA, Rosario NuRez, Kaz-
uxo AOK1, Appo BistenNi, AND DEMETRIO Sop1-PALLARES.
Aitochondrial biochemical changes and glucose-KCl-insulin solution
in cardiac infarct. Am. J. Physiol. 211(1): 71—6. 1966.—
Cardiac infarcts were produced in dogs by ligature of the an-
terior descending coronary artery and followed by clectro-
cardiographic records. Animals were sacrificed 14, 4, 8, and
12 hr after the arterial occlusion. Onc group reccived glucose
solution and another polarizing solution (glucose-KCl-in-
sulin). Mitochondria prepared from normal and infarcted
tissuc were incubated with succinate or S-hydroxybutyrate.
Oxygen consumption was mecasured manometrically, P/O
ratio by phosphate uptake, nicotinamide adenine nucleotides
fluorometrically, and potassium by flame photomctry. In
dogs recciving glucose solution a decrcase in the P/O ratio
appeared early followed by a loss of potassium and nicotina-
mide nucleotides; a low oxygen consumption with S-hydroxy-
butyrate was dctected, whereas succinate was oxidized at a
normal ratc; mitochondria casily lost their nicotinamide
nucleotides during incubaiion. Therefore, infarcted tissue
mitochondria appear 1o have a defcet in“the phosphorylative
reactions followed by a blockage of the respiratory chain. A
protective action of the paolarizing solution against all these
changes was cvident except for the nucleotide content, where
its cflect was minor.

mitochondria; sarcosomes; heart; myocardial infarction; oxy-
gen consumption; manometric mcthod; B-hydroxybutyratc;
succinate; P/O ratio; nicotinamide adenine nuclecotides; mito-

chondrial poiassium; dogs; coronary artery occlusion; clectro-
cardiogram

IN A PREVIOUS PAPER (2) we reported that mitochondria
fromn cardiac tissuc prepared 12 hr after occlusion of the
anterior descending coronary artery showed no oxidative
phosphorylation when the dogs had reccived glucose
solution, whercas those isolated from dogs treated with
“‘polarizing solution” maintained their values within

Received for publication 20 December 1965.

? This research was partially supporied by a grant from Mary
Street Jenkins Foundation (México).
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normal range. Earlier, Sodi-Pallares ct al. (8) had de-
scribed a loss of intraccllular potassium, and Govier (4)
a brcakdown of cocnzyme I in infarcted inyocardial
tissue. In addition, Gamble (3) has suggested an inter-
dependence between oxidative phosphorylation and
potassium rctention. :

The present work was undertaken to extend our previ-
ous observations to mitochondria isolated at different
times after the occlusion of the artery. Measurements of
total nicotinamide adcninc nucleotides and potassium
in mitochondria arc included to discuss their relation
with oxidative phosphorylation rcactions, in an attempt
to understand the protcctive action of the polarizing
solution.

MATERIALS AND METHODS

Animals

The handling of the dogs and the surgical technique
were similar to those described previously, except that
the intravenous solution was started at the time of the
arterial occlusion and not 3 hr carlier (2). Twenty-two
animals rcceived 10% glucose solution (untreated in-
farcted dogs) and twenty-four morec (treated infarcted
dogs) received the polarizing solution (potassium
chloride 40 mmoles and insulin 20 U/liter in 10 % glu-
cose solution). The animals in these scries were sacri-
ficed 14, 4, 8, and 12 hr after the total occlusion of the
anterior descending coronary artery. Nine noninfarcted,
sham-operated dogs were maintained for 3 br and re-
cecived cither one of the two solutions. Finally, 14 dogs
sacrificed by electric shock served as noninfarcted con-
trols (some of the infarcted dogs were prepared by Dr.
D. Ariza).

Electrocardiographic Tracings

Unipolar tracings were taken 3o min after the ligature
of the artery and shortly beforc excising the heart from
the animal (2). Reccords were obtained also from the
sham-operated group at the begining and at the end of

{
i
{
t
i
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TALLE 1. P/O ratios with B-lydroxybutyrate as a substrate

CALVA ET Al.

Noninfarcted Yoms

Infarcied Doga® s

Sham Operated

N Unireated Trested .
Electro- :
cuted
Untreated I - Treated . | l - | 'y l 22 I |
B ’ ey o % Control myocardial tissises :
2.47 2.42 ‘2.40 “1.92 " 2.85 ‘2.71 (2.4
#*o0.15 Zo0.40 ‘*o.10 =o0.31 =o.15 I  =ko.27"
G4) - (e) ) 4) ®) 2B, ;
. Infareted myocardial tissues e
- 1.65 .38 ©.6: ‘o 1.94
=*0.46 Z0.46 =%0.35 B =
) 6) (4) (4) L AB)

Valucs arc mecans == se, with nuinber of dogs in parenthcescs,

the surgical handling (two dogs which showed no clcctro-
cardiographic evidence of infarct 30 min after the arterial
occlusion were not included).

Mitochondrial Preparations

Heart mitochondria werc isolated as described before
(2) exccpt that the extraction medium contained 2 mmMm
adenosine triphosphate (ATP). With the addition of
this nucleotide we obtained well-formed pcllets in all our
precparations even in thosc from untreated infarcted
animals (2).

Oxidative Phosphorylation

Oxygen consumption was 1necasured manometrically
in 315-ml Warburg vessels with air as the gas phase.
After 10 min at 30 C thc reaction was initiated by tipping
in the phosphate trap from the side arm. For inorganic
phosphate dctermination (5) portions of 1.0 ml of the
reaction mixture from two similarly prepared flasks
were transferred to test tubes containing 0.32 ml 21.3 %

trichloroacectic acid: onc just after the initial cquilibras*®

tion period, and onc at the end of the 20-min mano-

metric rcading. The transfer and the mixing of the ~

samples were accomplished in exactly 30 scc. Super-
natants fluids were obtained after centrifugation at
5,000 g for 5 min at o C. ATP formation was assumed
to be equal 10 the decreasc in inorganic phosphate.

The phosphorylation medium was arranged as follows
10 have final molarities similar to those used (2) in the
polarographic mecthod: 284 mM D-mannitol, g5 ms
sucrose, 25 mM tris buffer (tris(hydroxymethyl)amino
methane) (Sigma Chemical Co. 7—g) and 12.6 mm XCIL.
For convenience, NaH.PO, and MgSO, were changed
10 17.3 and 2.6 mu, respectively, and the whole mixture
adjusted 1o pH 7.2 at room temperature.

The main compartment of the flasks contained: 2.3 ml
of the phosphorylation medium, o.5 m! mitochondrial
suspension with 4-12 mg protein, and 0.1 ml 0.2 M DL-
B-hydroxybutyrate (Sigina Chemical® Co.) or succinate
(Eastman) at pH 7.0. In the side arm 0.2 1l of the phos-
phatc trap was placed : 250 mm glucose, 7.5 mu adenosine

® Timc (hr) after ligation of’xhc dcxccnding coronary artcry.

diphosphate (ADP) and 150 units hexokinase (Sigma
Chcemical Co.) adjusted to pH 6.8 at room tempcerature.

Meitochondrial Total Nicotinamide Adenine ].Vuzlzah'de:’

Total nicotinamide adenine nucleotides (NAN), i.e.,
NAD, NADH, NADP, and NADPH were dctermined
with an Aminco spcctrophotofluorometer by the method
of Lowry ct al. (6). The cxtraction of the nuclecotides
from mitochondria was carried out by hcating a o.25-ml
sample of the original mitochondrial preparation at 85 C
for 5 min in 1.0 ml 50 mM tris, pH 8.2. The mixture was
then quickly cooled and centrifuged at 8,000 g for 10
min at o C. Portions of 0.09 ml of the supcrnatant ma-
terial were taken for analysis and the reduced nucleotide
forms oxidized with hydrogen pcroxide. Rcadings cor-
rected with a suitable blank were referred to samples
containing 1, 2, and 3 mumoles NAD (Sigma Chemical
Co.), respectively.

In some cxpecriments the nuclecotide content of the
mitochondria was measured after the initial equilibra-
tion period and at the end of the 2o-min manometric
reading. The rcaction mixture from the Warburg ves-
sels was centrifuged at 8,000 g for 10 min at o C, and
the mitochondrial pellet resuspended in 0.4 ml mannitol
sucrose extraction medium.
Potassium in Aitochondria :

Potassium was dectermined by flame photometry after
digestion of 0.5 ml of the original mitochondrial prepa-
ration with 1.0 ml 1:10 HNO; and o.2 ml 1:2 HCIO,.
The pale ycllow digest was quantitatively transferred
to a volumectric tube containing 0.040 ml 5.000 g lithium/
liter (LiNOj;, Mallinckrodt), and the volume was com-
plcted to 2 m] with glass double-distilled water. Blanks
were prepared with extraction medium and the read-
ings carried out in a Baird flame photometer by the in-
tcrnal standard mcthod against 0.4 mym KCI1 (Mallinck-
rodt).

2 Dr. William Cicplinski collaborated in these studies and pre-

sented part of them clsewhere (Tesis Profesional Univ. Nac. Aut.
Méx. Fac. Med., 1965).
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TAME 2. F/O ratios with succinate as a substrate - ;. .
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Protein Deggrmination

Protcin was mcasured by the Folin-Ciocalteu mcthod
(7) using crystallized bovinc plasma albumin (Armour)
as a reference. A portion of 0.1 ml original mitochondrial
preparation was solubilized with o.1 ml 10% sodium
dcoxycholate and the volume completed to 3.0 ml with

water. -

RESULTS
Oxidative Phosphorylation

Control tissue. Mitochondrial preparations from necarby
control arcas of the left ventricular musclé of untrcated
dogs sacrificed at different times after arterial occlusion
showed mcan values for P/O ratios of ecach group to be
from 1.92 to 2.41: with S-hydroxybutyrate (Table 1)
and from 2.16 to 2.38 with succinate (Table 2) as sub-
strate. These values did not differ significantly (Student-
Fisher 2 test) from cach other or from those obtained
with dogs clectrocuted or sham opecrated. Likewise, no
difference was noted with the mitochondria from control
arcas of the group of treated infarcted dogs.

Infarcted tissue. A dccrcase in the P/O ratios of mito-
chondria from infarcted arcas of untreated dogs with
cach one of the two substrates was observed as early as
30 min after the arterial occlusion. In the later samples
the ratios continued to dccrease progressively when
they were estimated with g-hydroxybutyrate as a sub-
strate (Table 1), whereas with succinate (Table 2) those
preparations from the 4th and the 8th hr showed values
similar to the oncs observed at 30 min. Phosphorylation
was not detected in the 12-hr sample when 8-hydroxy-
butyrate was in the incubation mixture, whercas low
values were obtained when succinate was the substrate
added. Insofar as the results with the polarizing solution
are concerned, P/O ratios with mitochondria from in-
farcted tissuc of treated dogs wecre higher than those
obtained with mitochundria from infarcted tissue of
untrcated dogs, irrespective of the substfate present in
the incubation mixture; these differcnces were particu-
larly remarkable at 12 hr (Tables 1 and 2).

Oxygen Consumpition Rate

Control tissue. In all the cxpcriments mitochondria
consumed more oxygen (mupatoms/min per mg protcin)
with succinate as an cxogenous substrate than with
B-hydroxybutyrate. Values for thc control mitochondria
of thc various groups of dogs did not change signifi-
cantly with cither type of intravenous solution, with the
surgical handling, or the mcthod used to sacrifice the
animals.

Infarcted tissue. Mitochondria of the infarcted area
incubated with S-hydroxybutyratc, both from treated
and untreated dogs, showed a similar low oxygen con-
sumption rate at 4 and at 8 hr, but after 12 hr mito-
chondria from animals which reccived the polarizing
solution remained as high as the 8-hr samples, whercas
thosc from untreated dogs did not consume oxygen.

With succinate the mitochondria of the infarcted
area did not show a fall in the oxygen consumption
rate at any time regardless of the solution injected into
the animal.

Content of NAN in Mitochondria and Their Loss
During Incubation

Control tissue., Hecart mitochondria freshly prcpared
from untrcated dogs showed a NAN content from 5.50
to 6.86 umoles/g protcin. Similar values were deter-
mined in sarcosomes from cither treated, sham-operated,
or clectrocuted dogs. (Table 3). On the other hand, al-
though this initial level deercased somewhat during the
manormmectric rncasurements, the treatiment of the animals
with the polarizing solution scemed to protect the mito-
chondria against such losses (Table 4).

Infarcted tissue. A low content of NAN was observed
following the 4th hr in mitochondria from infarcted
untreated dogs, later becoming still lower. In contrast,
the NAN content of mitochondria from infarcted treated
dogs did not decrease as much, although a significant
difference was observed with the control values at 8
and at 12 hr (Table 3). Mitochondria from infarcted
tissue sceined to lose a greater percentage of the initial
amount of NAN during incubation than those prcpared
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TAMLE 3. Nicotinamide adenine nucleotides content ‘of 'rriflarl:hnafid..'(;imolﬂ/é frrotein)
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TABLE 4. Variations in the level of nicotinamide adenine rucleotides in mitochondria Jrom control tissue .
' " Untreated Dogs® _ Treated Dogs® .
- 3 - 8 = M. 7 - s 12
Initial content . 6.30 6.79 5.86 7.51 5.3¢ | - 6.54 7.96 6.99
B i ). G) 3) - (4) ) ®) @) - @)
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- - After-incubation 6.39 5.42 C 4.04 5.93 5.32 6.2z 7-82 7.00
Ga) ) @) @) ) ) @) (2)

Values (umoles/g protcin) are mcans with number of dogs in parcathcscs.

nary artery. 1 Substrate in the incubation mixture for ma

* Time (hr) after ligation of the descending coro-

from control myocardial tissue. The losses were higher
with B-hydroxybutyrate in the incubation mixture and
-increased in mitochondria from older infarcts. Mito-
chondria from dogs treated with the polarizing solution
Jost much less nuclcotides than those from untreated
animals (Table 5). NG
Potassium Coritent(Table 6)

- -

Control tissue. The amount of potassium found in
control mitochondria was from 1157 to 155 pEq/g pro-
tein. There was no change cither with nearby infarction
or with the treatment.

Infarcted tissue. A loss of mitochondrial potassium after
the occlusion of the artery was observed at 8 and at 12
hr. The trcaunent with polarizing solution maintained
higher levels of mitochondrial potassium and this eflect
was more remarkable at 12 hr.

~

Electrocardiographic Records

]nj.uly signs (clevation of RS-T) appcared in all the
30-min records from both groups of dogs, treated and

ic
untreated, included in this work. Necvertheless, ST-
scgment displacement and Q waves were less prominent
in the electrocardiograms of dogs treated with the polar-
izing solution and taken 4, 8, and 12 hr after the arterial
occlusion.

Low content of nicotinamide nucleotides and potas-
sium in mitochondria and low P/O values always coin-
cided with abnormal clcctrocardiographic signs. Of the
three values, the lowering of the P/O ratios appeared to
be more related to such clectrocardiographic alterations.
However, some dogs showed abnormalities in the eclec-
trocardiographic pattern, whereas the biochemical
values were Jike those in the controls.

DISCUSSION

Mitochondria isolated froin the anterior wall of the
left ventricle after the ligature of the antcrior descend-
ing coronary artery, and incubated cither with 8-
hydroxybutyrate or succinate, showed an impaired
phosphorylating efficicnecy soon after the occlusion of the
vessel in dogs recciving only glucoese. The P/O values
measurcd with g-hydroxybutyrate as a substrate pro-
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.gressively decreased and reached zero at 12 hr, whereas
with succinate they were slightly lower than the control
“and remained roughly the same along the first 8 hr,
then approached zecro around the i12th hr. This differ-
ence could be due partdy to the fact that the function of
the respiratory chain linked to the oxidatiom of succi-
nate was not affected during the 12 hr of the experiinent,
since oxygen consumption values similar to those ob-
scrved with mitochondria from control tissuc werc
maintained. On the other hand, the blockzge of the
respiratory chain which appecared when S8-hydroxybuty-
rate was the substrate may have taken place at the
coenzyme level, being the result of the loss of the nico-
tinamide nucleotides. 1n this respcet, the exzent of the
NAN loss occurring during the manometric measure-
‘ment scems to be more important than the level de-
tected at the beginning. Therefore, the low P/O wvalues
obscrved in mitochondria from infarcted cacdiac tissue
scem to rcflect an carly defect in the phosphorylative
rcactions followed by a blockage of the respirziory chain
at the step of the nicotinamide nuclcotides.

