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Resumo

Objetivos: O propofol (2,6-diisopropilfenol) é um potente anestésico intravenoso
(iv.) que ¢é predominantemente metabolizado no figado, podendo causar
hepatotoxicidade afetando a bioenergética mitocondrial. Contudo, 0s mecanismos
moleculares pelo qual o propofol induz hepatotoxicidade ndo foram totalmente
elucidados. O objetivo deste trabalho foi investigar o efeito da anestesia com propofol
utilizando duas doses clinicas (25 e 62,5 mg/kg/h) ao nivel da bioenergética
mitocondrial e ao nivel das enzimas hepéticas relacionadas com biomarcadores do
stresse oxidativo, comparando com um grupo controlo.

Principais métodos: Isolamento de mitocdndrias hepaticas de cada tratamento,
sendo posteriormente avaliados os pardmetros respiratdrios pelo consumo de oxigénio,
assim como, o potencial de membrana (A¥) mitocondrial, acumulacdo de Ca*
extramitocondrial, atividade dos complexos mitocondriais e atividades antioxidantes
enzimaticas (CAT SOD, GR, GST). Biomarcadores do stresse oxidativo também foram
avaliados (GSH/GSSG e LPO).

Principais resultados: O potencial de membrana mitocondrial diminuiu
proporcionalmente ao aumento da concentracdo de propofol. As mitocdndrias da dose
mais alta de propofol apresentaram uma menor capacidade em acumular célcio. Ndo se
observaram diferencas na razdo GSH/GSSG entre o controlo e os dois tratamentos.

Conclusdo: Os resultados deste estudo apoiam a hip6tese de que a anestesia com
propofol induz uma sobrecarga de céalcio e uma lesdo hepéatica através de um

mecanismo dependente da transi¢do de permeabilidade mitocondrial (MPT).

Palavras-chave: Propofol; Anestesia; Mitocondrias de figado de rato;

Bioenergética; Stresse oxidativo.




Abstract

Aims: Propofol (2,6-diisopropylphenol) is a potent intravenous (i.v.) anaesthetic
which is predominately hepatically metabolized. However it can cause hepatotoxicity
by affecting mitochondrial bioenergetics. So far, the molecular mechanisms for
propofol-induced hepatotoxicity have not been fully elucidated. The aim of the present
work was to investigate the action of propofol anaesthesia with two clinical doses (25
and 62.5 mg/kg/h) in mitochondrial rat liver and also evaluate the effect of propofol in
liver enzymes related to oxidative stress biomarkers and compare with control animals.

Main methods: Liver mitochondria for each treatment were isolated and
respiratory parameters evaluated by oxygen consumption, as well measured
mitochondrial ~transmembrane potential (A¥W), extramitochondrial free Ca?",
mitochondrial enzyme activities and enzymatic antioxidant activities (SOD, CAT, GR,
GST). Oxidative stress biomarkers were also evaluated (GSH/GSSG and LPO).

Key findings: Mitochondrial transmembrane electric potential was decreased by
propofol in a concentration dependent manner. The mitochondria treated with the
highest propofol show a lower capacity to accumulate calcium. No difference was
observed in the evaluation of GSH/GSSG ratio between the two treatments and control.

Significance: The results of this study support the hypothesis that propofol
anaesthesia induces calcium overload and liver injury via a mechanism dependent on

mitochondrial permeability transition (MPT).

Keywords: Propofol; Anaesthesia; Rat liver mitochondria; Bioenergetics;

Oxidative stress.
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Efeito da anestesia com propofol na bioenergética mitocondrial e stresse oxidativo no figado de rato

1. Revisdo bibliografica

1.1 Anestesia

Ao longo da historia da anestesia, a seguranca do doente foi sempre uma
prioridade. Quando o individuo estd sob o efeito de anestesia, diversos fatores
representam uma ameaca a homeostase, tal como, distarbios hemodinamicos e
bioquimicos, inflamacg&o associada a cirurgia, agentes infeciosos e dor.

No inicio dos anos 80, os farmacos utilizados durante a anestesia intravenosa
(i.v.) eram associados a efeitos secundarios frequentes (nauseas, vomitos, tonturas,
sedacéo residual e fadiga) e a um tempo de recuperagdo muito prolongado (White,
2008). Por esta razao, nos ultimos anos, tem sido observado um desenvolvimento
significativo que levou ao aparecimento de novos farmacos e novas técnicas que
permitiram diminuir significativamente estes efeitos secundarios. Sendo que esta
evolugdo esté diretamente relacionada com o desenvolvimento dos anestésicos da nova
geracdo, como é o caso dos anestésicos intravenosos, que apresentam um inicio de
acao rapida e um tempo de semivida breve, sendo o propofol um bom exemplo.

Apods a sua aprovacdo pela “Food and Drug Administration”, em 1986, o
propofol tornou-se rapidamente, num dos anestésicos preferenciais para a indugédo do
coma anestésico (White, 2008). Este ultimo, mesmo quando comparado com um
anestésico volatil (sevoflurano), mostrou resultados muito positivos: menor incidéncia
de nauseas e vOmitos pds-operatérios, maior satisfacdo do paciente e menor relacdo
custo/eficacia (Tang et al., 1999).

A escolha do propofol como anestésico geral para este estudo deve-se ao facto
de ao longo dos ultimos 20 anos, ter-se tornado no farmaco de eleicdo para anestesia
i.v. na prética clinica. Para além de um anestésico de inducdo e manutencdo da
anestesia geral, o uso do propofol ja passou as barreiras do bloco operatério, sendo
usado em unidades de cuidados intensivos (Fagerlund et al., 2010; Fodale e La
Monaca, 2008; Marik, 2004; Mirenda e Broyles, 1995), na emergéncia e em unidades
de exames complementares de diagnostico, em que é necessaria a sedacdo do doente.
Além das multiplas vantagens como anestésico, o propofol tem maultiplos efeitos ndo
anestésicos,  possuindo  propriedades  antioxidantes,  anti-inflamatério e
broncodilatadoras (Fodale e La Monaca, 2008; Marik, 2004).

Apesar de ter havido uma evolucdo significativa nas técnicas de anestesia, ao

longo dos ultimos anos, continuam a ocorrer mortes durante a anestesia, sendo por

e
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vezes a causa desta desconhecida. Na investigacdo destas causas tém sido usados uma
grande variedade de animais, tais como o cdo, o gato, o coelho (Brodbelt, 2009) e o
porco (Murayama et al., 2005). No entanto, a nossa escolha recaiu sobre o rato, por
este modelo ser o mais utilizado em estudos de bioenergética mitocondrial no figado
(Branca et al., 1991a; Branca et al., 1991b; Rigoulet et al., 1996; Stevanato et al.,
2001).

Embora haja uma grande variedade de estudos com propofol, neste momento,
sdo raros os estudos que avaliam os efeitos na bioenergética mitocondrial in vivo.
Porém, in vitro existem estudos que demonstram uma acdo do propofol na

bioenergética mitocondrial hepatica (Acco et al., 2004).

1.2 Propofol
1.2.1 Caracteristicas fisico-quimicas

O propofol ¢ um alquifenol (2,6-diisopropilfenol) (Figura 1), é considerada
uma droga hipnética (Ypsilantis et al., 2006), diferindo quimicamente de todos os

outros anestésicos intravenosos (Baker e Naguib, 2005).

CH CH
I 3 OH I 3
HC CH
-~ ~
H,C CH,

Figura 1. Estrutura quimica do propofol. Fonte: (Kotani et al., 2008).

Devido as suas caracteristicas altamente lipofilicas, o propofol é apenas
miscivel em solventes organicos ou substancias lipofilicas, tendo sido por isso dificil
desenvolver um veiculo biocompativel que assegurasse um perfil farmacodinamico
adequado e simultaneamente apresentasse efeitos colaterais minimos (Baker e Naguib,
2005).

O propofol é comercializado numa solugdo oleosa a temperatura ambiente e

insolivel em solugdo aquosa (Marik, 2004). As solucdes consistem em 1 % ou 2 %

3
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(p/v) de propofol, 10 % de 6leo de soja, 2,25 % de glicerol e 1,2 % de fosfolipidos
purificados de ovo (Marik, 2004; Mirenda e Broyles, 1995). Uma vez que o veiculo
pode estar sujeito ao crescimento bacteriano, € necessario manter condicdes de
asséptica, sendo por isso, adicionado EDTA para retardar o crescimento de fungos e
bactérias (Baker e Naguib, 2005; Kotani et al., 2008; Marik, 2004).

1.2.2 Mecanismo de agdo

O mecanismo exato de acdo dos anestésicos gerais nao estd totalmente
esclarecido, no entanto, é sabido que os anestésicos possuem como alvo de acdo
diferentes recetores e estruturas neuronais, com o objetivo de provocar imobilidade,
inconsciéncia e amnésia (Franks, 2008).

O principal mecanismo de acdo conhecido do propofol parece ser mediado
através da inibicdo gabaérgica neuronal, através da ativacdo direta do recetor pds-
sinaptico GABAA (Gama Amino Acid Butyric — A) (Franks, 2008; Tanelian et al.,
1993). O propofol interage com o complexo ionoforo do recetor GABA, aumentando a
condutancia do ido cloreto e levando a hiperpolarizacdo neuronal (Franks, 2008). Ha
quem defenda que a ativacdo dos recetores centrais de GABAg pode, pelo menos,
contribuir parcialmente para a ativagdo das propriedades anestésicas do propofol
(Schwieler et al., 2003).

Yamakura et al. (1999) defendem que o propofol também podera atuar ao nivel
dos recetores de glutamato, causando a inibi¢do do subgrupo NMDA (N-metil-D-
aspartato). Este também inibe os canais de sodio (Na*) dependentes de voltagem e
modula o influxo de célcio (Ca®") através dos canais lentos de Ca** (Kotani et al.,
2008).

