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RESUMO

Objectivos: A transi¢do de permeabilidade
mitocondrial (TPM) é um evento associado a
estresse oxidativo severo (por exemplo,
durante isquémia e reperfusdo do miocérdio)
e acumulacdo excessiva de célcio
mitocondrial, podendo mesmo levar a morte
celular. Neste estudo comparou-se o efeito
do Carvedilol (CV) na TPM cardiaca
induzida por célcio/fosfato (Ca/Pi) e
cdlcio/carboxiatractilato (Ca/Catr). Para a
inducéo da TPM por Ca/Pi, o estresse
oxidativo tem um papel importante, levando
a oxidagdo de grupos tiélicos proteicos
mitocondriais, em contraste com o efeito do
Ca/Catr, onde essa oxidagdo é secunddria a
inducéo da TPM e nfio é motivada por
estresse oxidativo.

Materiais e métodos: As mitocondrias foram
isoladas a partir do coragfio de rato e
avaliaram-se pardmetros relacionados com a
induc¢do da TPM (n=5 para cada indutor):
entumescimento mitocondrial e oxidacdo dos
grupos tiélicos proteicos (ambos por
espectrofotometria).

Resultados: Com Ca/Pi, o CV protegeu a
mitocondria da inducdo da TPM,
nomeadamente na sua forma deletéria de alta
condutancia. Este efeito evidenciou-se pela
diminui¢do do entumescimento mitocondrial.
Este efeito foi simultdneo com a inibi¢do da
oxidacdo dos grupos tiélicos proteicos

ABSTRACT

Carvedilol: Relation Between
Antioxidant Activity and Inhibition
of the Mitochondrial Permeability
Transition

Objectives: The mitochondrial permeability
transition (MPT) is an event related to severe
oxidative stress (for example, during
myocardial ischemia and reperfusion) and
excessive mitochondrial calcium
accumulation, also being implicated in cell
death. In this study, we compared the effect
of carvedilol on the cardiac MPT induced by
calcium and phosphate (Ca/Pi) and
calcium/carboxyatractyloside (Ca/Catr).
Oxidative stress plays a major role in MPT
induction by Ca/Pi, leading to the oxidation
of protein thiol groups, in contrast with
Ca/Catr, where such oxidation is secondary
to MPT induction and is not caused by
oxidative stress.

Materials and methods: Mitochondria were
isolated from rat hearts and parameters
related to MPT induction were evaluated
(n=>5 for each inducer): mitochondrial
swelling and oxidation of protein thiol groups
(both measured by spectrophotometry).

Results: Using Ca/Pi, carvedilol protected
mitochondria from MPT induction,
particularly in its high conductance form. Its
effect was demonstrated by analyzing the
decrease in mitochondrial swelling
amplitude. Simultaneously, we observed
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mitocondriais (p<0.001). O CV ndo mostrou
efeitos protectores com Ca/Catr.

Conclusdes: O CV protegeu a mitocondria
cardfaca da TPM, mas apenas quando a
oxidacdo dos grupos tidlicos proteicos foi
causa e ndo consequéncia da TPM. Estes
resultados mostram claramente que, durante
agressoes ao miocédrdio (durante a
isquémia/reperfusdo, por exemplo), o efeito
protector do CV é primariamente devido a
um efeito antioxidante, inibindo a produg¢éo
e os efeitos das espécies reactivas de
oxigénio.

Palavras-Chave
Carvedilol; Mitocondria; Estresse oxidante;
Transi¢@o de permeabilidade mitocondrial

INTRODUCAO
Ocarvedilol (CV) é um antagonista beta-

-adrenérgico, utilizado no tratamento da
insuficiéncia cardiaca, hipertensdo e infarte do
miocérdio. Clinicamente, o carvedilol apre-
senta a vantagem de ter uma marcada activi-
dade antioxidante .