According to Gamblce’s view (3) that there is an inter-
dependence between encrgy-coupled reactions and mito-

chondrial potassium rctention, it is probable that the
loss of this cation was also due to impairment of the
phosphorylative reactions. :

In full agreement with our previous results (2), the
dogs treated with the glucose-KCl-insulin solution
showed clectrocardiographic recovery signs in the car-
diac infarcted arca and the P/O wvalues mecasured in
mitochondria prepared from such tissue were like those
from normal heart tissue. In addition, we now find that
the mitochondria of this group of animals maintained a
normal potassium content and initial levels of nicotina-
mide nucleotides intermediate between those found in
the -control group and the untreated infarcted group.
These data show the protective action of the polarizing
solution. Morcover, thé mitochondria held their nucleo-
tides better during thé manometric mecasurcments. In
consequence, if the ligature of the artery leads to un-
coupling of the phosphorylation rcactions and a loss of
potassium and nicotinamide nuclcotides, the polarizing
solution protects the phosphorylative system and through
this the content of potassium and, less cfficiendy, that
of total NAN.

It appears that the level of nicotinamide nucleotides
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docs not depend on the cenergy-linked functions ex-
clusively, since oxidative phosphorylation could be car-
ried out cven with Jow levcls of total NAN (scc data for
succinate, 8-hr untrcated dogs and both substratcs, 12-
hr trcated dogs).

P/O ratios measurcd with g-hydroxybutyrate or
succinate in the recaction medium were similar and a
Jittle higher than thosc rcported with the polarographic
mcthod (2). Such findings, which othcrwisc do not
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INVESTIGACION EXPERIMENTAL

RELACIONES ENTRE LOS CAMBIOS B1OQUIMICOS
Y ULTRAESTRUCTURALES EN MITOCONDRIAS
DEL CORAZON CON INFARTO EXPERIMENTAL

Los HALLAZGOS de Sodi-Pallares y su
grupot? rclativos a Ja evolucién del in-
farto experimental del miocardio, en par-
ticular 1a recuperacién de la amplitud de la
contraccién muscular en el 4rea con infar-
t0,'® nos impulsaron a estudiar en el perro
los cambios bioguimicos que ocurrieran en
el tejido cardiaco después de ligar 1a rama
gescendente de la arteria coronaria izquier-
da. Nucstro interés inicial fue el de valorar
la eficiencia de las reacciones de fosforila-
cién oxidativa en mitocondrias preparadas
del miocardio dafiado;! sin embargo, como
1ambién se habia demostrado que era menor
el contenido de potasio intracelular’? y el de
coenzima I° y que habia una interdependen-
cia entre la fosforilacién oxidativa y la re-
tensién de potasio,® creimos que scria inte-
resante medir el contenido de este catién y
el total de nucledtidos de nicotinamida ade-
nina en nuestras preparaciones mitocondria-
les, para poder discutir dichos hallazgos en
funcién de otras alicraciones bioquimicas.®
A partir de los primeros datos comprendi-
mos la necesidad de estudiar los cambios
no sélo a un tiempo {ijo! sino a diferentes
horas después de la ligadura de la rama ar-
-
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terial? y recientemente hemos obtenido, ade-
mas, las imégenes al microscopio electrénico
de las prcparaciones: mitocondriales, en un
intento de establecer rclaciones entre las al-
teraciones morfolSgicas y los cambios bio-
quimicos.
METODO EXPERIMENTAL

Se utilizaron perros callejeros aparente-
mente normales de 14 18 kg de peso y
los cuales fueron anestesiados con nembu-
tal. Los animales recibieron continuamente
una solucién de glucosa al 109 a través dc
la vena femoral, a una velocidad de 3 ml/
min ¥y su respiracién se mantuvo con ubna
bomba Palmer unida a la cénula endotra-
queal. A través de una incisién lateral iz-
quierda del térax sc expuso el corazén am--
pliamente y Juego de abrir el pericardio se
disecé la arteria coronaria descendente iz-
quierda cerca de su origen y se fue ocluyen-
do gradualmente hasta cerrarla por completo
a los 30 minutos. Los trazos eclectrocar-
diogrificos unipolares se tomaron a través
de un electrodo indiferente conectado a la
terminal central ¥y un clectrodo de cexplora-
cién colocado sobre distintos puntos del cpi-
cardio de la pared anterior del ventriculo
izquierdo ¥ se registraron tanto a los 30
minutos después de la ligadura total de la
arteria como a los 5 minutos antes de ¢x-
tracr el corazén del animal. Los perros fue-
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ron sacrificados a las 12 horas en una pri-
mecra scric de experimentos y 30 minutos,
4, 8 y 12 horas después cn las Gltimas scries,
sicmpre y cuando - Jos trazos clectrocar-
diogrificos dc los primcros minutos’ hu-
bicran mostrado signos de infarto. Sc usa-
ron dos porciones del ventriculo izquicrdo,
una fuc la mayor parte dc la parcd antcrior
(tejido con infarto) y la otra la porcién
supcrior de la parcd postcrior, cuyo trazo
clectrocardiogrifico fuc normal en todos los
casos (icjido de controt). Las mitocondrnas
se aislaron dc acucrdo con ¢l método de
Hagihara modificado! y la pastilla mitocon-
drial sc obtuvo al centrifugar cl sobrena-
dante, librc de restos cclulares y de niicleos,
durante 7 minutos a 7,000 x g. Al finali-
zar, Jas mitocondrias fucron resuspendidas
cn una solucién dc manitol, sacarosa, tris-
(hidroximetil)aminomctano y ctilenodiami-
notctracctato, a pH 7.4,

En Ja primcra scric de cxperimentos los
cambios cn la concentraciébn dec oxigeno sc
midicron polarogrificamente con ¢l electrodo
dc Ciark. El indice dec control respiratorio
sc calculé como Ja rclacién entrc la vcloci-
dad del consumo de oxigeno después y antes,
respectivamente, de la adicidn de adeno-
sina difosfato (ADP) al mcdio dc incu-
bacién dc las mitocondrias y para cstable-

_ ccr la rclacion entre Ja adenosina trifosfato

(ATP) sintctizada y ¢l oxigeno consumido,
s¢ determiné ¢l ATP como glucosa-6-fos-
fato.? .

En las scriés posteriores la cifra del con-
sumo dec oxigeno se obtuvo manométrica-
mente. La relacién P/O fuc establecida de
los valores del fosfato inorgdnico y del oxi-
geno consumidos.? El contenido de nucledti-
dos totales de nicotinamida adcnina se de-
termind con el espectrofluorémetro Aminco,
por cl método de Lowry y colaboradores!®
¥ las lecturas corregidas sc refiricron a mues-
tras que contcnian 1, 2 y 3 milimicromo-
les de nicotinamida adcnina dinucledtido®
(NAD). El potasio mitocondrial s¢ valordé
por fotometria de flama despudés de digerir
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0.5 ml. dc la preparacién mitocondrial con
HNO3; y HC10,4.2 Las protcinas se determi-
naron por ¢l método de FFolin-Ciocalteu’® cn
preparaciones solubilizadas con la adicién de
desoxicolato de sodio.

‘Para cl cstudio ultracstructural del miscu-
Jo cardiaco sc tomé un cilindro dc tcjido del
Arca con infarto y dc la dec control, respec-
tivamente, con un sacabocado nidimero 3/16,
tan pronto como ¢l corazén sec habia ex-
traido del perro. Cada cilindro se colocd
inmcdiatamente cn una solucién al 6.25%%
de glutaraldchido cn amortiguador de fosfa-
tos!® y se corté en fragmentos pcquceiios de

‘aproximadamente 1 mm3. La fijacién sc

prolongé por 90 minutos ¢n ¢l glutaralde-
hido a 4° y luego quec las mucstras se la-
varon con dos cambios dc amortiguador de
fosfatos sc postfijaron?? durante una hora cn
tetréxido de osmio al 19%. Posteriormente
los tejidos se deshidrataron cn soluciones de
alcohol ctilico de concentracidn progresiva-
mente creciente, s¢ incluycron'! en Epon
812 y sc cortaron cn cl ultramicrotomo Por-
ter-Blum MTI1. Finalmente, Jos cortes se
montaron cn rejillas de cobre, sc tificron con
solucién dc citrato de plomo'* y s¢ cxami-
naron con ¢l microscopio clectrénico Carl
Zciss EM9. Por su parte, las mitocondrias
sc trataron cn forma scmcjante, inmediata-
mente después de ser obtenidas por centri-
fugacion diferencial.

RESULTADOS -

PRIMERA SERIE. Mitocondrias aisladas

del tcjido cardiaco 12 horas dcspués de la

oclusién experimental de la arteria corona-
ria izquicrda descendente.?

Perros sin injarto experimental

Las preparaciones de mitocondrias hechas
de corazones de perros somctidos a todas
las condiciones expcrimentales excepto que
no se ligd la rama coronaria, mostraron in-
dices de control respiratorio de 2.6 a 6.4
(4.920.3) (promecdio == crror estindar)
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con bceta-hidroxibutirato como substrato y
dc 1.6 a 5.2 (3.3=2-0.6) con succinato. Las
rclaciones P/O medidas como glucosa-6-fos-
fato/oxigeno, fucron dc 1.43 a 2.88 (1.92
=+0.10) con bcta-hidroxibutirato y de 1.12
a 1.99 (1.48=-0.14) con succinato.

Perros con infarto experimental

- Las preparaciones mitocondriales fucron
tanto dcl tejido con infarto como dcl tcjido
aparcntemente normal del mismo corazén.

Mitocondrias del tejido de control. Los
indices del control respiratorio fucron de 1.9
a 4.6 (3.3+0.8), de 2.1 a 4.6 (3.3=x=0.7) y
de 1.0==0.0, con beta-hidroxibutirato, succi-
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nato y dinucluédtido reducido de nicotinamida
adcnina como substratos, respectivamente.
Las rclaciones glucosa-6-fosfato/oxigeno va-
riaron dc 1.45 a 2.02 (1.77=%=0.17),dc 1.45
a 1.67 (1.59+0.07) y dc 0.75 a 1.28 (0.99
=0.16) para cada uno dc los substrajos, cn
cl orden mencionado. .
Mitocondrias del 1cjido con infarto. Los
indices dcl control respiratorio no fucron
mayores de 1 y no hubo sintesis de ATP
durantec )a oxidacién dc Jos substratos a juz-
gar por la rclacién P/O gque rcsulté de cecro.
La figura 1 muestra Jos trazos clectro-
cardiogridficos de la pared anterior del ven-
triculo izquicrdo a los 30 minutos y a las
12 horas de la oclusién arterial, respectiva-

Fic. 1.

de la rama coronaria izquierda descendente.
con cl clectrodo de Clark durante Ja

Tejidos normal | Infarto noemal | Inforfte
CR 3.3 - 1.0 -2 1.0 -
/o 202 [ 167 °

Substrotos| p-hidroxibutireto succinoto .

Trazos clectrocardiograficos tomados en los puntos marcados 1 a 6 de 1a pared
anterior del ventriculo quu_i:rdo del perro, a los 30 minutos ¥ a las 12 horas de la oclusién

Las gréficas de la parte inferior sc obtuvicron
incubacidn respectiva de mitocondrias de la zona

normal (linca continua) y de 1a zona con infario (linca de puntos ¥ rayas) con beta-hidroxi-

butirato_(irazos de la izquierda) y con succinato (irazos d= la derecha). 1 S
bla se muestran los valores del indice del control respiratorio (CR)

las _adicionzs. En la 1a

l.as flechas indican

y de la relacién glucosa-6-fosfato/oxigeno (P/0O), con uno y otro substrato,

~
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mente. En los registros se notan signos de
lesién, de nccrosis y de isquemia (segmento

RS-T clevado, Q profunda y T ncgativa,,

respectivamente). Los trazos del consumo
de oxigeno sc obtuvicron con cl electrodo de
Clark acoplado a un rcgistrador, durantec Ja
incubacién de 0.2 ml de la preparacién mi-
tocondrial (2 a 5 mg dc proteinas) en 3 ml
de medio de reaccidn (manitol, sacarosa,
tris (hidroximetil)aminometano, KC1 y fos-
fatos de sodio, pH 7.2) y con 5 micromo-
les de DL-beta-hidroxibutirato (trazos de la
izquicrda) o de succinzato (trazos de la dere-
cha). La velocidad del consumo de oxigeno
aumenté notablemente en las mitocondrias
del tcjido de control al agregar el substrato
y sobrec todo ¢l ADP y no hubo respuesta
en el caso de las mitocondrias aisladas del
tejido con infarto.

SERIES POSTERIORES. Milocondrias pre-
paradas del corazén, 30 minutos, 4, 8 y 12
horas después de la ligadura de la arteria
coronaria izquierda descendente.?

8o )
— &0
T ]
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S 20 .
°© 2 P 3 8 10 12
hr

Fig. 2.- Promedio de las veclocidades de consumo

de ox{geno de ritocondrias de corazdn de perro =

preparadas a diferentes tiempos despuée de la - -
©clueidn de la arteria coronaria descendente; Area
controtQy drea con infarto @ . Tambiés catin -
incluidas las velocidades para milocondrias de anl
males clectrocutados (D y con 1a operacién Quirdr=-
gica simulada € . El sustrato en la meczcla de in~-
cubacién fue beta~hidroxibutirato.

~
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FiG. 3. Promedio de las velocidades dec con-
sumo dc oxigeno de mitocondrias de corazén de
perro. Las mismas condiciones que en Ja figura
2, excepto quc el substrato fue succinato,

3
2
o
1
o =2 P € 8 10 12
hre
Fi1G6. 4. Promedio dc las relaciones P/O dc mi-

tocondrias de cor: n dec perro con beta-hidroxi-
butirato como substrato. Los simbolos correspon-
den a aquéllos de la figura 2

Perros con infarto experimental

Mitocondrias del tejido de control. 1.a
velocidad promedio en el consumo de oxi-
geno de las mitocondrias del tejido de con-
trol de diferentes corazones a lo largo de
12 horas después de la ligadura arterial,
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varié de 26 a 52 milimicroitomos de oxige-
no por minuto por miligramo de¢ protcina,
cuando cl beta- hidroxibutirato fue ¢l subs-
trato (Fig. 2) y dec 64 a 84 con cl succinato
(Fig. 3). El promedio de las relaciones P/O

3
¥
2
’
Yo
1
o 2 a 6 8 10 12
hr
Fic. 5. Promedio de las relaciones P/O de

mitocondrias de corazén_d:
como substrato. Los simbo!
aquéllos de la figura 2.

fro con succinato
os corresponden a

|
e o
s
E
2
=
= 2
—— —r ¥ e —
o 2 4 -3 B 10 12
hr
Fi1G. 6. Promedio del contenido inicial del 1o0-

tal de nucleétidos de nicotinamida_ adcnina en
mitocondrias de corazdn de perro. lLos sirnmbolos
corresponlen 1 aquéllos de la figura 2.
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Fi1c. 7. Promedio del contenido de potasio en
mitocondrias dec corazén de rro. Los simbolos
corresponden a -aquéllos de Ja figura 2,

se mantuvo entre 1.92 y 2.41 con cl beta-
hidroxibutirato (Fig. 4) y cntre 2.16 y 2.38
con el succinato (Fig. 5). El contenido ini-
cial dcl to1al de nucleétidos de nicotinamida
adcnina cn Jas mitocondrias fue de 5.50 a
6.86 micromoles por gramo dc protcinas
(Fig. 6) y disminuyé ligcramente cn el pe-
riodo dec equilibrio de 10 minutos y también
después de 20 minutos de incubacién a 309
cn ¢l aparato de Warburg. Los promedios
del potasio contenido en las prcparaciones
mitocondriales fueron de 3117 a 155 micro-
cquivalentes por gramo dc protecina (Fi-
gura 7).

Mitocondrias del tejido con infarto. Las

. mitocondrias preparadas del tejido con in-

farto e incubadas con beta-hidroxibutirato
(Fig. 2) consumicron menos oxigeno que
las del tejido de control desdc la octava hora
de 1a oclusidn arterial y pricticamente nada
a las 12 horas. En contraste, cuando las mi-
tocondrias de las mismas prcparaciones se
incubaron con succinato la velocidad del
consumo de oxigeno se mantuvo la misma
en todas las muestras (Fig. 3). Por lo que se
rcficre a las rclaciones P/O, los valores ob-
tenidos fucron bajos desde los 30 minutos
después de la oclusién tanto con uno como
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con otro substrato; sin embargo, ecn cl'caso
del hidroxibutirato cl descenso fuc. progresi-
ivo cn las mucstras posteriores (Fig., 4),
micntras que con cl succinatlo las rclaciones
duranic Jas primcras ocho horas s¢ mantu-
vicron scmcjantes a las medidas a los 30
minutos (Fig. 5); al final, cn ambos casos,
no hubo fosforilacién’ en las preparacioncs
dec las 12 horas. La cantidad de nuclcétidos
totales de nicotinamida adcenina (Fig. 6) en
las mitocondrias dcl tejido con infarto fuc
mcnor que cn las del tejido de control a las
4 horas y bajé notablementc en las mues-
tras de las 8 y de las 12 horas. Ademés,
tas mitocondrias del miocardio con infarto

. durante la incubacién en el aparato ‘de
Warburg pcrdicron un porcentaje miés alto
de estos nucledtidos que las preparadas del
tcjido de control y esta pérdida fue mayor
cn los infartos de mas larga duracién.z El
potasio mitocondrial (Fig. 7) disminuyé en
las preparaciones de las 8 horas y todavia
més a las 12 horas.

