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2. ABREVIATURES

AEC: acoblament excitacio — contraccié.
AMPc: adenosin momofosfat ciclic.
ANG-II: angiotensina-ll

Apaf-1: apoptotic protease-activating factor-1
ARA-II: antagonistes del receptor ANG-II.
ATP: adenosin trifosfat.

Ba: bari.

Ca: calci

[Cali : concentracio intracitosolica de calci.
CC-L: canals de calci L.

ECA: enzim convertidor angiotensina.
GP: glutation peroxidasa.

GR: glutation reductasa.

HDL: high density lipoprotein.

IECA: inhibidors de la ECA.

K: potassi.

LDH: lactat deshidrogenasa.

MCP: miocardiopatia.

MCPA: miocardiopatia alcohdlica.

Node AV: node auriculo-ventricular.
Node SA: node sino-auricular.

NYHA: New York Heart Association.

ON: oxid nitric.

OMS: Organitzacié Mundial de la Salut

PAI-1: inhibidor-1 de I'activador del plasminogen.

PCR: proteina C reactiva.

RNAm: acid ribonucleic missatger.
ROS: reactive oxigen species.
RSP: reticle sarcoplasmatic

RyR: receptors de raiodina.

SNC.: sistema nervids central.
SOD: superoxid dismutasa.

TNF: factor de necrosi tumoral.
VE: ventricle esquerra.

XIAP: X-lligat inhibidor de I'apoptosi proteina.
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3. INTRODUCCIO | REVISIO BIBLIOGRAFICA.

3.1 CONCEPTES GENERALS SOBRE EL MIOCARDI.

3.1.1. L'estructura del miocit.

Més de la meitat del miocits estan constituits per les proteines
contractils, estructurades de manera que donen lloc a les caracteristiques
bandes fosques i clares en microscopia electronica. Les bandes més fosques,
les bandes A, corresponen als filaments més gruixuts i contenen principalment
miosina pero també altres com nebulette, titin i miosin-binding proteina C. A
cada costat d’'una banda A es troben les zones clares, les bandes |, que
contenen els filament fins, principalment actina, tropomiosina i el complex
troponina. Les bandes | estan travessades per una linia fosca i fina que és la
linia Z que delimita la sarcomera.

Per tant, cada sarcomera,

Mvyofibrils

que quedara entre dues linies Z, b\ _Sarcolemma

contindra en la part central una

banda A flanquejada per dues 7 line d—Transverse
tubule
bandes |. L’escurcament de la ,
| -Sarcoplasmic
! reticulum
sarcomera en el moment de la i
A-band—| M
contraccidé succeeix quan els —Mitochondrion
filaments fins s’aproximen cap el
. o .I Transverse
centre de les bandes A mitjancant la Al | tubule
' 4 Terminal

formacio de ponts entre la miosina i j cisternae

I'actina que sén ATP dependents

(2-4).
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3.1.2. Les proteines contractils.

Hi ha sis tipus de proteines en els miofilaments que soén les
responsables del procés de contraccido muscular i del seu control. Aquestes
son: la miosina, I'actina, la tropomiosina i els tres components del complex
troponina, és a dir, troponina |, C i T. La miosina és una molécula dimerica que
conté una estructura allargada que podriem anomenar "cua” i una zona meés
globular que anomenarem “cap”. Aquesta zona globular és la que conté les
zones lligant amb I'actina i la ATPasa. La velocitat amb la que la miosina
hidrolitza 'ATP determinara tant la velocitat d’escurgament del muscul com la
intensitat de la seva contraccio (5). L’actina és una proteina de pes mol-lecular
inferior respecte a la miosina, que forma una macromolécula en hélix de doble
filament, i que es troba al centre del filament prim. Interacciona directament
amb la miosina i activa la seva ATPasa. La tropomiosina és una molécula
allargada formada per una helix de dues cadenes peptidiques que es situa
entre les dues cadenes de I'actina i regula la relacié miosina-actina. El complex
troponina té tres components: la troponina T, que uneix el complex a la
tropomiosina, i la troponina | que, juntament amb la tropomiosina, regula la
relacié miosina-actina. Per ultim, la troponina C, és la que conté zones d’alta
afinitat per al calci i la que lligara a aquest quan és alliberat en el citosol en la

darrera fase del complex excitacié-contraccio (6).

3.1.3. El fenomen de contraccié-relaxacio en el cor.
Les alteracions en les fases de relaxacio i contraccioé cardiaca son
troballes practicament constants en els pacient amb miocardiopatia. Aquestes

anomalies s’atribueixen a diferents canvis en els processos cel-lulars que

-14-
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inclouen alteracions en les vies metaboliques per 'obtencié d’ATP, en les
bombes i els canals ionics, en els processos de relaxacio i contraccio, i en les
proteines que participen en el procés d’acoblament contraccio-excitacio.

La contraccié cardiaca és un fenomen energia depenent que s’activa
quan el calci entra en el citosol a través dels canals de calci. La contraccié es
“desactiva”, i el miocardi entra en fase de relaxacio, quan el calci es transportat
activament fora del citosol. Ambdds processos requereixen energia.

Poden dividir els fluxs de calci responsables de la contraccid i la
relaxacié en dos cicles: en el cicle extracel-lular el calci es mou entre I'espai
extracel-lular i el citosol. En el cicle intracel-lular els fluxs de calci s’estableixen
entre el reticle sarcoplasmatic, el citosol i les proteines dels miofilaments que
sén sensibles als canvis de concentracio del calci. L'entrada extracel-lular de
calci al citosol es fa a través dels canals de calci tipus-L i actua com un
disparador o gallet, que activa els canals alliberadors de calci que es troben en
el reticle sarcoplasmatic. El transport del calci fora del citosol que donara lloc a
la relaxacié muscular, és un procés actiu que suposa hidrolisi de ATP i en el

que participen bombes i intercanviadors de ions (1).

3.2 LALCOHOL I EL SISTEMA CARDIOVASCULAR.

3.2.1. Epidemiologia sobre el consum patoldgic d’alcohol.

Es considera consum excessiu d’alcohol la ingesta superior a 80grm/dia
en homes i de 60 grm/dia en dones. A Europea, en el Pla d’Acci6 de la OMS
contra el Alcohol, es va valorar que al voltant del 40%-60% de les morts,

incloses les lesions intencionades i no intencionades, eren atribuibles al
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consum d’alcohol. Aixi mateix es va considerar que I'alcohol era el responsable
del 9% de les malalties a la Comunitat Europea, suposant un cost d’entre el 2%
i el 5% del producte nacional brut (7).

Quan descendim a nivell estatal el Ministeri de Sanitat i Consum
assenyala que fins a un 10% de la poblacié presenta un consum excessiu
d’alcohol i que I'edat d’inici es situa al voltant dels 13 anys. El primer grup de
poblacié afectada es situaria entre els 45-65 anys i el segon entre 16-24 anys,
amb un predomini dels homes (18%) sobre les dones (2%). A Catalunya es
valora que el 7% de la poblacié presentava un consum excessiu d’alcohol (8).

Les patologies més associades al consum d’alcohol sén: hepatopaties,

neuropaties, cardiopaties i malalties immunologiques/infeccioses. (9)

3.2.2. Efectes de l'alcohol en el sistema cardiovascular.
A més de la miocardiopatia alcohodlica, motiu de la tesi, hi ha descrits en
la literatura altres efectes de I'alcohol en el sistema cardiovascular, entre els

que caldria destacar els seguents:

3.2.2. A. Aritmies cardiaques.

La relacio de les aritmies amb el consum d’alcohol ha estat ampliament
documentat en la literatura (10-12). L’exposicié aguda a la ingesta alcoholica
pot generar aritmies, principalment de tipus supraventricular, com el flutter, sent
la fibril-lacié auricular la que ha estat objecte de més estudis (13-17). Degut als
costums socials actuals, que suposen una ingesta superior d’alcohol durant el
cap de setmana, va apareixer en la literatura medica el terme Holiday Heart

syndrom (sindrome del cor durant el cap de setmana) per la descripci6 de

-16-



Introduccid

taquiaritmies supraventriculars en pacients que realitzaven una ingesta
d’alcohol superior a I'habitual durant les seves vacances (18,19). Malgrat la
benignitat de la majoria dels casos també s’han descrit aritmies malignes
associades, sobre tot, al consum cronic d’alcohol en malalts afectes de
cardiopatia alcohdlica. Alguns d’aquests estudis apunten a una major incidéncia
de mort sobtada i d’aritmies ventriculars en els mateixos. Els mecanismes
principals proposats en aquests casos son les alteracions de la repolaritzacio
amb QT allargat aixi com alteracions en el control vagal de la frequéncia

cardiaca (20,21).

3.2.2. B. Hipertensid6 arterial.

La relacio entre el consum d’alcohol i la preséncia d’hipertensio arterial ja va
ser assenyalada per primera vegada a la Primera Guerra Mundial per Lian C
(22). El seguent estudi rellevant, que va incloure 87000 pacients va ser realitzat
per Klatsky i cols. el 1977 (23). Des de llavors s’han realitzat multiples estudis
gue coincideixen en assenyalar els seglents aspectes: el consum excessiu
d’alcohol (molts estudis el defineixen com consum superior a 3 begudes/dia)
esta clarament associat a hipertensié arterial tan sistolica com diastolica,
independentment del sexe, I'edat, del grup étnic o del tipus de beguda
consumida. També s’ha pogut comprovar que una reduccié en el consum esta
associat a una reduccio dosi-depenent de la tensié arterial tant sistolica com
diastolica (23-25). El mecanisme ha estat motiu de molta controvérsia. S’ha
apuntat a una alteracio del control del sistema simpatic, tant dels baroreceptors
(26) com per una activacioé en el SNC (27). Molts estudis han aprofundit en la

participacio de les catecolamines i del eix renina-angiotensina-aldosterona, sent
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els resultats altament contradictoris i no concloents (28-32). També hi ha
algunes publicacions que suggereixen una alteracio del metabolisme del sodi

(33-34) i altres ions com el magnesi (35).

3.2.2. C. Malaltia coronaria.

Hi ha molts estudis que han demostrat la disminucié dels accidents
cardiovasculars quan es compara el grup de consumidors moderats d’alcohol
amb el grups d’abstinents (36-39). L’efecte protector de I'alcohol sobre la
malaltia coronaria es va interpretar inicialment per la seva accio sobre els lipids,
amb un augment de les HDL (40) aixi com pel seu efecte sobre les plaquetes
com a antiagregant. (41,42). Segons alguns treballs aixd es tradueix en un
millor prondstic i una millor recuperacio després d’un infart agut de miocardi i,
fins i tot, en una disminucié de la incidéncia de mort sobtada associada a
accident isquémic agut (43-45). El progressiu aprofundiment en la comprensio
de la malaltia arteriosclerodtica ha arribat a entendre a aquesta com una malaltia
inflamatoria cronica de la paret vascular(46) i alguns autors han estudiat la
relacio dels nivells de interleucina-6, TNF, PCR i PAI-1 amb consum d’alcohol
(47). Recents estudis han demostrat que els pacient amb consum moderat
d’alcohol presenten una menor resposta inflamatoria que podria ser atribuida a
I'alcohol o a algun dels components de les begudes alcohodliques (48). En
aquesta direccio hi ha estudis molt interessants centrats en el vi negre.
Gronback i cols. assenyalen que en un estudi fet amb diferents begudes
alcoholiques només el vi negre va demostrar una disminucié de la mortalitat per
esdeveniments cardiovasculars (49,50). Una possible explicacié d’aquest

fenomen podria raure en una substancia que es troba en diferents vegetals i en
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molt alta concentracio en el vi negre, el revesratrol, que és un antagonista
natural del receptor aril-hidrocarbé. Aquest receptor té diferents lligants que
I'activen, donant lloc a un augment en I'expressié de citoquines pro-
inflamatories. D’aquesta manera, la capacitat de proteccié vascular del vi negre
seria en darrer terme causada per una disminucio en la produccié de citocines

(51-53).

3..3. LALCOHOL | LA MIOCARDIOPATIA ALCOHOLICA.

3.3.1. Introduccié.

La miocardiopatia alcoholica (MCPA) és una malaltia especifica del
muscul cardiac de causa toxica i que esta classificada dins dels grup de les
cardiomiopaties dilatades (54), tot i que en ocasions es fa referéncia a aquesta
entitat com a malaltia del muscul cardiac en relacio a I'alcohol (55).

La primera referencia documentada de la relacio entre el consum
d’alcohol i I'afectacio cardiaca la va fer Bollinger el 1884 en el que es va
anomenar Munich beer heart perqué 'estudi es va realitzar a Munich i en
autopsies practicades en consumidors de cervesa, en els que va detectar
dilatacié cardiaca i signes d’hipertrofia (56).

La MCPA, al igual que altres cardiopaties com podria ser la idiopatica,
esta caracteritzada per una dilatacié del ventricle esquerre, una reduccio del
gruix de la seva paret i un increment de la massa total del ventricle. Degut a
que no hi ha troballes immunoldgiques o immunohistoquimiques especifiques
el diagnostic sempre és per exclusio d’altres causes en preséncia de consum

excessiu d’alcohol.
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La MCPA representa el 3.8% de tots els casos de miocardiopatia, sent la
segona causa de cardiopatia dilatada al mén occidental (54). Alguns treballs de
cardiopatia dilatada han reportat que entre el 23%-40% dels pacients dels

estudis presentaven un consum excessiu d’alcohol (57).

3.3.2. Cardiopatia alcohdlica i consum d’alcohol.

Hi ha certa discussio respecte I'existéncia d’una relacio lineal entre la
duracio i la dosi acumulada d’alcohol consumit i 'aparicié d’alteracions
estructurals i funcionals en el miocardi; hi ha publicacions que no han trobat
una correlacio entre aquestes dues dades (58-61) tot i que el nostre grup ha
publicat la relacié directa entre dosi total d’alcohol consumida al llarg de la vida
(kg ethanol/kg pes) amb I'increment de massa del ventricle esquerre i la
depressioé de la fraccioé d’ejecciod (62). En general, els pacients que presenten
alteracions cardiaques funcionals i estructurals refereixen un consum superior a
100 grams/dia durant més de 5 anys, tot i que la majoria d’estudis reporten una
duracio en el consum superior a 15 anys (58-61). Sembla que una clau
determinant en el desenvolupament de la MCPA seria el temps d’exposicié a
I'alcohol; en aquest sentit Mathews i cols. determinen en un estudi que la
diferéncia entre el grup d’alcoholics amb MCPA i els asimptomatics no rau en la
dosi diaria d’alcohol sin6 en el temps de consum (10 anys versus 6 anys,
respectivament) (63). Urbano-Marquez i cols. apunten en la mateixa direccio,
amb una diferencia entre els grups de 24.8 anys versus 16.2 anys. En general
es considera que la minima dosi que es requereix per a desenvolupar una
MCPA seria de 7 kg d’etanol per kg de pes corporal en homes i 5 kg d’etanol

per kg de pes corporal en dones (62).
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3.3.3. Canwvis estructurals, funcionals i histologics del miocardi en la MCPA.

El consum cronic d’alcohol produeix una disfuncié del ventricle esquerre
dosi-depenent amb afectacio tant sistdlica com diastolica que es tradueix en
una disminucié de la fraccié d’ejeccid i una alteracié en la relaxacio
respectivament (62). El primer canvi que es detecta en el cor és la dilatacio del
VE i I'increment de la seva massa. Posteriorment apareix la disfuncié diastolica
i finalment la sistolica (58, 59, 62). Alguns pacients també mostren un
aprimament de la paret del VE que sempre acompanya a una dilataci6 del
mateix i que s’ha interpretat com un canvi compensatori. Histoldogicament
destaca la preséncia de miocitolisi, hipertrofia del miocit i fibrosi intersticial. La
miocitolisi s’evidencia en forma de vacuolitzacié cel-lular i desestructuracié de
les miofibrilles que finalment comporta una pérdua de les mateixes (62). Hi ha
una relacio inversament proporcional entre la fraccidé de volum de miocits i el
consum d’alcohol de manera que aquells que tenen un consum d’alcohol més

elevat presentat un grau més important de fibrosi miocardica.

3.3.4. Clinica i tractament de la MCPA.

Els simptomes i signes de la MCPA no es diferencien dels propis de la
miocardiopatia d‘altres causes i no hi ha un tractament especific farmacologic
per aquesta entitat. El que caldria destacar és que, mentre que la mortalitat és
la mateixa entre el grup d’alcoholics abstinents i el grup de pacients amb
cardiopatia dilatada idiopatica, els pacients que no aturen el consum excessiu
d’alcohol presenten una mortalitat superior. En aquest sentit alguns estudis han
demostrat que, quan degut al tractament farmacolodgic tots tres grups (control,

alcohdlic i cardiopatia idiopatica) milloren hemodinamicament, per exemple en
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un dels parametres principals com és com la fraccié d’ejeccio, quan no hi ha
una aturada en el consum d’alcohol el grup de no abstinents presenten una

mortalitat superior (57,63).

3.3.5. Les dones i la MCPA.

Hi ha molt pocs estudis que hagin centrat I'estudi de la MCPA en dones i
cap d’ells que contemplin el paper dels estrogens. Urbano-Marquez et col
demostra en un estudi que les dones presenten miopatia i cardiomiopatia a
dosis inferiors d’alcohol que els homes (64). Un altre dels estudis de referéncia
és el de Fernandez-Sola et col. on es va constatar que el grup de dones
presentaven una dosi toxica d’alcohol acumulada menor, un temps menor de
consum i globalment una classe funcional (NYHA) millor. Malgrat aix0 requerien
una dosi acumulada total d’alcohol consumit menor per a desenvolupar el

mateix grau de disfuncio sistolica que el grup d’homes (65).

3.3.6. Mecanismes fisiopatoldgics de la miocardiopatia alcoholica.

Els possibles mecanismes fisiopatoldgics de la MCPA es coneixen
parcialment gracies a models animals. El problema d’aquests rau en la dificultat
per a desenvolupar models de consum cronic, ja que el temps necessari és
massa perllongat i la dosi tdxica acumulada requerida no és tolerable a curt
termini, en termes de supervivencia, pels animals d’estudi.

Els treballs estan centrats, per una banda, en els efectes de I'alcohol
sobre el miocardi, tant a nivell histologic com cel-lular: miocits, disfuncid
d’'organel-les intracel-lulars, alteracié de proteines contractils, alteracions en

I’'homeostasi del calci, canvis en la cadena oxidativa i alteracions metabodliques.
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Per I'altra hi ha estudis centrats en l'alteracié dels mecanismes relacionats amb

el sistema cardiovascular: el sistema renina-angiotensina-aldosterona, el

sistema autonom simpatic (norepinefrina), les citoquines i el factor natriurétic

atrial. En farem una breu descripcié:

I

Alteracio dels midcits. Hi ha alguns estudis que han aprofundit en
I'apoptosi, la mort cel-lular programada, com un dels principals
mecanismes causants de la MCPA (66). Chen i cols., en un estudi
amb linia cel-lular de midcits, evidencia la preséncia d’'un augment
de I'apoptosi a la infusié aguda d’alcohol; observa un augment de
la proteina pro-apoptotica Bax aixi com una augment de I'activitat
de la caspasa-3 (67). En canvi altres estudis amb metodologia
practicament idéntica no han aconseguit reproduir aquestes
troballes (68). Malauradament aquests estudis tenen limitacions
importants: per una banda estan fets sobre linia cel-lular i no pas
sobre teixit. A més sén models animals i, a part de que sén
models d’exposicioé aguda, les dosis d’alcohol usades serien
mortals per I'ésser huma (500mg/dL). La present tesi assaja
I'estudi d’aquest mecanisme en relacié a la MCPA obviant
aquests problemes al treballar sobre mostres de miocardi huma

de pacients amb consum excessiu cronic d’alcohol.

Disfuncié d’organel-les intracel-lulars. Les dues estructures en les
que s’han centrat els principals estudis sén els mitocondris i el

reticle sarcoplasmatic. En mitocondris s’ha trobat alteracions de la
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1)

cadena respiratoria aixi com dels fluxs de calci (69,70) i també un
augment de la preséncia d’ésters d’acids grassos que podrien ser
causants d’alterar la funcié mitocondrial (71). També s’ha
demostrat la preséncia d’alteracio dels fluxs de calci en el reticle
sarcoplasmatic que en estudis de microscopia electronica es

correspon amb una desorganitzacié d’aquesta organel-la (72,73).

Les proteines contractils. Es postula que I'alcohol podria generar
una disminucié en la sintesis de les proteines contractils (74),
encara que hi ha estudis que no han trobat canvis en la sintesis
de I'actina, la vimentina, la tropomiosina i les cadenes lleugeres
de miosina li Il (75). També s’han observat canvis de les
isoformes de la cadena pesada de la miosina (tant de la quantitat
de proteina com del RNAm), concretament de disminucio de la
forma -miosina a favor de a-miosina. Aquest canvi, que
s’acompanya d’'una disminucié de 'activitat de 'ATP, s’ha
interpretat com un mecanisme d’eficiéncia en I'Us energetic ja que
inicialment redueix la frequéncia de contracci6 i el consum d’ATP

(76,77).

El metabolisme del calci. EI metabolisme del calci i els seus fluxs
dins del miocit son claus en els processos de contraccio-relaxacio
muscular. La regulacié del calci és molt complexa i depén de
diferents factors com son els receptors tipus-L, les bombes de

transport, (com la de Na/Ca), i el funcionament del reticle
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sarcoplasmatic (RSP). Un dels aspectes més estudiats ha estat
els fluxs de calci en el citosol i la seva implicacioé en la MCPA.
Figueredo i cols. no van trobar diferencies en aquests fluxs entre
el grup control i el grup alcohdlic ni tampoc en la quantificacié de
proteines, com la bomba ATP depenent, suggerint que la clau
podria trobar-se en la sensibilitat dels miofilaments (78-79). Altres
estudis han focalitzat I'atencio en la participacio dels canals de
calci tipus-L; Guppy i cols. han demostrat una sobre-expressié
dels canals de calci tipus-L en rates exposades de forma aguda a
alcohol (80,81). Hi ha treballs que han demostrat que I'efecte
inotropic negatiu de I'alcohol roman malgrat 'augment progressiu
de concentracions de calci a I'espai extracel-lular o la preséncia
d’antagonistes dels canals de calci, tornat a incidir en que la clau
estaria en la sensibilitat dels miofilaments (79, 82-84). En la
present tesi s’aprofundira en la participacio dels canals de calci

tipus-L en la patogénesi de la MCPA.