A mitocondria cardiaca, local da producao
da grande maioria da energia utilizada pelo
miocdrdio, tem um papel importante na recu-
peracdo do cardiomiéeito apés eventos patols-
gicos, como a isquémia seguida de reperfusdo
(I/R). A I/R tem consequéncias graves ao nivel
celular, nomeadamente devido ao aumento da
geragdo de espécies reactivas de oxigénio
(ERO) no interior da célula®. Ao nivel mito-
condrial, uma das consequéncias mais danosas
da I/R é a transiciio de permeabilidade mito-
condrial (TPM), causada pela formacdo e aber-
tura de poros proteicos na membrana interna
mitocondrial, os denominados poros transit6-
rios de permeabilidade mitocondrial (PTPM).
Sabe-se que a entrada macica de cdlcio para o
interior da mitocondria, associada a um incre-
mento da geragdo de ERO no interior daquele
organelo, pode levar a formagdo dos PTPM,
rompendo a barreira de impermeabilidade ca-
racteristica (e necessdria) da membrana in-
terna mitocondrial (para uma revisdo, ver ). A
TPM provoca a despolarizacdo mitocondrial,
perdendo este organelo a capacidade de produ-
cdo de energia e a capacidade de tomada de
cdlcio. Muito frequentemente, a TPM estd tam-

inhibition of protein thiol group oxidation
(p<0.001). By contrast, carvedilol did not
show any protective effect with Ca/Catr.

Conclusions: Carvedilol was only effective
against the MPT when the oxidation of
protein thiol groups was the cause and not
the consequence of the MPT phenomenon.
The results clearly show that during
myocardial aggressions (ischemia and
reperfusion, for example), the protective
effect of carvedilol is primarily due to an
antioxidant mechanism, inhibiting the
production and effects of reactive oxygen
species.
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INTRODUCTION

Carvedilol is a beta-adrenergic antagonist
used in the treatment of congestive heart
failure, hypertension and myocardial infarc-
tion. Clinically, carvedilol has the advantage of
possessing marked antioxidant activity V.
Cardiac mitochondria, in which most of the
energy used by the myocardium is produced,
play an important role in cardiomyocyte reco-
very after pathological events, such as ische-
mia followed by reperfusion (I/R). I/R has ser-
ious consequences at the cellular level, mainly
due to the increased production of reactive
oxygen species (ROS) within the cell ®. At the
mitochondrial level, one of the most harmful
effects of I/R is the mitochondrial permeability
transition (MPT), caused by the formation and
opening of protein pores, known as mitochon-
drial permeability transition pores (MPTP), in
the inner mitochondrial membrane. It is known
that a massive calcium influx into the mito-
chondrion, together with increased generation
of ROS inside the organelle, can lead to the
formation of MPTPs, disrupting the normal
(and necessary) impermeability barrier of the
internal mitochondrial membrane (for a review,
see ¥). The MPT causes mitochondrial depolari-
zation, and the organelle loses the ability to
produce energy and to take up calcium. Fre-
quently, the MPT is also associated with an in-
crease in mitochondrial volume, which leads to
rupture of the outer membrane and even to
apoptosis (and, ultimately, necrosis) of the car-




bém associada a um aumento de volume mito-
condrial, que leva ao rompimento da mem-
brana externa e mesmo a apoptose (ou, em tl-
tima anélise, a necrose) do cardiomiécito, por
libertag¢do de factores apoptéticos, como o cito-
cromo ¢ . A susceptibilidade a TPM j4 foi su-
gerida como um factor determinante na recu-
peracdo do cardiomiécito apés a I/R ©.

Neste estudo comparou-se o efeito do CV
na TPM cardiaca induzida por célcio/fosfato
(Ca/Pi) e célcio/carboxiatractilato (Ca/Catr). A
inducéo da TPM por Ca/Pi é motivada pela in-
cremento de estresse oxidativo no interior da
mitocondria, levando a oxidagdo de grupos ti6-
licos proteicos @, em contraste com o efeito do
Ca/Catr, onde essa oxidagdo é secunddria a in-
duc¢do da TPM e ndo é motivada por estresse
oxidativo ™.