Fodale e Monaca (2008) defendem que o propofol tem uma acéo
neuroprotectora, através da inativagdo dos recetores GABA e dos neurotransmissores
excitatorios, que tém um papel importante na morte neuronal induzida por isquémia no

cérebro.
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1.2.3 Propriedades Farmacocinéticas

O propofol adquiriu a sua popularidade por ser um anestésico geral i.v. de curta
duracdo (Raoof et al., 1996; Rison e Ko, 2009; Sztark et al., 1995) devido as suas
caracteristicas farmacocinéticas que Ihe permitem um inicio de acdo rapida (Fodale e
La Monaca, 2008; Marik, 2004; Rison e Ko, 2009) e uma rapida eliminacdo do
organismo. Apresentando assim um tempo de recuperacdo pOs-operatoria menos
moroso, mesmo apos o0 uso prolongado (Fodale e La Monaca, 2008; Marik, 2004). O
crescente conhecimento sobre as propriedades farmacocinéticas do propofol, ao longo
das Ultimas décadas, permitiu a obtencéo de informacéo suficiente para melhorar o uso
deste em ensaios clinicos (Sneyd, 2004).

O perfil farmacocinético do propofol é, regra geral, descrito como sendo a
soma de duas ou trés funcBGes exponenciais: rapida passagem do sangue para 0S
tecidos, rapida remogao metabdlica e um retorno lento a circulagdo sanguinea a partir
de um tecido mal irrigado (McNeir et al., 1988).

O propofol é uma molécula altamente lipofilica (Rison e Ko, 2009), podendo
difundir-se rapidamente do sangue para os 6rgdos e tecidos (Glowaski e Wetmore,
1999). Segundo Bienert et al. (2009), a farmacocinética e a distribuicdo do propofol é
dependente do débito cardiaco. Kuipers et al. (1999) defendem que alteracdes no
débito cardiaco podem influenciar a concentracdo de propofol no fluxo sanguineo do

figado, influenciando desta forma a sua eliminagdo.

1.2.4 Mecanismos de metabolizacéo e eliminacao

O propofol deve o seu sucesso clinico ao seu perfil Unico de acao,
redistribuicdo, metabolizacdo e eliminacdo répida (Kotani et al., 2008). Sendo
predominantemente metabolizado no figado (Larijani et al., 1989; Rison e Ko, 2009).
No entanto, a contribuicdo de alguns tecidos extra hepaticos tém um papel importante
(Acco et al., 2004). Com base em estudos realizados para a avaliagdo da metabolizagéo
do propofol ao nivel hepético, concluiu-se que este ndo seria exclusivamente
metabolizado no figado, pois o aporte hepatico do propofol pelo sangue é inferior ao
propofol eliminado num determinado periodo de tempo (Kuipers et al., 1999). Desta
forma concluiu-se que teriam que existir outros locais de metabolizac¢éo deste farmaco,

sendo os rins, intestinos (Acco et al., 2004) e pulmdes (Murayama et al., 2005)
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indicados como potenciais locais. Murayama et al.,, (2005) demonstraram a
importancia do metabolismo extra-hepatico do propofol, através da quantificacdo do
propofol durante um transplante de figado em porcos andes, tendo sido concluindo que
a concentracao ndo aumenta durante o periodo em que o figado foi retirado.

No ser humano, o propofol apenas é eliminado do corpo apds ter sido
metabolizado, sendo a maioria excretado pelos rins como metabolitos inativos (Guitton
et al., 1998). A conjugacdo do propofol ao acido glucurénico é considerada a principal
reacao de biotransformacao (Raoof et al., 1996). Court et al., (2001) demonstraram a
ocorréncia da oxidacdo a 4-hidroxi-2,6-diisopropilfenol (4-hidroxipropofol), seguido
da conjugacdo com o acido glucurénico. A glucuronidacdo do propofol é catalizada
pela UDP-glucuroniltransferase 1A9 (Sutherland et al., 1993), sendo as enzimas da
familia do citocromo P-450 (CYP), nomeadamente a isoenzima 2B6, responsaveis pela
ocorréncia de hidroxilagdo no anel benzeno para formar 4-hidroxipropofol (Court et
al., 2001). Sendo posteriormente glucuronadas no carbono 1 (C;) ou 4 (C4), Ou
sulfonadas no C4 (Figura 2) (Court et al., 2001; Guitton et al., 1998), originando
metabolitos inativos, a excecdo do 4-hidroxipropofol que apresenta 1/3 da atividade

hipnética do propofol (Court et al., 2001).

oH UDP-Glucuronil Glucuronidacao
transferase . +
1A9 Sulfonacdo
CYP2B6 i 00%
OH
< 0,3% _ -
’ — Eliminacdo

(Principalmente pela urina)

UDP-Glucuronil
transferase ~ 40%

1A9
Glucuronidagdo

Figura 2. Representacdo esquematica da biotransformacdo do propofol no homem.
Adaptado de Court et al., (2001).

Foi demonstrado que, nos microssomas do figado humano, o CYP2B6 é a

isoforma predominante envolvida na oxidagédo do propofol (Oda et al., 2001). Court et
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al. (2001) defendem que o CYP2B6 ¢ a causa principal da variabilidade interindividual

observada na hidroxilacdo do propofol pelos microssomas do figado no homem.

1.2.5 Efeitos colaterais

O propofol é considerado um anestésico seguro e eficiente em humanos, no
entanto, existem algumas restri¢bes quando é administrado prolongadamente (Fodale e
La Monaca, 2008; Ypsilantis et al., 2006). Segundo Kotani et al. (2008), os efeitos
colaterais mais comuns sdo; depressdo respiratoria, hipotensdo, pancreatite e
septicemia.

Em alguns casos de sedacgdes prolongadas com propofol, mais de cinco dias em
adultos e dois dias em criancas (Vasile et al., 2003), pode ocorrer uma complicacao
descrita como sindrome de infusdo prolongada de propofol (PRIS), sendo a maioria
das vezes fatal (Fodale e La Monaca, 2008; Nouette-Gaulain et al., 2007; Rison e Ko,
2009), no entanto, também existem relatos da ocorréncia de PRIS em anestesias com
um tempo de duracdo mais curto (Fodale e La Monaca, 2008). Este sintoma esta
associado, a insuficiéncia cardiaca grave, disritmias, acidose metabolica severa,
insuficiéncia renal aguda e por vezes rabdomidlise (Fodale e La Monaca, 2008;
Nouette-Gaulain et al., 2007; Rison e Ko, 2009). Segundo Fodale e La Monaca (2008),
deficiéncias ao nivel das mitocondrias, toxicidade mitocondrial, oxidacdo tecidular e
caréncia ao nivel dos hidratos de carbono sdo alguns das causas provaveis para este
acontecimento. A arritmia pode ser devido a acumulagdo extracelular de acidos gordos,
sendo que a alteracdo do metabolismo energético mitocondrial podera contribuir para
as falhas cardiacas e para a rabdomiodlise, que por seu lado seria responsavel pela
acidose e pela insuficiéncia renal (Vasile et al., 2003). Ndo existe nenhum tratamento
especifico deste sindrome (Nouette-Gaulain et al., 2007). Sendo a prevencgéo deste a
unica solucdo, esta prevencdo baseia-se na diminuicdo da quantidade de propofol
administrado por unidade de tempo, e na identificacdo prévia de pacientes de risco,
como 0s pacientes que possuem uma miopatia mitocondrial (Nouette-Gaulain et al.,
2007), deficiéncia na oxigenacdo, sepsis e lesGes cerebrais graves (Fodale e La
Monaca, 2008).
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1.3 Tecido hepatico

O figado tem o papel principal no controle da homeostase, tendo um papel
primordial na metabolizacdo das drogas, sintese de hormonas, sintese dos fatores de
coagulacdo, armazenamento de glucose e formagdo da bilis. O figado devido sua
funcdo sera o 6rgdo mais suscetivel a lesbes durante a metabolizacdo do propofol
(Murayama et al., 2005).

Nos paises mais desenvolvidos, uma das principais causas de insuficiéncia
hepatica aguda (ALF) € induzida por drogas (Kneiseler et al., 2010). Segundo
Zimmerman (2000), existe uma correlacdo entre a categoria farmacoldgica da droga e
0 tipo de lesBes que esta causa. Sendo a hepatotoxicidade uma das principais causas
para a retirada de um farmaco do mercado ou até a principal razdo para a néo
comercializa¢do de um determinado produto farmacolégico em desenvolvimento pré-
clinico (Kass, 2006).

Ao nivel da hepatotoxicidade induzida por drogas, a morte celular é o
acontecimento principal, levando posteriormente a varias manifestacdes clinicas
(Kaplowitz, 2002). Geralmente a hepatotoxicidade é diretamente proporcional & dose
de toxico administrado (Kass, 2006). As drogas podem causar ALF, originar a
producdo de metabolitos toxicos provocando uma reacdo imune ou atuando
diretamente na sinalizacdo celular ao nivel dos hepatécitos (Kaplowitz, 2002). Nos
seres humanos, as drogas podem induzir hepatotoxicidade crénicas ou agudas
apresentando normalmente alteracdes histolégicas (Kneiseler et al., 2010).

Certas drogas também inibem a funcdo mitocondrial afetando negativamente a
B-oxidacdo, provocando a acumulacdo de acidos gordos livres dentro dos hepatdcitos,
levando & morte celular por insuficiéncia hepética (Kneiseler et al., 2010).

Foram ja descritos alguns casos de ALF apo6s anestesia com propofol, sendo
exemplo disso, o caso de uma mulher caucasiana de 35 anos que foi internada com um
diagnostico de ALF. Esta, uma semana ap6s ter sido sujeita a uma anestesia com
propofol, apresentava valores de transaminases elevados, uma diminui¢do da
coagulacdo, um aumento das enzimas hepaticas e ocorréncia de ictericia avancada. A
biopsia hepatica realizada revelou a existéncia de uma hepatite cronica e persistente
levando a morte celular, colestases hepatocelulares, com uma degeneragdo
microvesicular de 90% do parénquima hepatico (Kneiseler et al., 2010). Os resultados

das andlises foram consistentes com o diagnostico inicial, que indicava toxicidade
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provocada pela administracdo de propofol, pois a paciente ndo apresentava
antecedentes ao nivel de problemas hepéaticos e consumo de alcool, ndo havendo
nenhum familiar com problemas hepaticos (Kneiseler et al., 2010).