Cambios ultracstructurales de las células
del miocardio

Tejido de control. La ultracstructura de
las células del tejido cardiaco normal fue
muy similar cn Jas prcparaciones obtcnidas
dc difcrentes perros a los diversos ticmpos
dcspués de la ligadura de la rama coronaria.
Los datos mas rclevantes s¢ mencionan a

continuacién. Las miofibrillas en su mayoria.

s¢ cncontraron scmicontraidas con desapa-
ricidn virtual de las bandas 1. Los espacios
intermiofibrilares cstaban ocupados por mi-
tocondrias y clementos del sistema sarcotu-
bular. Las mitocondrias en los espacios in-
termiofibrilares cran alargadas y de Jongitud
mas o0 menos semcjante a la del sarcémero;
Ias que ocupaban Jos espacios paranucleares
¥ subsarcolemales también cran numerosas y
de muy diversa forma y tamano. Estos or-
ganclos mostraban su matriz modcecradamen-
te densa, conteniendo algunos grianulos y sus
crestas se¢ observaban orientadas paralela-
mente entre si. Abundaban grinulos de glu-

~
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cégeno en las miofibrillas, en los cspacios
intermiofibrilares y sobre todo alrcdedor de
Jas mitocondrias (Fig. 8). )

Tejido con infarto. En cada caso sc procu-
rd tomar la mucstra con infarto de la regién
que mostraba cambios® clectrocadiogrifi- -
cos peculiares de esta lesién; sin ecmbar-
go, las altcraciones ultracstructurales obscr-
vadas no fucron sicmpre semejantes entre
si en los pcrros correspondientes a ticmpos
iguales después de la oclusidn arterial ni
tampoco se noté que los dafios fucsen pro-
gresivamente mayores a lo largo del tiempo.
En otras palabras, hubd preparaciones del
tejido infartado cuya apariencia cra similar
a la del tcjido normal y cuyos valores P/O
fueron altos, tanto en_las muestras de 30
minutos como en las dec los tiempos poste-
riores y hubo otras con valores P/O bajos
y aun dec ccro, quc mostraron notables alte-
raciones intracclulares scmcjantes entre si
independicntemente del tiempo transcurrido.
Por esto no es ficil en nuestra scric descri-
bir alteraciones caracteristicas de cada uno
de los tiempos escogidos. En gencral, las
alteraciones intracclulares obscrvadas fueron
las siguicntes: desgarramiento Jongitudinal
y transversal de las miofibrillas; dilatacién
de los espacios intermiofibrilares y dcsapa-
ricién de los grinulos de glucSgeno; hincha-
miento de las mitocondrias, pcérdida de la
densidad de su matriz, auscencia de los gra-
nulos intramitocondriales y desorganizacién
y fragmentacién de las crestas, Llamé la
atencién la presencia en el intcrior de algu-
nos de estos organelos de grupos de crestas
agrupadas en haces con una aparcntic con-
scrvacién de su arquitectura y en otros la
presencia de uno o dos grumos densos, asi
como también ¢l vaciamiento parcial o total
de algunas mitocondrias (Fig. 9).

Cambios uliraestructurales de
las mitocondrias aisladas

Las mitocondrias dec nuestras prcparacio-
nes no eran en su towalidad semejantes entre
si en cuanto a su apariencia, sobre todo
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Fi16. 9. Aspecto al microscopio electrdnico de una porcién de célula cardiaca decl miceardio ventricular del 4rea con infarto. a Ias
doce horas de In ligndura de la rama coronaria descendente anterior en el perro. Se observa descarramiento de las miolibrillas (cabezas de

flecha) y amplios espucios entre clias (EE); las mitocondrias muestran sus_crestas fragmentadas (M) y cn algunas_se destaca la tendencia
de las crestns n agruparse en haces (flechas); no se ven granulaciones citoplasmaéticas ni intramitocondriales. % 17,500.
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Fic. 10. Aspecto al microscopio electrénico de las mitocondrias separadas del tejido cardiaco normal del perro. Se observan mitlocondrias
condensadas (C) y en ovillo (O) asi como vacuoladas (Vc¢), que son las que predominan. x 7,000, R
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FiG. 11. Aspccto al microscopio clectrénico_de Ias mitocondrias del miocardio ventricular del drea con infarto, después de doce horas de Ia
oclusién de Ia rama coronaria cn ¢l perro. Son notables las alleraciones de ¢stos organclos v Ia heterogeneidad de su apariencia. Se arre-
. cian mitocnndrias vacias (V), con cristalisis (C1) y con crestas agrupadas en haces (Ch), x 7,000,
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aquéllas dcl tcjido con infarto, por lo que
fuc nccesario clasificarlas arbitrariamcente
cn Jos siguientes tipos:

Mitocondrias condcnsadas: las quc tenian
las crestas muy cercanas cntre si de manera
quc la cimara intcrna cra casi impercepti-
ble (C cn la Fig. 10).

Mitocondrias ¢n ovillo:
quz las antcriorcs y con sus crcstas scpara-
das por cstrechos cspacios claros (Ve ¢cn Ja
Figura 10).

Mitocondrias en ovillo: aquélios cn que
sus crestas aparccian dispuestas en ovillo y
no tenian mcmbrana cxterna o bicn é&sta se
cncontraba a su alrededor claramente scpa-
rada (O ¢cn la Figura 10).

Mitocondrias con cristolisis: las que apa-
recian llenas de un material reclativamente

aquéllas en que

todos Jos perros y la distribucién porcentual
dc los diversos tipos mitocondriales (Tabla
1), en namcros rcdondos, resulté como si-
guec: vacuoladas 80, tipo en ovillo 10, con-
dcnsadas 'S, con cristolisis 2 y vacias 2. No
s¢ cncontraron mitocondrias quc tuviesen en
su interior haces dc crestas. Estas prepa-
raciones del tejido normal con beta-hidroxi-
butirato como substrato mostraron un con-
sumo de oxigeno de alrededor dec 50
milimicrodtomos por minuto y por miligra-
mo dc protcina y relaciones P/O del orden
de 2.5,

Mitocondrias del tejido con infarto. La
distribucién de los tipos mitocondriales asi
como los valores del consumo de oxigeno y
de la relacién P/O a los 30 minutos des-
pués de 1a oclusién arterial resultaron seme-

Tapia 1
\'ALOEI{_‘EE PROMEDIO DE LA DISTRIBUCIONAPOORCEN'I'UAL DE 1.OS DIFERENTES

0OS DE MITOCONDRIAS ENCO

EN LAS PREPARACIJONES

TR S
DEL TEJIDO MIOCARDICO NORMAL

. Tipos Simbolos . s 12
(horas después de la oclusién arterial)
Condensadas C 8 2 3 5
Vacuoladas Ve 81 73 84 8S
En ovillo o 10 15 9 8
Con cristolisis [ o] 1 4 2 |
Con haces de crestas Ch [ - o o o
Vacias v o € 2 1
Mucstras estudiadas 3 4 - s 4
Mucsiras incluidas en
el promedio 3 4 s 4

Ver figura 10.

denso a los elcctrones, tal vez formado por
fragmcntos de crestas (C1 en la figura 11).
Mitocondrias con haces de crestas: agué-
llas que contenian uno o dos manojos muy
peculiares de crestas (Ch en Ja Figura 11).
Mitocondrias vacias: verdaderas vesiculas
sin mdis estructura que algunos restos de
crestas (V en la Figura 11).
Mitocondrias del tejido normal. 1.as pre-
paraciones de mitocondrias del tejido nor-
mal (Fig. 10) fucron muy parecidas en

~

jantes a los encontrados en el tejido normal
(Tabla 2). Con relacién a las preparaciones
hechas a las 4, 8 y 12 horas, respectivamen-
1e, sdlo se incluyen en la Tabla 2 los datos
morfolégicos de aquélias con valores P/O
mecnores de 1.5 y se descartan las que mos-
traron cifras cercanas a 2.5 ya que ¢n estas
Gltimas la distribucién porcentual de los ti-
pos mitocondriales ‘fue parecida a la de las
las preparaciones del tejido normal. Asi,
a las 4 horas, en uno dec cuatro cxpcrimen-



3o e | S e S S ———

INFARTO EXPERIMENTAL : 707

‘FabLa 2

VALORES PROMEDIO DE LA DISTRIBUCION PORCENTUAL DE LOS DIFERENTES ~

TIPOS DE MITOCONDRIAS ENOCONTRADOS EN LAS PREPARACIONES
DEL TEJIDO MIOCARDICO CON INFARTO . N

Tipos Simbolos 1% 4 8 .7
(horas después de la oclusién arierial)
Condensadas C 4 1
Vacuoladas Ve 85 54 36 40
En ovillo 9 13 2
Coa cristolisis Cl 1 22 27 - 23
Con haces de crestas Ch [+ 25 16
Vacfas . 1 13 9 17 .
Muestras estudiadas : 4 1 3 3
Muestras incluidas en
el promedio® 4 4 5 4

® Con excepcién del

1% hora, en los demés grupos sélo se incluyeron las mues-

grupo_de
tras mitocondriales cuyo fndice P/O fue menor de 1.5,

Ver figura 11.
20s, cl porcentaje dec mitocondrias vacuoladas
fue mcnor que en el tejido sin dafio, aumen-
taron las que mostraban cristolisis y las va-
<ias y aparecicron las quec tenfan cn su in-
tcrior crestas agrupadas en haces siendo la
relacién P/7O de 1.5, A las ocho horas, en
1res de cinco experimentos, se vieron todavia
menos mitocondrias vacuoladas y mayor
numero de Jas otras formas. Estas prepara-
<iones tuvicron relaciones P/O ccrcanas a
<ero ¥ una velocidad de consumo de oxige-
no menor de 19. Finalmente, en tres de cua-
1ro experimentos hechos a las doce horas de
1a ligadura, €l consumo de oxigeno fue cero,
<l porcentaje de mitocondrias destruidas au-
mentd y las pocas formas reconocibles mos-
1raron cambios como las de las ocho horas.

DISCUSION

Las mitocondrias del corazén normal del
pcrro mostraron, con la adenosina difosfato
como aceptor, indices de control respiratorio
de 1.9 a 6.4 con beta-hidroxibutirato y de
1.6 a 5.2 con succinato, medidos con el elec-
trodo de oxigcno. Estas cifras se parccen a
las obtenidas también en cl polarégrafo con
mitocondrias de corazén de bucy incubadas
con piruvaio’¢ y si se toman como criterio

~

para aprecciar la conscrvacién de la estruc-
tura mitocondrial,? significan que las mito-
condrias del tejido normal 'se obtuvieron
satisfactoriamente prescrvadas. El hecho de
que los valores de la fosforilacién oxidativa
con el succinato resultaron scmejantes a los
obscrvados con hidroxibutirato cuando se
usé la técnica manométrica y se midié el
fosfato inorgénico, se debe a que los valores

P/O medidos en esas condiciones revelan Ja
fosforilacién que ocurre no solo a nivel del
succinato sino también a nivel de los subs-
tratos subsccucntes Qque se forman a través
del ciclo de Krebs.?” En cuanto al dinucleé-
tido reducido de nicotinamida adenina es
probable que no haya sido oxidado a través
de la cadena respiratoria, pues la adicién de
ADP no estimuld ¢l consumo de oxigeno y el
valor P/O, que resulté cercano a la unidad,
fue menor que ¢l que se encontrd cuan-
do solo se oxidaban los substratos cnddge-
nos.! Lchninger®s ha sugerido que este dinu-
cleétido reducido es oxidado a través dec un
sistema mitocondrial externo no acoplado a
la fosforilacidén y qQue solamente tiene acceso
al sistema interno cuando sc altera la per-
meabilidad mitocondrial, cosa que no parece
que ocurra en nuestras preparaciones del
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‘tejido normal en vista de los bajos valores
P /O obicnidos con cste substrato. Por lo que
sc rcficre a la velocidad de consumo de oxi-
gcno de las mitocondrias en presencia de
ADP y dc beta-hidroxibutirato o de succina-
to, la respiracién fuc mayor, casi ¢l doble,
con csic iltimo compucsto. Strickland!? cn-
contré una rclacién scmcjante entre ambos
substratos con mitocondrias de higado de ra-
ta y Smithl¢é obtuvo, con mitocondrias dc
corazén de bucy incubadas con succinato,
cifras que sc parccen a las mostradas por las
mitocondrias del corazén del perro. La dife-
rencia en la velocidad del consumo de oxi-
geno depende de la actividad del complejo
enzimético responsable de la oxidacién del
substrato corfespondiente?® y también de la
permeabilidad particular de Jas mitocondrias
para cada substrato.? .

No hubo difcrencias entre las mitocon-
drias preparadas de la pared posterior del
ventriculo izquicrdo ya fuesen de corazones
en los que sc ligé la rama coronaria o de
aquéllos sin ligadura arterial.

En cuanto a las mitocondrias aisladas del
tejido con infarto, algunas de las alteracio-
nes bioquimicas estudiadas se empezaron a
manifestar desde los treinta minutos de la
ligadura de Ja artcria (valores bajos de P/0),
otras aparecicron a las cuatro horas (dismi-
nucién del contenido de nucleétidos de nico-
tinamida adenina) y Jas demés a las ocho
(bajo consumo de oxigeno con beta-hidroxi-
butirato y pérdida del ion potasio) y a las
doce horas (pérdida del control respirato-
rio); sin embargo, ninguno de los wvalores
estudindos s¢ modificé significativamente tan
temprano como los trazos electrocardiogré-
ficos.1? Es interesante observar que el siste-
ma dc oxidacidn del succinato se mantuvo
funcionalmente activo al mcnos hasta doce
horas después de la oclusién arterial que fue
el tiempo miximo de estudio y en cambio el
sistema que participa en la oxidacién del
beta-hidroxibutirato se deterioré desde la
octava hora. Si sc acepta quc 1a cadena respi-
ratoria es comiin cn su parte final para am-
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bos tipos de substratos, estos hallazgos signi-
fican guc los componentes del complejo 1,6
o las dcshidrogenasas asociadas al NAD o
el contecnido de NAD y NADH, sc picrden
o sc inactivan, unos o todos, a la vcz o se-
paradamente, cn tanto que los complcjos 11,
111 y 1V y las concentraciones de cocnzima
Q y dc citocromo ¢ se manticnen suficientes
desde ¢l punto de vista funcional. El hecho
de que Jos valores de la fosforilacién sc
hubicsen visto mis bajos desde el principio
dcl infarto cuando sc midicron con.hidroxi-
butirato como substrato y sc hubiesecn man-
tcnido normales cn las primcras ocho horas
cuando se estudiaron con succinato, posible-
mente significa que el deterioro se jnicia en
el primer sitio de fosforilacién o sca cntre el
NAD y la flavoproteina, mientras se conser-
van activos hasta la octava hora el segundo
vy cl tercero, esto es, aquéllos entre el cito-
cromo b y el ¢ y entre el citocromo c y el
oxigeno. Finalmente, a las doce horas, estos
dos sitios también sc dafiaron a juzgar por
1a ausencia completa de fosforilacién en las
mitocondrias incubadas con uno u otro de
los substratos mencionados. En el caso del
hidroxibutirato, al decterioro del primer sitio
de fosforilacién se agregan los efectos del
dafio a nivel decl complejo I de la cadena
respiratoria, lo que cxplicaria el descenso
aparentemente progresivo de 1a relacién P/O
que se ve ¢n la figura 4 y que contrasta con
1a cvolucién de cstos valores en presencia
de succinato (Fig. 5). Por los datos obte-
nidos en el prescnte trabajo se puede postu-
lar que 1a alteracién de la cadena respiratoria
se debe principalmente a la pérdida de los
nuclestidos de nicotinamida adenina de
las mitocondrias de la zona del infarto, pér-
dida que aun sc¢ manifesté in vitro durante
el pecriodo de incubacién en el aparato de
Warburg. Por ultimo, Ia salida del ion pota-
sio parece scr una consecucncia inmediata
de la disminucién de los procesos de fosfo-
rilacién.4

Desde el punto de vista estructural, las
mitocondrias preparadas del tejido normal
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mostraron cn su mmayoria ¢l aspccto corres-
pondicnte al tipo ‘quc hemos llamado vacuo-
lado y tanto Ja relacién P/O comeo cl control
respiratorio y la velocidad del consumo de
oxigeno fucron semcjantes a los valores cn-
contrados por otros autorcs cn otlras cspe-
cics animalcs.