Pelos resultados obtidos, demonstrdamos que
o CV inibe a TPM por um mecanismo pura-
mente antioxidante.

MATERIAIS E METODOS

Materiais: O carvedilol foi obtido da Ro-
che Farmacéutica (Portugal) e preparado em
DMSO (dimetilsulfoxido). O volume final de
solvente na cAmara de reac¢do foi sempre infe-
rior a 0.2% do volume total e nunca mostrou
ter qualquer efeito nos pardmetros medidos.
Todos os outros compostos foram adquiridos da
Sigma Chemical Co (St. Louis, MO), a excep-
clo da sonda fluorescente Calcium Green 5-N
(Molecular Probes, Eugene, OR)

Animais: Ratos macho Wistar (n=5) foram
usados durante as experiéncias. Os procedi-
mentos experimentais estiveram de acordo com
os Requerimentos Europeus para a Pesquisa
em Animais Vertebrados.

Isolamento da frac¢ao mitocondrial
cardiaca: Mitocondrias cardiacas foram isola-
das de acordo com um método previamente
descrito ®. A concentragdo de protefna mito-
condrial foi determinada utilizando o método
do biureto, utilizando BSA como padrio.

Seguimento do entumescimento mito-
condrial: A acumulacio excessiva de célcio
na mitocondria, em condi¢des pro-oxidantes,
leva a TPM. Uma das consequéncias é o au-
mento de volume mitocondrial que pode ser
seguido pelas varia¢des da densidade éptica da
suspensdo mitocondrial medidas a 540 nm.

Determinacao da oxidaciao de grupos
tiolicos proteicos: Para este fim, utilizou-se
a reacco especifica do dcido 5,5-ditio-bis-2-

diomyocyte, through release of apoptotic fac-
tors such as cytochrome ¢ ®. Susceptibility to
the MPT has been suggested as a determining
factor in cardiomyocyte recovery following I/R ©.

In this study, we compared the effect of car-
vedilol on the cardiac MPT induced by cal-
cium/phosphate (Ca/Pi) and by calcium/car-
boxyatractyloside (Ca/Catr). Induction of the
MPT by Ca/Pi is caused by increased oxidative
stress inside the mitochondrion, leading to oxi-
dation of protein thiol groups®, in contrast to
the effect of Ca/Catr, in which such oxidation
is secondary to MPT induction and is not
caused by oxidative stress 7.

The results obtained demonstrate that car-
vedilol inhibits the MPT by a purely antioxi-

dant mechanism.

METHODS

Materials: The carvedilol was obtained
from Roche Farmacéutica (Portugal) and pre-
pared in DMSO (dimethyl sulfoxide). The final
volume of solvent in the reaction chamber was
kept below 0.2% of the total volume and show-
ed no effect on the parameters being measur-
ed. All other compounds were acquired from
Sigma Chemical Co (St. Louis, MO), except the
fluorescent probe Calcium Green-5N (Molecu-
lar Probes, Eugene, OR).

Animals: Male Wistar rats (n=5) were used
in the experiments. The experimental procedu-
res were in accordance with the requirements
of the European Convention for the Protection
of Vertebrate Animals used for Experimental
and Scientific Purposes.

Isolation of the cardiac mitochondrial
fraction: Cardiac mitochondria were isolated
in accordance with a previously described me-
thod ®. The concentration of mitochondrial pro-
tein was determined by the biuret reaction,
using BSA as the standard.

Monitoring of mitochondrial swelling:
In pro-oxidant conditions, the excessive accu-
mulation of calcium in the mitochondrion leads
to the MPT. One of the consequences of this is
an increase in mitochondrial volume, which
can be monitored by variations in the optical
density of the mitochondrial suspension mea-
sured at 540 nm.

Determination of protein thiol group
oxidation: For this purpose, the specific reac-
tion of 5,5’-dithio-bis-2-nitrobenzoic acid
(DTNB) with mitochondrial membranes was
used. Readings were taken spectrophotometri-
cally at 412 nm.
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nitrobenzoico (DTNB) com as membranas mi-
tocondriais. A leitura foi feita espectrofotome-
tricamente a 412 nm.