Também ja foram reportadas algumas reacGes adversas em criancas, apos
infusdes prolongadas com propofol, tendo a biopsia hepatica revelado alteragdes
necrosadas (Cray et al., 1998).

A hepatoxicidade de uma droga é, regra geral, classificada intrinseca versus
idiossincratica. A toxicidade intrinseca depende da dose que € usada e ocorre em
individuos que séo expostos a uma dose excessiva de um determinado medicamento.
Este tipo de toxicidade é mais facil de estudar, pois é reprodutivel em modelos
animais. Por outro lado, as reacGes idiossincraticas sao imprevisiveis, sendo causadas
pela incapacidade do individuo em tolerar um determinado composto ou devido as
diferencas farmacogenéticas entre individuos, podendo ser imunoldgicas ou
metabdlicas (Zimmerman, 2000). As reacOes idiossincraticas sdo as razdes mais
frequentes para proceder a retirada de uma droga do mercado (Boelsterli e Lim, 2007;
Kass, 2006).

Segundo Boelsterli e Lim (2007), as mitoc6ndrias possuem caracteristicas
funcionais e estruturais Unicas, tornando-as um alvo crucial de certas drogas. Estas
podem desempenhar um papel importante no mecanismo de acdo de lesGes hepaticas
idiossincraticas induzidas por drogas.

Apesar de alguma informacdo existente, a complexidade do figado leva a que
seja dificil extrapolar os resultados in vitro para o contexto in vivo, sendo que a falta de
modelos in vitro de hepatotoxicidade idiossincratica continua a ser um desafio para 0s
cientistas (Kass, 2006).

1.4 Mitocondria — Alvo farmacolodgico

E nas mitocondrias onde ocorrem a maioria das reacdes do metabolismo
energético, tais como o ciclo de Krebs, B-oxidagdo dos &cidos gordos, oxidagoes
fosforilativas (Muravchick e Levy, 2006; Nouette-Gaulain et al., 2007; Pereira et al.,
2009) e parte do ciclo da ureia e da neoglucogénese. Por essa razdo as mitocondrias
tém um papel central nas células dos mamiferos (Nouette-Gaulain et al., 2007). Estas

também exercem um papel importante no mecanismo da apoptose, formagdo de
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radicais livres (Muravchick e Levy, 2006; Nouette-Gaulain et al., 2007; Szewczyk e
Wojtczak, 2002) e regulagdo da concentracdo intracelular de Ca** (Fernandes et al.,
2006). As funcdes mitocondriais podem variar em funcdes do tipo de células em que se
encontram. As mitocondrias também estdo envolvidas na producdo de estrogenio e
testosterona, sintese de hemoglobina e tém um papel importante no metabolismo do
colesterol (Dykens e Will, 2007).

A atividade mitocondrial € regulada fisiologicamente por uma interacdo entre
complexos heteropoliméricos (Dykens e Will, 2007; Nouette-Gaulain et al., 2007),
Complexo | (NADH-ubiquinona oxidoreductase); complexo Il (succinato-ubiquinona
oxidoreductase); complexo Il (ubiquinol-citocromo ¢ oxidoreductase) e complexo 1V
(citocromo ¢ oxidase) (Desai et al., 2000), localizados na membrana interna da
mitocondria. A cadeia respiratoria é constituida por uma série de reacGes redox
envolvendo a oxidacdo de nicotinamida-adenina-dinucleétido reduzida (NADH) e
flavina adenina dinucleétido reduzida (FADH,) a reducdo do oxigénio com formacéo
de 4gua (Nouette-Gaulain et al., 2007).

O figado, o cérebro, o musculo cardiaco e o esquelético sdo os 6rgdos com a
atividade metabdlica mais elevada, contendo por isso um maior numero de
mitocdndrias por célula, pelo que sdo também os drgdos mais suscetiveis as drogas que
atuam nas mitocondrias (Szewczyk e Wojtczak, 2002).

O facto das mitocdndrias terem um papel central nos mecanismos de morte
celular, e o seu envolvimento em doencas cardiovasculares, diabetes, o cancro (Pereira
et al.,, 2009) e em doencas neurodegenerativas, como Parkinson ou Alzheimer
(Boelsterli e Lim, 2007; Szewczyk e Wojtczak, 2002), fez com que o interesse
cientifico relativamente a mitocéndria aumentasse consideravelmente (Pereira et al.,
2009).

Como jé foi referido, as mitocondrias sdo um dos alvos preferenciais de certos
agentes farmacologicos (Boelsterli e Lim, 2007; Dykens e Will, 2007; Szewczyk e
Wojtczak, 2002), como € o exemplo dos imunossupressores, antidiabéticos
sulfonilureias, e alguns agentes antilipidémicos, sendo por isso importante conhecer a
interacdo de certos produtos terapéuticos nas mitocondrias (Szewczyk e Wojtczak,
2002).
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Alguns dos agentes farmacol6gicos como por exemplo os anestésicos locais
podem interagir negativamente com o mecanismo mitocondrial (Nouette-Gaulain et
al., 2007).

Ao nivel da fisiopatologia, foi demonstrado que 0s anestésicos interagem com
as diferentes estruturas das mitocondrias, tendo um efeito protetor ou por vezes toxico
para a célula ou até para o préprio 6rgdo, dependendo o efeito das propriedades fisico-
quimicas das moléculas (Nouette-Gaulain et al., 2007).

Segundo Szewczyk e Wojtczak (2002), os medicamentos que interagem com as
mitocondrias podem ser divididos em dois grupos, 0s que tém como objetivo
especifico afetar as funcbes mitocondriais € os que tém outro alvo na célula, mas
afetam as mitocondrias por efeitos colaterais. Dykens e Will (2007) sugerem que a
atividade mitocondrial pode ser inibida de diversas formas (Figura 3.), sendo o

desacoplamento e a inibicdo do transporte de eletrbes, exemplo disso.
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Figura 3. Efeito das drogas na mitocdndria. Adaptado de Dykens and Will, 2007.

Também pode haver um comprometimento na troca de substratos necessarios
através dos transportadores membranares, inibicdo de vias metabodlicas importantes na
respiracdo e efeitos diretos da droga na cardiolipina, colocando em causa a funcéo
mitocondrial. Drogas que afetem a replicagdo do DNA ou a sintese proteica poderdo
afetar a capacidade bioenergética mitocondrial de forma prolongada (Dykens e Will,
2007). Para além disso, muitas drogas podem causar danos irreversiveis, atraves da

alteracdo da permeabilidade de certos poros, levando a libertacdo de fatores pro-
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apoptdticos, como o citocromo c e alteragdes no equilibrio normal entre proteinas pro-
apoptdticas e anti-apoptoticas, como Bak/Bax e Bcl-2, respetivamente (Dykens e Will,
2007; Kass, 2006).

Assim sendo, a identificacdo dos agentes terapéuticos com efeitos secundarios
e a compreensdo dos mecanismos destes efeitos serd um passo importante para a
producdo de novas drogas sem efeitos secundarios ou pelo menos minimizados
(Dykens e Will, 2007; Pereira et al., 2009; Szewczyk e Wojtczak, 2002). Para tal, séo
muito Uteis os trabalhos experimentais realizados com produtos farmacéuticos, em
concentragfes que sdo superiores as encontradas em condicOes terapéuticas, e que
potencialmente irdo atingir as mitocondrias pelas vias secundarias (Szewczyk e
Woijtczak, 2002).

1.5 Propriedades Antioxidantes do Propofol

O propofol é um composto aromatico da classe dos fendis que tem sido
relatado como antioxidante (Eriksson et al., 1992; Murphy et al., 1993), podendo atuar
como “‘scavenger” de radicais livres (Green et al., 1994). Usando a espectroscopia de
ressonancia paramagnética eletrénica, Murphy et al., (1993) demonstraram que esta
capacidade antioxidante € conferida pela transferéncia do hidrogénio do grupo
hidroxilo para os radicais livres formando o radical fenoxilo (Murphy et al., 1992b),
estabilizado por ressonancia, que € menos reativo comparativamente aos radicais livres
iniciais, como acontece na eliminacdo do peroxinitrito (ONOQ), resultante da reacéo
do 6xido nitrico (NO") e do aniéo superdxido (O, ) (Mouithys-Mickalad et al., 1998).

Foi ja demonstrado que o tratamento com propofol aumenta a resisténcia ao
dano oxidativo provocado em eritrocitos (Murphy et al., 1992a). Ratos anestesiados com
propofol apresentaram uma menor peroxidacdo lipidica (LPO) nos microssomas
hepéticos, e concomitantemente uma inibicdo na indugdo da permeabilizacdo de Ca®*
na mitocondria (Eriksson et al., 1992).

O propofol inibe a LPO em microssomas, mitocéndria de figado de rato e
sinaptossomas (Musacchio et al., 1991) e em trabalhos onde se retirou o a-tocoferol de
microssomas de figado de rato, o propofol demonstrou poder substituir esta vitamina
ao nivel da atividade antioxidante, sugerindo que o propofol atue nas membranas

devido a sua solubilidade no seio lipidico (Aarts et al., 1995).
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O propofol protege a célula contra o efeito inibitério da viabilidade celular
induzido pelo 2,2- azobis amidinipropano (AAPH), um gerador de radicais livres que

provoca a hemdlise de eritrocitos (Navapurkar et al., 1998).

1.6 Enzimas antioxidantes na defesa contra ROS

As espécies reativas podem ter origem exdgena (relacionadas com fatores
externos) ou endogena, resultantes da producdo das espécies reativas em sistemas
bioldgicos (e.g. lisossomas, peroxissomas, nucleo, reticulo endoplasmatico, membrana
plasmética, citoplasma, e na mitocdndria). A respiracdo mitocondrial, que é
responsavel pelo consumo de mais de 90% de oxigénio celular favorece a producao de
espécies reativas de oxigénio (ROS), como o0 O, e o peroxido de hidrogénio (H,05).
Perante este tipo de situacdes, a célula desenvolveu estratégias eficientes para controlar
a atividade deletéria de ROS, e em algumas situacdes beneficiar da sua atividade.