Cadena oxidativa. El miocardi, com tots els teixits, té un sistema
metabdlic que permet neutralitzar els radicals lliures (85,86).
Alguns estudis han demostrat alteracions en el sistema
antioxidant del miocardi en pacient amb cardiopatia dilatada o
fallada cardiaca (87,88). Hi ha treballs que han determinat
alteracions en el muscul esquelétic d’alcohdlics (89) mentre que
altres autors han postulat el rol dels agents oxidants en el

desenvolupament de cardiopatia en alcoholics (90,91). També hi
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Vi)

Vi)

ha alguna publicacié que ha proposat que el dany miocardic
podria generar sobre-expressio de factors antioxidants
independentment de la causa de la lesi6 (92). En la present tesi
intentarem aprofundir en el paper de I'estat oxidatiu en la genesi

de la MCPA.

Alteracions metabdliques. Una de les alteracions més amplament
documentada rau en l'alteracié del metabolisme del glucogen
consistent en un augment de la concentracié de glucogen
muscular per la inhibicié parcial de la glucogen fosforilasa
quimasa aixi com una disminucié de I'activitat de la piruvat
quimasa (93-94). No hi ha, pero, clara relacié entre aquesta

alteracié i el desenvolupament de MCPA (95).

Sistema neurohormonal. Hi ha alguns treballs que han demostrat
una augment en l'eliminacio urinaria de norepinefrina i epinefrina i
han relacionat aquests nivells amb les mesures morfométriques
cardiaques, suggerint que aquestes catecolamines juguen un
paper destacat en la génesi de la hipertrofia induida per 'alcohol
(96-98). En aquesta linia alguns autors han demostrat un augment
en I'activacié dels receptors a1-adrenérgics que estimula

I'hipertrofia dels midcits (99).
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3.4. ELS CANALS DE CALCI | LA MIOCARDIOPATIA ALCOHOLICA.

3.4.1. Introduccio al metabolisme del calci i als receptors de calci.

En les cél-lules excitables la concentracié de Ca intracel-lular [Ca]i és
10000 cops menor que la concentracié extracel-lular (0.1uM vs 1mM). Per
altra banda l'interior de la cel-lula és electronegatiu (-85 a —55mV). Aixo déna
lloc a un gradient electroquimic que facilita I'entrada de Ca a la cél-lula. Durant
I'activacio cel-lular la [Ca]i augmenta fins a 100 cops (fins 10uM) com a
consequeéncia de I'entrada de Ca extracel-lular a través de la membrana i/o
I'alliberacié de Ca dels seus diposits intracel-lulars. L'entrada de Ca a través del

sarcolema tenen lloc a través de canals especifics o per I'intercanvi Na-Ca.

A la membrana cel-lular hi ha diferents canals de calci:
1. Canals de calci voltatge-depenent.
a. Baix llindar d’activacié: canals T.
b. Alt llindar d’activacio: canals L, T, N, P, Q, R.
2. Canals activats per receptors.
3. Canals activats per segons missatgers (proteines G, inositol trifosfat,
AMPc).
4. Canals activats per l'alliberacié intracel-lular de Ca.

5. Canals activats per factors fisics (estirament/pressio).

Al miocardi i a les fibres muscular llises vasculars només hi ha dos
menes de canals: els L i els T, tots dos canals voltatge-depenents. La seva

localitzacio, caracteristiques i funcions son les seguents:
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Canals de calci-L

Canals de calci-T

Funcio q

Acoplament excitacio-
contraccio.
Fase-2 potencial d’accio.

Exitacio-contraccio a través

Activitat marcapas del node
sino-auricular (SA).
Expressio génica.

Modulacio d’enzims i

del node A-V. canals ionics (k).
I Secrecio neurotransmisors i
factors de creixement.
I General Node SA i fibres de
Distribucié
Purkinje.
Caract.:
- N° canals: 3-5 (uM?) 0.1-0.3 (uM?)
- Densitat: 1.7-8.5 (pA/pF) 0.5-2.9 (pA/pF)
- Selectivitat Ca>Ba Ca=Ba
- Llindar -30 mV <60 mV
-Conductancia 16-24 pS 6-8 pS
- Imax 0a+20 mV -40 mV
- Inactivacio voltatge/[Cali voltatge

Imax: corrent maxima.

La cinética d’activacio-inactivacioé és diferent en tots dos canals:

- Activacio: els canals T s’activen quan la membrana es

despolaritza fins a —=70mV i la corrent maxima arriba a -40mV. En

canvi els canals L s’activen a =30mV i la corrent arriba al seu

maxim entre 0 a +20 mV.
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- Inactivacio: els canals T s’inactiven molt rapidament, pel que es
produeixen obertures transitories (T=translent), mentre que en els
canals L la inactivacié és molt més lenta (L= long) donant lloc a
obertures meés perllongades. A més, els canals T sén unicament
voltatge-depenent, mentre que en els canals L també depenen de

la [Ca]i .

A partir d’aquestes diferéncies funcionals tan rellevants es poden
entendre els diferents rols que desenvolupen aquests receptors en el
miocardi; aixi, mentre que els canals T regulen la freqiéncia de les
cél-lules marcapas cardiaques (node sino-auricular), els canals L
participen en el fenomen d’acoblament excitacié - contraccio (AEC)

(100).

3.4.2. El fenomen d’acoblament excitacioé — contraccié.

S’anomena acoblament excitacié — contraccioé (AEC) al procés
mitjangant el qual es coordina la despolaritzacioé del sarcolema excitat i
'augment transitori de [Cal]i amb la propia contraccié de les fibres musculars
concretades per la interaccio actina-miosina Ca-depenent (101).

Com esmentaven anteriorment la concentracié de Ca intracel-lular [Cal]i
és 10000 cops menor que la concentracio extracel-lular (0.1uM vs 1mM). Aixo
doéna lloc a un gradient electroquimic que facilita 'entrada de Ca a la cél-lula.
Durant I'activacié cel-lular la [Ca)i augmenta fins a 100 cops (fins 10uM) com a
consequencia de I'entrada de Ca extracel-lular a través de la membrana i/o

I'alliberacié de Ca dels seus diposits intracel-lular. Per a saturar els llocs d’uni6
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de la troponina C, la funcio de la qual és necessaria per a la regulacié de la
contraccio, és suficient una concentracié de 10uM. Per tant el miocardiocit ha
de regular de forma molt precisa els canvis de [Ca]i durant el fenomen de AEC,
ja que aquest sera el responsable del senyal eléctric del potencial de
membrana que esdevindra fenomen mecanic de contraccié muscular.

El procés de AEC comenga amb el potencial d’accié que despolaritza el

sarcolema. Hi ha les seguents fases:

- Fase 0 del potencial d’accié: rapida i breu corrent interna de Na*, amb
entrada d’aquest en el citoplasma a través de canals rapids de Na*
voltatge-depenents.

- Fase 1: periode de repolaritzacio rapida. Hi ha un lent i perllongat
moviment de Ca cap l'interior del citoplasma a través dels canals lent de
calci voltatge-depenents. (canals de calci-L).

- Fase 2: és la fase d’altipla on I'entrada de Ca s’equilibra amb la sortida
de K.

- Fase 3: d’hiperpolaritzacio, en la que la sortida continua de K™ cap a
I'espai extracel-lular mitjangant canals especifics repolaritza la

membrana.

Tot i que el mecanisme de contraccioé depén de la corrent de Ca des de
I'espai extracel-lular a I'espai intracel-lular la quantitat que penetra és
insuficient, per si sola, per a activar els miofilaments (102); aques flux, perd, és
fonamental perqué desencadena la sortida de calci dels seus compartiments

intracel-lulars (reticle sarcoplasmatic, mitocondria, nucli) assolint-se
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concentracions de calci molt elevades. Posteriorment el calci sera recuperat pel
reticle sarcoplasmatic mitjangant una ATPasa i lligat a la calciquestrina, mentre

que la bomba Na*/Ca*" desplacgara al calci del citosol a I'espai extracel-lular.

3.4.3. Els canals de calci tipus-L i els receptors de rianodina .

La contraccié muscular esta regulada per 'elevacié de la [Ca]i mitjangant
la intervencio de dues proteines de membrana: els canals de calci tipus-L (CC-
L), que son voltatge depenents, i els receptors de rianodina (RyR). Els CC-L
estan localitzats en els tubuls-T, unes invaginacions de la membrana
citoplasmatica, i estan separats fisicament dels RyR, que es troben en el reticle
sarcoplasmatic.

Hi ha diferéncies estructurals significatives entre els CC-L en el muscul
esquelétic respecte al miocardi. En el muscul esquelétic els CC-L s’organitzen
en tétrades, amb associacié de 4 polipeptids en unié no covalent. El porus esta
format per la subunitat a41.1 amb tres subunitats auxiliars 0201, B1a, i Y1, formant
una proteina de membrana heteroligomérica de 430 kDa de massa (103). En
canvi, en el miocardi, els CC-L estan formats per tres isoformes de a; que sén
la a11.2, la B (majoritariament les isoformes B2 i B3), i la a204. La significacié de
I'abséncia del polipéptid y1 €s motiu de controversia i alguns estudis amb
ratolins sense polipéptid y1 han demostrat que, tot i estar en relacié a la
modulacié de I'amplitud del potencial d’accio i de la cinética d’'inactivacié dels
canals, no és imprescindible pel fenomen de AEC (104).

La interacci6 entre els CC-L i els RyR apareix quan després de la

despolaritzacio del miocit els CC-L s’activen i deixen entrar calci a 'interior del
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citosol. Aixo estimula al RyR que alliberaran el calci del RSP a l'interior del
citosol (105).

La unitat a4 dels CC-L és la responsable dels fluxs de calci a través del
sarcolema i conté la zona lligant pels antagonistes dels canals de calci, com és
la dihidropiridina, les fenilalquilamines i les benzodiacepines; és per aquesta

rad que els CC-L també son coneguts com a receptors de dihidropiridina.

3.4.4. Els canals de calci i I'alcohol.

La primera demostracio de que I'alcohol alterava els fluxs de calci va ser
realitzada per Thomas i cols. al demostrar I'existéncia d’una disminucio dels
fluxs en el [Ca]i en suspensions de miocardiocits aillats exposats a etanol en
periodes breus. L'amplitud del flux va disminuir de forma reversible amb etanol
(40-200nM), amb una disminucioé del pic de [Cali (106) .

Hi ha estudis d’exposicio cronica a etanol que s’han centrat en els CC-L;
un estudi amb model animal va demostrar una sobre-expressié dels CC-L en
rates exposades a etanol (107). Altres estudis han apuntat la possibilitat de que
I'alcohol disminueixi la capacitat del RSP per actuar com a dipdsit de calci
(108).

La majoria de publicacions sobre I'efecte cronic d’alcohol s’han trobat
amb la dificultat de que els models animals sén inadequats per a models
d’exposicio cronica a alcohol, sigui perqué haurien de ser periodes molt
perllongats d’exposicio, sigui perqué la dosi total d’alcohol/kg pes del subjecte
d’estudi que es vol assolir seria massa toxica pels animals d’experimentacid.
En la present tesi focalitzarem 'atencié en els CC-L en mostres de miocardi

huma i en un model d’exposicié cronica a 'alcohol.
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3.5. EL FENOMEN DE L’APOPTOSI EN LA MIOCARDIOPATIA ALCOHOLICA.

3.5.1. Introduccio al fenomen de mort cel-lular.
Actualment es considera que el procés de mort cel-lular es presenta en
tres fases (109):
- Fase pre-letal: canvis potencialment reversibles que duen a la cél-lula a
dues vies possibles: I‘'oncosis i I'apoptosi.
- Fase letal: en el que la cel-lula entra en un punt de no retorn; hi ha
augment del calci intracitosolic aixi com augment inespecific de la
permeabilitat de la membrana cel-lular.

- Fase de necrosi: fase final que comporta lisi cel-lular.

Oncosis. Es un terme que van propugnar Joris (110) per a fer referéncia als
canvis que porten a la destruccié cel-lular després d’una lesié irreversible, en el
que I'edema cel-lular és I'element més destacable. Aquest depén de l'alteracié
del metabolisme energétic (ATP) i de les alteracions idniques (inhibicio de la
ATPasa Na+/K*, augment de Ca*?, Na*, Cl~ i pérdua de K*). Hi ha una activacio
de proteases que generen una desestructuracioé del citoesquelet amb formacié

de vacuols.

Apoptosi. Es el nom que Kerr va donar als canvis morfoldgics que succeeixen
en les cél-lules i les duen a la seva mort per un mecanisme diferent de la
oncosis (111). Es caracteritza per canvis inicials en el nucli i posteriorment en el

citoplasma en les seglents fases:
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1) Inici de la condensacio i marginalitzacié de la cromatina amb acumuls
focals de masses de cromatina en la periféria del nucli.

2) Desintegracio dels nucleols i encongiment del nucli.

3) Fragmentacio nuclear.

4) Retraccid/disminucié del volum citoplasmatic.

5) Recol-locacio i compactacio d’organel-les, dilatacio del reticle
sarcoplasmatic i edema mitocondrial.

6) Convulsio de la superficie cel-lular.

7) Separacio6 de les cél-lules apoptotiques de les cél-lules veines.

8) Vacuolitzacié citoplasmatica amb creacio de cossos apoptotics.

9) Despreniment dels cossos apoptotics.

10) Fagocitosi dels cossos apoptotics per macrofags i ceél-lules veines.

11) Abséncia de reaccio inflamatoria quan la cél-lula es destruida.

La fase clau del procés de I'apoptosi és la ruptura internucloesomica de la

cromatina del DNA degut a I'activacié d’endonucleases (caspases i DNAases).

Necrosi. Es el fenomen que es produeix després de la mort cel-lular, sigui per
apoptosi o per oncosis. En ambdds casos els patrons convergeixen en 'edema
mitocondrial, cariolisi i disrupcio de la continuitat citoplasmatica.
Morfoldgicament la necrosi es caracteritza per fendomens com la
hipereosinofilia, la picnosi nuclear, la cariorrexis i la cariolisi focal. El procés
clau és el dany en la membrana cel-lular; hi ha una alteracié moderada dels
sistemes de transport que duu a un augment de la permeabilitat de la mateixa i

finalment a una disrupcié deguda a activacié de les fofolipases calci-depenents.
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3.5.2. Mecanismes basics de I'apoptosi.
Es consideren varies fases sequencials dins del fenomen de I'apoptosi i
diferents vies que hi duen. En el seglent esquema mostrem, com exemple, una

de les vies classiques amb les seves fases:

FACTOR D’ACTIVACIO APOPTOSI
TNF
MECANISME ACTIVACIO ACTIV. ENZIMATICA
Augment de [Ca*?] Caspases
CEL-LULA IMPLICADA ALTERACIO
(Neurona) MITOCONDRIAL
RECEPTOR MEMBRANA FACTOR TRANSMISSIO
(TNF-R) NF-KkB

A) Fase d'iniciaci6 i vies d’execucio: multitud d’estimuls diferents poden ser
els responsables de I'activacio de 'apoptosi i, de fet, qualsevol inductor
d’oncosis cel-lular pot induir 'apoptosi si la cél-lula sobreviu a l'insult
agut. Les dues vies principals que usen els iniciadors d’apoptosi sén les

seguents:
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f Via Fas - el Fas és un receptor de membrana de la familia del
factor de necrosi tumoral (TNF), el lligand del qual s’anomena
FasL. La seva acci6 apoptotica ve vehiculitzada per I'0xid nitric
(ON). Té un gran paper en la regulacié immunoldgica de manera
que la seva inhibicié en troba en diferents malalties
limfoproliferatives i autoimmunes.

' Via TNF - és el prototip d’'una amplia familia de citocines que
interaccionen amb una superfamilia de receptors, els TNF-R. La
seva accid apoptotica sovint ve mediada per un factor nuclear, el
NF-kB, que també pot activar-se per altres senyals com radicals

superoxid o la proteincinasa C.

B) Fase efectora: els dos factors principals son l'alteracio de la

permeabilitat mitocondrial i 'activacié de les caspases.

f Alteracié mitocondrial - I'alteracié mitocondrial que portara a
'edema de la mateixa rau en un porus de transicio de
permeabilitat en la membrana interna de la mitocondria. Es tracta
d’'un canal de calci que presenta dues conformacions possibles
perd que adopta de forma irreversible (degut a la saturacié dels
receptors per calci) una conformacio d’alta conductivitat. Aixo
acabara activant factors proapoptotics i induint edema osmogeénic

del mitocondri (112).
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f Les caspases = son un tipus especific de proteases que actuen
fonamentalment a nivell mitocondrial i que intervenen en
I'apoptosi a través de la inhibicié de l'alliberacio del citocrom C o
per accio de la gramicidina (113). Les caspases s’activen entre
elles en un mecanisme de cascada i activen altres proteines

inductores d’apoptosi (DNAases).

C) Mecanismes de regulacio: els tres mecanismes principals que participen

en la regulacio del fenomen de I'apoptosi son el BCL-2, el BAX i XIAP.

f BCL-2 - és tracta d’'una proteina que es troba en cél-lules
hematopoiétiques, limfoides, epitelials, musculars i neuronals i
que té una accio clarament anti-apoptotica. Es localitza
preferentment en la membrana mitocondrial externa, el RSP i la
membrana nuclear interna. Actua a diferents nivells: protegeix la
membrana plasmatica dels radicals lliures i de la peroxidacio,
evita la recaptacié de calci per part del nucli i inhibeix caspasa-3.

f BAX - és una agent pro-apoptotic que actuaria en les
mitocondries, unint-se al porus de transicié de permeabilitat
mitocondrial i donant lloc a augment de la permeabilitat.

1 XIAP - és un potent inhibidor de les caspases depenents del
citocrom-C, que en el citosol s’'uneix a Apaf-1 induint la seva
oligomeritzacio i activant la caspasa-9. Tant XIAP com Apaf-1 sén
dues molecules en les que s’estan centrant els darrers estudis pel

seu paper rellevant en la regulacio de I'apoptosi (114).
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3.5.3. Apoptosi i sistema cardiovascular.
Els treballs que han relacionat el fenomen de I'apoptosi amb el sistema

cardiovascular s’han centrat en diferents aspectes, entre els que destaquen:

3.5.3.A Apoptosi i insuficiéncia cardiaca. Entre els factors que duen a la
insuficiencia cardiaca (hipertrofia dels midcits, alteracié del metabolisme
del calci) es considera la pérdua progressiva de miocardiocits com una
de les causes més rellevants (115). Alguns estudis han provat de
relacionar I'etiologia de la insuficiéncia cardiaca amb la preséncia
d’apoptosi. Aixi, Narula i cols. van descriure |la preséncia d’apoptosi en
els explants cardiacs de pacients amb cardiopatia dilatada, mentre que
aquest fenomen no es trobava en explants de pacients amb cardiopatia
isquémica (116). Malgrat aixo treballs posteriors han demostrat que el
fenomen d’apoptosi es pot trobar en malalties cardiaques tan diverses
com la cardiopatia isquémica o la displassia aritmogénica del ventricle
dret (117). Els factors neurohormonals i mecanics que apareixen en la
cardiopatia dilatada també s’han considerat com a inductors d’apoptosi;
per exemple, en estudis en els que es procedia a lligar I'arteria aorta de
rates, es detectava un increment de I'apoptosi amb un pic maxim en el
quart dia post-lligadura (118). Katusura i cols. van presentar un estudi en
el que van mostrar un augment de I'apoptosi en miocardiocits aillats
després d’exposicid a angiotensina-Il (0.9% midcits tractats amb ANG-I|
versus 0.2% en midcits control), obrint la possibilitat de que els efectes
beneficiosos en la insuficieéncia cardiaca dels IECAS i els ARA-II sigui

evitant la pérdua de miocardiocits (119). Finalment, hi ha alguns treballs
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que han focalizat la seva atencié en el factor natriurétic atrial, mostrant
com I'exposicié a aquest podia augmentar I'index d’apoptosi del 4,8% al

19% (120).

3.5.3.B Apoptosi i cardiopatia isquémica. Classicament l'infart de
miocardi havia estat considerat com un fenomen on predominava la mort
cel-lular per oncosis. Actualment hi ha multitud d’estudis que apunten
'apoptosi com un fenomen amplament present en l'infart de miocardi.
Efectivament, 'apoptosi es troba en els miocits localitzats en la zona
peri-infart (121), en 'anomenada zona de penombra (entre el miocardi sa
i el miocardi infartat) on s’ha demostat una sobre-expressio de proteines
reguladores com son el BAX i el BCL-2 (122). Models animals han
mostrat que I'apoptosi podria contribuir substancialment en la mort
cellular, inclus en la zona central de l'infart (5%-33% de midcits sén
positius per fragmentacio del DNA) (123). De fet, el tractament amb un
inhibidor de les caspases zVAD.fmk, va mostrar reduccié de la zona

d’infart en un model amb rates (124).

3.5.4. Apoptosi i miocardiopatia alcohodlica.

Hi ha alguns estudi in vivo que demostren la preséncia d’'un augment de
I'apoptosi en midcits exposats a alcohol a través de trastorns mitocondrials
(125). En la present tesis s’estudia la relacio entre I'exposicio a I'alcohol i la
presencia d’apoptosi a través de la técnica TUNEL i I'expressio de BAX i BCL-

2, comparant controls i alcohdlics.
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3.6. LESTRES OXIDATIU | LA MIOCARDIOPATIA ALCOHOLICA.