Analise estatistica: Os resultados sdo
apresentados como médias+SEM de 7-8 prepa-
rac¢des diferentes. A andlise estatistica foi efec-
tuada por ANOVA, seguido de um pés-teste
Student-Newman-Keuls. Um valor de p<0.05
foi considerado estatisticamente significativo.

RESULTADOS

A adic¢do de cdlcio a uma suspensdo mito-
condrial na presenca de 5 mM fosfato provocou
um rdpido decaimento da densidade éptica da
referida suspensdo (Fig. 1, trago D), indicacdo
do aumento de volume mitocondrial. Essa di-
minui¢do de densidade 6ptica foi totalmente
inibida por ciclosporina-A (Fig. I, trago A),
um inibidor especifico da TPM . O CV mos-
trou ser capaz de inibir o aumento de volume
mitocondrial (Fig. I, traco C). Ao utilizar o par
Ca/Catr (Fig. 2), observou-se novamente a di-

Statistical analysis: Results are presented
as means+=SEM of 7-8 different preparations.
Statistical analysis was by ANOVA, followed
by a Student-Newman-Keuls post-test. A value
of p<0.05 was considered statistically signifi-
cant.

RESULTS

The addition of calcium to a mitochondrial
suspension in the presence of 5 mM phosphate
caused a rapid decrease in the optical density
of the suspension (Fig. 1, line D), an indica-
tion of increased mitochondrial volume. This
reduction in optical density was completely
inhibited by cyclosporin-A (Fig. 1, line A), a
specific MPT inhibitor ®. Carvedilol was shown
to inhibit the increase in mitochondrial volume
(Fig. 1, line C). When Ca/Catr was used (Fig.
2), the reduction in optical density that charac-
terizes the MPT was again observed (Fig. 2,
line D), and again was inhibited by cyclospo-
rin-A (Fig. 2, line A). However, in contrast to
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Fig. 1 Entumescimento mitocondrial medido como a varia¢do da densidade éptica a 540 nm da suspensdo mitocondrial. Um pulso de
500 pM cdlcio foi adicionado a suspensdo mitocondrial (0.5 mg proteina mitocondrial /ml). O meio de reacgdo era constituido por 200
mM sacarose, 10 mM TRIS-MOPS, 5 mM KH.PO., 10 pM EGTA, 4 uM rotenona, 0.5 pg oligomicina e 8 mM succinato (pH 7.4, 25°C).
O carvedilol foi pré-incubado com a suspensdo mitocondrial durante 3 minutos. A - célcio + 1 pM ciclosporina-A, B - nenhuma adi-
¢do, C - cdlcio + 20 pM carvedilol, D — apenas célcio. O registo é representativo de cinco preparagdes mitocondriais diferentes.

Fig. 1 Mitochondrial swelling measured as the variation in optical density of the mitochondrial suspension at 540 nm. A 500 pM cal-
cium pulse was added to the mitochondrial suspension (0.5 mg mitochondrial protein/ml). The reaction medium consisted of 200 mM
sucrose, 10 mM Tris-Mops, 5 mM KH:POs, 10 pM EGTA, 4 pM rotenone, 0.5 pg oligomycin and 8 mM succinate (pH 7.4, 25°C). The
carvedilol was pre-incubated with the mitochondrial suspension for 3 minutes. A — calcium + 1M cyclosporin-A, B — no addition,
C — calcium + 20 M carvedilol, D — calcium only. The record is representative of five different mitochondrial preparations.
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Fig. 2 Entumescimento mitocondrial medido como a variagdo da densidade éptica a 540 nm da suspensdo mitocondrial. Um pulso de

100 pM de calcio foi adicionado a suspens@o mitocondrial (0.5 mg proteina mitocondrial /ml), seguindo-se a adi¢do de 20 pM carbo-

xiatractilosideo (Catr). As restantes condigdes foram as mesmas da Fig. I. A — cdlcio + Catr + 1 pM ciclosporina-A, B — apenas célcio,

C — célcio + Catr + 20 pM carvedilol, D — cdlcio + Catr. O registo é representativo de cinco preparagdes mitocondriais diferentes.