Sendo uma dessas estratégias, a utilizacdo de moléculas antioxidantes, que
retardam ou impedem a oxidacdo de outras moléculas. Existem antioxidantes nédo
enziméaticos como as vitaminas A, E e C, a ubiquinona, a glutationa e de natureza
enzimatica, como sejam as enzimas superéxido dismutase (SOD), catalase (CAT),
glutationa-S-transferase (GST), e glutationa redutase (GR).

A SOD é uma enzima antioxidante que se encontra em diferentes tipos de
organismos e locais distintos na célula (Kim et al., 2000). As mais importantes a nivel
dos animais eucariotas sdo a CuZnSOD, que se encontra geralmente no citoplasma e a
MnSOD presente na matriz mitocondrial.

A SOD converte o radical O, em H,0, e oxigénio (Reacdo 1).
05 +03 + 2H* - H,0, + 0, (Reagdo 1)
A CAT é uma hemoproteina antioxidante intracelular, que catalisa a
decomposicgdo de H,0, em agua e oxigénio (Reacéo 2).
H,0, + H,0, — 2H,0 + 0, (Reacdo 2)

A CAT encontra-se em todos 0s organismos eucariotas aerdbios, distribuida
por todos os orgaos, mas especial relevancia a nivel hepéatico. A nivel celular encontra-

se maioritariamente, nos peroxissomas (Del Rio et al., 1977), apesar de ja ter sido
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detetada em mitocondrias de coracdo de rato (Nohl e Hegner, 1978), microssomas,
citoplasma (Thomas e Aust, 1985) e eritrécitos (Winterbourn e Stern, 1987).

Na auséncia desta enzima, ha aumento da ocorréncia de apoptose, inflamacéo,
aparecimento de tumores, envelhecimento acelerado e mutagénese. (Chelikani et al.,
2005).

A GST é uma enzima antioxidante de grande importancia que esta presente em
eucariotas e procariotas. A sua atividade permite a eliminacdo de hidroperdxidos
lipidicos produzidos pela acdo de radicais livres (Berhane et al., 1994). Catalisa a
conjugacdo da glutationa reduzida (GSH) com uma variedade de substratos, tanto
hidrofébicos como hifrofilicos, facilitando o ataque nucleofilico do GSH, resultando da

ligacdo deste ao atomo electrofilico do substrato (Reacéo 3).

RX + GSH — RSG + HX (Reacao 3)

A capacidade antioxidante desta enzima é crucial contra o stresse oxidativo,
desenvolvimento neoplésico, e doencas degenerativas associadas ao envelhecimento
(Babbitt, 2000).

A GR é uma enzima presente em animais, plantas, bactérias e fungos (Ernest e
Kim, 1973; Young e Conn, 1956). Trata-se de uma flavoproteina que catalisa a
reducdo da glutationa oxidada (GSSG) em GSH, na presenca do cofator NADPH
(Reacdo 4).

GSSG + NADPH + H* —» NADP* + 2GSH (Reagéo 4)

Esta enzima € essencial para a reciclagem da glutationa reduzida no sistema
celular, o qual funciona como desintoxicante. Desempenha também fungdes em
processos bioldgicos, como a sintese de proteinas, reducdo de nucleétidos trifosfatos
(NTPs) em desoxirribonuleotideos trifosfato (dNTPs), armazenamento e transporte de
cisteina e pode também estar envolvida na regulacéo do ciclo celular e termotolerancia
(Champe et al., 1994).

1.7 Estudos prévios

Navapurkar et al., (1998) propds a possibilidade do propofol ter uma acgéo
protetora contra o stress oxidativo, causado por radicais livres no figado. Podendo este

acontecimento dever-se a restauracdo do efeito protetor da glutationa (Aarts et al.,
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1995). Através da avaliacdo da resisténcia a LPO, observou-se uma reducgdo da acéo
dos radicais livres pelo propofol em microssomas e mitocondrias isoladas (Acco et al.,
2004). A diminuicdo dos radicais livres pelo propofol foi também proposto como um
mecanismo de estabilizacdo da membrana mitocondrial na presenca de Ca**, inibindo a
abertura do poro mitocondrial durante o stress oxidativo (Eriksson, 1991).

Este anestésico é comparado com o BHA (Mistura de dois isomeros, 0 2 e 0 3-
terc-butil-4-hidroxianiso, BHT (2,6-bis(1,1-dimetiletil)-4-metilfenol) e «-tocoferol
(Tsuchiya et al., 1994; Tsuchiya et al., 1992) em muitos dos trabalhos realizados para
perceber o seu potencial na defesa do organismo contra os ROS. Verificou-se que 0
propofol tem capacidade antioxidante similar, ou até superior aqueles antioxidantes de
referéncia, assumindo um papel de destaque na capacidade redutiva, na capacidade de
quelatacéo de ides de ferro, e “scavenger” do radical anido superoxido, e do peréxido
de hidrogénio (Gulcin et al., 2005).

O propofol torna os eritrocitos mais resistentes ao stresse fisico e aumenta a
fluidez das membranas tornando-as menos suscetiveis a lise (Tsuchiya et al., 2002). A
fluidez das membranas tem um papel crucial na estabilidade dos eritrécitos (Araki e
Rifkind, 1981) tornando-os mais resistentes a acdo de detergentes e condi¢des
hipotonicas. Tsuchiya et al. (2002) realizaram um estudo com pacientes submetidos a
cirurgia, demonstrando a capacidade antioxidante in vitro e in vivo do propofol.

Para além destes efeitos protetores no figado, acredita-se que o propofol afeta o
metabolismo energético da mitocéndria. O propofol em concentraces superiores a 75
UM, quando adicionado em suspensdes mitocondriais de figado de rato parece ter uma
acao consistente ao nivel da diminuicdo do potencial elétrico transmembranar. Porém,
a sintese de ATP s0 é afetada pelo propofol com concentracdes na ordem dos 100 uM
ou quando a acdo da ATP sintase € limitada pela adicdo de oligomicina (Branca et al.,
1991a; Branca et al., 1991b). Mais recentemente foi demonstrado que a presenca em
simultaneo do propofol (200 uM) e do nitrosoglutationa (200 ou 250 pM) como
precursores do 6Oxido nitrico ttm um efeito sinérgico na diminuicdo da respiracdo
estimulada por ADP, no potencial transmembranar e na sintese de ATP em
mitocondrias isoladas de figado de rato (Stevanato et al. 2001). Foi também
demonstrado em figado de ratos gordos in vitro, que o propofol em concentracfes

superiores a 100 mM aumenta o consumo de oxigénio e diminui a gliconeogenese
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(Acco et al. 2004). Acco et al. (2004) defendem que a maioria dos efeitos do propofol
sdo provavelmente devido a diminuicéo da fosforilagdo oxidativa.

O propofol pode alterar, por diversos mecanismos, a capacidade oxidativa de
mitocondrias isoladas do figado de rato, promovendo o desacoplamento devido ao
aumento da permeabilidade aos protdes da membrana mitocondrial interna (Branca et
al., 1991b).

O propofol também pode inibir o complexo | da cadeia respiratéria (Rigoulet et
al., 1996; Stevanato et al., 2001), no entanto, as causas da inibicdo podem variar de
acordo com as condicOes experimentais (Stevanato et al., 2001). Segundo Rigoulet et
al. (1996), por outro lado, o complexo Il é apenas inibido em concentragdes muito
elevadas de propofol.

O propofol também altera significativamente o metabolismo mitocondrial e o
transporte dos &cidos gordos, por inducdo da beta-oxidacdo (Vasile et al., 2003).

Estudos in vitro, demonstraram que nos sinaptossomas do cérebro, o propofol
pode inibir o complexo | da cadeia transportadora de eletrées da mitocondria, podendo
também afetar proteinas desacopladoras na membrana interna, desacoplanda a cadeia

de transporte de eletres da producdo de ATP (Muravchick e Levy, 2006).
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2. Objetivo

Os resultados obtidos nos estudos in vitro sugerem que o propofol pode
interferir ao nivel da bioenergética das mitocondrias hepéaticas. Sendo também
importante verificar o potencial efeito da anestesia com propofol num modelo
anestésico in vivo. Este trabalho teve também como objetivo a avaliacdo da atividade
da anestesia com propofol ao nivel do stresse oxidativo e das enzimas antioxidantes
em figado de ratos anestesiados com duas doses clinicas (25 e 62,5 mg/kg/h). Assim
pretende-se avaliar eventuais alteragcdes da funcionalidade mitocondrial, assim como,

a resposta antioxidante e stresse oxidativo ao nivel da mitocondria.
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Effect of propofol anaesthesia on mitochondrial bioenergetics and
oxidative stress of liver rat

3.1 Abstract

Aims: Propofol (2,6-diisopropylphenol) is a potent intravenous (i.v.)
anaesthetic which is predominately hepatically metabolized. However it can cause
hepatotoxicity by affecting mitochondrial bioenergetics. So far, the molecular
mechanisms for propofol-induced hepatotoxicity have not been fully elucidated. The
aim of the present work was to investigate the action of propofol anaesthesia with two
clinical doses (25 and 62.5 mg/kg/h) in mitochondrial rat liver and also evaluate the
effect of propofol in liver enzymes related to oxidative stress biomarkers and compare
with control animals.

Main methods: Liver mitochondria for each treatment were isolated and
respiratory parameters evaluated by oxygen consumption, as well measured
mitochondrial transmembrane potential (AW), extramitochondrial free Ca®,
mitochondrial enzyme activities and enzymatic antioxidant activities (SOD, CAT,
GR, GST). Oxidative stress biomarkers were also evaluated (GSH/GSSG and LPO).

Key findings: Mitochondrial transmembrane electric potential was decreased
by propofol in a concentration dependent manner. The mitochondria treated with the
highest propofol show a lower capacity to accumulate calcium. No difference was
observed in the evaluation of GSH/GSSG ratio between the two treatments and
control.

Significance: The results of this study support the hypothesis that propofol
anaesthesia induces calcium overload and liver injury via a mechanism dependent on

mitochondrial permeability transition (MPT).

Keywords: Propofol; Anaesthesia; Rat liver mitochondria; Bioenergetics;

Oxidative stress.