3.6.1. Introduccio al fenomen de I'estrés oxidatiu.

Un radical lliure és una molécula amb un electré desaparellat. En els
sistemes biologics els radicals lliures amb un paper més rellevant sén els
resultants d’addicionar electrons a la molécula de O, (126). La reduccio
completa de O, a aigua requereix de quatre electrons i succeeix, de forma
predominant, en el mitocondri (95%) per la via de la cadena oxidativa, sense
que es produeixin molécules intermedies que siguin reactives. Hi ha, pero, tota
una serie de fenomens fisioldgics i també alguns processos potencialment
patologics, en els que la reduccio de la molecula de O, es produeix d’electrd en
electrd (reduccié univalent). Aixd déna lloc a una reduccié parcial que genera
tot un seguit de molécules intermédies que inclouen, entre d’altres I'anio
superoxid, I’hidrogen peroxidasa i el radical hidroxil, sent aquest darrer una
molécula altament activa. Com que aquestes molécules solen ser altament
reactives son anomenades conjuntament com molécules reactives d’oxigen
(ROS; en anglés). Una exemple de reaccions de les ROS amb altres molécules
bioldgiques serien els fendmens de robatori d’electrons (oxidacio), que podrien
donar lloc a trencament d’enllagos, o el robatori d’atoms d’hidrogen. El resultat
de la modificacié d’aquestes molécules per part de ROS s’anomena dany
oxidatiu. Per tal d’evitar el dany que pot originar ROS hi ha tot un conjunt de
mecanismes enzimatics i no enzimatics de proteccié entre els que destaquen la
superoxid dismutasa (SOD), la glutation reductasa (GR), la catalasa, la

glutation peroxidasa (GP), la vitamina E i la vitamina C (127).
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3.6.2. L’estrés oxidatiu i el sistema cardiovascular.

El balang radicals lliures/mecanismes antioxidants del cor és fonamental
per assegurar una funcié cardiaca normal. En general les reserves
d’antioxidants son suficients per a protegir el miocardi perd hi ha algunes
situacions patoldgiques que poden fer que aquestes siguin insuficients, com
son el fenomen d’isquémia-reperfussio, els processos inflamatoris i
I'administracié de farmacs cardiotoxics. En aquest apartat voldriem destacar els

seguents.

a) Fenomen d’isquémia-reperfussio: els radicals lliures en el fenomen
d’'isquémia-reperfussio sén generats a I'espai intracel-lular, a l'interstici i
a I'espai vascular per diferents tipus de cel-lules com els midcits, les
cél-lules musculars llises i els infiltrats de neutrofils. Entres els agents
destaquen el peroxid d’hidrogen, el superoxid i radical hidroxil (128). Els
sal-licilats reaccionen amb els radicals hidroxil formant un compost no
lesiu i per tant ha estat usat tant per a demostrar la preséncia d’aquest
radical en el moment de la reperfussié com per a disminuir el grau de
lesié que genera (129). Alguns estudis han provat de bloquejar la
produccio de radicals lliures combinant la superoxid dismutasa
(converteix Oy en H,O2) amb la catalasa (que converteix la H,O; en
aigua); aquestes dos enzims ,combinats amb altres agents, s’han
assajat per a neutralitzar el radical hidroxil o bé intentar evitar la seva
formacié mitjangant la quelacio del ferro (passant de peroxid d’hidrogen

a hidroxil) (130).
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b) Hipertrofia miocardica: la majoria d’estudis que s’han desenvolupat

sobre la d’hipertrofia miocardica i I'estrés oxidatiu s’han basat en els
models animals en els que es procedia a lligar I'artéria aorta per tal de
desenvolupar hipertrofia miocardica. Gupta M i PK Singal van demostrar
que 12 setmanes després de lligar 'aorta es podia detectar una augment
de I'activitat de la SOD i de la GP mentre que el malonaldehid (que
tradueix I'index de peroxidacio lipidica) era un 25% inferior en els cors
hipertrofiats que en els controls (131). Un altre estudi, realitzat amb
miocardi de porcs pigmeus, va mostrar que després de 10 setmanes de
lligar 'aorta es detectaven nivells superiors de SOD i de GP aixi com de
GR. Quan es superaven 20 setmanes, moment en el que s’entrava en
parametres hemodinamics d’insuficiéncia cardiaca, la SOD i la GR
disminuien per sota del nivell dels controls. Aixd0 semblaria indicar que
mentre que la hipertrofia miocardica s’associaria amb un increment de
I'estat antioxidant la transici6 a insuficieéncia cardiaca mostraria un
caiguda dels mateixos, encara que 'estudi no va poder determinar si

aixo era causa o efecte (132).

Exercici: realitzar un exercici intens ha demostrat estimular la resposta
antioxidant del miocardi. Aixi, en un exercici realitzat a diferents
intensitats (55, 65 i 75% del consum maxim d’oxigen) i amb duracions
diferents (30, 60 i 90 minuts /dia) s’induia 'augment de la SOD en el
ventricle esquerre després de 10 setmanes d’entrenament, mentre que

la catalasa i la GP no semblaven modificar-se (133).
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3.6.3. L'estrés oxidatiu i I'alcohol.

La resposta de I'organisme a I'administracié aguda i cronica d’alcohol ha
evidenciat la generacio de radicals lliures (134) que poden conduir a alteracions
miocardi (62). Hi ha diferents estudis, basats majoritariament en models amb
animals, que han provat de demostrar els efectes de I'ingesta aguda i cronica
d’alcohol en el balang antioxidant. Un estudi que donava una dosi unica de
2grm/kg a rates va mostrar danys miocardic per pérdua de lactat
deshidrogenasa (LDH) que era parcialment reversible amb vitamina E (135). En
un altre estudi, en el que la dosi d’etanol s’administrava durant 6 setmanes, es
va mostrar descens de la GP i la GP que es recuperava amb una dieta rica en
vitamina E (136). En canvi hi ha altres estudis que han postulat poca relacio
entre I'estrés oxidatiu i la lesié miocardica per etanol. Aixi, en un experiment
amb galls d’indi exposat a etanol durant 15 setmanes es va aconseguir generar
disfuncio ventricular esquerre i dilatacié de cavitats pero els nivells de SOD,
catalasa i GP es van mantenir elevats. Els autors d’aquest article discutien si la
troballa podia ser deguda a la diferent reserva d’agents antioxidants deguda a
I'espécie estudiada (137). Un altre treball en el que s’administrava etanol en
una dieta liquida aportant aquest el 36% de les calories es va comprovar un
augment dels nivells miocardics de catalasa (138).

En la present tesis intentarem aprofundir en aquest estudis previs evitant
dues limitacions fonamentals: nosaltres no usarem models animals, sin6

miocardi huma, i el temps d’exposicioé sera molt més perllongat.
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4. HIPOTESI i JUSTIFICACIO DE LA TESI

La fisiopatologia de la miocardiopatia alcoholica és indiscutiblement
multifactorial. Hi ha publicacions préevies que han aprofundit en els possibles
mecanismes que hi intervenen, entre els que caldria destacar alteracions del
miocit, disfuncié mitocondrial, alteracions de les proteines contractils,
alteracions del metabolisme del calci, trastorns de la cadena oxidativa,
alteracions metaboliques i disregulacio del sistema neurohormonal.

Les limitacions de la majoria d’estudis, perod, rauen en que es basen en
models animals i que per tant les dades sén dificiiment extrapolables a I'ésser
huma; no només per les diferéncies dbvies interespécie sind també per la gran
dificultat per a desenvolupar models de consum cronic d’alcohol en els animals
d’experimentacio. Efectivament és molt dificil assolir un temps d’exposicio i/o
una dosi acumulada total (kg alcohol consumit/kg pes individu) equiparable al
que arriba I'ésser huma.

El nostre grup de recerca, inclos en el Grup de Recerca de Malalties
Relacionades amb I’Alcohol i Patologia Muscular, del Servei de Medicina
Interna, dins del grup Neurociéncies IDIBAPS (Grup de treball 7.04) ha pretés
avancgar una passa més en la direccié assenyalada per treballs previs. La
diferéncia fonamental amb qualsevol publicacié prévia sobre els efectes del
I'alcohol en el miocardi €s que s’ha aconseguit defugir les dues limitacions que
hem esmentat préviament. Aixo ha estat gracies a 'ampli banc de miocardi
huma que el grup ha anat construint al llarg dels darrers 10 anys, amb la
inestimable col-laboracio del Transplant Service Foundation (TSF), i que ens ha

permés assajar estudis centrats en models d’exposicio cronica i sempre en
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miocardi huma de cors no aptes per a trasplantament (observant les normes
establertes de caire étic i de confidencialitat).

La present tesi ha aprofundit en tres mecanismes que participen en el
desenvolupament de la miocardiopatia alcohdlica i que estudis previs animals
han assenyalat com a destacats en la seva génesis.

El primer article focalitza I'atencié en la participacié dels canals de calci;
sent el calci un element clau en la fisiologia cardiaca la present tesi pretén
demostrar que I'exposicio cronica a alcohol es relaciona amb la sobre-
expressio dels canals de calci-L (que sén els responsables d’iniciar el complex
exitacio-contraccid) i que aquesta sobre-expressio varia segons si el pacient
presenta o no miocardiopatia. El segon article es centra en el fenomen de
I'apoptosi i la hipotesi plantejada és que I'exposicio a I'alcohol es relaciona amb
un augment dels fendmens d’apoptosi en el miocardi, és a dir, que I'alcohol
podria actuar com un inductor de I'apoptosi i per tant de la pérdua de midcits.
Finalment, el tercer article, estudia I'estat de I'estrés oxidatiu en relacio al
consum cronic d’alcohol i en relacié a la preséncia o no de miocardiopatia. La
hipotesi proposada és que l'alcohol és capag d’alterar I'estat oxidatiu facilitant la

lesié miocardica per part dels radicals lliures.
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5. OBJECTIUS
5.1 OBJECTIUS GENERALS

1. Estudiar en pacients amb consum cronic excessiu d’alcohol la dinamica
de receptors de calci-L, el fenomen de I'apoptosi i les alteracions en
I'estat oxidatiu miocardic com a possibles mecanismes de generacié de
la miocardiopatia alcoholica.

2. Comparar els tres grups d’estudi, és a dir: 1) Grup control, 2) Grup amb
consum cronic excessiu d’alcohol sense miocardiopatia i 3) Grup amb
consum cronic excessiu d’alcohol amb miocardiopatia en cada un dels
mecanismes proposats, que son: les alteracions dels canals de calci-L,

el fenomen d’apoptosi i les alteracions de I'estat oxidatiu.

5.2. OBJECTIUS PARTICULARS

5.2.1 Primer estudi: “Up-regulation of myocardial L-type Ca** channels in
chronic alcoholism”. [Fatjé F, Sancho P, Fernandez-Sola J, Sacanella E, Estruch R,
Bataller R, Nicolas JM.. Up-regulation of myocardial I-type ca2+ channel in chronic
alcoholism. Department of 1nternal Medicine and Hepatology, Hospital Clinic, Institut
d’Investigacions Biomediques August Pi i Sunyer, University of Barcelona, Spain.

Alcohol Clin Exp Res. (Enviat; pendent acceptacio)].

1. Demostrar la preséncia del fenomen de sobre-expressio de canals de
calci tipus-L en pacients amb consum cronic excessiu d’alcohol.

2. Correlacionar el fenomen de sobre-expressido amb la preséncia o
abséncia de miocardiopatia alcohdlica.

3. Mesurar la caracteristiques morfomeétriques dels diferents grups d’estudi

(Grup control, Grup amb consum cronic excessiu d’alcohol sense
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miocardiopatia i Grup amb consum cronic excessiu d’alcohol amb
miocardiopatia) i la seva relacié amb la preséncia de sobre-expressio

dels canals de calci tipus-L.

5.2.2 Segon estudi: “Evidence of apoptosis in alcoholic cardiomyopathy”.
[Fernandez-Sola J, Fatjé F, Sacanella E, Estruch R, Bosch X, Urbano-Marquez A,
Nicolas JM. Evidence of apoptosis in alcoholic cardiomyopathy. Human Pathology.

2006;37(8):1100-1110].

1. Mesurar la preséncia d’apoptosi per la técnica TUNEL en els diferents
grups d’estudi (Grup control, Grup amb consum cronic excessiu
d’alcohol sense miocardiopatia i Grup amb consum cronic excessiu
d’alcohol amb miocardiopatia

2. Valorar I'expressio de BAX i de BCL-2 com a reguladors del fenomen

d’apoptosi i la seva relaciéo amb el grau de lesié miocardica.

5.2.3. Tercer estudi: “Myocardial antioxidant status in chronic alcoholism”.
[Fatj6 F, Fernandez-Sola J, Lluis M, Elena M, Badia E, Sacanella E, Estruch R, Nicolas

JM. Myocardial antioxidant status in chronic alcoholism. Alcohol Clin Exp Res.

2005;29(5):864-870).

1. Mesurar I'estat oxidatiu total en el miocardi.
2. Valorar 'activitat enzimatica de la superoxid dismutasa, la glutation
peroxidasa i la glutation reductasa en relaci6 als diferents grups d’estudi

i a la preséncia de miocardiopatia.
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6. TREBALLS PUBLICATS

6.1.2 UP-REGULATION OF MYOCARDIAL L-TYPE CA* CHANNELS
IN CHRONIC ALCOHOLISM.

Eatj6 F, Sancho P, Fernandez-Sola J, Sacanella E, Estruch R, Bataller
R, Lluis M, Badia E, Nicolas JM.

Alcohol Clin Exp Res (Enviat).

6.1.3 EVIDENCE OF APOPTOSIS IN ALCOHOLIC
CARDIOMYOPATHY.

Fernandez-Sola J, Fatj6 F, Sacanella E, Estruch R, Urbano-Marquez A.,
Nicolas JM.

Human Pathology. 2006;37(8):1100-1110

6.1.1 MYOCARDIAL ANTIOXIDANT STATUS IN CHRONIC
ALCOHOLISM.

Eatj6 F, Fernandez-Sola J, Lluis M, Elena M, Badia E, Sacanella E,
Estruch R, Nicolas JM.

Alcohol Clin Exp Res. 2005;29(5):864-870.
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ABSTRACT

Background: Excessive ethanol intake is one of the most frequent causes of
acquired dilated cardiomyopathy in developed countries. L-type Ca** channels,
involved in excitation-contraction coupling, are disturbed in animal models of
persistent ethanol consumption. This study was designed to evaluate the
density and function of myocardial L-type Ca®* channel receptors in organ

donors with chronic alcoholism and controls.

Methods: The protein expression of L-type Ca®* -channels was determined with
3H-(+)-PN 200-110 binding experiments using a specific antibody against the
as-subunit in homogenate samples of left-ventricle apex from organ donors:
healthy controls (n = 11), chronic alcoholic without cardiomyopathy (n=12) and
alcoholics with cardiomyopathy (n=11). Morphometric measurements were

performed.

Results: Binding experiments proved an up-regulation of L-type Ca?* channels
expression in alcoholics patients compared to controls (Bmax 3.04 + 2.8 vs 1.3
1 0.49 fmol/mg, respectively; p = 0.012). This up-regulation was present in the
group of alcoholics without cardiomyopathy, and was not seen in those with
cardiomyopathy (4.21 £ 3.7 vs 1.77 £ 0.53 fmol/mg, respectively; p = 0.046).
The cross-sectional area and perimeter of the cells were greater in alcoholics
with cardiomyopathy compared to controls and alcoholic patients without (500 +

87.8 vs 306 + 74 and 255 + 25 mm? respectively; p<0.001 both) as was
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perimeter (78.7 £ 7.3 mm vs 61.5 £ 7.2 and 56.5 £ 2.8 mm, respectively; p<0.001
both). Binding results did not change after adjusting receptor measurements for

cross-sectional area and cell perimeter.
Conclusions: Chronic alcoholism causes an up-regulation of myocardial L-type
Ca*" channel receptors, which partially decreases when cardiomyopathy is

present.

Key words: ethanol, myocardium, calcium channels, alcoholic cardiomyopathy.
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INTRODUCTION

Chronic alcoholic cardiomyopathy is a well-defined entity related to
ethanol consumption in a dose-dependent manner and occurs independently of
nutritional factors or vitamin deficiencies (Urbano-Marquez et al., 1989;
Fernandez-Sola et al., 1994,1997). It is characterized by the development of
structural and functional changes in the myocardium, most remaining subclinical
but manifesting later as low-output dilated cardiomyopathy (Moushmoush and
Ali-Mansour.,1991; Urbano-Marquez et al.,, 1989). The multi-factorial
pathogenesis of alcoholic skeletal or cardiac muscle disease has only partially
been clarified and some authors have suggested an alteration of calcium
homeostasis, especially in L-type voltage-gated calcium channel (VGCCs)
expression and regulation (Cofan et al., 1995, 2000; Guppy and Littleton,
1994a).

Cardiac muscle excitation-contraction (E-C) coupling is regulated by
elevation of the intracellular Ca®* concentration mediated by the interplay
between the VGCCs and ryanodine receptors (RyR;). Animal models have
shown an up-regulation of cardiac VGCCs in mice exposed to acute alcohol
consumption (Guppy and Littleton, 1994b). However, these models are not
representative of human expression since time and dose of exposure (kg of
ethanol/kg weight) in animal models are insufficient to generate chronic
cardiomyopathy. In fact, no studies have evaluated the VGCCs and calcium
fluxes in chronic alcoholic exposition. The VGCCs are localized in the T-tubular
membranes, invaginations of the plasma membranes, and are physically

separated from the RyR; residing in the junctional sarcoplasmic reticulum (jSR).
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The VGCCs are assembled from three tissue-specific isoforms of a; (a41.2),
axds and b (largely the b, and bs isoforms) while the g subunit is only present in
skeletal muscle (Biel et al., 1991; Hullin et al., 1992). The as-subunit contains
the binding site for Ca®" —channel antagonists such as dihydropiridines,
phenylalkylamines and benzodiacepines and is the responsible for voltage-
gated Ca? movement through the sarcolemma (Flockerzi et al., 1991; Hullin et
al., 1993; Tuana and Murphy, 1990). Depolarization of cardiac myocytes is
suggested to lead to the opening of the L-type calcium channels with Ca®* influx
through the VGCCs, stimulating the opening of the RyR, and resulting in a
cascade of Ca?* ions released into the cytosol, i.e. calcium-induced calcium
release (Cheng et al., 1994; Santana et al., 1996, Wang et al., 2004).

The present study was designed to elucidate the presence of changes in
VGCCs expression in human chronic alcoholic cardiomyopathy. Clinical
evaluation as well as morphometric studies of cardiac tissue were performed in
hearts from organ donors with and without previous history of chronic ethanol
intake. The amount and function of VGCCs receptors were measured by
radioligand binding experiments with morphometric cell measurements for

adjusting receptor density.
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MATERIALS AND METHODS

Patient and control selection

Over a three-year period (1999-2002), we consecutively studied hearts
from people with brain death of traumatic or cerebrovascular origin who had
been considered as organ donors by the heart transplant team of the Hospital
Clinic of Barcelona (Transplant Service Foundation). Of 94 cadaveric donors
younger than 70 years of age, 49 hearts were not suitable for transplantation:
23 cases due to a history of ethanol intake (>60 g/day) and 11 hearts from
healthy patients lacking a matched receptor or adequate size. Additionally, 15
hearts were not eligible for transplantation because of heart disease. In all
cases ventilatory and hemodynamic parameters were appropriately maintained
in an intensive unit care: systolic blood pressure was greater than 100 mmHg,
P,O, was always greater than 60 mmHg, pH was maintained between 7.35 and
7.45 and none of the patients required cardiopulmonary resuscitation
maneuvers.

None of the ethanol drinkers had clinical data of overt heart failure or any
other uncompensated alcohol-related disease. All patients were white
Caucasian men of Spanish descent who lived with their families in or around
Barcelona and had histories of stable employment. Most were skilled laborers
or office workers. None were indigent. The study protocol was approved by the
Ethics Committee of Hospital Clinic and included informed consent from the
families of the donors concerning the use of myocardium tissue for this research

protocol study. Some of these subjects had participed in a previous study on
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heart antioxidant status (Fatj6 et al., 2005).

Clinical evaluation

History of ethanol intake was obtained retrospectively by consultation
with family members using a structured questionnaire according to the “time-line
follow-back method” (Sobell et al., 1979) as previously reported (Urbano-
Marquez et al., 1989). Assessment of caloric status was performed as reported
elsewhere (Nicolas el al., 2001). Body mass index was determined as the actual
body weight relative to the square of the body height (BMI, Kg/m?). Protein
malnutrition was assessed by the following parameters obtained before
donation: hemoglobin, lymphocyte count, total protein and albumin. An
abdominal ultrasonography was performed in all subjects as part of routine
assessment for organ donation and an open liver biopsy was obtained from the

donors with a history of alcohol misuse.

Cardiac Studies

Symptoms and signs of heart failure were evaluated in consultation with
family members of the donors and NYHA functional class was determined
according to the Goldman activity scale (Goldman et al.,1981). Chest
radiography with measurement of cardiothoracic ratio and conventional
electrocardiography were performed in all donors. Bidimensional
echocardiography (Hewlett-Packard Sonos 2500, USA) was performed in all
cases with a cardio-thoracic ratio greater than 0.48. End-diastolic and end-

systolic diameters, the shortening fraction, and left ventricle mass were
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measured according to the standards of the American Society of
Echocardiography (Gottdiener et al., 2004). The cardiothoracic index and the
left-ventricle end-diastolic diameter were correlated (r = 0.68, p < 0.01). These
tests were performed and evaluated by personnel with no knowledge of the

alcoholic history of the patients.

Myocardium sample storage

At the time the donor was under cold perfusion, 3 cm of the distal left-
ventricle apex were surgically excised (total weight of 4-5 g). The specimen was
cut into fragment one of which was processed for further histological analysis.
The remaining fragments were immediately frozen under liquid nitrogen, until

isotopic studies were performed.

Histological and morphometric studies

Myocardial specimens were processed for routine conventional histology
exam, with hematoxyllin-eosin and toluidine-blue staining in semi-thin sections.
Two independent observers evaluated the degree of myocardial cell and
nuclear hypertrophy, myocytolysis (presence of myofiber disarray or cell
vacuolization) and interstitial fibrosis. The amount of interstitial fibrosis (volume
fraction of fibrosis) and cardiac muscle cells (volume fraction of the myocytes)
were determined morphologically by a previously reported method (Fernandez-
Sola et al., 1994), and were compared to values of normal controls. Degrees of
global histology involvement was graded as mild, moderate or severe according

to previously defined criteria (Fernandez-Sola et al., 1994). For morphometric
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measurements, images were obtained by digital image picture and the cross-
sectional area and perimeter of cardiac cells were measured by morphometry
with Imaged 1.32j (National Institute of Health, USA) program. The count was
made on at least 5 different fields (magnification 250x) of each sample, with at
least 500 cells for field, according to the method described by Sandri et al.