En las mitocondrias dcl tejido con infarto
las cifras dcl consumo dc oxigeno y de la
fosforilacién oxidativa fucron bajas cuando
las mitocondrias tenfan las crestas fragmen-
tadas. En cuanto a los haces de crestas quc
se vicron en ¢l interior de algunas mitocon-
drias dcl tejido con infarto parcce que cran
rcstos de estas formaciones que no sc habian
fragmentado, aunque también pudicra tratar-
se de estructuras rccién formadas en mito-
condrias previamente desorganizadas. A me-
dida que transcurrié ¢l ticmpo dcl infarto
no solo se acentud el grado de ruptura sino
quc aumenté el ndimero de las mitocondrias
danadas. En ¢l articulo de Ekholm y cola-
boradores,® publicado recientemente y que
se rcfiere a los efectos de periodos muy cor-
tos de anoxia, las preparaciones mitocondria-
les del corazén del perro dejan mucho-que
descar cn cuanto a homogencidad e inte-
gridad.

RESUMEN

Sc produjo una zona de infarto en la pa-
red anterior del corazdn del perro al ligar la
tama descendente de la arteria coronarnia jz-
quicrda. Las mitocondrias sc aislaron por
centrifugacién diferencial tanto del miocar-
dio con infarto como del tejido normal, trein-
12 minutos, cuatro, ocho y doce horas des-
pués de 1a oclusidon de la coronaria. En estas
preparaciones se determind el control respi-
ratorio, cl consumo de oxigeno, la fosforila-
cién oxidativa y Ja concentracién de nucled-
tidos de nicotinamida y de potasio. Adcemais
se observaron al microscopio electrénico.

En el miocardio dafiado la sintesis de ade-
nosina trifosfato concomitante al consumo
de oxigeno disminuyd desde los primeros mi-
nutos en las mitocondrias incubadas con hi-
droxibutirato ¥ llegd a cero a la duodécima

~
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hora. Cuando sc cmplcd como substrato el
succinato la fosforilacién oxidativa decay6
solo hasta después de la - octava hora. Se
sugicre que desde los primeros minutos se
dafa cl sitio de fosforilacién entre Jos nucle6-
tidos dc nicotinamida y las flavoprotcinas y
més tarde los dos restantes.

I.as mitocondrias aisladas ocho horas des-
pués de haberse provocado cl infarto con-
sumicron mcnos oxigeno que las prcparadas
del tecjido normal con el substrato beta-hi-
droxibutirato y a las doce horas ¢l consumo
pricticamente fue cero. Las incubadas con
succinato utilizaron una cantidad de oxigeno
similar a Jas dcl miocardio normal cn todas
las mcdiciones hechas en ¢l curso de las doce
horas del cxperimento. Se sugicre que la
parte inicial dec la cadecna respiratoria del
beta-hidroxibutirato se¢ cmpicza a deteriorar
a partir de la oclusién arterial y en cambio
sc conscrva activa la porcidn de la cadcna
quec ¢s comun a la dcl succinato.

En las prcparaciones mitocondriales co-
rrespondicntes a las doce horas de la oclu-
sién artcrial no hubo control respiratorio in-
dependicenterncente del substrato utilizado, 1o
que indica una gran alteracién de la cstruc-
tura mitocondrial.

La concentracién de nucleétidos de nico-
tinamida adcnina cn las mitocondrias del
miocardio con infarto bajé ligcramente a la
cuarta y notablemente a la octava hora, lo
cual cxplica el dcterioro obscrvado en los
sistemas de oxidacién en los quc participa
csta coenzima, como es la cadena respira-
toria del beta-hidroxibutirato, y la conserva-
cidén de los sistcmas en Jos que no estin
involucrados estos nucledtidos, como es cl
caso del succinato.

La concentracidén del potasio en las mito-
condrias disminuyé dcsde la cuarta hora y
alecanzd ¢l nivel mas bajo enire la octava
y 1a duodécima hora probablemente a conse-
cucncia de 1a interrupcién de los procesos de
fosforilacién oxidativa.

Las alicraciones ultraestructurales cobser-
vadas cn 1a célula cardiaca fueron la dilata-
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cién dc Jos espacios intcrmiofibrilares, ‘la
desaparicién de los grinulos de glucégeno,
1a ruptura dc las miofibrillas y ¢l hincha-
micnto de Jas mitocondrias con desorganiza-
cién y fragmentacién dc sus crestas y Ja
pérdida dc sus grinulos asi como la apari-

€ién de grupos de crestas agrupadas cn ha-
ces.

En las preparaciones de mitocondrias ais-
ladas dcl tcjido normal prcdominé cl tipo
vacuolado. Las formas con cristolisis y las
vacias abundaron cn las prcparaciones dcl
tcjido con infarto y se vicron ademis cn
éstas Jas quc mostraban haces de crestas,

En conclusién, las funciones mitocondriz—
les estudiadas se cncontraron deterioradas al
tiempo quc habfa una casi completa desor-
ganizacién de las crestas de estos organclos,
lo cual ocurrid sobre todo a las ochoy a las
docc horas después de Ja oclusiébn cxperi-
mental de la arteria coronaria en ¢l perro.

SUMMARY

-, An infarcted area was produced on the
anterior wall of the dog heart by the Jigature
of the left descending coronary artery. Mito~
chondria were isolated by differential cen-
trifugation from both the infarcted and nor-
mal myocardium at thirty minutes, four,
eight and twelve hours after the arterial
occlusion. Respiratory control, oxygen con-
sumption, oxidative phosphorylation, nicoti-
namide adenine nucleotides and potassium
content were determined in these prepara-
tions. Electron microscopic observations
were also performed.

The adenosine triphosphate synthesis
coupled to oxygen consumption fell after
the first minutes of infarction in the mito-
chondria incubated with hydroxybutyrate
and reached zero at the twelfth hour; how-
cver, with succinate the oxidative phospho-
rylation fall occurred only after the eighth
hour of the arterial occlusion. Tt is suggested
that the phosphorylation site between nicoti-
tinamide nucleotides and flavoproteins be-
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- comes dumaged since the first minutes and

latcr on the two others arc also involved.

Mitochondria jsolated cight hours after
the production of the infarct consumed less
oxygen with the.substrate beta-hydroxybuty-
rate than those prcpared from the normal
tissuc and at the twelfth hour the consump-
tion was zcro. With succinate the oxygen
consumption rate was similar in mitochon-
dria prepared from the normal and from
the infarcted tissues during the twelve hours
of the cxperiment. Jt is suggested that the
initial portion of the respiratory chain linked
to the oxidation of beta-hydroxybutyrate
begins to be damaged at the time the artery
is occluded while that segment of the chain
common to the system linked to thc oxida-
tion of succinate remains active.

No respiratory control was obscrved with
mitochondria prepared twelve hours after
the infarction irrespectively of the substrate
used mcaning that profound structural mi-
tochondrial alterations had occurred.

The concentration of the total nicotinami-
de adenine nucleotides in mitochondria from
the infarcted tissuc decreased slightly at the
fourth hour and remarkably at the eighth
hour and this could explain the failure of
the oxidative systems which need this coen-
zyme such as that for the beta-hydroxybu-
tyrate, and the preservation of those systems
where these nucleotides are not involved
like the onc for succinate.

The potassium concentration diminished
since the fourth hour and reached the lowest
level between the cighth and the twelfth
hours, probably as a consequence of the de-
cay of the oxidative phosphorylation pro-
cesses.

The ultrastructural alierations observed in
the cardiac ccll were dilatation of intermy-
ofibrillar spaces, disappecarance of glycogen
granules, rupture of myofibrils, mitochon-
drial swelling with disorganization and frag-
mentation of their cristae, lost of their gran-
ules and appecarance of bundles of cristae.

Th= vacuolated type of mitochondria pre-
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dominated in prcparations from normal tis-
sucs, Mitochondria with cristolysis and thosc

of the empty type were abundant in prepa- |

rations from the infarcted arca togcther with
mitochondria showing bundles of cristac.

In conclusion, the mitochondrial functions
were found impaired at the time in which
there was an almost complete rupture of the
cristac of these organclles and this occurred
namely cight and twclve hours after the ex-
perimental occlusion of the coronary artery
in the dog.

RESUME

Un infarctus antéricur fut produit dans le
cocur du chicn, par ligature de arigre coro-
naire descendante gauche. Les mitochondries
furcnt isolées par centrifugation différentie-
Ile du myocarde infarci ct du tissu normal,
trente minutes, quatre, huit et douze heures
aprés Vocclusion dc la coronaire. Dans css
préparations, on détermina le contréle res-
piratoire, la consommation d’oxygéne, Ja
phosphorylation oxydative ¢t la concentra-
tion du potassium ct des nucléotides de nico-
tinamide adcnine. Par ailleurs, on examina
css préparations au microscope €lectronique.

La synthése de 'adénosine triphosphate,
liéc a Y'utilisation d’oxygéne, diminua dés les

® premidres minutes de linstallation de 1'in-
farctus dans le mitochondries incubées avec
de Phydroxybutyrate. Ce fait est di proba-
blems=nt 2a des altérations précoces de la
phosphorylation associée au passage d’élec-
trons entre les nucléotides de Ja nicotinamide
et les flavoprotéines. Quant on employa
comme substrat du succinate, la phosphory-
lation oxydative continua jusqu®a la huitiéme
heure. La synthése de 'ATP tomba a zéro
vers la duozié¢me hcurc avec les dcux subs-
trats. Ces alterations tardives sont probable-
ment dues a 1'attcinte des autres niveaux de
la formation d’ATP. .

I.=s mitochondries du myocarde atteint,
isolées huit heures aprés Tinstallation de TMin-
farctus ou plus tard, consommeérent moins
d’oxygéne avec le substrat beta-hidroxybuty-

~
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rate, quc ceclles prélevées du tissu normal.
En rcvanche, dans tous les échantillons pré-
parés au cours de douze hecurcs d’obscrva-

~tion ¢n employant comme substrat du suc-
- cinate,

les mitochondrics du tissu  atteint
consomirent la méme quantijté d’oxygénc que
cclles du myocarde normal. La consomma-
tion d’oxygéne n'augmentait pas dans les
mitochondries prélevées douze hecurcs aprés
avoir produit I'infarctus, guand on y ajoutait
dc I’adénosince diphosphate, indépcndammecnt
du substrat employé. Par conséquent, dans
ces cas, le contrdle respiratdire était nul.

Le contenu des nucléotides de 1a nicotina-
mide adénine, dans les mitochondries du
myocarde infarci, diminua légérement a la
quatriéme hecure et, en mesure considérable,
a la huitigme. Ceci pourrait expliquer ja dé-
térioration des systémes d’oxydation qui uti-
lisent css cocnzymcs, tclle la voie suivie par
1c beta-hydroxybutyrate. Par contre,'activi-
té des systémes oil ces nucléotides n'inter-
vicnnent pas, par exemple, Ja voie d’oxyda-
tion du succinate, était bien conservée.

La concentration de potassium intramito-
chondrial diminua quatrc hcures aprés 1'ins-
tallation dec I'infarctus ct attcignit le niveau
le plus bas cntre la huitieéme heure ct l1a dou-
zigme. Cela s'explique probablement par I'in-
terruption des processus de Ja phosphoryla-
tion oxydative.

Au microscope électronique, on obscrva
notamment dilatation des espaces interfibri-
Ilaires, la disparition des granules du glyco-
géne, la rupture des miofibrilles, le gonfie-
ment des mitochondries avec desorganization
ct fragmentation de ses crétes, la disparition
des granules mitochondriales et la présence
de crétes, la disparition des granules mito-
chondriales et la présence de crétes groupées
cn faisccaux.

Dans les préparations de mitochondries
isolées du tissu normal, il y avait surtout des
formes mitochondriales dec type vacuolaire.
En rcvanche, dans les préparations du tissu
atteint. on vit apparaitre des éléments mon-
trant des crétes en faisccaux et on remarqua
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apparition dc mitochondrics avec cristolyse
ct de ccux dits vides.

En conclusion, cette recherche expérimen-
tale montra une détérioration de certaines
fonctions des mitochondries paralléle a la
désorganisation presque compléte des erétes
mitochondriales, particuliérement duans Jes
préparations obtcnues huit ¢t douze hcures
aprés V'occlusion de 1Martére coronairc anté-
ricurc gauche chez le chien.
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NiiRez, Rosamio, Eomunno Carva, Euisa BDuiones, axn Frr-
Nanpo Lérrz-Soriano. Nicotinamide cocnzymnes in Jieart and coronary
dlovd during myecardial infarction. Am. J. Physiol. 226(1):73-76.
1974.~—Nicotinamidc adenine dinucleotides were measured in
normal and infarcied dog cardiac tissuc and in arterial and coro-
nary sinus blood. Nyocardial infarction was produccd in the
anterior wall of the Jeft ventricle by ligating the descending coro-
nary artery. The damage was evaluated by epicardial cleciro-
cardjograms. Total dinuclcotides in normal cardiac tissuc (nmol/g
wcet wit) were NAD 676, NADH: 276, NADP 43, and NADPH,; 32,
and in arterial and coronary sinus blood (pmol/kg) NAD 35 and
NADH: 24. Cuncentrations of the four coenzysnes were lower and
the NADH:/NAT ratio was higher in infarcted than in nonin-
farcied tissue. No siatistically significant changes were observed
in the level and the ratio of these dinucleotides in the coronary
sinus blood afier occlusion of the artery. The steady Joss from the
myocardial infarcicd portion may be duc 10 a lcakage toward the
bloodstream with subscquent hydrolysis there and /or 10 the action
of a NAD glycohiydrolase whosc activity is disclosed in the damaged
tissue. Blood contains a similar hydrolase which.splits added di-
nucleotides.

nicotinamide adenine dinucleotides; NAD glycohydrolase; myo-
cardial ischemia; dog cardiac tissue

THE BLOCKADE of the respiratory chain detected in infarcted
myocardial tissuc soon aficr. the ligature of thc coronary
artery scems 10 be related to the loss of mitochondrial
nicotinamide adenine dinucleotides (6, 7). Govier (9) re-
ported a low cocnzyme 1 content in samples obiained 2 h
after coronary artery occlusion. In the present work all of
the nicotinamide adenine dinucleotides (NAD, NADH.,
NADP, and NADPH:) were mcasured scparately in cardiac.
tissue of dogs with acutec myocardial infarction. Whole tis-
suc was analyzed insicad of separated fraciions because the
distribution of the nucleotides is liable 1o undergo very rapid
changes during the process of 1issuc fractionation (10). Ow-
ing to the possibility that the loss of these cocnzymes might
be a result of their Jeakage into 1the bloodstream, NAD and
NADH: were also determined in blood samples taken from
the coronary sinus.

MATERIALS AND METHODS N
~

i Sixty-one mongrel dogs weighing lO'—23'kg were divided
into two groups: onc for the study of levels of nicotinamide
adenine dinuclcotides in normal cardiac tissue (normal
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hearts) and the other for thic study of the content of these
nucleotides in myoecardial tissue and in the coronary sinus
blood during the experimentally produced cardiac infarc-
tion (infarcicd hearts). .

Nourmal hearts. The hcart was excised from 26 dogs ancs-
thetized with intravenous pentobarbital (30 mg/kg). In 16
of these animals the organ was immediately perfused with
40 m) of cold 0.05 M nicotinamidc (Sigma N3376) in Ringer
solution injecied through both the descending and the cir-
cumflex branchces of the left coronary artery. The remaining
10 hearts were perfused with plain Ringer solution. Four
samples of the left ventricle, 1wo from the anterior wall and
two from the posterior, were taken from c¢ach heart. Manip-
ulations of thesc snmples and measurement procedures of
NAD, NADH. NADP, and NADPH: were identical o
1those described below undcer cardiac tissue samples.

Infarcted hearts. Thirty-five dogs were ancsthetized as de-
scribed above, and after irachceal inwubation positive-pres-
sure ventilation was maintained with a Palmer pump using
room air. The chest was opencd via a left intercostal inci-
sion, and the left descending coronary artery was occluded
near its origin in onc step.

Unipolar epicardial clectrograms were recorded by plac-
ing the cxploring clectrode on cight points of the anterior
aspect of the left ventricle (5). The exploring clccirode was
a cotton pad wct in warm isotonic NaCl solution, attached
to the 1ip of the Jead, and sirectched and twisted at its free
end. One sct of records was taken 30 min afier the arterial
occlusion and the other 5 min before removing the heart
The degree of the injury was estimatced roughly by the mag-
nitudc of the RS-T segment displacement. Subendocardial
and transmural neccrosis were revealed by patholegical Q
waves (wide and slurred) and QS complexcs, respectively.