Article submitted to Life Sciences journal.
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3.2 Introduction

Propofol (2,6-diisopropylphenol) is a potent i.v. hypnotic agent (Fodale and
La Monaca, 2008), widely used for sedation, in general anaesthesia and in intensive
care medicine (Fagerlund et al., 2010). Propofol is a short-acting anaesthetic (Sztark
et al., 1995), with a rapid onset of action with a dose-related hypnotic effect (Marik,
2004) and rapid recovery, even after prolonged use (Fodale and La Monaca, 2008;
Marik, 2004).

Propofol is a highly lipophilic molecule which is predominately hepatically
metabolized (Rison and Ko, 2009), by hepatic conjugation to inactive glucuronide
(Raoof et al., 1996) or sulphated metabolites (Court et al., 2001). However, drug-
induced liver injury nowadays represents a major cause of acute liver failure (ALF) in
developed countries (Kneiseler et al., 2010), being the commonest reason for the
termination of drugs in their pre-clinical development but is also the most frequent
reason for the withdrawal of approved drugs from the market (Kass, 2006). So far, the
molecular mechanisms underlying the hepatotoxicity of propofol have not been fully
elucidated.

A large number of pharmaceutical, natural, and environmental chemicals
manifest their toxicity by interfering with mitochondrial bioenergetics (Moreno et al.,
2007). However, some aspects of drug-mitochondria interactions may still be
underestimated because of the difficulty in foreseeing and understanding all potential
implications of the complex pathophysiology of mitochondria (Scatena et al., 2007).

Several studies in vitro demonstrated propofol can inhibits the respiratory
chain at the level of complex | and complex Il (Rigoulet et al., 1996), decrease the
mitochondrial A¥ and inhibited the ATP synthetase (Branca et al., 1991a; Branca et
al., 1991b) on rat liver mitochondria.

Liver is the principal organ responsible for detoxification processes and
mitochondria constitute the major energy-producing organelles of the hepatocyte.
Any interference with mitochondrial bioenergetics is known to be a part of cell injury
process by a multiplicity of mechanisms and assorted agents (Wallace, 2008). In spite
of this, mitochondria have proved to be an excellent model to evaluate the many
xenobiotics’ effects on cell toxicity and the obtained data are usually in good
agreement with cytotoxicity parameters reported in cell cultures and whole organisms
(Haubenstricker et al., 1990; Knobeloch et al., 1990).
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Propofol is an alkyl phenol structurally similar with a-tocopherol, BHT and
BHA (Gulcin et al., 2005), the antioxidant activity of propofol results partly from this
phenolic chemical structure with an OH-group (Aarts et al., 1995). Although it has
never been described that propofol has pro-oxidant activity, there are some
compounds that can function as pro-oxidants or antioxidants depending on different
conditions. Many times the concentration of the antioxidant and the presence of
oxygen or metal ions will dictate how the chemical acts.

For this reason we considered performing an experimental study to measure
the action of propofol anaesthesia with two clinical doses in mitochondrial rat liver
and also evaluate the effect of propofol in liver enzymes related to oxidative stress

biomarkers.
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3.3 Materials and methods
3.3.1 Chemicals

Propofol (Propofol Lipuro® 1 % and 2 %) and Propofol Vehicle (Intralipid®
20 %) was acquired from B. Braun Melsungen, Germany and Fresenius Kabi AG,
Germany, respectively. Calcium Green 5-N (Molecular Probes®) was purchased from
Invitrogen, Life Technologies S.A, Spain. All other reagents and chemicals used were

of the highest grade of purity commercially available.

3.3.2 Experimental design

Eighteen male outbred Wistar rats (300 + 22 g) were obtained from a
commercial supplier (Charles River, Barcelona, Spain). All procedures were carried
out under personal and project licenses from the national competent authority for
animal protection Direccdo Geral de Veterinaria, Lisbon, Portugal.The rats were
maintained on a 12 h light/dark cycle, with ad libitum access to food and water..
Animals were divided randomly into groups of four animals per cage (59.5 x 38 x 20
cm).

Anaesthesia was initially induced in a chamber with 7-8% sevoflurane in a
100% oxygen (2 L/min), until postural reflexes lost. Animals were then transferred to
a face mask delivery and gas scavenging system and maintained with 2.5%
sevoflurane in oxygen (1 L/min). During this period they were placed in lateral
recumbency on bedding (VetBed; Kennel Needs and Feeds, Morpeth, UK) with a
heating blanket (Harvard Apparatus; Edenbridge, Kent, UK) to maintained body
temperature. Inhalatory anaesthesia was maintained until lateral tail vein cannulation
with a plastic catheter (B Braun Abbocath G24). Than i.v. anaesthesia started with a
propofol bolus 10 mg/kg with a constant rate of 200 ml/h with a syringe pump (Asena
GH; Alaris Medical Systems, San Diego, CA). Anaesthesia was maintained for 4
hours with a propofol infusion (25 or 62.5 mg/kg/h, propofol 1% or 2% respectively).
Control group was also cannulated in tail vein with a plastic catheter with sevoflurane
anaesthesia at the same conditions of anaesthetic groups and perfused with propofol

vehicle during 4 hours with a rate 3.125 ml/kg/h.
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3.3.3 Isolation of liver mitochondrial

Mitochondria were extracted from a homogenate of rat liver by differential
centrifugation according to conventional methods (Gazzotti et al., 1997). Briefly, liver
mitochondria were isolated from a portion of the liver and homogenized in
homogenization medium containing 250 mM manitol, 75 mM sucrose, 10 mM
HEPES (pH 7.4), 0.2 mM EGTA, 0.1 mM EDTA and 0.1 % defatted BSA (bovine
serum albumin) in a Potter homogenizer with a Teflon pestle. The homogenate was
centrifuged at 700 g for 10 min and the supernatant at 8,000 g for 10 min to
precipitate mitochondria that were washed in the same conditions. EDTA, EGTA and
defatted BSA were omitted from the final washing medium and adjusted to pH 7.2.
Mitochondrial suspensions were used immediately after isolation or frozen, including
the remainder tissue, in liquid N, and kept at -80 °C. Mitochondrial samples, twice
thawed and frozen, were homogenized and the resulting submitochondrial membranes
were used for the determination of enzyme activities and oxidative stress markers.

Protein content of samples was determined using BSA as standard.

3.3.4 Evaluation of liver mitochondrial function

Oxygen consumption of isolated liver mitochondria was monitored
polarographically with a Clark-type oxygen electrode in a Hansatech oxygraph
(Hansatech Instruments, England), using succinate (5 mM) as substrate, at 25 °C, in a
final volume of 1 mL, with constant stirring. The standard respiratory medium
consisted of sucrose 130 mM, KCI 50 mM, MgCl, 5 mM, KH,PO4 5 mM and HEPES
5 mM at pH 7.2. Mitochondria were suspended at a concentration of 0.5 mg/mL in the
respiratory medium and protein concentration was determined by the biuret method
using bovine serum albumin as a standard (Gornall et al., 1949). State 4 respiration
was measured in the presence of succinate 5 mM. ADP (50 nmol) was added to
induce state 3 respiration. The respiratory control ratio (RCR) was calculated as the
ratio between state 3 and state 4 respiration. The mitochondrial AY was estimated
with a tetraphenylphosphonium cation (TPP") electrode according to the equation of
Kamo et al., without correction for the “passive” binding contribution of TPP" to the
mitochondrial membranes (as the purpose of the experiment was to show relative

changes in the potential rather than absolute values). A matrix volume of 1.1 uL/mg
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protein was assumed and valinomycin was used to calibrate the basal line. Reactions
were carried out at 25 °C in 1.0 mL of the reaction media (the same medium as
described for oxygen consumption experiments) supplemented with TPP* 3 uM and

0.5 mg of mitochondria. Mitochondria were energized with 5 mM succinate.

3.3.5 Mitochondrial Ca?*-induced calcium release

The hexapotassium salt of the fluorescence probe Calcium Green 5-N was
used to measure extramitochondrial free Ca** (Rajdev and Reynolds, 1993). 0.6 mg of
protein was resuspended in 2 mL of medium containing 200 mM sucrose, 10 mM Tris
(pH 7.4), 1 mM KH,PO,4 and 10 uM EGTA, supplemented with 3 uM rotenone, 0.1
ug oligomycin. Free Ca** was monitored with 100-nM Calcium Green 5-N.
Fluorescence (excitation 505 nm; emission 531 nm) was recorded continuously in a
water-jacketed cuvette holder, at 25 °C, for 50 s, prior to the addition of calcium
(CaCl,) to a final concentration of 10 uM. It was monitored continuously for an
additional 6 min, after energized with 6 mM succinate, and stopped with excess
EGTA to obtain the basal line. Calcium fluxes are expressed as relative fluorescence
units (RFU).