(1995).

Homogenate preparation and radioligand binding experiments

Myocardial tissue was chilled in 10 ml ice-cold homogenization buffer (in
mmol/L: Tris 20, NaCl 145, MgCl, 2). A protease inhibitor, 1 table of Complete®
in 50 mL buffer, was added (Roche Diagnostics GmbH, Mannheim, Germany).
Connective tissue was trimmed away and myocardial tissue was minced with
scissors and homogenized with a motor driven glass-Teflon homogenizer for 1
min. Homogenate was filtered through two layers of gauze and diluted with ice-
cold buffer up to 15 mL total volume and was centrifuged with 1,000 rpm for 15
min at 4°C. The protein concentration of the pellet was measured with the
Bradford method (Kruger NJ, 1994) and ice-cold buffer was added to obtain a
concentration of 1 mg/mL. The experiments were performed in a total volume of
300pI with incubation at 25°C for 60 min. The reaction was terminated by rapid
vacuum filtration through Whatman GF/C filters (Whatman, Clifton, NJ, USA) in
a cell harvester (Strakon, Lier, Norway). The filters were immediately washed
twice with ice-cold buffer (ethanol 10%, Tris 50mM) and radioactivity was
determined in a twinkle-counter (Packard, Camberra Company, Germany). All

experiments were performed in duplicate. Dihydropyridine binding sites were
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studied using *H-(+)-PN 200-110. Non-specific binding of *H-(+)-PN 200-110
was defined in the presence of 10pl cold nitrendipine. The tubes were protected
from light during the entire experiment. For all samples Bmax and Kd were
calculated using the GraphPad Prism program (Graph Pad Software, Inc., CA).
The Kd, expressed in units of moles/liter or molar, is the concentration of ligand
which occupies half of the receptors at equilibrium. A small Kd means that the
receptor has a high affinity for the ligand and vice versa. Bmax is the total
number of receptors, and is expressed by fmol/mg protein. Since quantification
of total protein was used to perform experiments and L-type calcium channels
are localized in the T-tubular membranes, we calculated the cross-sectional
area and transversal perimeter to obtain the number (Bmax * area; fmol/mg

*

protein/mm?) and density of receptors ([Bmax * area)/perimeter; (fmol/mg

protein/mm?)/mcm). With this correction, we ruled out the possibility that the
differences of Bmax were a consequence of the morphometric changes among

the groups.

Statistics

Standard statistical methods of the SPSS Statistical Analysis System V-
10.0 (SPSS, Chicago) were used. Differences between groups were analyzed
using ANOVA, Fisher-exact and two-tailed Student’s t tests. Correlation studies
were obtained by Pearson’s correlation coefficient. Since most of the variables
followed a normal distribution, data are expressed as mean = SD, and a

significance level of p lower than 0.05 was used.
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Limitations to the study

The present study is restricted to a relatively small number of middle-
aged chronic alcoholics of Caucasian origin and controls, due to the difficulty in
obtaining human myocardium samples. Since myocardial biopsy was taken only
in the left-ventricle apex, this study did not consider architectural or functional
changes within different sites of the myocardium. Due to the abstinence from
alcohol established in the period comprised from hospital admission to heart
donation, acute effects of alcohol on receptor expression activities could not be

considered in this study.

RESULTS

Clinical data

A total of 23 chronic alcohol patients and 11 control organ donors were
evaluated. Table 1 shows the epidemiological and clinical data of the patients.
The groups of patients were similar in age, and male predominance was
observed in the groups of alcoholics and control patients. The main causes of
death wee cerebrovascular disease in alcoholics and cranial trauma in the
control group. Time from hospital admission to organ extraction was similar in
the both alcohol group and controls (3213 versus 30 +2 hours, respectively).
Chronic alcoholics had presented a mean daily ethanol consumption of 165 +
43 g during a period of 25.1 + 5.4 years (lifetime dose of ethanol of 21.3 £ 5.6
Kg ethanol/Kg body weight) (Table 1). The control group presented a maximum

daily ethanol intake of 20 g/day. Alcoholic patients reported a greater active
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smoking habit with a mean of 35 + 12 packets-year, compared to control donors
(p <0.001).

Evaluation of the clinical history revealed that all control subjects were in
NYHA | functional class. Five (22%) out of the 23 chronic alcoholics had NHYA
II class and two others (9%) were in NYHA Il class. Neither controls nor
alcoholics had received any regular medication over the three months prior to
admission. Alcoholics presented a greater cardiothoracic index than controls
(Table 1). The electrocardiogram was normal in all controls but one who
showed signs of left ventricular hypertrophy, being abnormal in 11 alcoholics
(48%) who showed changes in ST wave, conduction defects and signs of left-

ventricle hypertrophy.

Nutritional data

The nutritional parameters of both groups are reported in Table 2. The
BMI was comparable in the two groups studied. Only two subjects with chronic
alcoholism exhibited signs of caloric malnutrition. Regarding protein nutritional
parameters, alcoholics disclosed a lower mean total serum protein and albumin
concentrations compared to controls. Alcoholics showed higher concentrations
of aspartate aminotransferase and gammaglutamyl transpeptidase compared to
the control group. Serum muscle enzymes were similar in both groups.
Abdominal ultrasonography was normal in 10 out of 11 controls. By contrast, 16
out of 23 alcoholics showed a diffuse disruption of liver structure. A liver biopsy
was performed in all patients with abnormal ultrasonography, and the

histological analysis disclosed 11 cases of fatty liver, 3 with alcoholic hepatitis,
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and the remaining 2 had liver cirrhosis (Child-Pugh A stage).

Cardiac evaluation

According to the reported criteria described in the Methods section, 11
chronic alcoholics (48%) had dilated cardiomyopathy (cardiothoracic index =
0.48). Table 3 shows cardiac functional data and ethanol intake in chronic
alcoholic donors according to the presence or absence of dilated
cardiomyopathy. All alcoholics with NYHA class II-IV had enlarged hearts. No
difference in nutritional data was observed among the subgroups of patients. In
concordance to previous studies, alcoholic patients with dilated cardiomyopathy
consumed a significantly greater daily and lifetime ethanol intake compared to

those without heart enlargement.

Myocardial histological analysis

Histological evaluation of myocardial samples from controls was normal,
except for slight signs of myocyte hypertrophy and interstitial fibrosis in one
specimen. Patients with cardiomyopathy had myocyte cell and nuclear
hypertrophy, and two-thirds demonstrated interstitial fibrosis. By contrast,
patients without cardiomyopathy only exhibited myocyte abnormalities in one-

fourth of the cases.

Morphometric studies
Morphometric measurements of the cardiac myocytes (Table 4) showed

similar cross-sectional area and perimeter between the control group and
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alcoholic donors (306 + 74 vs 372 + 136 pm?, and 61.5 + 7.2 vs 67 + 12 pm,
respectively) When considering the subgroups of donors, subjects with
cardiomyopathy showed a greater cross-sectional area and perimeter than
those without cardiomyopathy (500 + 88 vs 255 + 25 ym?, and 79 + 7 vs 56 +
2.8 um, respectively; p < 0.0001 both) and controls (500 + 88 vs 306 + 74 pm?,

and 79 £ 7 vs 61 £ 7 ym, respectively; p < 0.0001 both).

Isotopic binding studies

We measured the Bmax and Kd of L-VGCC by isotopic binding
techniques using *H-(+)-PN 200-110 as a radioligand and antibody against a;-
subunit of the sarcolemmal L-type calcium channel was obtained in control and
alcoholic groups (Table 4).

When evaluating the amount of receptors (Bmax) between the control
group and alcoholic donors we observed that Bmax was greater in alcoholic
donors than in control group (Bmax3.04 £ 2.8 vs 1.3 + 0.5 fmol/mg; p = 0.012).
When considering the subgroups of donors, the subjects without
cardiomyopathy showed a higher amount of VGCCs than those with (Bmax 4.1
+ 3.7 vs 1.7 £ 0.5 fmol/mg; p = 0.046) and controls (Bmax 4.1 £ 3.7 vs 1.33
0.5 fmol/mg; p = 0.022). No statistical differences were found between the
control group and alcoholics with cardiomyopathy (Bmax 1.33 £ 0.5 vs 1.77 %
0.5 fmol/mg).

Regarding to the dissociation constant (Kd) of L-Calcium Channel, no
differences were observed between the control and alcoholic groups (Kd 9.1 +

7.5 vs 15 £ 9.1 nM; p=n.s.). In contrast, when considering the subgroups of
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donors, subjects without cardiomyopathy showed a Kd greater than those with
(19.6 £ 10.6 vs 10.1 £ 4.1 nM; p = 0.011) and controls (19.6 £ 10.6 vs 9.1 £ 7.5
nM; p = 0.018). No statistical differences were seen between the control group
and alcoholics with cardiomyopathy (Kd 9.1 £+ 7.5 vs 10.1 £ 4.1 nM).

In the present study, the mean cross-sectional area and the transversal
perimeter of myocytes differed among the groups studied. Since total protein
was used to perform measurements and L-type calcium channels are localized
in the T-tubular membranes, we calculated the number and density of receptors
to discard the possibility that differences in Bmax were a consequence of the
significant morphometric changes among the groups.

The receptor number by area was higher in alcoholics with
cardiomyopathy compared to controls (79508+12744 versus 42887+14400
fmol/mg/mem?, p<0.01). Receptor density by perimeter was also higher in
alcoholics with or without cardiomyopathy than controls, being higher in
alcoholics without cardiomyopathy than in those with cardiomyopathy. (controls
689 *+ 204, alcoholics with cardiomyopathy 1121 + 253, alcoholic without

cardiomyopathy 1426 + 281 ([fmoI/mg/mcm2]/perimeter). P <0.05).

DISCUSSION

The pathogenic mechanisms induced by the toxic effect of alcohol on
skeletal and cardiac striate muscle are multifactorial, and have been previously
reported in several clinical and experimental studies (Fernandez-Sola et al.,

1997). However, clinical studies are limited because of the difficulty in obtaining
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human myocardial samples from chronic alcohol consumers. In experimental
studies, the limitation was to achieve a sufficient lifetime dose of ethanol
consumption in the animals (Kg of ethanol consumed per Kg of body weight) to
develop a situation of dilated cardiomyopathy comparable to what occurs in the
human model (Urbano-Marquez et al., 1989).

One of the main mechanisms involved in the effect of alcohol on the
myocardium is the disruption of intracellular calcium concentration and
membrane calcium transients, where the role of the L-type Ca*? channel activity
is relevant (Morgan JP, 1991; Thomas et al. 1989). In animal models, acute
alcohol exposure induces a dose-dependent descent in intracellular calcium-ion
transient (Cofan et al 1995 and 2000). An up-regulation of L-type calcium
channels in hearts of ethanol-dependent rats has also been described (Guppy
et al,1995). In clinical studies, disruption of [Ca® regulating mechanisms has
been reported in dilated cardiomyopathy (Beuckelmann and Erdmann, 1992,
Beuckelmann et al, 1992, 1997; Schroder et al, 1998) as well as in terminal
heart failure (Beuckelmann et al, 1992; Feldman et al, 1987; Gwathmey et al,
1987). However, no study has focused on the role of L-type Ca®* channels in
chronic alcohol consumption and alcohol-induced dilated cardiomyopathy.

The present study evaluates myocardial L-type Ca** channel receptor
function and density in myocardial tissue from 23 human organ donors with
chronic alcoholic consumption. We considered the effect of the amount of
alcohol consumption and the presence of cardiomyopathy in these subjects in
comparison to non-alcoholic control donors. Thus, the reported alcohol

consumption in this study was maintained along a mean period of 25.1 years
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with a total lifetime dose of ethanol of 21.3 kg ethanol/Kg body weight. Both
values are relatively high and impossible to reach in animal models of chronic
alcoholism.

The main results of this study confirmed an up-regulation of L-type Ca?*
channels in chronic alcoholic consumer donors compared to control donors.
This up-regulation was evident in chronic alcohol consumers without
cardiomyopathy, but was not seen in the presence of alcohol-induced
cardiomyopathy. In fact, Bmax and Kd values, were significantly higher in those
alcoholics without cardiomyopathy than in those with cardiomyopathy, reflecting
the up-regulation effect on the L-type Ca®* channel. In fact, some authors have
previously pointed an increment in channel availability (Kd), and the open
probability of receptor in dilated hearts (Schroeder et al., 1998; Schwinger et al.,
1990, 1992).

Morphometric study of the myocardium showed a major myocyte area
and perimeter in alcohol consumers with cardiomyopathy than in controls and
alcoholics without cardiomyopathy. This was interpreted as an inaccurate
mechanism of alcohol exposure through myocardial hypertrophy. Since
evaluation of L-type Ca?* -channel receptors was related to total protein values,
we corrected these measurements according to the area and perimeter of
myocytes, to avoid muscle areas without receptors. Therefore, receptor density
was greater in alcoholics without cardiomyopathy and was similar or decreased
when donors with alcohol consumption develop cardiomyopathy.

These results demonstrate that up-regulation of L-type Ca ?* channels is

an adaptative mechanism of heart myocytes to the acute effects of ethanol. This
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acute exposure decreases i.c Calcium transients and [Cali.c concentration
(Cofan et al., 1995,2000), an effect that remains until heart damage appears.
Lately, the presence of heart damage makes this up-regulation mechanism
ineffective, increasing the alcohol-induced functional damage to the
myocardium, and decreasing its contractile function.

This effect of up-regulation of the L-type Ca?* channels observed in
myocardium is also present in other organs such as cortical neurons of mice
exposed to ethanol (Katsura et al, 2005; Mohri et al., 2003; N’Gouerno and
Murad, 2003), as well as in Na'/Ca’" myocardial exchanger (Flesch et al.,
1996), Similarly, a down-regulation of myocardial beta-receptors has been
observed in dilated cardiomyopathy (Takahashi et al, 1992; Rasmussen et al,
1990; Schwinger et al, 1990). However, none of these studies has been
performed in the context of chronic alcohol consumption.

In summary, we observed an up-regulation of L-type Ca®" channels in the
myocardium of organ donors with chronic alcohol consumption whithout dilated
cardiomyopathy. This effect may be an adaptative mechanism of the
myocardium to the acute effects of ethanol, that decreases i.c [Ca] transients.
This adaptation mechanism seems to disappear when these subjects develop
structural cardiac damage. However, the significance of the disappearance of
the up- regulation of L-type Ca®* channel receptors as a cause or consequence

of heart damage should be elucidated in future studies.
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Table 1.- Epidemiological and clinical data of chronic alcoholics and control

donors.

Controls (n = 11)

Alcoholics(n23)

Age (years) 57.1+13.2 52.6 £10.3
Gender (Male/Female) 417 19/ 4°
Causes of death

Cranial trauma (n, %) 6 (54) 5 (22)

Cerebrovascular disease (n, %) 5 (45) 16 (69)

Other causes (n, %) 0 2(9)

Time from admission to donation (hours) 302 32+3
Active smokers (n, %) 2 (18) 21 (91)°
Daily alcohol intake (grams) 10+2 165 + 43°
Duration of ethanol intake (years) 55+1.4 25.1+54°
Lifetime dose of ethanol 0.3+0.1 21.3+56°

(Kg ethanol /Kg body weight)

NYHA function (n, %)

Class | 11 (100) 16 (69)

Class Il 0 5 (22)

Clas lll-IV 0 2(9)
Cardiothoracic index 0.48 £ 0.01 0.54 + 0.06*
Left-ventricle ejection fraction (%)’ 61+3 46 + 9*
Electrocardiogram (abnormal cases, %) 1(9) 11 (48)
Liver echosonography (abnormal, %) 1(9) 16 (70)

Data expressed as mean # standard deviation. ' Left-ventricle ejection
fraction was obtained in 30 subjects. 2 Abnormal electrocardiogram

defined in presence of rhythm disturbances, conduction defects, signs of
left ventricular hypertrophy or abnormal repolarization. > P = 0.01, * P <
0.01 and ° P < 0.001 compared to controls.
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Table 2.- Biochemical and nutritional data of alcoholic and control donors

Controls (11) Alcoholics (23)
Body mass index (Kg/m?) 258134 26.7+4.4
Total protein (g/L) 62.8 + 10.1 56.3 + 8.5
Albumin (g/L) 36.2+8.0 28.0 +6.7°
Aspartate aminotransferase (UI/L) 36.8+17.0 60.8 + 40.5
Alanine aminotransferase (UI/L) 240x7.0 38.3+£23.0
Gammaglutamyl transpeptidase (Ul/L) 23.6 £ 15.2 110.0 + 12.5°
Bilirubin (mg/dL) 0.89 £ 0.44 1.05 £ 0.91
Creatine kinase (UI/L) 174 £ 138 274 £ 130
Lactate dehydrogenase (UI/L) 546 + 197 438 +180
Leukocyte count (x10'%/L) 9.95+2.63 11.49 + 2.98
Lymphocyte count (x10"%/L) 1.13 £0.77 1.13 £ 0.58
Hemoglobin (g/L) 117 £12 123 £ 19
Platelet count (x 10%/L) 186 + 62 149 + 61
Prothrombin activity (%) 729 +14.5 75.0 £ 20.9

Data expressed as mean # standard deviation. ' P < 0.05, 2 P = 0.01, and °
p < 0.001 compared to controls.
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Table 3.- Myocardial functional data and ethanol intake according to the
presence of cardiomyopathy in alcoholic donors.

Alcoholics Alcoholics

without CMP with CMP

(n=12) (n=11)
Cardiothoracic index 0.48 £ 0.02 0.59 + 0.06°
Left-ventricle ejection fraction (%)’ 59+3 38 + 67
Abnormal ECG (n, %) 5 (42) 6 (55)
Liver echosonography (abnormal, %) 7 (58) 9 (82)
Liver cirrhosis (n, %) 1(8) 1(9)
Daily ethanol intake (grams) 146 + 36 188 + 51*
Period of ethanol intake (years) 245+5.6 25.3+5.3
Lifetime dose of ethanol 19.2+6.3 23.3+4.9*

(Kg ethanol/Kg body weight)

Data expressed as mean + standard deviation. ' Left-ventricle ejection

fraction was

obtained in 21 subjects. 2 P < 0.001 and ® P < 0.01 compared to alcoholics

without

cardiomyopathy, for each group. * P < 0.05.

CMP: cardiomyopathy
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Table 4.- Morphometric measurements and isotopic binding studies in cardiac
myocytes of alcoholica ans control donors.

Controls Alcoholics Alcoholics
(n=11) without CMP with CMP
(n=12) (n=11)
Area (mcm?) 307 + 74 255 + 25 ¢ 500 + 87 A
Perimeter (um) 61.5+7.2 56.5 + 2.8 *® 78.7 £7 M
Bmax (fmol/mg protein) 133 +49* 421+37° 177 £ 53
Kd (nM) 917"~ 19.6 + 11° 1014

Receptors number
by area (fmol/mg/mcm?) 42887+ 14400** 79508 + 12744 89479 +

21988 M
Receptors density
([fmol/mg/mem?)/
perimeter) 689+204 ** 14264281 © 1121+£253M

CMP: cardiomyopathy
Data expressed as mean * standard deviation.
" p<0.05 comparing control group vs. alcoholics without CMP group. **
<0.01
p<0.05 comparing controls vs. alcoholics with CMP. A p<0.01
CI’<£)<0.05 comparing alcoholic without CMP vs. alcoholics with CMP.
*®p<0.01 comparing alcoholics without CMP vs. alcoholic with CMP.
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Figure 1: Specific activity with respect to different nitrendipine concentrations.
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Specific activity (specific binding) was obtained as the difference between total
and non-specific binding. Equilibrium-specific binding at a particular radioligand
concentration equals fractional occupancy times the total number of receptor

(Bmax).
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Figure 2: Myocardial section corresponding to a heart donor with a history of
alcohol consumption
without alcoholic cardiomyopathy. (Hematoxyllin-Eosine staining x 250)

Images for morphometric measurements were obtained by digital images and
cross-sectional area and perimeter of cardiac cells were measured by
morphometry with the ImagedJ 1.32j program. The count was made on at least 5
different fields (magnification 250x) of each sample, with at least 500 cells per

field.
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RESUM DE L’ARTICLE: “Up-regulation of myocardial L-type Ca®* channels in
chronic alcoholism”.

En el present estudi s’ha estudiat els canvis en I'expressio en la
membrana del miocit dels canals de calci tipus-L en relacié al consum cronic
excessiu d’alcohol i a la preséncia de miocardiopatia alcohdlica.

S’ha mesurat per un métode de binding amb H-(+)-PN 200-100 (triti)
I'expressio de canals de calci tipus-L en mostres d’apex de miocardi huma (no
aptes per a trasplantament) de donants. També s’han realitzat mesures
morfomeétriques del perimetre i 'area dels midcits. El grup d’estudi ha estat: 11
controls, 12 pacients amb consum cronic excessiu d’alcohol sense MCPA i 11
pacients amb consum cronic excessiu d’alcohol amb MCPA.

El grup de pacients amb consum cronic excessiu d’alcohol sense MCPA
han mostrat un sobre-expressio dels canals de calci tipus-L respecte als
controls (p<0.01). Quan s’ha comparat als dos grups d’alcoholics s’ha
evidenciat que la sobre-expressio es troba unicament en el grup sense MCPA
(p=0.046). Per altre banda, tot i que les mesures morfomeétriques han establert
un perimetre i una area superior pel grup de pacients amb consum cronic
excessiu d’alcohol i MCPA respecte el grups sense MCPA i els controls
(p<0.001 ambdds), aquesta dada no ha afectat a la determinacio de la sobre-
expressio dels canals de calci tipus-L un cop fets els ajustaments adients.