Cardiac tissue samples. Tawenty-seven of these 35 dogs were
divided inwo four groups and sacrificed 30 min, and 2, 4,
and 48 h, rcspectively, after the coronary artery ligation. A
removable ligature was placed’in the artery of the animals
of the first three groups, and a permancnt bond was put in
thosc 10 be kept alive 48 h. In this group i1hic chest was
closed by suturing, and the animals were maintaincd anecs-
thetized with sporadic intrapcritoncal injections of pento-
barbital (128 mg). All dogs reccived a continuous intra-
venous infusion of 10 S% glucose solution (1.5 ml/min).

Thosc arcas on the left ventricle which showed the great-
est clectrophysiological damage were marked with colored
pins. Immediately after the heart was removed, the coro-
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nary lig;uuri. was Joosened and the left ventricle wias per-
fused with the nicotinamide solution. The time clapsed be-
tween removal and perfusion was Jess than 2 min. Hearts
from dogs sacrificed 48 h after the coronary occlusion were
not perfused. Two samples of damaged 1issuce (infarcted
tissuc) and two from the posterior wall near 1the ventricular

basc (noninfarcied tissue) were 1aken from cach heart by |

using a 1.27-em cork borer. Each sample consisted of ap—
proximaicly 500 mg of tissuc wet weight.

Tissuc extracts 10 measure free and bound nicotinamide
adenine dinucleotides were preparced following the method
of Lowry, Passonnean, Schulz, and Rock (11). One sample
of infarcted and onc of noninfarcted tissue were immersed
inincdiately in separate cooled weighing bottles containing
4 ml of acid medium (0.0] M H.SO, and 0.1 M Na:SO,).
Two analogous samples were treated similarly with alkaline
medium (0.02 N NaOHR with 0.5 mM 1L-cysicine-HCI,
freshly madc). The tissuc fragments were cut with scissors,
and the flasks were weighed again 1o determine the exact
amount of the sample. The time clapsed between the re-
moval of the heart and the immersion of the tissuces in the
media was around 3 min. Finally, cach specimen was sus-
pended in 20 m! of medium. n-Hcxane was addcd 1o the
extracts before centrifugation (3).

The technique of Lowry, Roberts, and Kapphahn (12)
was utilized in the mcasurement of the dinuclecotides.

Coronary sinus blood samples. In the remaining cight dogs,
one cathcter was introduced into the femoral artery and
another into the coronary sinus via the right auricle. The
tip of the sinus catheter was placed at the outlet of the vena
cordis magna (8), and the position of the catheter apex was
verified manvally during the experiment. Heparin (500
U/250 ml) in 10% glucose solutlion was continuously in-
fused through thec sinus cathcter (60 ml/h). Artcrial and
withdrawn
simultancously. The first sample was 1aken before the ar-
terial occlusion, and others were taken 2, 4, 9, and 23 h
after the descending branch of the 1¢ft coronary artery was
occluded.

At lcast 10 ml of blood wcre allowed 1o drain by the
catheters before specimens approximately cquivalent 1o 250
mg were taken with 1 ml medical-type syringes fitted with
Chaney adaptors (Hamilton Co.). Two blood samples from
cach cathecter were immediately transferred into re-
weighed tubes containing 7.8 ml of alkaline medium (0.1 M
NazCO; and 0.02 M NaHCO;) and 9.3 ml of acid mecdium
(0.01 M H:SO: and 0.1 M Na.SQO,), respcctively (11). Less
than 30 s clapsed between the rermoval of the blood samples
and their mixturc with the media. Once the blooed had been
added, the tubes were weighed again. Finally, the samples
were brought to a 10-ml volume.

The NAD and NADH: in thc blood extracts were meas-
ured by an enzymatic cycling mcthod (11). Values are ex-
pressed in micromoles per kilogram of blood and on ihe
basis of a hematocrit value of 45 9%, since the bulk of these
dinucleotides is contained in the red cells (4).

RESULTS ~

Normal hearts. The mcan value of the NAD contained in
the tissue samples from normal hearts appeared higher when
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the Jeft ventricle was perfused with the nicotinamide solu-
tion than when perfused only with Ringer. The values for
1the o|hcr dmurlcond«. dxd not ch.mgx. .sxgmﬁc'nnlly (Table

Thc a\'cr.q,.. ](‘\'c] ‘of lhc 101:-1 mcotmamldc adcnine di-
nucleotides in the antcrior wall of the lcft ventricle from
the dog hcart was 1,007 =106 (nmol/g wect wt), which in-
cludes 676 == 50 of NAD, 276 == 36 of NADH,, 43 = 14 of
NADP, and 32 = 5 of NADPRH,. Similar values were found
in samplcs 1aken from the posterior wall of the cardiac left
veniricle (Table 2).

Infarcted hearts. The average concentrations of NAD,
NADH ., NADP, and NADPH: in the noninfarcted cardiac
tissue were similar 10 those found in samples from normal
hearts, except the NAD value in the 48-h sample, which was
around 17 % lower (Figs. 1, 2).

In the infarcted cardiac tissue taken 30 min afier 1the
ligaturc of the artery, the average levels of these dinucleo-
tides were not different from those found in the nonin-
farcied samples; however, the content of cach onc of the
four cocnzymcs decrecased remarkably later on (Figs. 1, 2).
The NADH./NAD ratio was found 10 have increased 2 h
afier the arterial occlusion.

In the coronary sinus blood removed before the ligature
of the coronary artcry, thc concentrations of NAD and
NADH:; were the samc as those found i the femoral artery
blood. The NAD rcpresented approximately 60 % of the
total nicotinamidc cocnzymes. Afier the aricrial occlusion,
no significant changes were observed in the Jevel and the
ratio of thesc dinucleotides in the blood taken from the ’

TABLE 1. Effect of nicotinamide perfusion on nicotinamide adenine
dinucleotide content of left ventricle anterior wall of the dog heart

Ri.qg:'y'\\'iﬂ_\gut \x;jn;-gr With

Nic 2 P Values
{n = 10) (n = 30)
uanah.pll;/‘ wel wi
NAD 515 == 62 661 = 75 <0.001
NADH, 250 == 29 272 = 33 «<0.20
NADP 51 == 16 45 == 15 <0.40
NADPH, 25 == 14 32 = 12 <0.30
NAD = NADP 531 = 54 681 = 106 <<0.00}
NADH; + NADPH, 275 x 31 300 == 45 «<0.10

WValues arc means == sp; n = numbecr of dogs.

TABLE 2. Levels of nicotinamide adenine dinucleotides in the
left ventricle of the normal dog heart perfused with
nicotinamide immediately after its removal

Anterior Wall Posterior Wall P Valucs
NAD 676 == S0 629 == 80 <0.2
NADH: 276 == 36 264 == 30 <0.4
' NADP 43 = 14 41 = 10 >0.8
NADPH: 32 o= 5 34 = 11 <0.7
NAD 4+ NADP 697 == B4 654 2= 79 >0.9
NADH;: -+ NADPH; 310 = 39 299 &= 24 <0.5
Toral® 1,007 = 106 953 = B) <0.2
NADH:/NAD® 0.40 = 0.04 0.41 = 0.04 «<0.5
NADPH:/NADP* O.81 == O.31 0.84 == 0.31 >0.9

Valucs arc means = a0 number of dogs = 32, * Valucs calculated by sdding

those experimentally determined.



!
i
5
:
i
i

“from. dogs with cxpcnmcntal myocardial’

. NICOTI\'A\IH)E CO!Z\'7\'\1Y.S IN HIEART AND CORONARY BLOOD

coronary sinus (T.\bh-\ 3, 4), even though —\hnurnl.xl |rac1ngs
were apparent in the epicardial elecirograms.
The hematoeritin the animals remmained abmost the same

during rach onc of:ﬂl 11u: cx]xnmcnls (:!:3 Yo of the inival
valuc). SRR . .

l)lSCUSSlON =

The nncounamldc addcd 10 1hc Rxngcr so]ulnon used 10

perfuse lhc heart probably 1nh|bus'(13) 1hc NAD glyco- -

amol /g wet wi

h our
Fic. 1. Chang= in level of NAD nnd ‘NADH

n cardnac muscle
infarction. Noninfarcted
Niguiic -——. Infarcied tissue ————. Every pou'l( r:prc«:nu average re-
sult of 8, 7, 7, and 5 animals studied at !/2, nd 48 h aﬁcr in-
farciion, rcpccuvdy. :

60

nmol/q wet wt

O NADPH,
1 I 5
i z a -
hours

F1g. 2. Changes in level of NADP and N‘\DPH; in rardmc muscle

from dogs with experimental myocardial infarction. Description is
same as for Fig. 1.
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hydrolasc activity present in dog eardine vissue (unpublished
daa) and conscqguently prevents the fall (around 22 90) of
NAD obscrved in hearts perfused only with Ringer. This
interpretation probably explains the 17 %, fall obscerved in

1the noninfarcicd tissue taken from the nonperfuscd hearts of

dogs sacrificed 48 h aficr the coronary artery ligature.

The figures published by Michal et al. (14) for NAD,
NADH;, and NADPH,; in dog myocardial control tissuc
appcar without the units in which they were measured;
therefore, they cannot be used as a reference. Govier (9)
reported a mcan of 3.13 umol of cocnzyme 1/g dry dog
cardiac muscle (min 2.31 and max 4.15), which corre-
sponds to 689 nmol/g wet wt calculated on the baris of a
78 % ~wwater conicnt (15). Such a figurce is similar 10 the
NAD value found in the present work for samples taken as
noninfarcted 1tissuc.

We arc awarc that the NADP and NADPH;, figures may
involve an important error becausc of their small magnitude.
Also, it is possible that a change in the redox statc of these
cocnzymecs may have occurred during the time clapsed since
the removal of the heart and the preparation of the tissue
extracts. Conscquently, the NADH:/NAD values probably
do not reflect the in vivo redox state. Nevertheless, since
both noninfarcicd and infarcied tissucs were trecated cqually,
the obscrved differences between them are valid. ’

Govicr (9) reported a NAD loss of around 75 % at the
2nd h after the aricrial occlusion in comparison with zero

" time level. However, for a similar sample we observed a

mean breakdown of around 28 7.. This discrcpancy sccms to
rcflect the differing conditions used 1o preparce the extracts.
In hcarts excised from animals sacrificed somce hours before,
Michal et al. (14) found that the levels of NAD and
NADPH, diminished and those of NADH: increased.
Again, any differcnces between our results and theirs are
probably a function of important differences between the
techniques used 10 achicve complete anoxia of the whole
hecart in the dead animal and thosc used to provoke the
clectrophysiological damage in a small portion of the left
ventricle.

Further work is neccessary to sludy the changes only of
the free without including the protcin-bound dinuclcotides
in the infarcted tissue (10).

NAD and NADH: conceniration levels in arterial and
coronary sinus blood of normal dogs apparently have not
been reported before. Axclrod and Elvehjem (2) published
values of cocnzyme 1 only for venous blood which range
from 77 to 100 umol/kg.

The Joss of NAD and NADH. from thc infarcted tissue

TABLE 3. Lewvels aj oxidized and reduced nicaotinarnide adenine dinucleotides in arterial blood

of dogs with myocardial experimental infarct

. “Time, h, After Ligation of the Coronary Artery

. o 2 4 . ° 23
pmol/ks blood \cith 455, hematocerit

NAD 35 == 6 - 41 = 7 38 == 13 41 = 2 40 = 1
NADH, 24 %= 6 28 = 4 30 = 7 23 2+ 3 22 == 2
NAD + NADH, 59 = 12, 69 == 11 65 == 17 65 = 5 62 = 3
NADH/NAD 0.67 x 0.09 0.70 = 0.03 0.67 = 0.04 0.57 = 0.07 0.57 = 0.03

(8) (5) (8) (2) (2)

Values arc mecans == sp, with number of animals in parentheses.
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Taury: 4. Levels of oxidized and reduced nicotinamide adenine dnmrlfnndu in (mmmr) sinus blood

of dogs with mywocardial experimental infarct -

Time, h, Afict Ligation of the Coronary Artery *. .

° . 2 ETH
NAD - 33 =4 3 4::1:2 40 = 2
NADH, 24 =% 3 .28 2’4" 23.4 2

‘NAD+NA‘DH,', 57 x 9 (68 £ 9 s G3 x4

: N/\DH,/NA‘D Tt Lr 0 90 e Q13N 7 0.67 +'0.00 i, 0.59 2= 0.02
: @ &) @y

Valucs are means = sp, with number of animals in parcntheses.

was not reflected in the concentration of these dinuclecotides

in thc whole coronary sinus blood. Alivisatos, Kashket, and
Denstedt (1) suggested that the NADase of the rabbit
crythrocytc is distributed in the membranc in such a man-
necr that it is capable of . rcacting with substratic in extcrnal
medium, and conscquently NAD cannot exist in the circu-

_lating blood plasma. Bishop, Rankin, and Talbott (4) con-

firmecd that the bleod nuclecotides do not appear in human
plasma. Wc found that NAD added in vitro (1 X 10—* M)
10 a dog blood dilution was rapidly hydrolyzed 1o nicoiina-
mide (65 nmol/min, ml of blood), whereas the NAD
naturally contained in the blood cells was not degraded
under such conditions. The dccomposition of NADH; also
occurred although at a slower rate (2.6 nmol/min pcr mi).

‘The stcady loss of the nicotinamidc adenine dinucleotides
from the cardiac infarcted tissue may be due, then, 10 a
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NORNEZ, Rosario, EDMUNDO CaALvAa, MEYTHA MARSCH,
ErLisa BrioNES, AND FERNANDO LO6PE2z-SorianNoe, NAD glyco-
hydrolase activity in hearts with acute experimecntal infarc-
tion. Am. J. Physiol. 231(4): 1173-1177. 1976.—Myocardial
ischemia was produced in dogs by occluding the descending
coronary artery. NAD decreased in the ischemic tissue taken 2
h after the arterial ligature, and an equivalent amount of
nicotinamide was detected instead. A further breakdown oc-
curred when fragments of ischemic and nonischemic tissue
were incubated at 37°C. In contrast, NAD concentration re-
mained unchanged for as long as 60 min in incubated frag-
¥nents from normal heart. When normal tissue was homoge-
nized, an immediate hydrolysis of NAD was observed with the
formation of stoichiometric amounts of nicotinamide. An ex-
cess of nicotinamide completely inhibited the NAD degrada-
tion. The NAD glycohydrolase activity assayed in vitro was
“similar in normal, ischemic, and nonischemic cardiac homoge-
nates. The conclusions are that the NAD Joss in the ischemic
heart is due to the tissue NAD glycohydrolase activity and
that the cell disorganization provoked by the occlusion of the
coronary artery seems to facilitate the reaction between the
substrate and the enzyme.

myocardial infarction; ischemic and nonischemic cardiac tis-
sues; dog heart; nicotinamide

STUDIES PREVIOUSLY CARRIED OUT in our laboratory
showed that nicotinamide adenine dinucleotides (NAD,
NADH,, NADP, and NADPH,) levels decrease in my-
ocardial dog tissue after the ligature of a coronary ar-
tery while no significant changes occur in the concentra-
tion of these compounds in blood taken from the coro-
nary sinus (16). The purpose of the present work was to
seek an explanation for the low levels of NAD in dog
ischemic cardiac muscle. We looked for NAD glycohy-
drolase (NADase) activity analogous to that previously
described in hearts from rats (11, 18), guinea pigs (7),
mice (20), and rabbits (9).

MATERIALS AND METHODS

Myocardial infarction was provoked in eight mongrel
dogs anesthetized with intravenous sodium pentobarbi-
tal (30 mg/kg body wt). After tracheal intubation, the

" animals were artificially ventilated with a Palmer res-
pirator pump. A left thoracotomy was performed at the
level of the fourth intercostal space and the left descend-
ing coronary artery occluded near its origin. Through

the femoral vein the animals received 250 ml of 0.9%
(wt/vol) NaCl solution initially, and during the rest of
fhe experiment a 10% (wt/vol) glucose solution at the
flow rate of 60-70 ml/h (Holter pump RL75). The dogs
were kept anesthetized by sporadic intraperitoneal in-
jections of pentobarbital (128 mg). Sodium penicillin G
(1,000,000 U) was administered before surgery and 12 h
later. The pericardium and the thorax were sutured
only in those animals maintained alive for 24 h. Before
excision of the heart the ischemic portion in the anterior

wall and the nonischemic region in the posterior wall of _

the left ventricle were delimited on the basis of unipolar
epicardial electrocardiographic records (4). Four of the
animals were sacrificed at 2 h and the other four at 24 h
after the arterial occlusion.

Hearts from 45 anesthetized dogs were used as normal

‘cardiac tissue.

Normal and infarcted hearts were immersed in ice-
cold 0.25 M sucrose immediately after their removal,
and then 80 ml of a sucrose solution were perfused to
each heart through the left and right coronary arteries.
Tissue samples were blotted with filter paper and frag-
ments from them cut with a cork borer.