3.3.6 Mitochondrial enzyme activities

Complex I activity was determined by following the oxidation of nicotinamide
adenine dinucleotide reduced disodium salt (NADH) at 340 nm with a reference
wavelength of 425 nm The assay was performed in a buffer containing 50 mM
potassium phosphate, pH 7.4, 2 MM KCN, 5 mM MgCl,, 2.5 mg/mL BSA, 0.03 mM
antimycin, 0.1 mM decylubiquinone and 0.3 mM NADH. The reaction was initiated
by adding mitochondria (0.3-0.6 mg/mL). Complex Il activity was measured by
following the reduction of DCIP at 600 nm. The assay buffer contained 50 mM
potassium phosphate, pH 7.4, 20 mM succinate, 2 mM KCN, 50 uM DCIP, 0.025
mM rotenone, and 0.03 mM antimycin. Mitochondria (0.3-0.6 mg/mL) were added
prior to initiation of the reaction. The reaction was initiated by adding 56 uM
decylubiquinone. Complex 1l was measured by following the reduction of
cytochrome ¢ at 550 nm with a reference wavelength of 550 nm. The assay buffer
contained 5 mM potassium phosphate, pH 7.4, 1 mM EDTA, 1 mM KCN, 0.1 %
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tryton x100, and 32 uM oxidized cytochome ¢ using mitochondria (0.3-0.6 mg/mL).
The reaction was initiated by adding 35 uM decylubiquinol. Decylubiquinol was
made according to (Luo et al., 2008). Complex IV activity was measured by
following the oxidation of reduced cytochrome ¢ at 550 nm. The assay buffer used
contained 10 mM Tris—HCI and 120 mM KCI, pH 7.0 and it was used mitochondria
(0.3-0.6 mg/mL). The reaction was initiated by adding 11 uM reduced
ferrocytochrome c. ATP synthase activity was measured by monitoring the pH
changes associated with ATP hydrolysis (Madeira et al., 1974). The reaction was
carried out in 1.5mL of the reaction medium containing sucrose 130 mM, KCI
50 mM, MgCl, 5mM, and KH,PO, 2 mM (pH 7.2), supplemented with 5 mM
succinate and 0.5 mg of mitochondrial protein. The reaction was initiated by the
addition of ADP (400 uM) to the mitochondrial suspension. The pH change was
evaluated continuously on a strip chart recorder (Model BD 111, Kipp and Zonen,
The Netherlands). At the end of the reaction, pH titration was performed, using HCI
(100 nM). Enzyme activity was calculated using the slope of the curve for change in
pH after the addition of ADP. Citrate synthase activity was also assayed by following
the reduction of Acetil-CoA to citrate at 412 nm. The assay buffer contained 200 mM
Tris—HCI, pH 8.0, 0.01 mM DTNB, 0.02 % Triton x100, 1 mM oxaloacetate and 0.37
mM Acetil-CoA. The reaction was initiated by adding mitochondria (0.3-0.6 mg/mL).

All assays were performed at 30 °C.

3.3.7 Enzymatic and non-enzymatic antioxidant activities

The activity of superoxide dismutase (SOD) was assayed by measuring its
ability to inhibit the reduction of nitroblue tetrazolium (NBT), at 560 nm. SOD
activity was determined according to the method of Paya et al. (1992), using 0.1 mM
hypoxanthine and 1 U xanthine oxidase as O, source and 0.1 mM NBT as O,
scavenger in KH,PO, buffer (pH 7.4), at 25 °C. The activity of catalase (CAT) was
measured by the oxygraphic method using a Clark oxygen electrode, according to
(Del Rio et al., 1977). Changes in oxygen concentration were measured in the
incubation medium made of 50 mM phosphate buffer, pH 7.4 and 10 mM H,0..
Considering a very high activity of the enzyme, the samples were diluted 2000-fold in

50 mM phosphate buffer, pH 7.4. Glutathione S-transferase activity (GST) was
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assayed spectrophotometrically at 340 nm as the formation of the tioether between
glutathione reduced form (GSH) and 1-chloro 2,4-dinitrobenzene (CDNB), as
described by Habig et al. (1996). The assay mixture contained 100 mM phosphate
buffer, pH 7.0, 100 MM GSH and 100 mM CDNB and the reaction was monitored at
25 °C. Considering a very high activity of the enzyme, the samples were diluted 2-
fold in 50 mM phosphate buffer, pH 7.4. Glutathione reductase (GR) activity was
measured according to the method of Carlberg and Mannerviek (1975). The assay
mixture consisted of 1 mM EDTA, 100 mM oxidized glutathione, 10 mM NADPH,
0.1 M phosphate buffer (pH 7.6). The enzyme activity was quantitated at 25 °C by
measuring the disappearance of NADPH at 340 nm.

Both GSH and GSSG, glutathione in reduced and oxidized states respectively,
were measured by a slightly modified fluorometric method (Hissin and Hilf, 1976).
Mitochondrial fractions were deproteinized with ice-cold TCA 10% and centrifuged
at 20 000g x15 min. For GSH measurement, supernatants were incubated with
ethanolic ophthal-aldehyde solution (1 mg/mL) and phosphate buffer (100 mM
sodium phosphate, 5 mM EDTA-Na,, pH 8.0) during 15 minutes at room
temperature. The fluorescence of the resultant samples was measured at 340 nm
excitation and 420 nm emission. For GSSG measurement, aliquots of supernatants
were pre-incubated with N-ethylmaleimide solution (NEM 40 mM) for 45 min at
room temperature, and then alkalinized with 0.1 M NaOH and incubated with
ophthalaldehyde solution for 15 minutes at room temperature. The fluorescence was
then measured. GSH and GSSG concentrations were calculated according to standard
curves prepared accordingly.

The lipid peroxidation (LPO) was determined by the thiobarbituric acid
reactive substances method (TBARS) according to the method of Ohkawa et al.
(1979), using malonyldialdehyde (MDA), a product formed due to the peroxidation of
lipids. Briefly, frozen liver tissue was homogenized in 10 mM Tris-HCI buffer (pH
7.4) containing 175 mM KCI. The mitochondria suspension was added to TCA-
TBA-HCI stock solution (15% wi/v trichloroacetic acid (TCA), 0.375% w/v TBA,
0.25 N HCI), together with 0.02% w/v BHT (v/v = 1/1). This amount of BHT
completely prevents the formation of any nonspecific TBARS. The solution was kept

in a boiling water bath for 15 min and after cooling, the precipitate was removed by
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centrifuging at 4000 g for 10 min. TBARS in the supernatant was determined at 532
nm.

3.3.8 Statistical analysis

The results are presented as means + SEM from six independent experiments.
Data were analyzed using GraphPad Prism 5.0 (GraphPad Software, San Diego, CA,
USA). Multiple comparisons were performed using one-way ANOVA. Results were

analyzed using the one-way ANOVA test using a level of significance of P<0.05.
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3.4 Results
3.4.1 Mitochondrial respiration

The mitochondrial respiration was evaluated in state 3 (ADP-stimulated), state
4 (ADP-depleted) and uncoupled respiration (FCCP-stimulated). When using
pyruvate/malate as substrate, the state-3 respiration was not significantly changed by
propofol treatment, in both two used doses, when compared with control group. When
using the same substrate, state-4 respiration was increased in about 97 % (P=0.0043)
for rats treated with 25 mg/kg/h and no difference (P=0.6255) was observed for rats
treated with 62.5 mg/kg/h, when comparing to control group (Table 1). Yet, when we
compare the results obtained for the two groups treated with propofol we can see a
significant difference (P=0.0053) between these two groups. For the uncoupled
respiration (stimulated by FCCP), we observed a slight and non-significant
(P=0.3708) stimulation for the group treated with 25 mg/kg/h while for the group
treated with for the highest dose it was determined a significant (P=0.0880) decrease
of about 30 %, when compared with control group (placebo). Once more the
differences between the two propofol-treated groups were statistically significant
(P=0.0106) (Table 1). When using succinate as substrate, the state-3 respiration was
decreased of about 10 % (P=0.2839) and 25 % (P=0.0107), respectively, for rats
treated with 25 mg/kg/h and 62.5 mg/kg/h when compared with control group. No
significant differences were observed between treated groups (P=0.1411).
Considering both state-4 respiration and uncoupled respiration, with succinate as
respiratory substrate, no differences were observed between groups (Table 1). The
RCR is a measure of the dependence of the respiratory rate on oxidative
phosphorylation. A decrease of the RCR ratio generally indicates that the structural
integrity of mitochondria has been affected. ADP/O ratio gives us an indication of the
coupling between respiration and phosphorylation. RCR was decreased in about 47 %
(P=0.0130) and 12% (P=0.4256), respectively for groups treated with 25 and 62.5
mg/kg/h, as compared to control group and using pyruvate/malate as substrate. Also
there is a significant difference between the two groups treated with propofol
(P=0.0025). When using succinate as substrate, it was only observed a decrease of
26% between control as the group treated with 62.5 mg/kg/h, nevertheless this
difference were not statistically significant (P=0.0976).
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When using pyruvate/malate as substrate, ADP/O was decreased in about 13
% (P=0.4403) and increased in about 15 % (P=0.3504) for groups treated with 25 and
62.5 mg/kg/h, respectively. Although, when using succinate, the ratio was decreased
in about 20 % (P=0.1193) and 8 % (P=0.5442), respectively for 25 and 62.5 mg/kg/h,

when comparing to control group.

Table 1. Effects of different doses of propofol anaesthesia on the respiration of isolated
mitochondria of rat liver.

Pyruvate/malate as substrate

Propofol
R
0 12.72+4.38% 527+0.76 1453+4.69° 3.23+097° 2.43+0.82°
25 13.74 +4.45° 10.99+1.96° 17.27+4.45% 280+1.17%° 1.29+0.44"
62.5 1148 +352° 541+157° 10.18+1.74° 3.72+0099* 2.15+0.36°
Propofol Succinate as substrate
(MIKOM i ion respiration_respiration _ ACPO_ RCR
0 4152 +534* 13.97+4.18" 97.50+15.91° 3.85+1.19% 3.54+0.93°
25 37.73+7.72*" 11.74+333* 8352+14.95 3.07+0.65% 3.44+0.79°
62.5 31.29+855° 13.76 +3.37% 87.62+18.23° 355+0.85% 2.61+1.18°

Respiration values (mean + SD) are expressed as nmol O, min™* mg™ protein. P < 0.05, n = 6.

3.4.2 Mitochondrial transmembrane potential

Liver mitochondria isolated from rat developed a maximum AY of about -
207.0 £ 1.57 mV upon the addition of a respiratory substrate (succinate). Propofol
treatment promoted a decrease in AW, which was dependent on the concentration.
However only the highest propofol dose was able to produce a difference statistically
significant when compared with control (P=0.0026) and the group treated with the
lowest propofol dose (P=0.0011). Regarding the time and repolarization rate due to
ADP phosphorylation (Figure 4), no significant differences were observed between

groups.
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Figure 4. Effects of different doses of propofol anaesthesia in rat liver mitochondrial
transmembrane potential. Mitochondria (0.5 mg protein) were resuspended in 1 mL of the
standard respiration medium supplemented with TPP* 3 uM. Mitochondria were energized
with 5 mM succinate. The traces represent typical recordings from several experiments with
four different mitochondrial preparations.