Concloem, doncs, que en els pacients que presenten un consum cronic
excessiu d’alcohol perd que no han desenvolupat una MCPA hi ha un sobre-
expressié de canals de calci tipus-L que no s’evidencia un cop s’instaura la

miocardiopatia alcohdlica.
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IliethO:.(: S Summary Apoptosis is a mechanism of cell death implicated in the pathogenesis of alcohol-induced
POPIOSIS; organ damage. Experimental studies have suggested alcohol-mediated apoptosis in the cardiac muscle,
Alcoholism; . . .. .
. and there is evidence of skeletal muscle apoptosis in long-term high-dose alcohol consumers. The
Hypertension;

relation between skeletal and cardiac muscle damage in alcoholism led us to consider the pathogenic
role of apoptosis in alcoholic dilated cardiomyopathy. We evaluated apoptosis in the hearts of
individuals with long-term alcoholism (n = 19), of those with long-standing hypertension (n = 20), and
of those with no known disease as control subjects (n = 7). Alcohol consumption measurement, heart
function evaluation, and myocardial immunohistochemical and morphometric analysis were performed.
Apoptosis was evaluated with deoxyribonucleotidyl transferase—mediated dUTP-biotin nick end-
labeling assay, and BAX and BCL-2 expressions were used to detect induction of and protection from
proapoptotic mechanisms, respectively. Hearts from patients with a history of alcoholism showed
apoptotic indexes similar to those of organs from hypertensive donors. Subjects with structural heart
damage of alcoholic or hypertensive origin showed higher apoptotic indexes in deoxyribonucleotidyl
transferase—mediated dUTP-biotin nick end-labeling, BAX, and BCL-2 assays as compared with
control subjects (P <.001 for all). Moreover, New York Heart Association class I alcoholic patients
displayed higher BAX and BCL-2 expressions as compared with control subjects. We conclude that
apoptosis is present to a similar degree in the heart muscle of high-dose alcohol consumers and long-
standing hypertensive subjects and is related to structural damage. Proapoptotic mechanisms are
activated in alcoholic patients without heart damage.

© 2006 Published by Elsevier Inc.

Dilated cardiomyopathy

1. Introduction

High-dose alcohol consumption has been related to the
— o development of dilated cardiomyopathy in a lifetime
Investigaciones Sanitarias (98/0330, 02/533, and 02/535) and from lated d d dent 131 B £ th
Generalitat de Catalunya (CUR 2001/SGR-279). cumulated dose-dependent manner [1-3]. >ecause ol the
* Corresponding author. widespread consumption of alcohol, alcoholic heart muscle
E-mail address: nicolas@clinic.ub.es (J.-M. Nicolas). disease is one of the most frequent causes of acquired
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nonischemic dilated cardiomyopathy in developed countries
[4], affecting as many as 13% of excessive alcohol
consumers [1]. Most cases remain asymptomatic for a long
time, being detectable only by cardiac function studies,
which evidence diastolic left ventricular dysfunction initial-
ly and systolic left ventricular dysfunction subsequently [5].
As the disease progresses, however, patients frequently
present with overt congestive heart failure and dysrhythmias
and have a high risk of facing sudden death [3,4]. The
disease progresses if heavy alcohol consumption is main-
tained but fortunately ameliorates on abstinence or con-
trolled drinking [6].

The mechanisms of alcohol-induced myocardial damage
are multifactorial, with disruption of membrane composi-
tion, disturbances in excitation-contraction coupling mech-
anisms as well as in energy and protein turnover, and
changes in mechanisms of genetic control being the most
frequently involved, often appearing synchronously [7,8].
As a consequence, myocyte damage appears and cell loss
with interstitial fibrosis occurs. This myocyte loss has long
been attributed to necrosis. To date, no study has reported on
myocyte apoptosis in alcoholic dilated cardiomyopathy. As
described in other cardiomyopathies, however, myocyte
apoptosis may play a role in the development of structural
heart damage [9-11]. We therefore decided to test the
hypothesis that apoptosis is involved in the pathogenesis of
alcohol-induced heart disease. To discern whether ethanol
consumption or the presence of structural heart muscle
damage is related to apoptosis, we compared alcoholic and
hypertensive subjects.

2. Materials and methods
2.1. Patient and control subject selection

Over a 3-year period, we consecutively studied hearts
from subjects who suffered brain death of either traumatic or
cerebrovascular origin and had initially been considered
suitable as organ donors by the transplant team of the
Hospital Clinic of Barcelona. Of 104 hearts from donors
younger than 70 years, 58 were not suitable for transplan-
tation. Of these latter organs, 7 specimens from patients with
heart disease (5 with arterial disease and 2 with valvular
disease), 3 from individuals with concomitant hypertension,
and 2 that were not adequately cryopreserved were
excluded. We finally included 20 subjects with long-
standing hypertension and 19 with a history of ethanol
intake of 60 g/d or higher. In addition, 7 hearts from
previously healthy persons were not eligible for implanta-
tion because of lack of a matched recipient or size
inadequacy; these donors were treated as control subjects.

All patients had been admitted to the intensive care
unit, and ventilatory and hemodynamic parameters were
appropriately maintained at normal values throughout
hospitalization: Pa0,, >60 mm Hg; systolic blood pressure,

>100 mm Hg; and arterial pH, within the reference range.
Use of pressor or inotropic agents, hormones, and electro-
lytes was recorded. None of the patients required in-
hospital cardiopulmonary resuscitation maneuvers. All
patients were whites of Spanish descent who lived with
their families in or around Barcelona, and none was
indigent. The study protocol was approved by the ethics
committee of the Hospital Clinic and included informed
consent from the families of the donors concerning the use
of myocardial tissue for this research study. Twelve of the
subjects were included in a previous study on heart
antioxidant status.

2.2. Clinical evaluation

A detailed history of ethanol intake was obtained
retrospectively by consultation with family members using
a structured questionnaire (time-line follow-back method
[12]), as previously reported [1,13]. The duration of ethanol
intake was calculated in each group as the total cumulated
period of alcohol consumption in years, either recent or
earlier. Body mass index (BMI) was determined as the
actual body weight relative to the square of the body height
(kg/m®). Patients were considered to have energy malnutri-
tion if their BMI was lower than 17 kg/m?® Protein
malnutrition was assessed by the hemoglobin level, lym-
phocyte count, total protein, and albumin values at
admission. As part of the routine assessment for liver
donation, abdominal ultrasonography was performed on all
subjects. An open liver biopsy specimen was obtained from
those donors whose liver was not suitable for donation.

2.3. Cardiac studies

Past and present signs and symptoms of heart failure
were evaluated in consultation with medical records and
family members of the donors, and the New York Heart
Association (NYHA) functional class was determined
according to the activity scale set forth by Goldman et al
[14]. Chest radiography with measurement of the cardio-
thoracic index and conventional electrocardiography were
performed in all cases. Bidimensional echocardiography
was performed (Sonos 2500, Hewlett Packard, Andover,
Mass) on 21 patients but on none of the control subjects
with a cardiothoracic index of 0.48 or higher. End-diastolic
and end-systolic diameters, shortening fraction, left ventric-
ular mass, and ejection fraction were measured according to
the standards of the American Society of Echocardiography
[15]. We observed a good correlation between the cardio-
thoracic index and the left ventricular end-diastolic diameter
(r = 0.68; P < .01). The persons who performed and
evaluated these tests had no knowledge of the alcoholic
history of the donors.

2.4. Myocardial histologic studies

When a donor was under cold perfusion, the distal 3 cm
of the left ventricular apex was excised (total weight = 4-5 g)
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and cut into fragments, one of which was processed for
further histologic analysis. The remaining fragments were
immediately frozen under liquid nitrogen until biochemical
and apoptosis studies were performed. For histologic
studies, specimens were stained with hematoxylin-eosin
and toluidine blue in semithin sections. Two independent
observers evaluated the degree of myocardial cell and
nuclear hypertrophy, myocytolysis (defined as the presence
of myofiber disarray or cell vacuolization), and interstitial
fibrosis by morphometric measurements. Images were
obtained using the US National Institutes of Health digital
1.32j image program, and the cardiac cell cross-sectional
area and perimeter were measured. The count was made on
at least 5 fields (magnification X250) of each sample with
at least 500 cells per field. Myocyte hypertrophy was
accepted when the mean fiber area or diameter significantly
exceeded that of the control group (normal value for area =
575 + 150 um?; normal value for diameter = 15.1 +
3.4 um). Myocyte nuclear hypertrophy was analyzed on a
semiquantitative scale (0 to +++) by 2 independent
observers evaluating a mean of 1000 nuclei in each patient.
Only moderate (++) or severe (+++) grades were accepted
as evidence of myocyte hypertrophy.

The amounts of interstitial fibrosis (volume fraction of
fibrosis) and cardiac muscle cells (volume fraction of
myocytes) were assessed by morphometry as previously
reported [13] and were compared with the values of the
control subjects (normal value for volume fraction of
fibrosis = 0.10 £ 0.06; normal value for volume fraction
of myocytes = 0.89 + 0.07). The global histologic
involvement was graded as normal, mild, moderate, or
severe according to previously defined criteria [1,13].

2.5. Apoptosis immunohistochemical studies

Semithin cryostat sections of 6 um were obtained with an
ultramicrotome and fixed with 4% of paraformaldehyde in
phosphate-buffered saline (PBS) at a pH level of 7.40. After
PBS washing, sections were permeabilized with 0.1% Triton
X-100 sodium citrate solution for 2 minutes at 4°C.
Incubation with deoxyribonucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) was performed
using an In Situ Cell Death Detection Kit (Boehringer,
Mannheim, Germany) for 60 minutes at 37°C in a wet
chamber as described by the manufacturer. After PBS
washing, a second incubation with converter-alkaline
phosphatase was performed for 30 minutes under the same
conditions. The reading was done by adding fast red
chromogen for 10 minutes under microscopic control.
Incubation with BAX and BCL-2 reagents was performed
on cryostat sections of 6 um fixed by ketone at —4°C. After
primary antibody exposure (AR 347-5R for BAX and AM
287-5R for BCL-2, Biogenex, San Ramon, Calif), link and
labeling reactants were sequentially applied for 20 minutes
each (Kit Detection Supersensitive, Biogenex QA000-5L,
Biogenex) with a final fast red chromogen incubation for
10 minutes. Negative control slides were tested in all the

procedures using the same process without reagent incuba-
tion. Positive control slides were evaluated using human
palatinal amygdalar tissue in which lymphoid cells express
high TUNEL, BAX, and BCL-2 activities.

The apoptotic index (AI) was determined as the
percentage of apoptotic cells and calculated by dividing
the total number of positively staining heart myocyte nuclei
in the TUNEL assay by the total number of nuclei evaluated
and multiplying this value by 100, as reported by Narula et al
[16] and Paul [17]. Cell nuclei at the edges of the tissues or
in the interstitium were not counted. The count was made on
at least 5 fields (magnification xX250) of each sample, with
at least 500 nuclei per field, according to the method
described by Sandri et al [18]. Cells positive for BAX and
BCL-2 were identified by the presence of diffuse cytoplas-
mic hyperenhancement with subsarcolemmal or perinuclear
deposition of the reagent and expressed as a percentage of
positive to total evaluated cells. Interstitial deposition of
these reagents and contraction band necrotic, inflammatory,
and peripheral zones of the samples were not considered in
the evaluation.

2.6. Statistical analysis

Standard statistical methods were used with the SPSS
Statistical Analysis System version 10.0 (SPSS, Chicago, I11).
Differences between groups were analyzed using analysis of
variance, Fisher’s exact test, and 2-tailed Student’s ¢ test.
Correlation studies were obtained with Pearson’s correlation
coefficient. Because most of the variables followed a normal
distribution, data are expressed as mean = SD and a
significance level lower than .05 was used.

2.7. Limitations of the study

Because of the difficulty in obtaining human myocardi-
um samples, the present study was restricted to a relatively
small number of middle-aged long-term alcoholic white
men, individuals with essential hypertension, and control
subjects. Given the design of this study, only a retrospective
approach to determining the drinking habits of all donors by
interviews with family members was possible. Myocardial
apoptosis evaluation is limited to the TUNEL, BAX, and
BCL-2 assays. Although there are increasing evidence that
the TUNEL assay is not specific for apoptosis [19-22], we
pursued recommendations to avoid false-positive over-
detection, including (1) using enough microscopic fields
and identification of the cell type undergoing apoptosis, (2)
avoiding cells in the interstitium, (3) using tissue sections
treated with deoxyribonuclease (positive control for apo-
ptosis), and (4) comparing the effect of apoptosis in alcohol
consumers with that in control donors and those donors with
other causes of heart damage such as hypertension. Because
the myocardial biopsy specimens were taken only from the
left ventricular apex, this study did not consider architec-
tural or functional changes within different sites of the
myocardium. Finally, because of the abstinence from
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alcohol established in the period from hospital admission
to heart donation, the immediate effects of alcohol could not
be considered.

3. Results
3.1. Clinical data

Table 1 shows the epidemiologic and clinical data of the
patients and control subjects. The groups were similar in
age, whereas sex distribution showed a predominance of
men among the alcoholic patients and hypertensive patients
as compared with the control subjects. Cerebrovascular
disease was the main cause of death in the alcoholic patients
and hypertensive patients, whereas cranial trauma was the
major cause in the control subjects. The time from hospital
admission to organ extraction was similar in all 3 groups.
Long-term alcoholic patients had a mean daily ethanol
consumption of 170 + 45 g during a period of 26.2 =+
5.1 years (lifetime dose = 22.9 £ 5.8 kg/kg of body weight;
Table 1). Alcoholic patients reported a more active smoking
habit, with a mean of 35 + 12 pack-years, as compared with
the hypertensive and control donors (P < .001 for both).

Hypertensive patients reported a mean duration of high
blood pressure of 15 + 6 years.

Evaluation of clinical history revealed that all control
subjects were in NYHA functional class I. Of the
19 alcoholic patients, 4 (21%) were in NHYA class Il and
1 (5§%) was in NYHA class III. In the group of hypertensive
subjects, 5 (25%) were in NYHA class II and 1 (5%) was in
NYHA class IV. Neither control subjects nor alcoholic
patients had received any regular medication during the
3 months before admission. By contrast, most hypertensive
patients received maintenance treatment with angiotensin-
converting enzyme inhibitors at the usual doses (n = 17)
and/or diuretics (n = 3). Use of pressor or inotropic agents,
hormones, and electrolytes during the hospital stay was
similar in all groups. None of the patients required in-
hospital cardiopulmonary resuscitation maneuvers. Both
alcoholic and long-standing hypertensive patients displayed
a greater cardiothoracic index as compared with control
subjects (Table 1). The electrocardiogram was normal in all
control subjects but 1, who showed signs of left ventricular
hypertrophy, and was abnormal in 9 alcoholic patients
(47%) and 14 hypertensive patients (70%), with changes in
the ST segment, conduction defects, and signs of left
ventricular hypertrophy being the most common alterations.

Table 1  Epidemiologic and clinical data of donors
Control subjects Alcoholic patients Hypertensive patients
n=7) (n=19) (n = 20)
Age (y; mean + SD) 60.7 = 10.7 542 + 143 60.6 + 11.2
Male/female ratio (n) 3:4 17:2% 12:8
Cause of death [n (%)]
Cranial trauma 5(71) 5 (26) 1 (5)**
Cerebrovascular disease 2 (29) 12 (63) 18 (90)
Other 0 2 (11) 1(5
Time from admission to 30 £ 2 32+3 29 +3
donation (h; mean + SD)
Active smokers [n (%)] 1 (14) 15 (79)f 4 (20)
Daily alcohol intake (g; mean + SD) 0 170 + 45 9+5
Duration of ethanol intake (y; mean = SD) 0 262 + 5.17 6.0 £ 2.1
Lifetime dose of ethanol 0 229 + 5.8 03 £+ 0.2
(kg ethanol/kg body weight; mean + SD)
NYHA function [n (%)]
Class I 7 (100) 14 (74) 14 (70)
Class 11 0 4 (21) 5(25)
Classes III and IV 0 1(5) 1(5)
Cardiothoracic index (mean + SD) 0.48 + 0.01 0.54 £ 0.06%* 0.54 £ 0.05%*
Left ventricular ejection fraction 60 + 3 45 + 8** 44 + 9**
(%; mean + SD)*
Electrocardiogram [abnormal cases; n (%)]° 1 (14) 9 (47) 14 (70)*
Liver echosonography electrocardiogram 0 13 (68)" 2 (10)

[abnormal cases; n (%)]

? Obtained in 36 subjects.

® An abnormal electrocardiogram is characterized by the presence of rthythm disturbances, conduction defects, signs of left ventricular hypertrophy, or

abnormal repolarization.
* P = .02 compared with control subjects.
*#* P <.01 compared with control subjects.
f P <.001 compared with control subjects and hypertensive patients.
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Table 2 Biochemical and nutritional data of patients and apoptosis assays of myocardium

Control subjects Alcoholic patients Hypertensive patients

n=7) (n=19) (n =20)
BMI (kg/m?) 26.8 £ 2.9 264 + 42 274 £33
Total protein (g/L) 63.8 + 13.0 57.1 £ 7.9* 62.5 + 83
Albumin (g/L) 37.6 £ 9.2 28.6 £ 6.5%* 353 £ 7.7
Aspartate aminotransferase (IU/L) 43.0 £ 21.2 60.5 £ 30.5%* 283 £ 14.6
Alanine aminotransferase (IU/L) 225+ 94 43.5 + 28.2 23.0 + 22.9
Gammaglutamyl transpeptidase (IU/L) 16.8 +£ 9.8 94.9 £ 95.8%** 46.0 + 51.7
Bilirubin (mg/dL) 0.83 + 0.42 1.11 + 1.01 1.15 £ 1.02
Creatine kinase (IU/L) 218 £+ 159 285 £ 275 211 £ 215
Lactate dehydrogenase (IU/L) 797 + 543 433 + 179 436 + 201
Leukocyte count (x10'%/L) 10.53 + 2.70 11.92 + 3.08 11.08 + 3.72
Lymphocyte count (x10'%/L) 1.42 £ 0.82 1.42 £+ 0.62 0.89 + 0.75
Hemoglobin level (g/L) 117 £ 17 121 + 24 123 + 21
Platelet count (x10%/L) 141 £ 60 167 £ 58 181 £+ 47
Prothrombin index 80.7 £ 17.3 71.8 £ 21.9 81.0 £ 17.2
TUNEL (% of myocardial cells) 27+ 15 3.8 £35 4.0 + 3.0
BAX (% of myocardial cells) 3.8 + 44 12.5 + 10.57 149 + 13.51
BCL-2 (% of myocardial cells) 2.7 + 2.0 9.7 + 8.1 11.7 + 113

NOTE. Data are expressed as mean = SD.

* P <.05 compared with control subjects and hypertensive patients.

** P = .01 compared with control subjects and hypertensive patients.
**% P <.001 compared with control subjects and hypertensive patients.
T P = .04 compared with control subjects.

3.2. Nutritional data

The BMI was similar in all groups (Table 2). Only
2 subjects with long-term alcoholism and 1 subject with
hypertension exhibited borderline signs of energy malnutri-

Table 3

tion. The alcoholic patients had lower mean total serum
protein and albumin concentrations as compared with the
other groups (P <.05 for all). In addition, alcoholic patients
exhibited higher concentrations of serum aspartate amino-
transferase and gammaglutamyl transpeptidase as compared

Myocardial functional data and apoptosis activities according to presence of cardiomyopathy

Alcoholic patients
without CMP (n = 10)

Alcoholic patients
with CMP (n = 9)

Hypertensive patients
without CMP (n = 8)

Hypertensive patients
with CMP (n = 12)

Cardiothoracic index (mean + SD)
Left ventricular ejection
fraction (%; mean + SD)?
Abnormal electrocardiogram [n (%)]
Daily ethanol intake
(g; mean = SD)
Period of ethanol intake
(y; mean = SD)
Lifetime dose of ethanol
(kg ethanol/kg body weight;
mean + SD)
TUNEL (% of myocardial cells;
mean = SD)
BAX (% of myocardial cells;
mean = SD)
BCL-2 (% of myocardial cells;
mean + SD)
BCL-2/BAX ratio (mean + SD)

0.48 + 0.02
58 +4

4 (40)
143 + 36

23.0 + 24

19.0 + 3.7

1.8 £ 1.9
6.4 + 49
3.7 +29

0.92 + 0.67

0.59 + 0.04** 0.49 + 0.01 0.57 + 0.05%*
37 + 7** 62 + 3 37 £ 5**

5 (55) 3 (37) 12 (100)**
189 + 517 12 + 4 13 + 4
240 + 6.7 59+ 6 6.4 + 5
233 + 3.9 0.4 + 0.2 0.5+ 02
5.9 + 3.8% 1.1 +0.8 5.6 + 2.6%*
19.9 + 16.9 6.1 +7.9 19.6 + 15.37
16.7 + 14.2% 3.0 +33 163 £ 13.1*
0.74 + 0.50 0.74 + 0.50 0.87 + 0.38

Abbreviation: CMP, cardiomyopathy.
# Obtained in 28 subjects.

* P <.01 compared with patients without cardiomyopathy for each group.
** P <.001 compared with patients without cardiomyopathy for each group.
" P = .03 compared with alcoholic patients without cardiomyopathy.
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with the other groups (P < .05 for all). Leukocyte,
lymphocyte, and platelet counts, as well as hemoglobin
concentrations and serum muscle enzymes, were similar in
all groups. Abdominal ultrasonography was normal in all
control subjects and in 18 of the 20 hypertensive subjects,
with the remaining subjects showing signs of fatty liver. By
contrast, 13 of the 20 alcoholic patients (65%) showed
diffuse disruption of the echographic liver structure
(Table 1). A liver biopsy was performed on all patients
who had an abnormal ultrasonography, and the histologic
analysis disclosed 11 cases of fatty liver, 3 of alcoholic
hepatitis, and 2 of liver cirrhosis (Child-Pugh class A).

3.3. Cardiac evaluation

According to the criteria described in the “Methods”
section, 9 long-term alcoholic patients (47%) and 12
individuals with essential hypertension (60%) had an
enlarged heart (cardiothoracic index, >0.48). Table 3
discloses the cardiac functional data of the subgroups of
patients according to the presence or absence of a dilated
heart. All alcoholic patients and hypertensive patients in
NYHA classes II to IV had enlarged hearts. No difference in
nutritional data was observed among the subgroups of
patients. In concordance with previous studies, alcoholic
patients with dilated hearts had a significantly greater daily
and lifetime ethanol intake as compared with those without
heart enlargement.