Fig. 2 Mitochondrial swelling measured as the variation in optical density of the mitochondrial suspension at 540 nm. A 100 pM cal-

cium pulse was added to the mitochondrial suspension (0.5 mg mitochondrial protein/ml), followed by 20 pM carboxyatractyloside

(Catr). The remaining conditions were the same as in Fig. 1. A — calcium + Catr + 1 pM cyclosporin-A, B — calcium only, C — calcium

+ Catr + 20 pM carvedilol, D — calcium + Catr. The record is representative of five different mitochondrial preparations.

minui¢do de densidade éptica que caracteriza
a TPM (Fig. 2, trago D), de novo inibida por
ciclosporina-A (Fig. 2, traco A). Ao contrério
do que aconteceu com CA/Pi, desta vez nédo
houve inibi¢do pelo CV (Fig. 2, trago C). Na
auséncia de Catr (Fig. 2, traco B), observou-se
uma pequena diminui¢do de volume mitocon-
drial na presenca de célcio.

No que respeita a determinacdo dos niveis
de grupos tidlicos proteicos reduzidos (P-SH),
os resultados foram também opostos. Como se
pode observar na Fig. 3, na presenga de Ca/Pi,
a quantidade de P-SH diminuiu (p<0.001), in-
dicando uma oxidac¢do dos referidos grupos.
Quer na presenca de CV (p<0.01), quer na
presenca de ciclosporina-A (p<0.01), notou-se
uma prevencdo da referida oxidagdo, apesar
dos valores nunca retomarem os valores con-
trolo. O CV, quando incubado com a suspenséo
mitocondrial na auséncia dos indutores ndo
mostrou alterar o nivel de P-SH.

A incubac@o da suspensdo mitocondrial na
presenca de Ca/Catr mostrou também induzir
uma redu¢do dos niveis de P-SH (p<0.005), am-

what happened with Ca/Pi, this time carvedilol
had no inhibitory effect (Fig. 2, line C). In the
absence of Catr (Fig. 2, line B), a small reduc-
tion in mitochondrial volume was observed in
the presence of calcium.

When determining levels of reduced protein
thiol groups (P-SH), the results were again dif-
ferent. As can be seen in Fig. 3, the quantity
of P-SH decreased (p<0.001) in the presence
of Ca/Pi, indicating oxidation of these groups.
However, oxidation was inhibited in the pre-
sence of carvedilol (p<0.01) and cyclosporin A
(p<0.01), although the values did not return to
those of the control. Carvedilol, when incuba-
ted with the mitochondrial suspension in the
absence of inducers, did not alter P-SH levels.

Incubation of the mitochondrial suspension
in the presence of Ca/Catr also induced a re-
duction in P-SH levels (p<0.005), amplifying
the action of calcium alone (p<0.05). In con-
trast with cyclosporin-A, which was shown to
return values to those found in the control (with-
out additions), carvedilol did not prevent the

effect of Ca/Catr.
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Fig. 3 Medigdo de grupos tidli-
cos proteicos mitocondriais no
estado reduzido. A indugdo da
TPM foi efectuada nas condigoes
da Fig. 1. * - p<0.05 vs. con-
trolo, ** - p<0.01 vs cdlcio (Ca)
+ carvedilol (CV) e vs célcio +
ciclosporina-A (CiclA), *** -
p<0.001 vs controlo, n = 5.