3.4.3 Mitochondrial Ca?*-induced calcium release

Mitochondrial calcium accumulation was evaluated in energized mitochondria
by the use of a low affinity calcium-sensitive probe, Calcium Green-5N in the assay
medium. Mitochondria were energized with calcium present in the assay medium, and
calcium accumulation was followed by a decrease in fluorescence intensity (reflecting
decreased calcium concentration in the medium and accumulation in mitochondria).
Mitochondria possess a finite capacity for accumulating calcium before undergoing
the calcium-dependent mitochondria permeability transition (MPT). Representative
traces are shown in figure 5. The results show that treatment with the highest propofol
dose (62.5 mg/kg/h) significantly decreases the capacity of calcium accumulation by
mitochondria, which is reflected in high and rapid increase in fluorescence resulting
from release of calcium, as a consequence of mitochondria permeability transition
pore (MPTP) opening. Contrarily the treatment with the lowest propofol dose (25
mg/kg/h) seems to inhibit MPT induced by calcium. As a control assay we used
cyclosporin A which allow us to confirm the increase in the fluorescence due calcium
mitochondrial release was a consequence of MPTP opening, since it was inhibited in

all groups when cyclosporine was present in the medium.
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Figure 5. Effects of different doses of propofol anaesthesia in rat liver Ca**-induced calcium
release. Mitochondria (0.6 mg protein) were resuspended in 2 mL of the standard medium
supplemented with 3 UM rotenone, 0.1 pug oligomycin at 25 °C, before energization with 5
mM succinate. Calcium (10 uM) was added as indicated. Excess EGTA was added to confirm
the MPTP opening. The traces represent typical recordings from several experiments with
four different mitochondrial preparations.

3.4.4 Mitochondrial enzymatic activities

Studies of enzymatic activities of respiratory complexes were performed in
order to localize which and if respiratory complexes are affected by the treatment with
two different propofol doses. The activities of the respiratory chain complexes
NADH-ubiquinone oxidoreductase (complex I), succinate-ubiquinone oxidoreductase
(complex I1), ubiquinol-cytochrome ¢ oxidoreductase (complex I11) and cytochrome ¢

oxidase (complex V) are shown in Table 2.

Table 2. Effects of different doses of propofol anaesthesia on the activity of mitochondrial
complexes in rat liver.

(Eq?&cgﬁ:) Complex | Complex 11 Complex 111 Complex 1V Sy)rbw\:;]Fz;se
0 448+ 1.42°  8.34+2.49° 1.46 +0.29% 7.76 £1.18" 42.04 + 24.76°
25 3.25+1.1% 8.18 + 2.06% 1.41+0.19° 7.58 £ 1.52° 53.28 + 24.72°
62.5 7.40+139° 150+2.21° 1.34 +0.20° 7.55+2.07" 4553+ 16.25°

Complexes activity values (means + SD) are expressed as nmol min™ mg™ protein. P < 0.05, n = 6.

For the complex I activity, no difference was observed between control group
and the group treated with propofol 25 mg/kg/h. Nevertheless, for the group treated
with 62.5 mg/kg/h, it was observed an increase of about 65 % resulting in a

significant difference when compared to control group (P=0.0075). The effects were

L
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the same for complex Il activity where no differences were observed between control
group and the group treated with the lowest propofol dose. For the group treated with
the highest propofol dose, it was observed an increase of about 80 % resulting in a
significant difference when compared to control group (P=0.0012). Relatively to
complex Ill, complex IV and ATP synthase activities no differences were found

between the tree groups.

3.4.5 Enzymatic and non-enzymatic antioxidant activities
The effect of propofol treatment on rat liver antioxidant enzymes as well on

the ratio GSH/GSSG and LPO was evaluated (Table 3).

Table 3. Effects of different doses of propofol anaesthesia on antioxidant enzymes and oxidative stress
biomarkers in rat liver homogenates.

&;"fgﬁ:) SOD CAT GR GST GSH/GSSG LPO
0 2448 +0.25% 0.4840 £0.05? 0.1749+0.01° 0.5648 +0.02° 2.381+0.14% 0.3423+0.04°
25 4.133+032° 0.8861 +0.05° 0.2665 + 0.03° 0.7189 + 0.03° 2.283+0.12% 0.1820 +0.03°
62.5 2.536 +0.21 3¢ 0.5506 + 0.08 ¢ 0.3037 £ 0.02¢° 0.6337 £ 0.05 2P 2.273+0.09% 0.2084 +0,03 "¢

Results (mean + SEM) are expressed as: SOD (U min™ mg™* protein); CAT, GR and GST (umol min™
mg™ protein); LPO (nmol mg™ protein). P < 0.05, n = 6.

SOD activity showed an increase of about 69 % (P=0. 0012) for group treated
with the lowest dose, as compared to control. Still, for group treated with the highest
dose there was no significant alteration (P=0.7893) as compared to control group.
Similarly, the analysis of CAT activity allows to verify an increase of about 83 %
(P=0.0008) group treated with the lowest dose, when compared to control group. For
the group treated with the highest dose, it was observed a non-significant increase of
about 14 % (P=0.5074) relatively to control group. GR activity showed a significant
increase in activity which was dependent on the concentration of propofol, about 52
% (P=0.0159) and 74 % (P=0.0003), respectively for 25 mg/kg/h and 62.5 mg/kg/h,
when compared to control group. Contrary to that observed for other SOD, CAT and
GR, treatment with propofol did not cause any significant change in glutathione S-
transferase (GST) activity when compared with the control group.
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Concerning GSH/GSSG ratio which is considered a good indicator for
evaluation of oxidative stress, it was not observed a significantly decreased in both
propofol treatments when compared with control group (P<0.05).

The LPO was determined by the thiobarbituric acid reactive substances
method (TBARS) which are present in Table 3. In propofol-treated groups, hepatic
TBARS production showed a significantly decrease of about 47 % (P=0.0055) and 39
% (P=0.0224), respectively for the groups treated with the lowest and the highest

propofol doses, as compared to control group (P<0.05).
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3.5 Discussion

Propofol is a widely used i.v. anaesthetic agent with a rapid onset, short
duration of action and rapid elimination (Bryson et al., 1995). It’s chemically similar
to phenol-based free-radical scavengers, while its lipophilic nature allows its rapid
access to cellular and subcellular membranes compartments (Zeng et al., 2008).
Propofol use has raised some concern regarding its potential hepatotoxicity in
susceptible patients (Anand et al.,, 2001). The exact mechanisms of propofol
hepatotoxicity have not been fully elucidated. However, some authors suggest that
mitochondrial dysfunction could be related to the liver injury promoted by propofol.
In fact, in vitro studies have demonstrated that propofol can act as a protonophoretic
uncoupler in isolated rat liver mitochondria (Branca et al., 1991b; Rigoulet et al.,
1996). Nevertheless, this uncoupler effect was attributed to a nonspecific effect at the
membrane level, since addition of ADP plus oligomycin before propofol avoids this
increase in proton permeability, and in phosphorylating mitochondria, the ATP/O
ratio is not significantly affected by propofol addition (Rigoulet et al., 1996). These
authors also demonstrated that propofol strongly inhibits state 3 and uncoupled
respiration rates, when using complex | substrates. In vitro studies shown that
propofol decrease the efficiency of energy transduction since it decreases ADP/O and
RCR (Acco et al., 2004). Acco et al., (2004) also concluded that the effect of propofol
in isolated mitochondria respiring a-ketoglutarate or B-hydroxybutyrate was similar to
a previous study using succinate as a respiratory substrate. It was even proposed by
Branca et al., (1991a and b) that propofol could affected the generation and/or
maintenance of the transmembrane electrical potential while leaving unchanged the
coupling between the electron flow in the respiratory chain and the synthesis of ATP.

Despite extensive knowledge of the effects of propofol on isolated liver
mitochondria, data are lacking regarding hepatic mitochondrial function of propofol-
treated rats, namely and most importantly, the susceptibility of liver mitochondria
from treated animals to undergo MPT. The main objective of the present study was to
verify if propofol administration to Wistar rats at two different doses (sedation and
anaesthesia) could induce mitochondrial alterations comparable to those observed in
in vitro studies.

A comparative analysis between the results obtained in vitro and in vivo may

not be an easy task it would give us a closer idea of the reality. In fact, not only the
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concentrations used in vitro may not be similar to those used in vivo, additionally
propofol in vivo will be subject to metabolism and elimination which does not occur
in vitro. Nevertheless, these observations, the in vitro studies raised the possibility
that propofol, through its capacity to interfere with mitochondrial bionenergetics, it
could have the ability to interfere with the energy production and calcium
homeostasis in the hepatocyte, which in turn may constitute a relevant mechanism for
propofol-induced hepatotoxicity.

In this work, we see that treatment with propofol (25 mg/kg/h) stimulates state
4 respiration supported by pyruvate/malate and concomitantly leads to a decrease in
the RCR since state 3 respiration was not significantly affected. Results obtained with
piruvate/malate do not agree with dose obtained in vitro. When using succinate as
substrate, it was detected a decrease on the RCR value for the highest dose, like it was
observed in vitro (Acco et al., 2004). Although these results, the coupling between
mitochondrial respiration and phosphorilation was not impaired by propofol
anaesthesia, as seen by ADP/O ratio.

Previous studies performed in vitro have shown that propofol exhibits many
different biological actions in mitochondria such as impairment of calcium
accumulation in mitochondria isolated from liver or heart (Branca et al., 1991a;
Branca et al., 1995) and modification of inner-membrane proton permeability which
leads to a decrease in the transmembrane electric potential with a consequent
inhibition on the activity of ATP synthase (Branca et al., 1991a; Branca et al., 1991b).
Although the inhibition in the ATP synthase activity, the overall rate of ATP
production in isolated mitochondria was not affected which was justified with the
rate-limiting effect of the adenine nucleotide translocator in this process (Branca et
al., 1991b).

We measured the mitochondrial transmembrane electric potential to determine
if propofol treatment could impair hepatic mitochondria (Figure 4). The study of Ay
is essential for an integrated appraisal of the mitochondrial function, since it reflects
basic useful energetic relationships. Propofol treatment decreased the energization by
succinate in a concentration dependent manner. Yet no significant differences were
observed in the Ay fluctuations linked to the phosphorylation cycle, confirming that
the drug treatment did not interfere with the phosphorylation system of mitochondria.