3.4. Myocardial histologic analysis

Histologic evaluation of myocardial samples from
control subjects had normal results except for slight signs
of myocyte hypertrophy and interstitial fibrosis in 2 speci-
mens (Table 4). Most patients with enlarged hearts had
myocyte and/or nuclear hypertrophy, and more than two
thirds showed interstitial fibrosis. By contrast, patients with
a normal cardiac size exhibited myocyte abnormalities in

Table 4 Myocardial histologic analysis

only approximately one third of the cases. No difference
was observed in the analysis of the histologic parameters
with respect to the origin of cardiomyopathy. The structural
damage to the heart muscle adopted the pattern of secondary
myocytolysis of toxic origin rather than the colliquative
myocytolysis pattern as described elsewhere [23]. Thus,
myocytolysis should truly be considered as apoptosis.

3.5. Apoptosis studies

In the evaluation of the presence of apoptosis in cardiac
myocytes (Fig. 1), we observed that the Al did not differ
among the groups (2.7% =+ 1.5%, 3.8% =+ 3.5%, and
4.0% % 3.0%, for control subjects, alcoholic patients, and
hypertensive patients, respectively; P = nonsignificant;
Table 2). The BAX and BCL-2 Als (Figs. 2 and 3) were
significantly higher in long-term alcoholic patients and
hypertensive patients than in control donors (P = .04 for
all). Subjects with structural heart damage of either
alcoholic or hypertensive origin showed higher Als in the
TUNEL, BAX, and BCL-2 myocyte assays as compared
with the control subjects (P <.001 for all). For long-term
alcoholic patients and hypertensive patients, subgroups of
donors with cardiomyopathy exhibited significantly greater
Als by all 3 measures as compared with donors without
cardiomyopathy (P < .03 for all; Table 3). However, the
BCL-2/BAX ratio, an index of global apoptotic activation,
was similar in all subgroups of alcoholic patients and
hypertensive patients.

When comparing NYHA functional class I alcoholic
patients with control subjects and with NYHA functional
class I hypertensive patients, no difference was detected in
the TUNEL Al However, alcoholic donors showed a
significantly higher expression in the BAX and BCL-2
assays as compared with the control subjects (12.1 £ 10.7
versus 3.8 + 4.4 for BAX assay and 9.0 & 8.9 versus 2.7 £
2.0 for BCL-2 assay; P < .05 for both), suggesting a
different proapoptotic activation status in alcoholic patients.

Control subjects Alcoholic patients

Alcoholic patients Hypertensive patients Hypertensive patients

m=7) without CMP (n = 10) with CMP (n =9) without CMP (n =8) with CMP (n = 12)
Myocyte hypertrophy 1 (14) 3 (30) 7 (73)* 2 (25) 9 (75)*
Myocyte nuclear 2 (28) 4 (40) 7 (73) 337 11 (92)***
hypertrophy
Myocyte necrosis 1 (14) 2 (20) 2 (22) 2 (25) 2 (17)
Interstitial fibrosis 1 (14) 2 (20) 6 (66) 4 (50) 9 (75)
Degree of histologic
lesions
Normal 6 (86) 7 (70) 1 (11)* 6 (75) 1 (8)**
Mild 1 (14) 2 (20) 4 (44) 2 (25) 7 (58)
Moderate 0 1 (10) 2 (22) 0 3 (25)
Severe 0 0 2 (22) 0 1(8)

NOTE. Data are expressed as n (%).
* P = .06 compared with patients in group without cardiomyopathy.
** P = .02 compared with patients in group without cardiomyopathy.
##% P =01 compared with patients in group without cardiomyopathy.
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No difference was detected between alcoholic patients and
hypertensive patients and between hypertensive patients and
control subjects in any of the 3 assays.

Considering all donors, we observed a relation be-
tween the TUNEL assay results and the cardiothoracic
index (» = 0.45; P <.001). In addition, all 3 Als paralleled
the degree of histologic myocardial damage (Table 5). No
relation was observed between the different Als and the
parameters of nutritional status and alcohol consumption
(daily dose of alcohol, duration of alcoholism, or total
lifetime dose of alcohol).

4. Discussion

In the present study, we found an increase in myocardial
apoptosis measured by detection of DNA fragmentation
with the TUNEL assay and activation of apoptosis-
regulating mechanisms (BAX and BCL-2) in organ donors
with cardiomyopathy of either alcoholic or hypertensive
origin. In alcoholic patients, apoptosis evaluated with the
TUNEL assay did not depend on a donor’s ethanol
consumption but did on the presence of heart damage.
However, we also observed data suggesting a specific role
of alcohol consumption in activating BAX and BCL-2
proapoptosis-regulating mechanisms.

Apoptosis is a complex, tightly regulated, and evolu-
tionarily conserved mode of cell death that has been
implicated in a variety of cardiac diseases [10,24]. For
example, apoptosis may be responsible for the progressive
intrinsic contractile dysfunction and myocyte loss in dilated
cardiomyopathies of either ischemic or idiopathic origin
[11,25]. Myocyte growth and hypertrophy have been found
to be not only adaptive processes but also key points in
apoptotic activation [26].

The pathogenesis of alcohol-related tissue damage is
clearly multifactorial [27], yet apoptosis has been implicated
as a mechanism in a wide range of alcohol-induced
pathologic conditions involving several human tissues. In
experimental studies, Jankala et al [28] described the
induction of myocardial apoptosis in rats through combined
calcium carbimide and ethanol treatment. We recently
reported on the presence of apoptosis in the skeletal muscle
of high-dose alcohol consumers, mainly in those with
structural myopathy [29]. Because skeletal and cardiac
myocytes are related in their clinical, functional, and
pathogenic mechanisms of disease [13], it has been
hypothesized that apoptosis might be involved in the
pathogenesis of alcohol-induced heart disease. However,
myocardial tissue damage itself may induce apoptosis
[30,31]. The present study was designed to evaluate the
influence of the various factors potentially involved in the
development of apoptotic-dependent heart muscle damage
in long-term alcohol consumers. Thus, we compared a
group of long-term high-dose alcohol consumers with
another group of nonalcoholic heart donors with long-

Fig. 1 The TUNEL immunohistochemical assay in left ventricle
muscle biopsy specimens of heart donors. A, High-dose alcohol
consumer with dilated cardiomyopathy. Several myocytes show
intense nuclear and perinuclear staining. B, Hypertensive subject
with dilated cardiomyopathy. Several myocytes show nuclear
staining. C, Healthy donor with absence of TUNEL reactivity.
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Fig. 2 The BAX immunohistochemical assay in left ventricle
muscle biopsy specimens of heart donors. A, High-dose alcohol
consumer with dilated cardiomyopathy. Some nuclei stained
intensely. B, Hypertensive subject with dilated cardiomyopathy.
Perinuclear and subsarcolemmal staining is present in most of the
myocytes. C, Healthy donor with negative myocyte staining. Only
slight interstitial reactivity is present.

standing hypertension and a control group of nonalcoholic
subjects without cardiomyopathy because both alcohol and
hypertension are known causes of structural damage leading
to dilated cardiomyopathy [4,32] and have been related to
potential activation of apoptosis [3,33-35]. This approach
allowed us to evaluate the effect of ethanol itself on
apoptosis and differentiate it from other causes of structural
heart muscle damage.

In the present study, overall activation of apoptosis
(evaluated with the TUNEL assay) and that of apoptosis-
regulating mechanisms (evaluated with the BAX and BCL-2
assays) were similar in the group of subjects with long-term
alcohol consumption and in that of subjects with a history of
hypertension and were found to be related to the presence
and degree of structural cardiac damage. The BAX and
BCL-2 indexes were also significantly higher in long-term
alcohol consumers and hypertensive subjects than in control
donors. For long-term alcoholic patients and hypertensive
patients, the subgroups of donors with cardiomyopathy
exhibited a significantly greater presence of all 3 Als
(TUNEL, BAX, and BCL-2) as compared with those
without cardiomyopathy. All 3 Als paralleled the degree
of heart enlargement evaluated with radiologic studies and
by quantification of the degree of histologic myocardial
damage. By contrast, no correlation was observed between
the different Als and the parameters of nutritional status and
alcohol consumption. The similar BCL-2/BAX ratios
observed in alcoholic patients and hypertensive patients
with or without cardiomyopathy suggest a similar activation
of proapoptotic (BAX) and antiapoptotic (BCL-2) mecha-
nisms, as previously observed in alcoholic skeletal myop-
athy [29]. However, the subgroup of alcoholic patients
without heart failure (NYHA class I) showed significantly
higher BAX and BCL expressions as compared with control
subjects, suggesting a specific role of alcohol in the
activation of proapoptosis-regulating mechanisms.

The relatively high percentage of muscle apoptosis
detected in alcoholic patients in the present study with the
TUNEL assay is concordant with that observed in experi-
mental [28] and clinical [29] studies. However, some degree
of overdetection may be present because the TUNEL assay
may detect some reversible DNA fragmentation [19-22]. In
fact, a sustained high number of myocytes in apoptosis is
not compatible with myocardial viability, and it is plausible
that some mechanisms of slow apoptosis may be involved
[3,36]. In vitro experiments suggest that apoptosis is a short-
term process that develops in a mean of 2 hours. In vivo,
this process may develop in 4 hours. However, this fact is
not congruent with what occurs in clinical models of dilated
cardiomyopathy. If the number of cells detected with
apoptotic assays entered apoptosis in 4 hours, as occurs in
in vivo models, then half of the ventricular mass would
disappear in 40 days [37]. This prediction is not in accord
with the clinical evidence in which loss of ventricular mass
is clearly slower. This moves us to consider the possibility
of apoptosis as a slower process, regulated as a nonterminal
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Fig. 3 The BCL-2 immunohistochemical assay in left ventricle
muscle biopsy specimens of heart donors. A, High-dose alcohol
consumer with dilated cardiomyopathy. Intense perinuclear and
cytoplasmic staining is present. B, Hypertensive subject with dilated
cardiomyopathy. Staining is present in perinuclear and subsarco-
lemmal areas of most myocytes. C, Healthy donor with negative
BCL-2 staining. Only slight interstitial reactivity is present.

Table 5 Myocardial immunohistochemical studies on apo-
ptosis according to presence and grade of histologic damage

Absent  Mild Moderate to
m=21) (n=16) severe (n = 9)

TUNEL (% of 1.6 + 1.5 49 + 2.8%% 81 + 33%*f
myocardial cells)
BAX (% of 57 + 5.7 129 + 11.4% 29.1 + 17.7%%

myocardial cells)
BCL-2 (% of
myocardial cells)

3.6 + 3.0 11.0 + 9.8% 23.7 + 5.0%%

NOTE. Data are expressed as mean + SD.
* P = .01 compared with absent histologic damage.
** P <.001 compared with absent histologic damage.
T P = .02 compared with mild histologic damage.
ffp=.01 compared with mild histologic damage.

event, with potential reversibility through inhibitory factors
such as BCL-2 [35].

This is the first study reporting evidence of increased
apoptosis and activation of apoptosis-regulating mecha-
nisms in long-term alcohol consumers with dilated cardio-
myopathy. The absence of a significant correlation between
the TUNEL AI and the parameters of ethanol consumption
may be caused by limitations of sample size and the
homogeneous quantity of alcohol consumed by this group,
although alcoholic patients without heart failure showed
significantly increased proapoptotic BAX and BCL-2
regulating mechanisms. Other factors directly related to
ethanol consumption, such as caspase, cytokine, or insulin-
like growth factor activation, may influence BCL-2 and
BAX expressions [38-40]. In our experience, there is an
inverse correlation between lifetime alcohol consumption
and measures of left ventricular function [1,13]. However,
the presence and intensity of myocardial histologic damage
may relate not only to alcohol consumption but also to other
factors such as individual genetic susceptibility to alcohol-
induced heart damage, as we demonstrated in the case of the
angiotensin-converting enzyme DD genotype [41]. Of note,
the results of the present study do not apply to low-dose
ethanol consumption or to immediate effects of alcohol on
the heart and do not allow apoptosis to be designated as the
only pathogenic mechanism leading to myocardial damage
in alcoholism or hypertension, otherwise regarded as
multifactorial situations [27,34].

The results of this study are in agreement with those
obtained by our group in the skeletal muscle, where
proapoptotic (BAX and BCL-2) mechanisms were activated
and apoptosis mainly affected high-dose alcohol consumers
with structural myopathy [29]. In fact, the local balance of
proapoptotic (ie, BAX) and antiapoptotic (ie, BCL-2) stimuli
decides the survival or death of each individual cell [42]. In
previous studies, a decreased BCL-2/BAX ratio increased the
probability of myocardial cell apoptosis [43]. Myocyte
apoptosis seems to be a common pathogenic mechanism
involved in the development of heart muscle damage in a
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variety of conditions, such as end-stage heart failure [16],
dilated cardiomyopathies [25], and unhealthy cardiac over-
load and hypertrophy [34,35]. Because the processes of
apoptosis and cell necrosis have common pathogenic
mechanisms, this may explain the fact that the various causes
of heart damage may activate these interrelated pathways
[11,44]. Alcohol consumption is commonly involved in
apoptosis-regulating mechanisms and induces myocardial
apoptosis, as do other pathogenic agents (hypertension,
ischemia, cardiac overload) [11,34,45].

In summary, we observed a significantly increased
apoptotic nuclear index (TUNEL) and altered apoptosis-
regulating mechanisms (BAX and BCL-2 pathways) in the
heart muscle of donors with long-term high-dose alcohol
consumption, which were related to the degree of cardiac
damage. The degree of cardiac apoptosis in long-term high-
dose alcohol consumers was similar to that found in
hypertensive patients with comparable structural heart
damage. Further studies are needed to determine specific
mechanisms and factors influencing the triggering and
development of cardiomyocyte apoptosis [44,46,47].
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RESUM DE L’ARTICLE: "Evidence of apoptosis in alcoholic cardiomyopathy.”

En el present estudi s’ha estudiat la preséncia d’apoptosi en el teixit
miocardic en relacié al consum cronic patologic d’alcohol i la possible relacié
amb el desenvolupament de miocardiopatia alcoholica.

L’apoptosi s’ha avaluat usant la técnica TUNEL i mesurant I'expressié de
BAX (com inductor d’apoptosi) i BCL-2 (com a protector per a apoptosi) en
mostres de miocardi huma (no aptes per a trasplantament) de donants. EI grup
d’estudi han estat: 7 controls, 19 pacients amb consum cronic patologic
d’alcohol i 20 pacients amb hipertensié cronica.

El grup amb consum cronic excessiu d’alcohol i el grup d’hipertensos
mostren index apoptotics similars. Perd quan ens centrem en els pacient amb
miocardiopatia, indistintament si és d’origen alcohdlic o hipertensiu, es pot
observar que presenten index d’apoptosi (TUNEL, BAX i BCL-2) superiors als
controls (p<0.001, tots). Un subgrup d’alcoholics amb NYHA classe-1 mostra
una expressio significativament superior respecte controls de BAX i BCL-2,
suggerint un rol especific de I'alcohol en I'activacié dels mecanismes d’apoptosi
(p<0.05, ambdds).

Concloem, doncs, que I'apoptosi es present tan en el grup amb consum
cronic excessiu d’alcohol com en el grup d’hipertensos en un grau similar i que

el grau d’apoptosi esta en relaciéo amb el grau de lesié estructural.
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Myocardial Antioxidant Status in Chronic Alcoholism

Francesc Fatj6, Joaquim Fernandez-Sola, Meritxell Lluis, Montserrat Elena, Eva Badia, Emilio Sacanella,

Ramén Estruch, and Josep-Maria Nicolas

Background: Excessive ethanol intake is one of the most frequent causes of acquired dilated cardiomy-
opathy in developed countries. The pathogenesis is multifactorial, with the antioxidant imbalance of cardiac
muscle being a potential factor. The current study evaluates myocardial antioxidant status in ethanol
consumers and its relation to cardiac damage.

Methods: The authors assessed superoxide dismutase, glutathione peroxidase, and glutathione reduc-
tase enzyme activities as well as the total antioxidant status capacity in myocardial samples obtained from
organ donors with sudden death of traumatic or neurological origin. They studied 23 high-dose chronic
alcohol consumers, 27 individuals with long-standing hypertension, and 11 healthy controls. Cardiomyop-
athy was defined according to standard functional and histological criteria.

Results: Patients with dilated cardiomyopathy, either of alcoholic or hypertensive origin, showed in-
creased myocardial superoxide dismutase activities compared with patients without cardiomyopathy (p <
0.001, both) and controls (p < 0.05, both). Total antioxidant status capacity and the activity of glutathione
peroxidase and glutathione reductase enzymes were similar in all groups. Superoxide dismutase activity was
related to the presence of cardiac enlargement and the degree of cardiac histological damage. The amount
and type of alcoholic beverages as well as the nutritional status of the patients were not related to
myocardial antioxidant activity.

Conclusions: The presence of dilated cardiomyopathy, of either alcoholic or hypertensive origin, is

related to an increase in myocardial superoxide dismutase activity.
Key Words: Ethanol, Myocardium, Oxidative damage, Superoxide dismutase, Cardiomyopathy.

HRONIC ALCOHOLIC CARDIOMYOPATHY is a
well-defined entity related to a dose-dependent con-
sumption of ethanol and occurs independently of coexisting
nutritional factors or vitamin deficiencies (Fernandez-Sola
et al., 1997; Moushmoush and Ali-Mansour, 1991; Urbano-
Marquez et al., 1989, 1995). It is characterized by the
development of structural and functional changes in the
myocardium, most of which remain subclinical to later
manifest as a low-output dilated cardiomyopathy (Urbano-
Marquez et al., 1989). The multifactorial pathogenesis of
alcoholic skeletal or cardiac muscle disease has been only
partially clarified, and some authors have suggested that a
selective disturbance of antioxidants is involved (Bjorneboe
and Bjorneboe, 1993; Fernandez-Sola et al.,1997; Garcia-
Bunuel, 1984; Preedy et al., 1999). In fact, antioxidant
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imbalance has been observed in chronic alcoholism, with
evidence of increased skeletal muscle lipid peroxidation
and free radical production (Adachi et al., 2000; Preedy et
al., 2001). Although oxidant muscle damage by ethanol
occurs in experimental models (Ansell et al., 1994; Kannan
et al., 2004; Preedy et al., 1999), this issue remains to be
confirmed in the clinical setting. In this sense, a number of
authors have reported a decrease in plasma antioxidant
vitamins in alcoholics (Bjorneboe et al., 1988; Ward and
Peters, 1992). However, in a previous study (Fernidndez-
Sola et al., 1998), we observed that serum and muscle
antioxidant vitamins (a-tocopherol, ascorbic acid, and ret-
inol) were normal in well-nourished alcoholics, either with
or without skeletal myopathy. Moreover, antioxidant vita-
min replacement has not been shown to be effective in
improving cardiovascular disease (Omenn et al., 1996).
Regarding nonvitamin antioxidants in chronic alcoholism,
we observed a 16% reduction in glutathione peroxidase and
a 13% increase in superoxide dismutase in skeletal muscle
(Fernandez-Sola et al., 2002), although these changes were
not related to the presence of myopathy, the amount of
ethanol consumed, or the nutritional status of the patients.

The myocardium, like other tissues, has metabolic sys-
tems that neutralize free radicals (Cederbaum, 2001; Mc-
Donough, 1999; Sun et al., 2001). The enzymes superoxide
dismutase, catalase, glutathione peroxidase, and glutathi-
one reductase as well as nonenzyme vitamin E and ascorbic

Alcohol Clin Exp Res, Vol 29, No 5, 2005: pp 864-870



MYOCARDIAL ANTIOXIDANTS IN ALCOHOLISM

acid are the main tissue antioxidants. They are responsible
for removing superoxide radicals, hydrogen peroxide, and
organic hyperoxides (Powers and Lennon, 1999), which are
involved in cardiac damage. Some studies have reported
disturbances of antioxidant myocardial systems in patients
with dilated cardiomyopathy or heart failure (Mallat et al.,
1998; Yucel et al., 1998). Moreover, the production of
reactive oxygen species has been considered in the devel-
opment of cardiomyopathy in alcoholics (Beckemeier and
Bora, 1998; McDonough, 1999; Preedy et al., 1999). Finally,
it has been hypothesized that myocardial damage itself,
independently of the cause, may induce overexpression of
myocardial antioxidant factors (Mak and Newton, 2001).
Based on the previous findings of antioxidant muscle
disturbances in chronic alcoholism and because no study
has evaluated nonvitamin antioxidant status in human myo-
cardium, we embarked on a study to measure superoxide
dismutase, glutathione peroxidase, glutathione reductase
enzyme activity, and total antioxidant status capacity in
cardiac muscle specimens from chronic alcoholics. We eval-
uated their relation with ethanol consumption, nutritional
status, and presence or absence of cardiomyopathy.

MATERIALS AND METHODS

Patient and Control Selection

During a 3-year period, we consecutively studied hearts from people
with brain death either of traumatic or cerebrovascular origin and who had
been considered suitable as organ donors by the transplant team of the
Hospital Clinic of Barcelona. From 127 cadaveric donors younger than 70
years, 71 hearts were not suitable for transplantation. Of these, we se-
lected 27 from patients with chronic hypertension, 23 because of a history
of ethanol intake (= 60 g/day for at least the previous 5 years), and 11
hearts from healthy people that were not finally eligible for being im-
planted because of a lack of a matched receptor or size inadequacy.
Additionally, 7 specimens from patients with heart disease (5 with coro-
nary disease and 2 with heart valve disease) and 3 from people with
concomitant hypertension and alcoholism were not included to maintain
homogeneity in the study groups.

In all cases, the patients had been admitted to the intensive care unit,
and ventilatory and hemodynamic parameters were properly maintained
throughout their stay: arterial oxygen tension greater than 60 mmHg,
systolic blood pressure greater than100 mmHg, and arterial pH within the
reference range. None of the patients required cardiopulmonary in-
hospital resuscitation maneuvers. All patients were white people of Span-
ish descent who lived with their families in or around Barcelona, and none
was indigent. The study protocol was approved by the Ethics Committee
of the Hospital Clinic of Barcelona, and informed consent was obtained
from the families of the donors for the use of myocardial tissue for
research purposes.