The stability of endogenous NAD and nicotinamide
was studied in whole fragments and in homogenates of
myocardium. Fragments of normal, nonjschemic and
ischemic tissue weighing approximately 1 g were placed
in glass cylinders and incubated at 37°C in a water bath.
The time O fragments were received in beakers contain-
ing 8 ml of an ice-cold mixture of 5% (wt/vol) perchloric
acid and 0.125 M sucrose, minced with scissors, and
homogenized for 3 min at ice-water temperature. At the
completion of the varying incubation times an addi-
tional acid homogenate was similarly prepared from
each fragment. Homogenates for the study of the stabil-
ity of both compounds were prepared from normal
hearts as follows. A 4-g sample was cut into smaller
pieces with scissors in 16 ml of each of the following
three ice-cold mediums: 0.25 M sucrose, 0.50 M nicotina-
mide, and 1.5 M nicotinamide. The concentration of the
nicotinamide solutions was adjusted to the tissue sam-
ple wet weight (1.5 and 4.5 mmol/g, respectively). The
minced tissue was homogenized during a 80-s disinte-
gration period in an all-glass homogenizer immersed in
a NaCl ice-cooling mixture. Three milliliters of cach
suspension were immediately received in an equal vol-
ume of ice-cold 10% perchloric acid and additional sam-
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ples were inactivated after varying times of incubation.
Studies were conducted at various incubation tempera-
tures with endogenous or exogenous NAD.

The activity of NADase was mecasured in homoge-
nates prepared from normal hearts and from ischemic
and nonischemic tissue samples. One gram of tissue was
homogenized in 20 m) of ice-cold 0.25 M sucrose and the
enzymatic assay was done as follows: 2 m} of 0.10 M
sodium phosphate buffer at pH 7.4 and 7 ml of homoge-
nate were preincubated for 3 min at 37°C. The reaction
was started by the addition of I ml of 0.01 M NAD
(Calbiochem, 481911), pH 7. The final pH of the incuba-
tion mixture was approximately 7 and the optimal enzy-
matic activity occurred in the 5.5-8.0 pH range. A 2-ml
sample was withdrawn immediately after mixing and
discharged into 4 ml of ice-cold 8% perchloric acid. A
second sample was inactivated 15 min later.

NAD and nicotinamide were measured in all the acid
extracts. NAD was estimated enzymatically (6) by
transferring 0.4-1 ml of each acid extract into 10-mm
cuvettes containing 2 ml of incubation mixture (0.3 M
Trizma base (Sigma, T1503), 0.5 M ethanol (Merck,
200972), pH 10.8). The total volume was 3 ml. A refer-
ence with 0.4 ml of 0.33 mM NAD solution was always
included. After the initial absorbance at 340 nm was
recorded in a Zeiss PMQ 2 spectrophotometer, the reac-
tion was initiated by adding 0.05 ml (50 U) of alcohol
dehydrogenase (Sigma, A7011). The steady end-reading
absorbance was taken 2-3 min later. Nicotinamide was
measured according to the method of Pelletier and
Campbell (17), as described by Strohecker and Henning
(19). The pH of a 2-ml sample of each acid extract at
room temperature was adjusted to the 4.7-5.3 range by
adding approximately 2.2 ml of 0.5 M Na,HPO,. A 1-ml
sample of each of these neutralized extracts was used for
the assay, and a standard solution of nicotinamide
(Sigma, N3376) containing 10 pxg/ml in neutralized per-
chloric acid was included as a reference. Nicotinamide

was stable in ice-cold 5% perchloric acid for at least 5.

days, in contrast to the statement of Pelletier and
Campbell (17). . .

RESULTS

Stability of NAD and Nicotinamide in Fragments
and Homogenates of Cardiac Tissue

Normal hearts. The levels of NAD and nicotinamide
in fragments from normal hearts were well preserved
during incubation times of 45 min (four dogs) and as
long as 60 min (four dogs) (Fig. 1).

A remarkable decrease of the endogenous NAD and a
stoichiometric increase of nicotinamide occurred as soon
as the normal cardiac tissue was homogenized (Fig. 1).
The NAD degradation rate depended on the tempera-
ture of incubation (Fig. 2), and no hydrolysis was ob-
served in the presence of a high concentration of nicotin-
amide (4.5 mrmol/g wet wt tissue) (Fig. 3). Moreover, no
changes in NAD and nicotinamide levels were detected
when the homogenate was prepared in perchloric acid
and then incubated at 37°C.

When exogenous NAD was added to homogenates
previously depleted of all the tissue NAD by preincuba-

:
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tion at room temperature for 30 min, the rates of degra-
dation at different temperatures were similar to those
observed with endogenous NAD (Fig. 2). For these ex-
periments the amount of NAD added to each incubation
mixture was of the same order of magnitude as that
found in the time 0 samples of homogenates prepared
from normal hearts.

Nonischemic tissue. The initial contents of NAD and
nicotinamide (nmol/g) in nonischemic tissue from
hearts removed 2 and 24 h after occlusion of the artery
were similar to those found in normal hearts. However,
a certain amount of NAD was hydrolyzed stoichiometri-
cally to nicotinamide when fragments of this nonis-
chemic tissue were incubated at 37°C (Table 1). This
finding contrasts with the stability observed in frag-
ments from normal hearts incubated under the same
conditions.

Ischemic tissue. The NAD content in ischemic tissue
taken from hearts 2 h after ligature was lower than in
nonischemic tissue, and the nicotinamide increase was
approximately equivalent to the NAD loss. Further-
more, when fragments of this tissue were incubated at
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TABLE 1. Initial content and stability of NAD and
nicotinamide in tissue fragments from dog -
hearts with experimental infarction

Initial Content Postincubation Content®

Dog

Tiasue Ares

Nicotin- 3y Nicotin.
NAD amide Total NAD amide “Total
2 b afier corunary occlusioa
2 Nonischemic as1 108 456 322 172 494
1achemic 245 189 e 1 381 502
2 Noniachemic’ 410 10 511 303 193 496
-lachemic sa 175 516 123 sos 28
. 24 b afer coronary occlusion
s Noniachemic 38 7 535 340 204 Bas
Ischemic a ¢ 75 25 37 [
. Noaischemic a0 e s 306 204 510
Ischemic [y 86 180 57 100 187

Average values are cxpresaed as nmol/g wet wit from
samples taken from each ares.

separate analysis of two lissue
* Incubation period, 30 min at 37°C.

37°C the changes in NAD and nicotinamide levels were
rnore notable than in the nonischemic tissue.

In the ischemic tissue removed 24 h afier artcnal
ligature the initial levels of both compounds were very
low, and no further changes were observed after the
incubation of fragments of this tissue (Table 1). It is
possible that by this tirne most of the NAD may have

been hydrolyzed and the nicotinamide leaked to the
bloodstream.

NAD Glycohydrolase Activity

The NADase activity assayed in vitro wijth an excess
of exogenous substrate was of the same order of magni-
tude in homogenates prepared with normal, 2- and 24.h
ischemic and nonischemic cardiac tissue samples. More-
over, the amount of nicotinamide released was always
equivalent to the NAD hydrolyzed (Table 2), and no
hydrolysis was observed in the presence of a high con-
centration of nicotinamide (4.5 mmol/g wet wt tissue).

ESTA TESIS N9 o
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DISCUSSION

Our data demonstrate the presence of NAD glycohy-
drolase in dog heart homogenates on the findings that
no exogenous or endogenous NAD was hydrolyzed when
an excess of nicotinamide was added to the incubation
mixture, that nicotinamide specifically inhibited the
NADase with no action on the NAD pyrophosphatase
(15), and the amount of NAD degraded was always
‘equivalent to the nicotinamide formed. Consequently, it
seems reasonable to assume that this activity is respon-
sible for the degradation of the endogenous NAD ob-
served in the ischemic cardiac tissue while the infarcted
heart remains in the dog and that noted during the
incubation of fragments of this tissue at 37°C.

The fact that the specific activity of NADase as deter-
mined under optimal assay conditions was similar to
homogenates from normal, acutely nonischemic, and
ischemic cardiac tissues is remarkable since all of the
enzyme activities studied by Gudbjarnason et al. (10)
showed significant changes in ischemic tissue extracts
24 h after coronary artery occlusion.

The extreme conditions of anoxia and ischemia under
which fragments of normal hearts were maintained in
vitro at 37°C were not harmful enough to stimulate
degradation of the endogenous NAD during a short
.period of incubation, whereas the partial intracellular
disorganization occurring in the ischemic tissue after
the arterial ligature (5, 13) and the total mechanically
induced disruption occurring during the preparation of
the homogenized suspension seem to facilitate the reac-
tion between the endogenous substrate and the enzyme.

What might be the possible mechanisms to account
for the stability of endogenous NAD in normal tissue
and its hydrolysis in ischemic myocardium given that
NADase activity appears to be of the same order of
magnitude in both?

According to Bernofsky and Pankow (1) the NADase
tested in vitro induces a rapid breakdown of free NAD
and has only a minimal effect on the enzyme-bound
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TABLE 2. NAD glycohydrolase in homogenates
prepared from normal and infarcted dog hearts

Ensyme Activity, pmol/g wet
wt, 15 min

-  Dog Tissue Area Ry a
consumed produced
2 h after c;ronsry occlusion
1 Nonischemic 15 17
Ischemic 11 15
2 Nonischemic 9.4 11
Ischemic * 9.5 12
24 h after coronary occlusion .
3 Nonischemic 12 10
) Ischemic 12 12
4 Nonischemic 11 9.8
Ischemic 12 11-
Normal hearts (8 animals) 7.3-14 7.6-15
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dinucleotide. Thercfore, the binding of the NAD to pro-
ieins might be an explanation for its stability in normal
tissue, as has been proposed by Kaplan (14).- However,
two previous observations sreem to invalidate this possi-
bility. Green et al. (8) reported that essentially all of the
NAD bound-to crystalline rabbit muscle glyceralde-
hyde-3-phosphate dchydrogenase was rapidly hydro-
lyzed by a highly purified mammalian NADase, and
Bernofsky and Pankow (1) found that 80% of the intra-
cellular NAD occurs unbound in the rabbit skeletal
muscle. In the present work we have shown that the
endogenous NAD degraded by the NADase during the
homogenization of the tissue seems to exist in the un-
bound protein form, since the time periods of hydrolysis
at different temperatures were similar to those observed
with exogenous free NAD. Consequently, we may con-
clude that the possible unbinding that may occur during
the infarction process or during the rmechanical disrup-
tion of the tissue is not the primary cause of the rapid
degradation of the endogenocus NAD observed under
such conditions. :

Bock et al. (2) have presented evidence that the mi-
crosomal NADase of the Ehrlich ascites cells is mainly
located at the plasma membrane and have suggested
that this location could protect the intracellular NAD
from being degraded by the enzyme. Preliminary stud-
ies by our group indicate that the NADase activity is not
present in the cytosol but rather that it is principally to
be found in two microsomal subfractions isolated from
dog heart homogenates. On the other hand, Jacobson
and Kaplan (12) detected that 90% of the rat liver cell
NAD is in the soluble fraction and only 3% in the
microsomes. Consequently, if we assume a similar dis-
tribution of the NAD in the normal dog cardiac cell, a
topological separation would seem to exist between the
major portion of the oxidized form of this coenzyme and
the NADase. Therefore, we suggest that it is possible
that the reaction between the endogenous NAD and the

-enzyme is facgilitated in vivo by local tissue alterations

occurring after occlusion of the coronary artery and in
vitro by the mechanical disruption of the myocardium.
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Further work is necessary to clucidate how this facilita-
tion occurs in the ischemic cardiac tissue.

On the basis of the present results we can explain our
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and to relate this finding to the suggestion that these
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metabolism (3). = -
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Abstract—1. Dog heart tissue svspension hydrolyzes NAD, NADP and NMN, and rclcases nico-

tinamide slolchlomclncally.

2. Maximum activity was obscrved at S0°C and the activation cncrgy was 10 kcal/mol.

3. Opumum PH range was 6.2-7.6.
4. C, ¥ ds with ad —ri
. Nicotinamid

ose molcly lncr:xﬁed the enzymallc ucuvlly.

rel d during i bation pr

6. K. for NAD and NADP were about the same:

been reported for rubbit heart.
7. Dog enzyme appcars to be more sensitive than

d rcaction

Veas Was higher for NAD Slmllar ﬁndmgs have

the rabbit enzyme 10

ors.

8. Pyrophosphatase activity was not detecied m dog hecart in contrast 1o rabbit and rat heart

preparations.

INTRODUCTION

In an carlier study (Nifiez ef al., 1976) it was
shown that NAD®* glycohydrolase activity
produces a decrease in the oxidized form of the
nicotinamide-adenine dinucleotide and an increase
in free nicotinamide in dog ischemic cardiac tissue
following the occlusion of the descendent branch
of the left coronary artery.

The purpose of the present work has been to
study this activity in the homogenized suspension
of normal myocardial tissue from dogs (Canis
Samiliaris).

MATERIALS AND METHODS

Mongrel dogs wecighing 15-20kg were sacrificed by
electric shock. The heart was received in ice<old 0.25 M
sucrose (Baker 4072) as soon as it was excised. and was
perfused with the solution through both coronary
arteries. Vertricular fragments blotted with filter paper
and weighing around 1g were stored in a deep-freczer
(— 70°C). NADase activity was well preserved for at least
4 months.

Horr ized susp with 20-60mg of wel
weight tissuc per ml of 0.25 M sucrose were prepared in
a Potier—-Elvehjem homogenizer immersed in ice. Three
30-sec periods of mechanical stirring were used to dis-
rupt the tissue.

The incubation mixture to assay the NADase activity
was prepared at room temperature with 1.0 ml of 0.10 M
Na-phosphate (Merck 206586 and Merck 206346) buffer
at pH 7.4, 1.0-3.5ml (2.5-10 mg of protcins) of tissue
suspension filtered through two layers of gauze. and the
wvolume of 0.25 M sucrose solution necessary to complete
4.5 ml. The mixture was left 5 min at room temperature
and 3 min at 37°C, then the reaction was started with the
addition of 0.5 ml of 10 mM NAD (Calbiochem 481911)

* Abbreviations: Nam, nicotinamide; NMN,

i i ide ] ide: NAD, nicotinamide-

adenine dinucleotide; NADP, rficotinamide-adenine

dinucleotide phosphate: NADase, NAD glycohydrolase;

EDTA. cthylenediamine tetra-acetic acid disodium salt;

AMS, adenosine-5'- monosulfate; AW ADP, ATP,
d ine-5* di-triphosphate. .
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solution at pH approx 7.4. As soon as the mixiure was
well mixed, a 2-m} sample was transferred 10 a 1est tube
containing 4 ml of ice<old 8% perchloric acid (Baker
9652) soluuon. and the tube with the remaining mixture
was placed in a 37=0.1°C water bath. A sccond sample
was taken 15 min later. Both the NAD and the nlco—
tinamide concentrations were always dctermined in
duplicate in the acid supernatant solutions storcd at 4°C.
To measure NAD, 50 units of alcohol dehydrogenasc
were added to a spectrophotometcr cell containing 0.4 m)
of the sample, 0.6 ml of 59 perchloric acid. and 2.0 ml of
incubation mixture with 0.6 M trizma base (Sigma T
1503) and 1.0 M cthy! alcohol (Merck 200972) at pH 10.8.
Nicotinamide was assayed colorimetrically with
cyanogen bromide (Nuiicz et al., 1976). When cither
NADP (Calbiochem 481971) or NMN (P-L Biochemicals”

6000) was the subsirate the glycohydrolytic activity was
determined only by the amount of nicotinamide
liberated. None of the three substraies was hydrolyzed in
the perchloric acid medium used to inactivate the en-
zyme. Proteins were measured with the Folin-Ciocalieu
reagent (Merck 9001) (Oyama & Eagle. 1956) in the
tissue diluted samples previously trcated with 5%
Na-deoxycholate (Merck 6504). bovine scrum albumin
(Sigma A 4378) was used as the reference. All exceptlions

-to the conditions described above are so indicated.

The specific activity is expressed in nmol of NAD
consumed or nicotinamide liberated during 15 min of
incubation per mg of protein in an assay medium
containing 0.02 M of sodium phosphate bufler and sub-
sirate at a concentration high enough to saturailc the

enzyme (1 mM), and at the pH and temperature indicated.

in ecach experiment. The velocity v is the specific activity
teferred to 1 min of incubation, and measured at 37°C
and at pH 7.3, with subsirale concentrations lower than
the enzyme saturation level.

RESULTS

Effect of temperature on the activity and stability
of the enzyme

The optimum temperature to hydrolyze the
coenzyme NAD incubated with the dog cardiac
tissue suspension was S0°C (Fig. 1). In the present
study, 37°C was always used as the temperature of
incubation. The free cnergy of activation cal-
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activation.

culated from the Arrhenius plot between 10 and
50°C (Fig. 2) was approx 10kcal (42 kJ) and the
Qo value 1.8. The NADase activity assayed at 37
and 50°C, respectively, was similar before and
after the tissue suspcnsion was heated for 15 min
at 50°C (Table 1).