However, the slight but significant decrease observed in the maximum Ay achieved
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by succinate oxidation could indicate an inhibition in the mitochondrial respiratory
chain or that can act as a protonophore. To further confirm that propofol treatment
could impair mitochondrial respiratory chain we measured the activity of complexes
(I, 1, NI and 1V). Nevertheless we did not observed any inhibition promoted by
propofol treatment, which allow us to corroborate the idea that propofol in vivo
should not act as classical protonophore as it was also suggested in vitro (Rigoulet et
al., 1996). Furthermore, our data demonstrate that the highest dose of propofol
anaesthesia increase mitochondrial complex I and Il activities, but has no effect on the
mitochondrial activity of complex Ill, IV and ATP synthase. Possibly, these results
are consequence of a nonspecific effect of propofol at the membrane. Other authors
showed a decrease on the mitocondrial activity of complex IV in muscle biopsies,
from a child with clinical features of propofol infusion syndrome (PRIS), suggesting a
mitochondrial respiratory-chain enzyme deficiency induced by propofol (Vasile et al.,
2003).

If propofol acted as a protonophore we should expect an increase in state 4
respiration, nevertheless this was only observed for the lowest dose of propofol when
using pyruvate and malate as respiratory substrates. In addition to the disruption in
mitochondrial transmembrane potential, the highest dose of propofol exhibited an
increase in membrane permeability known as the mitochondrial membrane
permeability transition, phenomenon that is now thought to be a central regulatory
mechanism for cell death induction (Grimm and Brdiczka, 2007; Kroemer et al.,
1998). The inhibition by cyclosporin A is evidence for the induction on the MPT,
which is attributed to the Ca/Pi-induced stimulation of hydrogen peroxide generation
(Kowaltowski et al., 1996). Once mitochondria membrane permeabilization occurs,
cells die either by apoptosis or by necrosis (Kowaltowski and Vercesi, 1999;
Nieminen et al., 1995). The results obtained for the lowest dose of propofol could
result from a direct interaction with the putative pore, thus causing its closure and also
by scavenging of free radicals thus inhibiting its opening during oxidative stress
(Eriksson, 1991). Nevertheless, the high susceptibility of pore opening induced by
calcium in mitochondria isolated from rats treated with the highest propofol dose may
seem contradictory. In fact data clearly shows that liver mitochondria isolated from
propofol-treated with the highest dose were not able to accumulate the same amount

of calcium and to retain the calcium for the same length of time before its release to
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the reaction medium. The induction of MPTP by propofol-treatment could allow
cytochrome c release, which could result in caspase activation pathway. In fact, it was
already observed HL-60 cells treated with propofol resulted in growth inhibition with
the formation of apoptotic bodies (Tsuchiya et al., 2002).

Propofol is often used in clinical situations where ROS can be formed and
react with most biomolecules including protein, lipids, lipoproteins and DNA
(Nordberg and Arner, 2001). In hepatic cytosol, these antioxidant enzymes and GSH
work synergistically to cope with the oxidative stress. In the current study, propofol
anaesthesia was found to increase the activities of the main antioxidant enzymes,
namely; SOD, CAT, GR and GST, strongly enhancing the reduction of ROS. GR was
stimulated by propofol in a concentration dependent manner. GSH/GSSG ratio was
not significantly affected, since no changes were observed in GSH and GSSG content.
GST activity was not significantly different in all three groups, indicating that the
process of elimination of propofol is not achieved by conjugation with GSH (reaction
catalysed by GST). In fact, propofol liver metabolization is performed by cytochrome
P450 (Oda et al., 2001; Yamazaki et al., 2006). Superoxide dismutase was
significantly increased by treatment with a lowest propofol dose, whereas the
concentration that induce anesthesia there was no significant change. This data are not
in agreement with some results obtained in studies performed in rat brain, where it
was found that treatment with propofol did not induce significant changes in SOD
activity (Green et al., 1994; Hillered et al., 1984). CAT dismutate H,O, produced by
SOD that’s why CAT is considered by a subsequent enzyme of SOD in the primary
enzyme defense against reactive oxygen species and are both present in virtually all
types of aerobic cells. Therefore, the increased CAT activity for the group treated
with 25 mg/kg/h propofol are closely related with SOD activity. That is to our
knowledge this is the first study which evaluates liver CAT activity in rats treated
with propofol. Nevertheless, it seems that in brain, propofol treatment did not show
any significant alteration (Ozturk et al., 2008).

The increased activity of GR may indicate a possible role of GSH redox cycle
on the propofol liver metabolism. In fact, propofol has already pointed as a molecule
capable to scavenging lipid peroxides formed in the membrane (Aarts et al., 1995)
and it is also expectable that propofol free radicals are regenerated to propofol by
GSH.
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Concerning LPO, our results demonstrated that propofol anaesthesia results in
a lower degree of mitochondrial lipid peroxidation, regardless the dose. This data are
in agreement with many other reports indicating the propofol can acts as a chain
reaction-breaking antioxidant (Eriksson et al., 1992; Manataki et al., 2001). The
ability of the anaesthetic to inhibit the increase in lipid peroxide production may stem
from an antioxidant effect of propofol itself, or of its commercial solvent Intralipid.
Since, the group control received the solvent Intralipid, we can conclude that the
inhibition of lipid peroxidation was due exclusively to the antioxidant activity of
propofol, which is consistent with the results obtained by others (De La Cruz et al.,
1998; Demiryurek et al., 1998).

The inhibitory effects of propofol on malondialdehyde production indicate that
its antiperoxidative action is comparable with that of a-tocoferol (Aarts et al., 1995).
These molecules bind to cell membranes or to phospholipids to form free radicals,
and terminate lipid peroxidation by reacting with lipid peroxyl radicals to form the
non-reactive phenoxyl radical (Yamaguchi et al., 2000). According to the same
authors (Yamaguchi et al., 2000), propofol may act through a similar mechanism. Its
antioxidant effect results from the inhibition of lipid peroxidation by the formation of
relatively low reactive free radicals that disrupt the chain of formation of other
radicals potentially being able to cause greater damage to cell membranes (Hara et al.,
1990).
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3.6 Conclusion

In conclusion, it can be said that propofol exhibits a small effect on
mitochondrial metabolism. Therefore, the generation and maintenance of oxidative
phosphorylation seems to be guaranteed. Despite that, the results reported in this
study show for the first time that propofol in vivo could increase the susceptibility for
MPTP opening induced by calcium. The induction of MPTP could collapse the
transmembrane electrochemical gradient which ultimately could lead to the efflux of
cytochrome ¢ from the intermembrane space into the cytosol. This could lead to the
activation of caspase pathway completing the mitochondrial-dependent pathway of
apoptosis. Hence, a relevant question concerns whether the concentration of propofol
is sufficiently high to influence mitochondrial pore transition opening in a decisive
manner. So, further work will be important to establish the mechanism, regulation and

consequences of MPTP opening triggered by the highest dose of propofol.
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4. Conclusao

Os resultados obtidos neste trabalho, demonstram que a anestesia com
propofol pode causar algumas alteragcfes no metabolismo mitocondrial, no entanto, a
fosforilacdo oxidativa ndo e afetada.

Este estudo demonstra pela primeira vez que o propofol, in vivo, tem a
capacidade de modificar a suscetibilidade da abertura do MPTP nos ratos anestesiados
com a dose mais elevada, levando a um eventual aumento de Ca®* no citosol, o que
poderd levar consequentemente a uma lesdo celular dos hepatdcitos dos ratos. Embora
reversiveis, estas alteracdes poderdo fazer com que o gradiente eletroquimico
transmembranar entre em colapso e consequentemente conduzir a um efluxo de
citocromo ¢ do espaco intermembranar para o citosol. Isto podera levar a ativacdo da
via das caspases completando assim a via mitocondrial de inducdo de apoptose.
Assim sendo, seria importante fazer um estudo complementar de modo a poder-se
tirar uma conclusdo concreta sobre 0 mecanismo de regulacdo e as consequéncias
reais das alteracfes no MPTP resultantes da anestesia com a dose mais elevada de
propofol. Uma das possibilidades seria avaliar se ocorre realmente apoptose, em
tecido hepético dos ratos anestesiados com a dose mais elevada, usando a técnica de
imuno-histoquimica com anticorpos especificos para proteinas apoptoticas.

As conclusdes ao nivel da atividade dos complexos mitocondriais sdo dificeis
de racionalizar considerando apenas os resultados obtidos. Dado que os complexos
enzimaticos envolvidos na fosforilacdo oxidativa sdo proteinas membranares, a sua
atividade esta dependente da organizacdo dinamica da bicamada lipidica. Assim, o
aumento da atividade enzimatica dos complexos | e Il podem também resultar de
alteracBes ao nivel da organizacdo dindmica da membrana, incluindo alteracbes da
fluidez membranar. As alteracBes na organizagdo dindmica da membrana poderdo
emergir: i) da acumulacdo na membrana do propofol, pois € uma molécula lipofilica;
ii) de perturbagdes no normal metabolismo dos fosfolipidos (sintese, degradagédo ou
remodelacdo), as quais conduzem a alteracdes da composicdo lipidica. A primeira
hipdtese pode ser avaliada por estudos in vitro com recurso a sondas fluorescentes de
fluidez (e.g. DPH) incorporadas na membrana na auséncia e na presenca de diferentes
concentragdes de propofol. A segunda hipdtese pode ser avaliada por estudos in

vivo/ex vivo, analisando o perfil lipidico de mitocondrias obtidas de animais controlo
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e de animais tratados com diferentes doses de propofol por espectrometria de massa,
apos a sua extracdo com solventes organicos e separacdo por cromatografia em
camada fina.

Este estudo demonstra que apesar das alteracbes observadas em algumas
atividades das enzimas antioxidantes, os ratos anestesiados ndo sofrem stresse
oxidativo, tendo em conta que a razdo GSH/GSSG, um marcador do estado oxidativo

da célula, ndo apresenta alteracdes entre 0s trés grupos estudados.
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