Clinical Evaluation

A detailed history of ethanol intake was obtained retrospectively by
consultation with family members using a structured questionnaire (time-
line follow-back method; Sobell et al., 1979) as previously reported
(Fernandez-Sola et al., 1994; Urbano-Marquez et al., 1989, 1995). Dura-
tion of ethanol intake was calculated as the total cumulated period of
alcohol consumption (in years). Body mass index was determined as the
actual body weight relative to the square of the body height (BMI, in
kg/m?). Patients were considered to have caloric malnutrition if their BMI
was less than 17 kg/m?. Protein malnutrition was assessed with use of the
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following parameters obtained at hospital admission: hemoglobin, lym-
phocyte count, total protein, and albumin. As part of routine assessment
for liver donation, abdominal ultrasonography was performed in all pa-
tients. Moreover, an open liver biopsy was obtained from donors whose
liver was not suitable for donation.

Cardiac Studies

Past and current signs and symptoms of heart failure were evaluated in
consultation with medical records and family members of the donors, and
the New York Heart Association (NYHA) functional class was deter-
mined according to the Goldman activity scale (Goldman et al., 1981).
Chest x-ray with measurement of the cardiothoracic index and conven-
tional electrocardiography were performed in all cases. Moreover, bidi-
mensional echocardiography was performed (Hewlett-Packard Sonos
2.500 instrument, Andover, MA) in 22 patients with a cardiothoracic index
of 0.48 or greater and 14 patients without cardiac enlargement. End-
diastolic and end-systolic diameters, the shortening fraction, left ventric-
ular mass, and ejection fraction were measured according to the standards
of the American Society of Echocardiography (Vanderberg and Skorton,
1989). We observed a good correlation between cardiothoracic index and
left ventricular end-diastolic diameter (r = 0.68, p < 0.01). The personnel
who performed and evaluated these tests had no knowledge of the alco-
holic history of the patients.

Myocardium Histological Studies

At the time the donor was under cold perfusion, the distal 3 cm of the
left ventricular apex was surgically excised (total weight of 4-5 g). The
specimen was cut into fragments, and one of these was processed for
further histological analysis. The remaining fragments were immediately
frozen under liquid nitrogen until biochemical studies were performed.
For histological studies, specimens were stained with hematoxylin—eosin
and toluidine blue in semithin sections. We evaluated the degree of
myocardial cell and nuclear hypertrophy, myocytolysis (defined as the
presence of myofiber disarray, or cell vacuolization), and interstitial fibro-
sis by two independent observers. The amounts of interstitial fibrosis
(volume fraction of fibrosis) and cardiac muscle cells (volume fraction of
the myocytes) were assessed as previously reported (Fernandez-Sola et al.,
1994). The degree of global histology involvement was graded as normal,
mild, moderate, or severe according to previously defined criteria
(Fernandez-Sola et al., 1994).

Oxidative Myocardium Status Evaluation

A 100- to 200-mg frozen-fragment of the stored myocardium was
processed for biochemical studies. It was thawed and washed with cold
isotonic saline containing 1 nM EDTA to remove the erythrocytes. Myo-
cardial tissue was minced in a cold buffer containing 50 nM potassium
phosphate and 1 mM EDTA at a pH of 7.5 and homogenized. The
homogenate was centrifuged at an average force of 8500 X g at 4°C for 10
min. The pellet was discharged, and the supernatant was used for bio-
chemical studies. Protein content in the supernatant was measured ac-
cording to the method of Bradford (1976). All measurements were per-
formed with colorimetric assays using a spectrophotometer (Cobas Mira,
Roche, Basel, Switzerland). All enzyme activity units were referred in
relation to the quantity (grams) of muscle tissue analyzed. Interassay and
intraassay variability rates were lower than 5%.

Antioxidant activity was measured with biochemical reagents obtained
from Bioxytech assay (Oxis International Inc., Portland, OR). Superoxide
dismutase activity was measured with the superoxide dismutase-525
method according to Beyer et al. (1991). In brief, this method takes
advantage of a proprietary reagent whose alkaline oxidation is accelerated
by any catalyst endowed with superoxide dismutase activity. This autooxi-
dation yields a chromophore that absorbs light at 525 nm. In addition, a
second reagent is used, allowing the elimination of major interferences
due to the presence of mercaptan compounds in the sample. The pH at
which the kinetic measurement was fixed at 8.8, which results in optimal
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Table 1. Epidemiological and Clinical Data of Chronic Alcoholics, Hypertensive Individuals, and Controls

Controls (n = 11)

Alcoholics (n = 23) Hypertensives (n = 27)

Age (yr) 57.1+13.2
Sex (male/female) 4/7
Causes of death
Cranial trauma (n, %) 6 (54)
Cerebrovascular disease (n, %) 5 (45)

Other causes (n, %) 0

Time from admission to donation (hr) 30 +2
Active smokers (n, %) 2 (18)
Daily alcohol intake (g) 10+2
Duration of ethanol intake (yr) 55+1.4
Lifetime dose of ethanol (kg ethanol/kg 0.3 + 0.1
body weight)
NYHA function (n, %)
Class | 11 (100)
Class Il 0
Class Il or IV 0
Cardiothoracic index 0.48 + 0.01
Left ventricle ejection fraction (%)? 61+3

Electrocardiogram (abnormal cases, %)°
Liver echosonogram (abnormal cases, %)

109
109

52.6 + 10.3 60.5 + 16.4
19/4* 16/9
16 (69) 3 (1)
5(22) 22 (81)
2(9) 2(7)
32+3 29 + 3
21 (91)~ 5(19)
165 + 43+ 13+5
251 + 5.4 6.2 + 2.1
213 + 5.6 0.4 =02
17 (74) 18 (67)
5 (22) 7 (26)
1(4) 2(7)
0.54 + 0.06** 0.54 + 0.04*
46 = 9~ 45 = 10*
11 (48) 20 (74)
16 (70) 3(11)

Data are expressed as mean + SD.
2 Left ventricle ejection fraction was obtained in 36 subjects.

b Abnormal electrocardiogram defined in presence of rhythm disturbances, conduction defects, signs of left ventricular hypertrophy, or abnormal repolarization.

ke

*p = 0.01, * p < 0.01 compared with controls,
NYHA, New York Heart Association.

sensitivity of the assay without significant inactivation of the known su-
peroxide dismutase enzymes, such as copper, zinc, manganese, or iron-
superoxide dismutase. Glutathione peroxidase activity was measured ac-
cording to the method reported by Ursini et al. (1995). To assay
glutathione peroxidase, the cardiac muscle homogenate was added to a
solution containing glutathione, glutathione reductase, and NADPH. Ox-
idized glutathione (GSSG), produced upon reduction of an organic per-
oxide by glutathione peroxidase, is recycled to its reduced state by the
enzyme glutathione reductase. The resulting oxidation of NADPH to
NADP™" is accompanied by a decrease in absorbance at 340 nm. The
enzyme reaction was initiated by adding the substrate, tert-butyl hydroper-
oxide. Glutathione reductase activity was measured according to the
method reported by Calberg and Mannervik (1985). The glutathione
reductase-340 assay is based on the oxidation of NADPH to NADP,
catalyzed by a limiting concentration of glutathione reductase. In this
reaction, the reduction of GSSC was determined indirectly by the mea-
surement of the consumption of NADPH. One glutathione reductase
activity unit is defined as the reduction of a micromole of GSSG per
minute at a pH of 7.26 and 25°C.

Total antioxidant status activity was measured by means of a Randox
Kit (Antrim, United Kingdom). Reagent ABTS (2,2'-azino-di-(3-
ethylbenzothiazoline sulphonate)) is incubated with a peroxidase (met-
myoglobin) and hydrogen peroxide, resulting in the production of a radical
cation ABTS™. This species is blue-green in color and can be detected at
600 nm. Addition of serum inhibits the reaction to a degree that is
proportional to the concentration of antioxidant content.

Statistical Analysis

Standard statistical methods with PSS Statistical Analysis System ver-
sion 10.0 (SPSS, Chicago, IL) were used. Differences between groups were
analyzed using ANOVA, Fisher’s exact test, and the two-tailed Student’s
t test. Correlation studies were obtained by Pearson’s correlation coeffi-
cient. Because most of the variables followed a normal distribution, data
are expressed as mean *+ SD, and a significance level of p < 0.05 was used.

Limitations of the Study

Because of the difficulty in obtaining human myocardium samples, the
current study is restricted to a relatively small number of middle-aged,

p < 0.001 compared with controls and hypertensive patients.

white, chronic alcoholics, nonalcoholic patients with essential hyperten-
sion, and controls. Because of the design of this study, only a retrospective
approach for the drinking habits of all donors by the family members was
possible. Global caloric and protein nutritional status of the patients was
assessed, and the dietary and beverage contents of antioxidants were not
measured. This study was made in alcohol consumers in basal conditions;
therefore, it does not take into account situations such as recovery from
metabolic stress. Myocardial antioxidant evaluation is limited to the en-
zyme activities reported and measurement of total antioxidant status.
Because myocardial biopsy was taken only in the left ventricular apex, this
study did not consider architectural or functional changes within different
sites of the myocardium. Because of the abstinence from alcohol estab-
lished in the period comprised from hospital admission to heart donation,
acute effects of alcohol on antioxidant myocardial activities could not be
considered in this study.

RESULTS
Clinical Data

A total of 23 chronic alcoholics, 27 individuals with long-
standing essential hypertension, and 11 control donors
were evaluated. Table 1 shows the epidemiological and
clinical data of the patients. The groups of patients were
similar in age distribution, with male predominance in the
groups of alcoholic and hypertensive patients. Cerebrovas-
cular disease was the main cause of death in alcoholics and
hypertensive patients, whereas cranial trauma was in the
control group. Time from hospital admission to organ ex-
traction was similar in all three groups. Chronic alcoholics
reported a mean daily ethanol consumption of 165 * 43 g
during a period of 25.1 + 5.4 years (lifetime dose of ethanol
of 21.3 = 5.6 kg ethanol/kg body weight; Table 1). The
patients from the other groups reported a maximum daily
ethanol intake of 20 g/day. Alcoholic patients reported a
greater active smoking habit with a mean of 35 = 12
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Table 2. Myocardial Antioxidant Enzyme Activity and Biochemical and Nutritional Data of Patients

Controls (n = 11)

Alcoholics (n = 23) Hypertensives (n = 27)

Total antioxidant status (mmol/g X 102) 0.61 +0.21
Glutathione reductase (mU/g) 16.9 = 3.1

Glutathione peroxidase (mU/qg) 119.2 = 41.6
Superoxide dismutase (mU/g) 4.86 = 0.84
Body mass index (kg/m?) 25.8 + 3.4

Total protein (g/liter) 62.8 = 10.1
Albumin (g/liter) 36.2 + 8.0*
Aspartate aminotransferase (Ul/liter) 36.8 = 17.0
Alanine aminotransferase (Ul/liter) 24.0+7.0

y-glutamyl transpeptidase (Ul/liter) 23.6 = 15.2
Bilirubin (mg/dl) 0.89 + 0.44
Creatine kinase (Ul/liter) 174 + 138
Lactate dehydrogenase (Ul/liter) 546 + 197
Leukocyte count (X 10"?/liter) 9.95 + 2.63
Lymphocyte count (X 10"%/liter) 1.13 = 0.77
Hemoglobin (g/liter) 117 =12

Platelet count (X 10%liter) 186 + 62

Prothrombin activity (%) 729 =145

0.58 = 0.32 0.58 = 0.17
17.8 £ 6.5 18.6 = 6.0
116.0 = 34.6 123.2 = 44.0
5.43 = 0.70 5.21 + 0.45
26.7 = 4.4 285*+70
56.3 + 8.5* 61.1 = 8.3
28.0 = 6.7 34.9 = 6.9
60.8 + 40.5™ 35.3 = 32.6
38.3 = 23.0 271 +274
110.0 = 112.5™ 32.1 =323
1.05 = 0.91 1.01 = 0.88
274 =130 217 = 229
438 + 180 457 = 247
11.49 = 2.98 11.54 = 3.58
1.13 = 0.58 0.91 = 0.71
123 = 19 120 = 14
149 * 61 174 = 54
75.0 = 20.9 81.3 = 15.6

Data are expressed as mean + SD.

*p < 0.05, *p = 0.01, ™ p < 0.001 compared with controls and hypertensive patients.

packets-year, compared with hypertensive and control do-
nors (p < 0.001, both).

Evaluation of the clinical history revealed that all con-
trols were had an NYHA functional class of 1. Five (22%)
of the 23 chronic alcoholics had an NHYA class of II, and
two others (9%) had an NYHA class of III. In the group of
hypertensive patients, 11 (41%) had an NYHA class of 11,
and 5 (18%) had an NYHA class of III or IV. Neither
controls nor alcoholics had received any regular medication
during the 3 months before admission. By contrast, most of
hypertensive patients were already under maintenance
treatment with angiotensin-converting enzyme inhibitors at
the usual doses (n = 25) and/or diuretics (n = 4). Both
alcoholic and chronic hypertensive patients presented a
greater cardiothoracic index than controls (Table 1). The
electrocardiogram was normal in all controls but one, who
showed signs of left ventricular hypertrophy, being abnor-
mal in 11 alcoholics (48%) and 20 chronic hypertensive
patients (74%) who showed changes in ST wave, conduc-
tion defects, and signs of left ventricular hypertrophy.

Nutritional Data

With respect to nutritional parameters (Table 2), BMI
was comparable in all the groups studied. Only two patients
with chronic alcoholism and one case with hypertension
exhibited signs of caloric malnutrition. Regarding protein
nutritional parameters, alcoholics showed a lower mean
total serum protein and albumin concentrations compared
with controls and hypertensive patients. Alcoholics showed
higher concentrations of aspartate aminotransferase and
y-glutamyl transpeptidase compared with the other groups.
Serum muscle enzymes were similar in all groups. Abdom-
inal ultrasonography results were normal in 10 of 11 con-
trols and 24 of 27 hypertensive patients, with the remaining
patients showing signs of fatty liver. By contrast, 16 of 23
alcoholics showed a diffuse disruption of liver structure. A

liver biopsy was performed in all patients with abnormal
ultrasonography, and the histological analysis disclosed 15
cases of fatty liver, 3 with alcoholic hepatitis, and the
remaining 2 had liver cirrhosis (Child-Pugh A stage).

Cardiac Evaluation

According to the reported criteria described in the Ma-
terials and Methods section, 11 chronic alcoholics (46%)
and 16 individuals with essential hypertension (59%) had
dilated cardiomyopathy (cardiothoracic index = 0.48). Ta-
ble 3 discloses cardiac functional data of the subgroups of
patients according to the presence or absence of dilated
cardiomyopathy. All alcoholics and hypertensive patients
with an NYHA class of II to IV had enlarged hearts. No
differences in nutritional data were observed among the
subgroups of patients. In accord with previous studies,
alcoholic patients with dilated cardiomyopathy had signifi-
cantly greater daily and lifetime ethanol intakes compared
with those without heart enlargement.

Myocardial Histological Analysis

Histological evaluation of myocardial samples from con-
trols was normal, except for slight signs of myocyte hyper-
trophy and interstitial fibrosis in one specimen (Table 4).
Most patients with cardiomyopathy had myocyte cell and/or
nuclear hypertrophy, and two thirds demonstrated intersti-
tial fibrosis. By contrast, patients without cardiomyopathy
exhibited myocyte abnormalities in only approximately one
third of the cases. No differences were observed in the
analysis of the histological parameters with respect to the
origin of cardiomyopathy.

Mpyocardial Oxidative Studies

Myocardial oxidative data are reported in Table 2. We
did not find differences in total antioxidant status, glutathi-
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Alcoholics Without CMP  Alcoholics With CMP  Hypertensives Without CMP  Hypertensives With CMP
(n=12) (h=11) (n=11) 16)

(h=

Cardiothoracic index 0.48 = 0.02 0.59 * 0.06* 0.49 = 0.01 0.56 + 0.04*
Left ventricle ejection fraction (%)? 59 £3 38 + 6* 61+3 39 = 5*
Abnormal ECG (n, %) 5 (42) 6 (55) 4 (36) 16 (100)*
Liver echosonogram (abnormal, %) 7 (58) 9(82) 19 2(12)
Liver cirrhosis (n, %) 1(8) 1(9) 0 0
Daily ethanol intake (g) 146 = 36 188 = 51** 12+4 13+4
Period of ethanol intake (yr) 245+ 56 253+ 5.3 59+6 6.4 +5
Lifetime dose of ethanol (kg ethanol/kg body weight) 19.2 £ 6.3 23.3 = 4.9 0.4 +0.2 0.5+0.2
Total antioxidant status (mmol/g X 10?) 0.57 = 0.52 0.53 = 0.17 0.58 = 0.15 0.57 = 0.02
Glutathione reductase (mU/g) 17.9 + 8.9 176 = 2.6 18.5 = 6.7 18.7 = 5.7
Glutathione peroxidase (mU/g) 108.0 = 44.8 1246 = 16.5 122.8 = 42,5 123.5 = 46.5
Superoxide dismutase (mU/g) 4.87 = 0.65 5.99 * 0.76™,* 4.53 = 0.93 5.73 = 1.06™*,***

Data expressed as mean * SD.
2 Left ventricle ejection fraction was obtained in 32 subjects.

*p < 0.001, " p < 0.01 compared with patients without cardiomyopathy for each group; ** p = 0.08 compared with alcoholics without cardiomyopathy; “*** values

were different from those of controls (p < 0.05).

Table 4. Myocardial Histological Analysis in the Donors

Alcoholics Alcoholics Hypertensives Hypertensives
Controls Without CMP With CMP Without CMP With CMP
(n=11) (n=12) (n=11) (n=11) (n = 16)
Myocyte cell hypertrophy (n, %) 1(9) 3 (25) 7 (64)* 3(27) 12 (66)*
Myocyte nuclear hypertrophy (n, %) 19 4 (33) 7 (64) 5 (45) 14 (81)*
Myocyte necrosis (n, %) 0 2(17) 3(27) 2(18) 3(19)
Interstitial fibrosis (n, %) 109 4 (33) 6 (55) 4 (36) 12 (66)
Degree of histological lesion (n, %)
Normal 10 (91) 8 (66) 109 8(73) 1(6)*
Mild 109 2(17) 6 (54) 2(19) 9 (56)
Moderate 0 2(17) 3(27) 109 4 (25)
Severe 0 0 19 0 2(12)
Data are expressed as number of patients (percentage).
*p < 0.05, **p = 0.01 compared with patients without cardiomyopathy for each group.
one reductase, glutathione peroxidase, or superoxide dis- DISCUSSION

mutase activity among the groups of patients. When con-
sidering the subgroups of alcoholics (Table 3), we observed
that superoxide dismutase activity was greater in those with
dilated cardiomyopathy, compared with alcoholics without
cardiomyopathy and controls (p < 0.01, both). Similarly,
hypertensive donors with dilated cardiomyopathy showed
higher myocardial superoxide dismutase activity compared
with those without cardiomyopathy (p = 0.005) and con-
trols (p = 0.04). The concentrations of the other oxidative
parameters were similar among the subgroups of patients.
The degree of increased superoxide dismutase activity was
comparable in patients with cardiomyopathy irrespective of
alcoholic and hypertensive origin (means of 21% and 19%,
respectively).

Considering all donors, we observed a relation between
superoxide dismutase myocardial enzyme activity and car-
diothoracic index (r = 0.45, p < 0.01). In addition, super-
oxide dismutase activity was greater in patients with a
higher degree of histological myocardial damage (4.71 =
0.80 vs. 5.78 = 0.96 mU/g for normal-mild versus moderate-
severe changes, respectively; p < 0.001). No relation was
observed between the different cardiac antioxidant enzyme
activities studied and parameters of nutritional status and
alcohol consumption (daily dose of alcohol, duration of
alcoholism, or total lifetime dose of alcohol).

The current study shows that antioxidant enzyme activity
is partially disturbed in the presence of cardiac damage,
related to either alcoholic or hypertensive origin. It was
previously supposed that a reduction in plasmatic vitamin
and nonvitamin antioxidant content, in parallel with
chronic alcohol consumption, were implicated in the patho-
genesis of alcohol-mediated tissue damage (Ansell et al.,
1994; Bjorneboe and Bjorneboe, 1993; Bjorneboe et al.,
1988; Garcia-Bunuel, 1984; Ward and Peters, 1992). How-
ever, in a previous case-control study, with direct measure-
ments of the skeletal muscle antioxidant contents of
a-tocopherol, ascorbic acid, and retinol in alcoholics, we
did not observe differences in the vitamin-dependent mus-
cle antioxidant content in chronic alcohol consumers com-
pared with nonalcoholic controls (Fernandez-Sola et al.,
1998). On the other hand, nonvitamin antioxidant factors
have been involved in the pathogenesis of ischemic and
idiopathic cardiomyopathies (Mak and Newton, 2001; Mc-
Murray et al., 1990; Siverski-Lliskovic et al., 1994), but no
study has analyzed its implication in the development of
alcoholic dilated cardiomyopathy.

The current study, performed in myocardial tissue from
51 human organ donors, evaluates the myocardial antioxi-
dant content and antioxidant enzyme superoxide dis-
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mutase, glutathione reductase, and glutathione peroxidase
activity and their relation to the degree of alcohol con-
sumption, nutritional status, and the presence of functional
or histological myocardial damage either of alcohol or
hypertensive origin. We observed that chronic alcohol con-
sumers as well as hypertensive individuals with dilated
cardiomyopathy showed a 20% increase in myocardial su-
peroxide dismutase activity compared with those patients
without cardiomyopathy and control donors. However, to-
tal antioxidant status content and the activity of the other
enzymes studied were similar in all groups. This increase in
myocardial superoxide dismutase enzyme activity in
chronic alcoholic and hypertensive donors was directly re-
lated to cardiac size and the degree of myocardial histology
changes but was shown to be independent of parameters of
alcohol consumption such as the period of ethanol intake
or the cumulated lifetime dose of ethanol consumed or
conventional nutritional parameters.