P-SH (% control)

P-SH (% controlo)

Fig. 3 Measurement of mito-
chondrial protein thiol groups in

a reduced state. Induction of the 0

MPT was performed as for Fig. 1.
* - p<0.05 vs control, ** -
p<0.01 vs calcium (Ca) + carve-
dilol (CV) and vs calcium +
cyclosporin A (CiclA), *#** -
p<0.001 vs control, n=5.
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plificando a acc¢o da adigdo de cdlcio isolada-
mente (p<0.05). Ao contrdrio da ciclosporina-A,
que mostrou reverter os valores para os encon-
trados no controlo (nenhuma adigdo), o carvedi-
lol nfio conseguiu prevenir o efeito do Ca/Catr.

DISCUSSAO

A anédlise dos resultados acima descritos
permite concluir que o CV tem um efeito
oposto quando os indutores da TPM utilizados
sdo o Ca/Pi ou o Ca/Catr. Pela andlise dos re-
sultados obtidos ao nivel da oxida¢do de P-SH
com Ca/Catr, dir-se-ia que a TPM induzida por
aqueles compostos seria motivada pela oxida-
¢do dos referidos grupos P-SH, um pouco a se-
melhanca do que se encontra descrito para o
Ca/Pi©. No entanto, tal ndo é verdade. Sabe-se
que a indu¢do da TPM por Ca/Catr é, na sua
maioria, motivada pela inibi¢do conformacional
de uma das protefinas que fazem parte dos
PTPM, o translocador de nucleétidos de ade-

DISCUSSION

Analysis of the above results leads to the
conclusion that carvedilol has different effects
depending on whether Ca/Pi or Ca/Catr is used
to induce the MPT. Based on the results obtain-
ed for P-SH oxidation with Ca/Catr, it could be
proposed that the MPT induced by these com-
pounds is motivated by the oxidation of the P-
SH groups, in a comparable way to that descri-
bed for Ca/Pi®. This, however, is not the case.
It is known that induction of the MPT by
Ca/Catr is, for the most part, caused by the
conformational inhibition of adenine nucleotide
translocator (ANT), one of the proteins that are
part of MPTPs. The conformation then assu-
med by ANT predisposes it to form these pores
in the inner mitochondrial membrane, after
linking with other mitochondrial proteins . So,
what caused the reduction in P-SH levels? The
MPT leads to mitochondrial membrane depola-
rization due to dissipation of the proton grad-

Fig. 4 Medicgao de grupos tiéli-
cos proteicos mitocondriais no
estado reduzido. A indugdo da
TPM foi efectuada nas condigdes
da Fig. 2. * - p<0.05 vs controlo,
#% - p<0.005 vs cdlcio e vs célcio
+ carboxiatractilosfdeo (Catr) +
ciclosporina-A (CiclA)., n=5.

P-SH (% controlo)
P-SH (% control)

Fig. 4 Measurement of mito-
chondrial protein thiol groups in
a reduced state. Induction of the
MPT was performed as for Fig. 2.
* - p<0.05 wvs control, ** -
p<0.005 vs calcium and vs cal-
cium + carboxyatractyloside
(Catr) + cyclosporin-A (CiclA),
n=>5.
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nina (ANT). A conformagdo entdo tomada pelo
ANT predispde aquela protefna a formar os
referidos poros na membrana interna mito-
condrial, apés ligacdo de outras protefnas mi-
tocondriais ™. Entdo, a que se deveu a diminui-
cdo dos niveis de P-SH? A TPM leva a
despolariza¢gdo membranar da mitocondria de-
vido a dissipa¢do do gradiente proténico sus-
tentado pela respiragdo mitocondrial ®. Sabe-se
que, em condi¢des de desacoplamento mito-
condrial, a quantidade de P-SH diminui drasti-
camente . A ac¢do da ciclosporina-A é deter-
minante para se perceber qual a componente
da oxidac¢do de P-SH que é causa da TPM, e
qual a componente que é consequéncia da des-
polariza¢do dela resultante. A ciclosporina-A,
ao inibir totalmente a TPM, impedird a despo-
larizagdo resultante daquela condi¢do e, por-
tanto, impede a componente de oxidagdo de P-
SH daf resultante.