Effect of pH

Two series of buffer solutions were used: one
prepared with Na-phosphates and the other with
maleate-Tris (Sigma M 0375; Sigma T 1503). The
specific activity values were similar in both series
and the highest figures were observed between 6.2
and 7.6 (Fig. 3). The NADasec activity assayed in
two phosphate buffers, one 0.01 M and the other
0.20 M. was similar in both cases to that found in

Tauble 1. Effcct of heusting the dog cardiac tissue suspen-
sion u1 30°C for 15 min before incubation

Specific Activity
- (am01/15 min/eg proteta).

Condition  Incubstion. ~WAD - Nom
ot the temperasture consumed c1ibgrated
sample (-c) SEAY ek v

123 Ty e

Control 37 e B

so 2037 i T yme 0T 1.3
Treated 37 118 . ‘107

so 206 3se 1.1

100~
-
°
=
=
<
4
o sof-
s @ Nicotinomiae
w © NAD
5 1 N SR 1 1 1
a s - 7 [ » 1)
pH

»uF'x. 3. Influence of pH on NADase activity, The pH

va!ues were measured at room temperature in the in-
ec. N ymatic breakdown occurs
above pH 10.

the 0.02 M solution, which was the concentration
normally used.

Effect of incubation time and tissue concentration

The velocity of the NAD hydrolysis at 37°C and
pH 7.3 in phosphate buffer was constant during the
first 3 min with 0.5—4.6 mg of protcins per ml of
incubation mixture. This initial velocity was main-
tained for as long as 15 min if the tissue concen-
wtration did not exceed 1.8 mg per ml (Fig. 4).
Conscquently, where it was Dnecessary to add
larger quantities of protecins the time of incubation
was shortened. When the NAD concentration was
4 mM instead of .1 mM, the progress of the reac-
tion was modified in neither Jow (0.9 mg/ml) nor
relatively high (4.6 mg/ml!) protein concentrations

‘(Fig. 5). On the other hand, the vclocity did not

show any increment when a new amount of NAD
was added 1 hr after the start of the reaction (Fig.
6), but the initial velocity was recovered when
NAD was added 10 a new suspension prepared
from a tissue pcllet scparated by centrifugation
from a mixture previously incubated for 1 hr (Fig.
6).
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Fig: 5. The time :ourse of nlcounzmlde hbcraled by
NAD hydrolysis in the presence of cither a low (open
symbols) or a high tissue concentration (solid symbols).
Substrate was used at I mM (circles) and 4 mM (trian-
gles). The enzymatic acUvity is expressed as nmole of
nicotinamide liberated per ml of incubation mixture.

Kem and V.. tvalues for the substrates NAD,
NADP and NAMN

To determine these values for NAD and NMN
we used 1.1 mg of proteins per ml of incubation
mixwre and 0.10, 0.15, 0.20, 0.35 and 0.50 mM of
substrate. The incubation times were 7.5, 8, 10, 10

* and 10 min. respectively. For NADP, the protcins

were 3.5 mg/ml and the concentrations of substrate
0.10, 0.20, 0.30, 0.40, 0.50 and 1.00 mM, with in-
cubation times of 3 min for the first substrate
concentration and 5 min for the rest. The kinetic
constants were calculated from the graphs: 1/u vs
1/S (Linewcaver-Burk), S/v vs S (Hanes) and v

values for

a new r P of the tissue (plot B) after 1 hr of
incubation.

NAD were 6.7-7.1; for NADP, 4.6-5.6; and for
NMN, 12-13.5 x 10~* M. The maximum velocity of
hydrolysis was 9.2-9.5 for NAD, 7.1-7.6 for
NADP., and 6.7-7.0 for NMN, nmoles per min per
mg of proteins (Table 2).

Inhibition studies

‘The K: value for nicotinamide was determined
under the experimental conditions used to measure
the K., for NAD and was calculated by five
graphic methods (Figs. 7 and 8). It was indepen-
dent of the three concentrations (0.3, 0.6 and
1.5 mM) of nicotinamide (Calbiochem 4813) used
(Table 3).

The effect of the isonicotinic acid hydrazide
(Sigma 1 3377) was studied with 1.1 mg of protein
per ml; 0.10, 0.15, 0.20, 0.35, 0.50, 0.70 and 1.0 mM
of NAD: and three different concentrations of this
inhibitor (0.10. 0.30 and 0.50 mM). The incubation
times were similar 1o those used in the case of
nicotinamide. The values of K, was 0.13-0.17 x
10> M with the lowest concentration and 0.24—
0.26 X 10~> M with the other two concentrations of
hydrazide (Fig. 9. Table 4). -

When theophylline (Calbiochem 5861) was ad-
ded at the final concentration of 0.37mM to an
incubation mixture containing 1.4 mg of proteins
per ml and NAD 1 mM, it inhibited 48% of the
NADasc activity (Fig. 10).

NADjnicotinamide ratio. NAD pyrophosphatase

The ratio NAD consumed/nicotinamide liberated
was approx 1 (0.9-1.1) in all the cxperiments ex-
cept when the pH of the incubation mixture was
10 (ratio equal to 1.45).

NAD pyrophosphatase activity (EC 3.6.1.9) was
studied in homogenized tissue suspensions pre-
pared in one case with dog heart and in the other
with rat liver. Both preparations were incubated
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plots for the cnzymatic hydrolysis of NAD in the

presence of nicotinamide at three different concentra-

tions. Velocity is expressed as nmole of NAD consumed

per mg of protein per min. Substrate concentration is
M x 107,

with MgClz (Merck 5833) S mM and nicotinamide
4.5 mmol per g of tissue (0.43 and 0.27 mM for the
heart and liver suspensionsi~respectively) to sti-
mulate the pyrophosphatase activity and to inhibit

the NAD glycohydrolase; and with EDTA (Sigma ”

ED 2 SS) 1 mM and nicotinamide to inhibit both

Envuspo CaLva e al.
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Fig. 9. Lineweaver-Burk plot for the, el:lzymalfc
hydrolysis of NAD in the presence of isonicotinic acid
hydrazide at three different concentrations.,



- NAD glycohydroluse activity in dog curdiac tissue

I.O{—
-]
=
= © AMP
[ o Acenosine
- .w! & Treophylline
-
&
a
"
a0 1 1
° 2s so
mM
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the enzymatic hydrolysns of NAD.

Table 2. Kinetic parameters of NADase nellvny from
dog cardiac tissuc with three ni

. Table. 6
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Tuble 5. Effect of some  adenylic. compounds on the
NADase activity from dog cardiac tissue:

Adoqtion
10, mm

Spect1ric iactivity
01715 min/mg ‘protet

s Rat liver

1855
L] VYmax
Graphic (m 2 10°%) {nmol/mins/ag prouu) 221
method RAD ®ADP L LY NAD N‘P' ; . KM ‘23 66
1sv: 175 6.7 5.6 1.8 .3 7.6 6le ‘- Time of incubation at 37°C: * S min: 1 15 min.
S/w: S 6.0 ‘s.0  .12.0 9.1 7.1 6.7 - . .
vt s 2.1 .6 2.8 .5 7. c.9°" - enzymes (Emmeclot ef al., 1964). The incubations

Tab_le 3. K, values of NADase activity from dog cardiac
tissue with nicotinamide at different concentrations

xt_¢m = _3073)

Graphic
methoe a= [ ¢
VO V2 1 1.e 1.4
S/v S 1. 3 1.
v z ws 1 1.
*A, B and C mcan 03.:

0.6 an
tinamide. K, values from vfuv,: [}
(Webb) graphs were 1.5 gnd

Graphic
method

Y4 U 0.26
ssv ] 0.26
v 2 0.26

2 A.B.and C mean 0.1..0.3. 0.5 mM:of-hydrazide -

car 61/10—

for_

were done with 10 mg of proteins of ecach tissue
1S min to seek for the pyrophosphatase
activity. In the dog heart preparations NAD was
hydrolyzcd excluswely by the glycohydrolase
activity, and in the case of the rat liver suspension
pyrophosphatase was responsible for only 9% of
the total] NAD hydrolyzed (Table 6).

Effect of adenylic compounds

None of these compounds at the concentration
of 1 mM showed an effect on the N ADase activity.

At a higher concentration (10mM) all the
compounds with the adenine—ribose moiety
activated the cnzyme except the ADP-ribose

(Table 5). Adcnosine and AMP had an equivalent
effect, and the highest activation due to cither one
was observed at SO mM concentration (Fig. 10).
The following compounds were used: adenine
(Sigma A B8626), adenosine (P-L Biochemicals
1400), AMS (Calbiochem 31183). AMP (Sigma A.
2127), ADP (Sigma A 0127), ATP (Sigma A 3127)
and ADP-—ribosc (Calbiochem 117615).

DISCUSSION

Hydro]ys:s of the coenzyme NAD, observed
during its incubation with a homogenized suspen-

.- sion of dog heart muscle, appears to be due to the

NAD glycohydrolase activity present in this tissue.
While Lowry et al. (1961) showed that NAD in
Tris-buffer solution at p}-l73 was only sightly
hydrolyzed (approx 1%5) during 15 min at 60°C. we
found a 63% dcgradallon at S0°C, which was the
tempcrature of maximum cnzymatlc acuvny.

::Moreover., we proved both the siability of the
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dinucleotide in the incubation mixture and the
nonsignificant change of the pH valuc in the range
of tecnperatures used.

A discontinuity in the slope of the straight line
in the Arrhenius plot, which would indicale a
transition temperature for NAD enzymatic
hydrolysis, was notl observed. The value of the
free energy of activation, determined at pH 7.3 in

. phosphate buffer, was similar to that found in a

purified preparation of pig liver (Dickeriman ef al., "

1962).

The NADase activity was preserved when the
tissue suspension was hcaled for 15 min at 50°C.
This suggests that had there been conformational
changes in the cnzyme molccule they were rever-
sed under the assay conditions. In contrast with

our r:sulls. Prikhod’ko er al. (1974) reported a 307" '

inactivation when the microsomal fraction isolated
from rabbit hecart muscie was heated at 53°C for
15 min.

With the dog cardiac tissue suspension, the
highest NADase specific activity was observed at
approximately-pH 7 in both the phosphate and the
Tris—maleate buffer, whereas in the case of the
rabbit heart homogenized suspension (Severin et
al., 1963) and the microsomal fraction (Prikhod'ko
et al., 1974), the optimum pH was 6.2. In this last
tissue, in addition to the NAD glycohydrolase
activity, which was the main pathway for the
degradation of this dinucleotide, a nonglycohy-
drolytic activity (probably an NAD pyrophospha-
tase) was found with an optimum pH of 7.5
(Severin ef al., 1963). In contrast, since in all the
assays of the 12 incubation mixtures uscd between
the pH range 5-9, the ratio NAD/nicotinamide was
approx 1, it may be concluded that the only en-
zymatic aclivity present in the dog preparation
was the NAD glycohydrolase. On the other hand,
the dinucleotide decgradation did not depend on
cither the presence or the concentration of the
phosphate.

The initial velocity of the NAD hydrolysis was
not modified when the substrate added was at the
concentration of 4mM  instead of 1 mM.
Consequently, this last concentration (equivalent
to 14 times the K., wvalue) was high enough to
saturate the enzyme contained in 4.6 mg of protcin
of homogenized tissue suspension per ml of in-
cubation mixture.

Since the observed per cent inhibition cor-
responds quantitatively to the nicotinamide
concentrations reached successively in the in-
cubation mixture, it may be concluded that the
nicotinamide released from NAD produced the
fall in reaction velocity during the incubation.
Furthermore, the initial reaction rate was reco-
vered when the tissue was resuspended in a fresh
incubation medium. This finding also shows that
the enzyme inhibition caused by the nicotinamide
is fréely reversible since the inhibition disappeared
as soon as the supernatant solution containing the
nicotinamide was separated from the tissue. Since
the inital rate was not regained when more NAD
was added i hr after the réaction was started, the
slowness of the reaction may not be attributed to a
lack of substrate.

The K,. value in the: dog cardiac preparation

EDMURDO Catva ef ol

was shghlly lower for NADP than for NAD. while
a much higher value resulted for NMN. On the
other hand, Prikhod'ko et al. (1974) using the heart
rabbit microsomal fraction found a K. valuc for
NADP significantly lower than that for NAD; the
ratio K. (NAD)Y/ K.(NADP) was 5.4 in contrast
10 1.4 for the dog hcart homogenized suspenston.
The maximum velocity value for NAD was higher
than that fot NADP both in dog (1.3 times) and
rabbit (1.8 times) preparations. According to Prik-
hod'ko ef al. (1974). the additional phosphale
group present in the NADP molecule may increase
the clectrostatic attraction between this substrate
and a cationic region in the active center of the
enzyme.

In the dog cardiac preparation, the inhibition of
the NAD hydrolysis by nicotinamide was rever-
sible and noncompctitive. and that produced by
the isonicotinic acid hydrazide was also noncom-
pctitive. However, the aﬂ'lm(y of the enzyme for
the hydrazide was six times greater than that for
nicotinamide. Also noncompctitive was the in-
hibition produced by these two compounds in the
rabbit heart microsomal fraction, but the affinity
for nicotinamide was twice that for the hydra-
zide (Prikhod’ko et al., 1974) Furthermore, the
NADasc enzyme present in the dog heart seems to
be more sensitive than that found in the rabbit
heart—40 1imes in the casc of the hydrazide and
three times in the onc of nicotinamide. Zatman et
al. (1953) have proposed that the enzymatic in-
hibition depends on the competition between the
water and nicotinamide for the enzym:—ADP
ribose complex. If the amide is present in excess,
the velocity of the reaction betwecen the free nico-
tinamide and the ecnzymatic complex is equal to
the NAD degradation velocity observed in the
absence of the inhibitor, and, consequently, an
-apparent inhibition of the enzyme results. The
mechanism of inhibition caused by the isonicotinic
acid hydrazide seems 1o be similar. However, the
hydrazide in reacting with the enzymatic complex
will form a NAD analogue so lighlly bound to the
enzyme that no more interaction between the en-
zyme and NAD will occur (Prikhod'ko er al.,

1974). Boriskina & Tseitlin (1972) showed the
synthesis of the 3- acclylpyndmc»ad:mne di-
nuclcollde, an NAD analogue. in a rabbit heart
prcparation with a high NADase activity. This
finding also supports the idea that the nicotinamide
and the hydrazide inhibit the enzyme by reacting
with the enzyme—-ADP ribose complex.

We cannot explain the apparent greater affinity
(K:;=0.15x 107> M) of the enzyme for the isoni-
cotinic acid hydraz|d: when this inhibitor is at a
low concentration (0.1 mM) in the incubation mix-
ture. Probably the K; value (0.25 % 107> M) found
at the two higher concentrations (0.3 and 0. 5 mM)
is nonslgmﬁcanny different from 0.15x% 107* M, or
these concentrations may actually modify the
conformation of the enzyme and make it less
sensitive to the hydrazide.

The adenine-ribose group by itself (adenosine)
or as a part of other molecules (AMS, AMP, ADP
and ATP) scems to be responsible for the
NADase activation. Morcover, the presence of
additional phosphate or sulfate moieties.: in the |
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molecule of the activator compound appears 10 be
irrelevant. ADP-ribose, one of the products from
the NAD hydrolysis which has the adenine—ribose
group in its molccule, did not modify the en-
zymatic activity, wheras nicotinamide, the other
product of the reaction, caused an 87% inhibition.
In conitrast to nicotinamide, ADP-ribose does not
appear to react with the enzyme-ADP ribosc
complex (Zatman ef al., 1953),

Haugaard er al. (1960) showed a high degree of
NAD pyrophosphatase activity in a rat hcan
suspension prepared in a medium containing KCI,
MgCl; and phosphates which was incubated with
KC1, MgCla, glucose and nicotinamide. Also,
Severin et al. (1963) reported that 32% of NAD
hydrolysis was due to non-nuclcosidase activity in
a rabbit hcart suspension prepared in KCI1 and
incubated in a phosphate buffer at pH 7.3. On the
other hand, Hulsmans (1961) proved an absence of
NAD pyrophosphorylase activity in all fractions
isolated from a rat heart homogenized suspension.
We, however, did not find any NAD pyrophos-
phatase activity in the dog heart preparation in-
cubated under the conditions described by Em-
mclot et al. (1964). This finding and the fact that the
NAD/nicotinamide ratio was always approx 1, lead
us to conclude that under the present experimental
conditions the only enzymatic activity responsible
for the NAD hydrolysis was the NAD glycohy-
drolase.