The findings of the current study do not corroborate
previous data showing an increase in plasma antioxidant
activity in experimental animals treated with ethanol (Edes
et al., 1986; Fosslien, 2003; Kannan et al., 2004). Overex-
pression of serum superoxide dismutase has also been de-
scribed in relation to alcohol consumption and abstinence
(Thome et al., 1997a), a situation that can sensitize cells to
oxidative injury (Rando et al., 1998). In the same sense, we
had already observed that superoxide dismutase increased
in muscle tissue from chronic alcoholics with myopathy
(Fernandez-Sola et al., 2002). Regarding cardiac tissue,
several authors have reported an increase in superoxide
dismutase activity in patients with many causes of cardio-
myopathy of idiopathic origin (Ball and Sole, 1998; Baumer
et al., 2000; Belch et al., 1991; Dhalla et al., 1996). This
finding may be a common adaptive response to myocardial
damage (Mak and Newton, 2001). In fact, under some
circumstances of overload or tissue damage, the healthy
heart has been shown to increase its antioxidant production
and to be, with time, protected from further sources of
oxygen free radicals (Fosslien, 2003). In experimental stud-
ies, dilated cardiomyopathy developed in mice lacking the
mitochondrial antioxidant enzyme manganese-superoxide
dismutase (Fosslien, 2003).

The pathogenic influence of superoxide dismutase dis-
ruption on diseases related to alcohol intake such as brain
atrophy, peripheral neuropathy, pancreatitis (Szuster-
Cieleska et al., 2001), and liver fibrogenesis (Thome et al.,
1997b; Zhao et al., 1996), as well as its relation with the
development of induction of apoptosis, have been specu-
lated (Deng and Cadet, 2000). Therefore, similar to what
happens in these other tissues, it seems reasonable to con-
sider the possible implication of these superoxide dis-
mutase enzyme disturbances in alcohol-induced cardiomy-
opathy. However, it remains to be elucidated whether the
changes in tissue antioxidant activity are consequence of
the deleterious effects of alcoholism or an adapting re-
sponse of the cells.
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Remarkably, antioxidant evaluation in the current study
is restricted to evaluation of basal total antioxidant status
capacity and measurement of the enzyme activities tested,
without evaluating other potential mechanisms or situa-
tions of antioxidant damage, such as recovery from meta-
bolic stress (Cederbaum, 2001). In addition, the acute ef-
fect of ethanol consumption on myocardial antioxidant
content could not be considered because of the period of
alcohol abstinence established from the time of hospital
admission to organ donation.

We conclude that patients with dilated cardiomyopathy,
related to either alcoholic or hypertensive origin, show an
increased myocardial superoxide dismutase activity, a fact
probably related to the development of myocardial struc-
tural and functional damage. Further studies should assess
the role of other factors not directly measured in this study,
such as myocardium site-specific changes in antioxidant
status/oxidative damage and antioxidant content of the diet
or the alcoholic beverages.
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Treballs publicats

RESUM DE L’ARTICLE: “Myocardial antioxidant status in chronic alcoholism.”

En el present estudi s’ha valorat I'estat antioxidant del miocardi en
pacients amb consum cronic excessiu d’alcohol i la possible relacié d’aquest
balang¢ antioxidant amb lesié miocardica.

S’han mesurat I'activitat enzimatica de superoxid dismutasa (SOD),
glutation peroxidasa (GP) i glutation reductasa (GR) aixi com I'estat antioxidant
total en mostres de miocardi huma (no aptes per a trasplantament) de donants).
El grup d’estudi ha estat: 23 consumidors cronics excessius d’alcohol, 27
pacients amb hipertensio arterial de llarga evolucié i 11 controls sans. La
preséncia de miocardiopatia s’ha definit per criteris funcionals i histoldgics.

Els pacients amb miocardiopatia, tant els d’origen alcoholic com
hipertensiu, han mostrat un augment en l'activitat en el miocardi de la superoxid
dismutasa comparat amb pacients sense miocardiopatia (p < 0.001 ambdds) i
amb els controls (p< 0.05 ambdds). S’ha pogut relacionar I'activitat de la SOD
amb el grau de dany miocardic (p<0.001) i 'allargament de les fibres
miocardiques (p<0.01). En canvi, I'activitat de la glutation peroxidasa i de la
glutation reductasa, ha estat similars en tots els grups. Finalment no s’ha pogut
establir relacié entra la capacitat antioxidant miocardica total i els parametres
nutricionals o el consum acumulat d’alcohol.

Concloem, doncs, que els pacients amb consum cronic excessiu
d’alcohol que desenvolupen miocardiopatia dilatada mostren un augment de
I'activitat de la SOD, probablement en relaci6 amb dany funcional i estructural

del miocardi.
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7. DISCUSSIO

La miocardiopatia dilatada alcoholica és una malaltia d’etiologia
multifactorial que ha estat abordada principalment a partir de models animals,
amb totes les limitacions que aixo significa i que ja hem esmentat ampliament a
la introduccid. Els mecanismes que s’han proposat per a entendre aquesta
malaltia inclouen, entre d’altres, alteracions dels miocits amb fendmens
d’apoptosi, disfuncié d’organel-les intracel-lulars, principalment en el
mitocondris, alteracié de les proteines contractils, trastorns del metabolisme del
calci, modificacions en I'estat oxidatiu, alteracions metabdliques i nutricionals i
trastorns del sistema neurohormonal.

La present tesi ha focalitzat I'atencié concretament en tres d’aquests
mecanismes: I'alteracio dels canals de calci tipus-L, el fenomen de I'apoptosi i
I'estrés oxidatiu. Ha estat aixi per I'evidéncia en treballs previs de la rellevancia
d’aquests mecanismes (78-84, 66-68, 85-92) i per la propia experiéncia del
grup en I'estudi dels mecanismes fisiopatogenics en la miopatia alcohdlica
esquelética (90, 95, 139-143). La correlacié entre dany esquelétic per alcohol i
dany miocardic feia pensar en la implicacioé dels mateixos factors patogenics
(146).

En I'estudi dels canals de calci tipus-L (CC-L) la hipotesi inicial va ser
que, igual que havia descrit préviament Guppy i Littleton en models amb rates
(80, 81, 107), I'exposicio a alcohol donava lloc a una sobre-expressié d’aquests
canals també en el miocardi huma. El nostre grup ja havia demostrat
préviament en un estudi de muscul esquelétic amb rates que I'exposicié aguda

a alcohol donava lloc a una disminuci6 dels fluxs de calci intracel-lulars,
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postulant-se que el mecanisme que originava aquest fenomen podria trobar-se
en problemes de permeabilitat de la membrana citoplasmatica, en disfuncions
del reticle sarcoplasmatic o bé en els canals de calci voltatge-depenent (143).
En el present estudi es va voler avangar una passa mes en aquesta direccio i
aprofundir en el rol dels CC-L en la etiopatogénia de la MCPA. Per a fer-ho es
van realitzar tan técniques isotopiques per binding amb dihidropiridina com
mesures morfomeétriques. La preséncia de la sobre-expressio dels CC-L es va
determinar a través de la mesura de la Bmax (fmol/mg proteina), mentre que la
dinamica del canal es va mesurar a través de la constant de dissociacio (Kd;
nM). Es va poder demostrar que, efectivament, els pacients amb consum cronic
excessiu d’alcohol sense MCPA presentaven una augment estadisticament
significatiu de I'expressid d’aquests receptors de calci quan es comparava amb
el grup de pacients control. També es va comparar el grup amb consum cronic
excessiu d’alcohol sense MCPA amb el que si que presentava MCPA i es va
poder comprovar que el primer presentava una sobre-expressio
estadisticament significativa dels receptors respecte aquest segon. En canvi la
comparacié dels pacient amb MCPA i els controls no va mostrar diferencies
estadisticament significatives. La mesura de la dinamica dels CC-L va
confirmar que el grup amb consum cronic excessiu d’alcohol sense MCPA tenia
una Kd significativament diferent i superior que el grup control o el grup amb
MCPA, mentre que no hi havia diferéncies entre aquests dos darrers grups. Per
altre banda el treball va analitzar els canvis morfométrics per I'exposicié cronica
a alcohol. Es va demostrar un augment estadisticament significatiu de 'area i
del perimetre dels miocits del grup amb MCPA respecte al grup sense MCPA i

el grup control degut a la preséncia d’hipertrofia miocardica, pero es va poder
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comprovar que aixo no afectava la mesura de I'expressio dels CC-L. Una de les
possibles explicacions a les troballes d’aquest treball passaria per contemplar
la resposta del miocardi a I'exposicié cronica de dosis toxiques d’alcohol. En un
primer moment la resposta del miocardi seria la sobre-expressio dels CC-L;
durant aquesta fase el pacient no presentaria ni els simptomes ni els signes de
la MCPA i el pacient pertanyeria al grup de pacients amb consum cronic
excessiu d’alcohol sense MCPA. Aixi aquesta sobre-expressio es podria
entendre com una mecanisme compensatori a I'accié toxica de I'alcohol que
preservaria la funcionalitat cardiaca, mantenint la contractilitat miocardica a
expenses d’augmentar els receptors de calci-L en la membrana citoplasmatica.
La persisténcia en el temps a una exposicié tdxica donaria pas a una segona
fase on aquest mecanisme compensatori s’esgotaria; llavors deixariem de
detectar la sobre-expressio dels CC-L i el pacient presentaria una MCPA, amb
dany estructural progressiu mentre romangués el consum d’alcohol. L’Us de
miocardi huma ha permés, no sols confirmar la preséncia de la sobre-expressio
dels CC-L, siné la seva dinamica en un model d’exposicio cronica. Aixi s’ha
pogut observar la presencia i expressié del CC-L en el grup control, la seva
sobre-expressio en els pacient alcohdlics sense miocardiopatia i, finalment, la
desaparicio d’aquesta sobre-expressié un cop s’instaura la MCPA estructural.
Una critica plausible a la interpretacio de les dades que acabem de postular
passaria per considerar la desaparicié de la sobre-expressié dels CC-L en el
grup amb MCPA no com una causa de que originés la miocardiopatia sind6 com
una consequéncia de la mateixa, com un signe més de I'alteracioé del miocardi a
I'insult toxic de I'alcohol. En aquest sentit caldra dissenyar estudis encaminats a

demostrar un augment de I'expressié de RNAm dels canals aixi com la seva
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comparacié amb altres models de MCP dilatada no alcohdlica perd amb dany
estructural similar.

Totes aquestes troballes confirmen novament el paper destacat que
ocupa el metabolisme del calci en la comprensio de les patologies que originen
disfuncié miocardica i relacionen de forma consistent la dinamica dels canals
de calci amb la fisiopatogénia de la miocardiopatia alcohdlica.

En I'estudi del fenomen de I'apoptosi es va considerar com a punt de
referéncia un treball previ del nostre grup en muscul esquelétic en el que es va
demostrar la preséncia d’'una augment de I'apoptosi en els subjectes amb
consum cronic excessiu d’alcohol (140). A la literatura hi ha treballs que han
relacionat clarament la preséncia d’apoptosi amb cardiopatia dilatada d’altres
etiologies (116) perd practicament no hi ha treballs previs que s’hagin centrat
en I'estudi de la MCPA. Per a valorar la preséncia d’apoptosi es va utilitzar la
tecnica de TUNEL i es van mesurar BAX i BCL-2 com dos dels elements
fonamentals que participen en la regulacié d’aquest procés. Els grups d’estudi
van incloure pacients amb miocardiopatia hipertensiva, fet que va permetre
comparar I'apoptosi en dues cardiomiopaties d’origen distint. Els resultats van
demostrar que quan es va mesurar el TUNEL comparant els grups controls,
alcohdlics i hipertensos de forma global no es trobaven diferéncies
estadisticament significatives. En canvi, quan es van mesurar els subgrups
amb miocardiopatia, tant si era d’origen alcoholic com hipertensiu, I'index
d’apoptosi per TUNEL estava clarament augmentat respecte als controls i als
pacients sense miocardiopatia. Pel que fa a I'expressio de BAX i BCL-2,
ambdds van ser significativament superiors en els grups alcohol i hipertensiu

respecte al control tot i que, quan els dos primers grups es van subdividir
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segons la preséncia o no de miocardiopatia, les diferéncies van ser encara molt
més rellevants. Aixi, 'expressio de BAX i BCL-2 era més elevada en els
pacients amb miocardiopatia (indistintament de quin fos el seu origen). El
treball també va relacionar la preséncia de dany histologic amb el grau
d’apoptosi i, indistintament de si la miocardiopatia era d’origen alcohdlic o
hipertensiu, es va poder comprovar la preséncia d’'un augment creixent
estadisticament significatiu de TUNEL, BAX i BCL-2 a mesura que hi havia més
lesio histoldgica, de manera que la preséncia maxima d’apoptosi es va trobar
quan la lesié histologica era moderada o severa. Semblaria clar, doncs, que la
presencia d’apoptosi estaria en relacio a la preséncia de miocardiopatia
estructural, indistintament de la seva etiologia, i que la seva rellevancia seria
més destacada en els casos on hi hagués més danys histologic. En quin grau
I'apoptosi participaria en aquesta lesio histologica o en seria consequéncia
tornaria a ser motiu per a plantejar estudis que aprofundissin en aquest sentit.
L’alcohol, en aquest context, s’hauria de considerar un insult inespecific pel
teixit miocardic, com podria ser-ho la hipertensié arterial cronica o la isquémica
i, per tant, 'apoptosi podria interpretar-se com un mecanisme general no
especific a través del qual I'alcohol generaria lesié miocardica. Malgrat aixo, hi
ha una troballa en el treball que podria insinuar que I'alcohol efectivament és un
inductor de I'apoptosi; quan es va analitzar un subgrup dins del grup de
pacients amb consum excessiu d’alcohol es va evidenciar que aquells que
presentaven una classe clinica de la NYHA-1, és a dir, que presentaven un
funcionalisme cardiac igual que els controls, mostraven una expressio
significativament superior de BAX i BCL-2 respecte al grup control. En canvi, no

hi havia diferéncies estadisticament significatives entre el grup alcohol i el grup
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amb miocardiopatia hipertensiva per aquest subgrup concret. Per tant podria
interpretar-se que l'alcohol és un inductor dels mecanismes d’apoptosi i que
aquests apareixen préviament a I'aparicié de les alteracions funcionals del
miocardi. Es a dir, que I'apoptosi en els subjectes alcoholics precediria a
I'aparicié de disfuncié miocardica, cosa que no succeia mostrar en el grup amb
miocardiopatia hipertensiva.

En resum, totes aquestes troballes confirmarien la preséncia d’'un
augment significatiu de I'apoptosi en els pacient amb miocardiopatia alcohdlica,
pero dificilment es podria considerar aquest mecanisme com especific d’'una
accio toxica de 'alcohol. La preséncia d’'un augment de BAX i BCL-2 en un
subgrup d’alcoholics assenyalaria a 'apoptosi com un dels mecanismes
etiopatogeénics de la MCPA més que no pas una consequéncia, pero caldria
aprofundir en aquesta perspectiva dissenyant nous treballs en aquesta direccio.

L’estudi de I'estrés oxidatiu en el miocardi de consumidors cronics
excessius d’alcohol tenia un precursor en el nostre grup de recerca en el
muscul esquelétic (90), on es va poder establir la preséncia d’'una disminucid
de la glutation peroxidasa (GP) amb un augment de la superoxid dismutasa
(SOD). Altres estudi previs del grup, com el de Fernandez-Sola et al. sobre la
influéncia de les substancies antioxidant dependents de vitamines, havien
conclos que no hi havia diferéncies en la quantificacio de les mateixes en
muscul esquelétic entre el grup amb consum excessiu d’alcohol i el grup control
(144). Aixd semblava contradir estudis previs que relacionaven el dany tissular
amb el déficit de factors antioxidants vitamina-depenents (145). En el present
treball es va mesurar en miocardi huma d’un grup control, un grup amb consum

excessiu d’alcohol i un grup amb hipertensio cronica, I'activitat antioxidant total
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aixi com l'activitat de glutation peroxidasa (GP), superoxid dismutasa (SOD) i
glutation reductasa (GR). La inclusié del grup hipertensiu va permetre, com en
el treball precedent, valorar les troballes comparant dues miocardiopaties
d’origen diferent. Com s’havia postulat no es va trobar relacié estadisticament
significativa entre la capacitat antioxidant miocardica total i els parametres
nutricional o el consum acumulat d’alcohol. En la mesura de GP, SOD i GR
només es van trobar diferéncies significatives en els nivells de SOD. Quan es
va comparar el subgrup de subjectes amb miocardiopatia, indistintament si eren
d’origen alcoholic o hipertensiu, es va demostrar un augment significatiu de
I'activitat de la SOD respecte al grup control i el grup sense miocardiopatia.
Com en el treball de 'apoptosi, es va trobar una relacio significativa entre la
preséncia de dany miocardic i I'activitat de SOD, de manera que en els pacient
que presentaven més lesid histologica es detectava més activitat de la SOD.
D’aquest treball es desprén que l'alcohol actuaria novament com insult
inespecific pel teixit miocardic, com podria ser-ho la hipertensio arterial cronica,
i per tant seria dificil interpretar I'alteracio del balang oxidatiu fos un mecanisme
a través del que l'alcohol generés lesio directa miocardica. De fet no va ser
possible establir si 'augment d’activitat de la SOD era causa de lesi6
miocardica o consequéncia de la mateixa perd una interpretacio global de les
dades de I'estudi induiria a pensar que la instauracio progressiva de dany
miocardic és el que dona lloc a una alteracio de I'estrés oxidatiu i no pas al
contrari.

Valorant els tres treballs de manera global, podriem concloure que dels
tres mecanisme proposats, el primer, que fa referéncia a la dinamica del canals

de calci tipus-L, sembla ser el que presenta més evidencies de participar de
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manera activa en I'etiopatogenia de la miocardiopatia alcohdlica. Efectivament,
s’ha pogut comprovar canvis de I'expressio dels CC-L en relacié amb el
consum d’alcohol i amb I'evoluci6 de la MCPA. L’apoptosi també ha demostrat
estar en relacié amb la preséncia de miocardiopatia alcoholica, de forma més
inespecifica, tot i que hi ha alguns indicis que induirien a pensar que podria ser
un mecanisme etiopatogénic de produccié de la mateixa més que no pas una
consequeéncia. Finalment, la valoracié de I'estat oxidatiu miocardic només ha
pogut objectivar una augment de l'activitat de la SOD, més en relacio a
miocardiopatia que no pas com una consequéncia especifica a I'exposicié a
alcohol, i més com una resposta a la instauracioé del dany miocardic estructural
que no com a causa del mateix. Totes aquestes troballes suposen un pas
endavant respecte als coneixements previs de la fisiopatologia de la MCPA,
perd també obren interrogants que hauran de ser abordats properament amb
nous treballs, com podria ser nous factors en la regulacié del procés d’apoptosi
miocardica, com la reduccié dels nivells d’Apaf-1 o I'estudi del concepte de
regeneracio miocardica que inclourien nous element a considerar en
I'etiopatogénia d’'una patologia complexa i multifactorial com és la

miocardiopatia alcohdlica.
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8. CONCLUSIONS

8.1. CONCLUSIONS PARTICULARS

8.1.2 Up-regulation of myocardial L-type Ca** channels in chronic alcoholism.

[Fatjé F, Sancho P, Fernandez-Sola J, Sacanella E, Estruch R, Bataller R, Nicolas JM..
Up-regulation of myocardial L-type Ca2+ channel in chronic alcoholism. Department of
Internal Medicine and Hepatology, Hospital Clinic, Institut d’Investigacions

Biomediques August Pi i Sunyer, University of Barcelona, Spain. Alcohol Clin Exp Res.

(Enviat; pendent acceptacio)].

1. S’ha demostrat la preséncia de sobre-expressio de canals de calci tipus-
L en subjectes amb consum cronic excessiu d’alcohol.

2. La sobre-expressio dels canals de calci tipus-L es produeix en els
subjectes amb consum cronic excessiu d’alcohol sense lesié miocardica
i no es demostra quan s’instaura la miocardiopatia alcoholica estructural.

3. L’area i el perimetre dels miocits van ser superiors en els subjectes amb
consum cronic excessiu d’alcohol i afectes de miocardiopatia (respecte
controls i no afectes de miocardiopatia), perd aixo no va interferir la

mesura de la sobre-expressio dels canals de calci tipus-L.

8.1.2. Evidence of apoptosis in alcoholic cardiomyopathy.
[Fernandez-Sola J, Fatj6é F, Sacanella E, Estruch R, Bosch X, Urbano-Marquez A,
Nicolas JM. Evidence of apoptosis in alcoholic cardiomyopathy. Human Pathology.

2006;37(8):1100-1110
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1.

L’index miocardic d’apoptosi mesurada per la técnica TUNEL va ser més
elevat en els subjectes afectes de miocardiopatia indistintament de que
el seu origen fos hipertensiu o alcoholic que en els no afectes de
miocardiopatia.

L’activitat miocardica de BAX i de BCL-2 va ser superior en el grup amb
consum excessiu d’alcohol i hipertensos respecte el grup control.
Aquesta diferéncia encara va ser més rellevant en el subgrup de

subjectes afectes de miocardiopatia estructural.

8.1.3. Myocardial antioxidant status in chronic alcoholism.

[Fati6 F, Fernandez-Sola J, Lluis M, Elena M, Badia E, Sacanella E, Estruch R, Nicolas

JM. Myocardial antioxidant status in chronic alcoholism. Alcohol Clin Exp Res.

2005,29:864-870].

1.

L’estat oxidatiu total en el miocardi va ser similar entre els grups
estudiats que van ser: grup control, grup amb consum excessiu d’alcohol
sense miocardiopatia, grup amb consum excessiu d’alcohol afectes de
miocardiopatia i grup amb hipertensié arterial cronica afectes de
miocardiopatia.

Es va demostrar una augment de I'activitat enzimatica de la superoxid
dismutasa miocardica, que estava en relacié amb la preséncia de
miocardiopatia i de forma creixent amb la preséncia de dany histologic.
L’activitat de glutation peroxidasa i la glutation reductasa no va mostrar

diferencies significatives entre els diferents grups d’estudi.
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8.2 CONCLUSIO GLOBAL

Els tres mecanismes estudiats intervenen i es relacionen de diferent manera
amb I'etiopatogénia de la miocardiopatia alcohdlica. Les alteracions en
I'expressio dels canal del calci tipus-L sembla participar de forma activa com
a mecanisme etiopatogénic d’adaptacié en la miocardiopatia alcohdlica,
mentre que I'apoptosi tindria una rellevancia parcial com a inductor del dany
estructural a la miocardiopatia alcoholica i el disbalang del estat oxidatiu
semblaria ser més una consequéncia de la lesidé miocardica que no pas una

causa de la mateixa.
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