Em resumo, o CV inibiu a oxidacéo de P-
SH mitocondriais quando os indutores foram
Ca/Pi, mas ndo com Ca/Catr. Por seu lado, a
ciclosporina-A (um composto que ndo apre-
senta capacidade antioxidante) apenas inibiu
completamente a oxida¢do de P-SH quando o
indutor foi cdlcio + carboxiatractilosideo. Utili-
zando Ca/Pi, a inibigdo foi parcial.

Os resultados permitem afirmar que o car-
vedilol inibe a transi¢do de permeabilidade
mitocondrial por um mecanismo antioxidante,
impedindo a oxidagdo de P-SH que é inicia-
dora do processo de formagdo de poros protei-
cos que levam por fim & TPM.

E de esperar que o carvedilol forneca uma
proteccdo significativa durante a hipoxia e reo-
xigenac¢do do miocédrdio, condi¢des que sabe
estarem associadas a uma aumento de célcio e
de estresse oxidativo na célula. O carvedilol
mostrou uma protec¢do bastante acentuada,
numa concentracdo (20 pM) que ronda as que
se pensa poderem existir no misculo cardiaco
durante terapia activa com carvedilol, sendo
este um farmaco bastante lipofilico.

Os resultados descritos neste artigo permi-
tem atribuir um papel importante & mitocon-
dria cardiaca durante processos patolégicos do
miocdrdio. Permitem também sugerir que o
efeito benéfico de certos farmacos com pro-
priedades antioxidantes poderd passar por uma
protec¢io da fun¢do mitocondrial cardiaca. A
prevencdo da TPM dependente de célcio pelo
carvedilol terd também importantes consequén-
cias ao nivel da inibi¢do de fenémenos de
morte celular e prevencio da disfun¢do mito-

ient maintained by mitochondrial respiration ®.
It is known that, in conditions of mitchondrial
uncoupling, the quantity of P-SH falls
dramatically . The action of cyclosporin A is
crucial to an understanding of which compo-
nent of P-SH oxidation is the cause of the
MPT, and which component is the conse-
quence of the resulting depolarization. Cyclos-
porin A, by completely inhibiting the MPT,
would prevent the depolarization caused by the
permeability transition and therefore the com-
ponent of P-SH oxidation to which it gives rise.

To summarize, carvedilol inhibited oxida-
tion of mitochondrial P-SH when the inducer
used was Ca/Pi, but not with Ca/Ctr. Further-
more, cyclosporin-A (a compound that has no
antioxidant ability) completely inhibited P-SH
oxidation only when the inducer was calcium +
carboxyatractyloside. With Ca/Pi, inhibition
was partial.

The results confirm that carvedilol inhibits
the mitochondrial permeability transition
through an antioxidant mechanism, preventing
the P-SH oxidation that initiates the process of
protein pore formation that eventually leads to
the MPT.

It is to be expected that carvedilol provides
significant protection during hypoxia and
reoxygenation of the myocardium, conditions
that are known to be associated with an in-
crease in calcium uptake and oxidative stress
in the cell. Carvedilol was shown to provide a
high degree of protection at a concentration
(20 pM) that approximates that thought to exist
in cardiac muscle during active therapy with
carvedilol, a highly lipophilic drug.

The results presented in this article confirm
the important role played by cardiac mitochon-
dria during pathological myocardial processes.
They also suggest that the beneficial effect of
certain drugs with antioxidant properties may be
due to the way they protect cardiac mitochon-
drial function. The prevention of calcium-de-
pendent MPT by carvedilol also has important
implications for the inhibition of cell death and
prevention of mitochondrial dysfunction, since
its induction is closely linked to the release of
pro-apoptotic factors from the mitochondrial in-
termembrane space and to reduced mitochon-
drial ability to synthesize ATP.
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condrial, uma vez que a induc¢do daquele pro-
cesso estd intimamente ligado a libertacdo de
factores pro-apoptéticos do espago intermem-

branar mitocondrial e & perda da capacidade
mitocondrial de sintese de ATP.
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