The enzymatic activity detected in dog cardiac
tissue suspensions differs apparently from that
found in rabbit heart preparations in the following
aspects: the NAD is hydrolyzed exclusively at the
glycosidic nicotinamide-ribose linkage; the opti-
mum degradation occurs in a wider pH zone; the K.,
value is not significantly different for NAD and
NADP; and the affinity for the specific enzyme
inhibitors is very much higher. Since the three
nicotinamide nucleotides are hydrolyzed by the
dog myocardial preparation, further investigation
is needed to determine if there is a common en-
zyme or different ones specific for each substrate
and where they are located in the cell. Finally, in
view of the lack of information about the role of

- this enzyme in the normal metabolism of the

human heart and during clinically acute my-
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ocardial ischemia and in view of the apparent
differences deciected among the species already
investigated it scems appropriate 1o study this
cnzyme in hearts of humans becings or animals
phylogenctically closer to us.
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SUMMARY

Nicotinamide adenine dinucleotides (NAD, NADH,, NADP, and NADPH, ) lcvels decrease
in myocardial dog tissue after the ligature of 3 coronary artery branch. The activity of a
glycohydrolytic enzyme acting on NA'D and seleasing nicotinamide in an equivalent amount
was of the same order of magnitude in infarcted tissue, irtespective of the time clapsed afier |
the coronary artery occlusion, as it was in normal tissue. Most of the NAD contained. in~
npormal heart muscle was hydsolyzed as soon as the tissue was distupted in a homogenizer,
whereas no hydroylsis occurred when the whole fragment was incubsted for 1 hour. The
enzymatic activity was found mainly in 3 membranous fraction scparated at 17,000 X g by
differential centrifugation. Acid phosphatase, K -activated phosphatase, and NA-K -ATPase
spcciﬁc activities were greater in this fraction, It is suggested that the structural disorganiza-
ton of the hecart clicited cither in virro or during the infarction process detcrmines the
conditions for a reaction between the enzyme which is 'loc:lhz:d in the membranes and the
NAD which is mainly in the cytosolL

INTRODUCTION

In previous wortk (Calva er al.,, 1966; Nunez er al., 197 ), we showed that
mitochondria isolated from infarcted heart muscle and incubated .with g-
hydroxybutyrate exhibit a low oxygen consumption rate, whereas succinate is
oxidized at a normal rate. Furthermore, the P/O valucs measured with either of
these two substrates decsease progressively, and the nicotinamide adenine dinu-
cleotides® content diminishes in both the whole tissue and the isolated milo-
chondria. We suggested that the function of the respiratory chain linked to the
oxidation of S-hydroxybutyrate may have been impaired at the coenzyme level
as a consequence of the loss of the nicotinamide adenine dinucleotides. We

* Abbreviations uscd arc: NAD, nicotinamide adenine dinucleotide; NADH,, reduced
NAD: NADP, nicofinamide adenine dinucleotide phosphate; NADPH,, reduced NADP]
NMN, nicotinamide mononucicotide.
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proposcd three possible explanations for the loss: a) a leakage of the tissue
nicotinamide coenzymes toward the bloodstream; b) an enzymatic breakdown
of these compounds in the myocardial tissue itself; and ¢)a defect in their
synthesis. With rcgard to the first of these possible explanations, no significant
changes were obscrved in the level and the ratio of NAD and NADH,; in the
coronary sinus blood taken after ligation of the coronary artery branch (Nufiez
et al., 1974). However, an enzyme which hydrolyzes NAD added to blood was
detected in the dog white cells (unpublished resulis). Hence, we concluded it was
possible that the myocardial nicotinamide adenine dinuclcotides are rcleased
from the infarcted tissue and then hydrolyzed in the blood. To investigate the
second possible explanation, an enzymatic activity in dog hcart homogenates
was measured. It was found that NAD, NADH,, NADP, NADPH,, and NMN
were hydrolyzed between the pryidine and ribose moieties (unpublished results).
It was also observed that most of the NAD contained in normal heart muscle was
decomposed as soon as a tissue fragment was disrupted-in a homogenizer, *
whereas no hydrolysis occurred when the whole fragiment was incubated at 37°C
for 1 hour. '
* The present report deals with the NAD glycohydrolase activity in infarcted
myocardial tissue and with the subcellular distribution of this enzyme in normal
cardjac tissue.

METHODS

Normal hearts were obtained from cight mongrel dogs anesthetized with intra-
venous pentobarbital or sacrificed by electrocution. Infarcted hearts were pre-
pared in four anesthetized dogs by ligature of the left descending coronary
artery after the pericardial sac was opened. Before excising the heart, the extent
of infarcted tissue was measured by thc electrocardiographic changes appearing
in the wunipolar epicardial records (Calva er al., 1965). Animals were kept
anesthetized by intrapcritoneal injections of pentobarbital at intervals and re-
ceived 250 ml of saline solution followed by a 10% glucose solution (60—70
ml/hour) through the femoral vein. Subsequently, two of the four animals were
sacrificed 2 hours after occlusion, and the other two at 24 hours after occlusion.

Both normal and infarcted hearts were immersed immediately in ice-cold 0.25
M sucrose solution and perfused through both left and right coronary arteries
with the sucrose solution.

Tissue homogenates

Left ventricle fragments were blotted with filter paper, and a tissue suspension
was prepared with a glass Potter-Elvehjem homogenizer at a ratio of 0.5 g to 20
ml of ice-cold 0.25 M sucrose solution.
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Figure 1. Flow sheet for preparation of subcclDular fractions from dog heart homogenate.
NAD glycohydrolase activity was measurcd in those fractions enclosed in a square. Relative
centrifugal forces are average X g volues. -

Tissue fractionation

The homogenate was prepared, as described elsewhere (Calva er al., 1965), in an
extraction medion containing around 2,250 units of B. subtilis protcinase for
each 2.5 g of myocardial left ventricle. Subcellular fractions were obtained by
difTerential centrifugation (Fig. 1).

Mecasurement of NAD glycohydrolase activity

This activity was estimated as follows: 0.50 ml of.O.lD M sodiun phosphate
buffer, pH 7.4, and 1.0-1.75 ml of tissuc fraction suspended in extraction
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medium were preincubated for 3 min at 37°C; 0.25 ml of 0.01 M NAD solution
was then added. A sample of 1 ml of this mixture was withdrawn immecdiately
after mixing and empticd into 2 m} of ice-cold 8% pcrchloric acid solution. After
15 min of incubation, 2 sccond sample was similarly treated. The NAD was
mcasured directly -in the acid extract with lithium lactate and lactate dehydroge-
nase, the nicotinamide was measured according to the technique of Stroheckers
and Henning (1966) after the pH of the tissuc extract was adjusted to 4.6-5.7
by adding 0.5 M disodium hydrogen phosphate.

Normal hearts
Cylindrical picces of the left ventricle weighing around 1g were incubated at
37°C. One picce was homogenized immediately in ice-cold 10% perchloric acid
solution and the others at the end of 15, 30, and 60 min of incubation.

Homogenates were prepared in ice-cold sucrose solution (1 g in 3 ml) and
incubated at 37°C. Protcins were precipitated by the addition of cold per-
choloric acid a1 0, 5, 15, 30, and 60 min of incubation. . ’

Infarcted hearts

Cylindrical fragments of the Ief1 ventricle were taken from t.he anterjor wall
(infarcted tissue) and from the posterior wall (control tissue), selected on the
basis of the electrocardiographic records. The same procedures used on cylindri-
cal picces of normal heart were also performed on infarcted hearts, but only at
time zero and after 30 min of incubation.

Assay of other enzymatic activities

The following were used as marker enzymes: cytochrome ¢ oxidase (Wharton
and Tzagoloff, 1967), Na*-K*-Mg™-ATPase and Mg ™ -ATPase (Kidwai er al.,
1971b), K*-activated p-nitrophenylphosphatase (Kidwai, Radcliffe, and Daniel,
1971a), and acid p-nitrophenylphosphatase (Ostrowski and Tsugita, 1961).

RESULTS -

Stability of NAD and nicotinamide in the cardiac tissue
The tissue contents of NAD and nicotinamide were well preserved in the
cylindrical fragments of normal heart. In conirast, 2 remarkable decrease of
NAD and a stoichiomietric increase in nicotinamide occurred during incubation
of the homogenate (Table 1).

In the infarcted cardiac tissue excised 2 hours after the coronary occlusion, the
initial content of NAD was lower than that found in the control tissue whereas
the level of nicotinamide appeared higher. The sum of the levels of the two
compounds was similar in both tissues, and the increment of nicotinamide was
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Table 1. Stability of NAD and nicotinamide in
fragimments and homogecnates preparcd from
normal dog heart®

Incubation NAD Nicotinamide:-
at 37°C .
(min) (nmoles/g wet wt.)
Cylindrical fragpment .
(¢} 349 . 112
15 339 158
. 30 308 178
60 328 . 155 .
Tissue homogenate N
(] 450 130
- 13 : 565
15 33 541
30 14 R 618
- 60 - o] - 626 *

*Valucs bremnled are from 1 animal They are rep-
- resentative of a typical pattern found in all 8 animals
in the normal group. :

Table 2. Content and stability’ of NAD and nicotinamide in fragments of dog
hearts with experimental myocardial infarction®

Incubation Control Tissue Infarcted Tissue _
. at 37°C
Dog (min) NAD Nicotinamide NAD Nicotinamide
2 hr after occlusion’
[¢] 3s1 105 245 189
|
30 . 322 172 121 381
o 410 101 341 175
2
. . 30 303 193 123 © 30s
24 hr after occlusion .
o 438 97 41 34
3
30 340 204 25 37
[¢] 401 - 114 94 86
4 .
- 30 __ 306 204 87 100

*Figures (nmoles/g wet wt.) are average valucs from separated analysis of 2 tissue samples.
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almost equivalent to the loss of NAD. Furthermore, the amount of NAD
originally present in the infarcted tissue decereased from 50 to 6895, and the level
of nicotinamide increascd stoichiometrically after 30 min of incubation at 37°C
(Table 2). On the other hand, in the infarcted cardiac tissue removed 24 hours
afier the arterial occlusion, the levels of NAD and nicotinamide were very low
and did not changc afier incubation at 37°C (Table 2).

The control tissuc taken from hearts with coronary artery branch occluded
behaved as slightly disorganized tissue in that part of the endogenous NAD was
hydrolyzed during incubation of a fragment of this tissue, whereas the changes
obscrved in normal cardiac tissue undcr the same conditions were smaller (Table
2).

NAD glycohydrofase activity in control and infarcted cardiac tissue

The NADase activity measured in homogenates was of the same order of
magnitude in both the control and the infarcted cardiac tissue, irrespective of
the time elapsed after the occlusion of the artery. The amount of nicotinamide

" released during the reaction was approximately equivalent to the NAD loss

(Table 3).

Table 3. NAD glycohydrolase activity in homogenates from- dog hearts
with experimental infarction

. Enzyme Activity
(umoles/g wet wt., 15 min)

. . Cardiac
R . Tissue NAD Nicotinarnide
Tmme e Dog " -~ Sample Consumed Produced
2 hr after coronary occlusion
Control 15 17
1
Infarcted 11 15
W ) ‘- Control 9.4 12
2 - -
Infarcted 9.6 13
24 hr after coronary occlusion -
- Control 12 10
3 .
2 Infarcted 12 12
- Control 11 9.8
4

Infarcted 12 : 11
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3 Tablel Dlslnbullon of: NAD Elycohydrolase and markesr enzymes in sub-
* ccllular fractions from dog heart® .

Specific Activities (units/mg of protein)

4 _ Acid phos- K -activated Na“-K*-Mg™. Na*-K*
... ) Fraction NADase photase phosphatase ATPase ATPase
_. -~ Homogcnate 43 64 62 2.9 0.9
: Supernatant 1 19 64 X 4 46 1.5 (]
7 Mitbehondria 38 77 36 2.6 03
T 17,000X g 5158 327 266 273 7.0
" los,000Xg . 151 165 106 8.8 2.9

*Units: NAD:;:. nmoles NAD hydrolyz:d[m;. 15 min; acid phosphatase, nmoles p-nitro-
phenol hydrolyzed/mg, 15 min: K*-activaied phosphatase, nmoles p-nitrophenol hydroly-

°  lyzed/mg, 10 min; ATPasc, pumoles Py/mg, hour,

77 Distribution of the NADase in the subcellular fractions of dog cardiac tissue

Specific activities in svubcellular fractions for NAD glycohydrolase and for
marker enzymes are given in Table 4. No activity of NADase was found in the

final supernatant. The values for cytochrome ¢ oxidase (change of absorbance at — .
. 550 nm/mg, min) were 18.6 in the mitochondrial fraction and 2.0 in the 17 000
- X g fraction. This last fraction contained 44% of the total NADase activity, and
around 27% appeared in the mitochondrial fyactions. The original activity was
almost recovered (BO% in all the subcellular fractions separated from supernatant

1 (Table 5).

DISCUSSION -

The unfavorable conditions, namely anoxia and/or ischemia, under which a
fragment of normal heart was maintained in virro for 1 hour, were not noxious
enough to stimulate the decgradation of the endogcnous NAD, whercas the

o disorganization of the cardisc tissue sppeared to determine the conditions for a
reaction betwecn an enzyme and NAD contained in the tissue.

We concluded that the cnzyme hydrolyzes the NAD at the Ng]ycosyl bond
between the pyridine and the ribose moieties since, both in the homogenate
from normal hearts and in the fragment of infarcted tissue excised 2 hours after

- the arterial occlusion, the increment of nicotinamide was equivalent to the loss
of NAD. Conscquently, this enzyme scems to be analogous to that detected
previously in hearts from other animal species (Spaulding and Graham, 19473
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Table 5. Rccovcry of NAD glycohydrolase in subcellular fractions from

dog heart
Total .,
Volume Total
Fraction (m1) Units/m) Kilounits Distribution (5)

Homogenate 665 343 228 -
Supcrnatant 1 . 526 58 305 100
Light mitochondria 21 253 5.3 AL X
Heavy mitochondria 10 300 3.0 9.8
17,000X g " 10 1340 13.4 . aa
105,000 X £ 7.5 378 2.8 9
Final supernatant 476 - [+ .0 ) . (1]

Govier and Jetter, 1948; Hulsmans, 1961; Waravdekar and Griffin, 1964 ; Grigo-
rovich, 1970) and known as NAD glycohydrolase.

It is possible that the nicotinamide liberated by the NADase activity could be
converted to other compounds and/or to escape toward the bloodstream. This
would explain the very low levels of this compound found in the infarcted tissue
24 hours after occlusion.

The NADase activity appears to be localized mainly in a membranous fraction
which we are trying to characterize. This 17,000 X g fraction was vesicular when

.examined with the electron microscope (Fig. 2) and disclosed the maximal -

specific activities of those enzymes which have been found in the plasma
membrane fraction prepared from hearts (Kidwai er al., 1971b) or myometrium
of rats (Kidwai er al, 1971a). Moreover, the NADase scems to be tightly bound
the membranes, since the activity measured in the greatly disorganized infarcted
tissue (Calva et al., 1969) was as high as in the normal myocardium. In contrast
to this finding, a significant rise in the activity of the hexosemonophosphate
shunt enzymes and a rapid decline in the oxidative and glycolytic enzymes in the
infarcted cardiac tissuc have been reported (Gudbjarnason er al, 1967).

The fact that the NAD glycohydrolase does not hydrolyze the endogenous
NAD in thc normal cardiac tissue could be explained by the topological separa-
tion between the NAD and the NADase. On the other hand, it has been
established that the NADasc has low activity on cnzyme-bound NAD, and it has
becn assumed that most of the nicotinamide nucleotides exist in the cell bound
to protein (Kaplan, 1966). Conscquently, it is possible that, during the infare-
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tion process or the in vitro disruption of the cardinc tissue, the enzyme-bound
NAD is convcried to unbound coenzyme. Finally, although alterations in lyso-
some stability have been proposed 1o be among the earlicst structural modifica-
tions to ocecur during the ischemic myocardial injury (Ricciuti, 1972), further
work is necessary to elucidate the role of these cell structures in the hydrolysis
of the NAD.'

In a previous work, we postulated (Calva er al.. 1966) that the blockade of the
respiratory chain observed in mitochondria from infarcted cardiac tissue could
be due 10 the loss of mitochondrial NAD. We can now add that it is possible this
loss may be due to the activity of the NADase as a result of the tissue
disintegration. It has not been dclermined whether such activity is also present

Figurz 2 Elccuon m-:ro*r:ph of thin scction prepased from the 17,000 X g fraction of dog

,h::u'l homogcnates. X £8,000. Councsy of M. Gonz3lcz dcl Plicgo, L:‘boralor)' of electron
microscopy, Inc.
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in the cardiac rmtochondna or wlxcxhcr it l$ due 1o mcmbranous contamination
of the mitochondrial fraction. Lo T ; : o
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