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“O sucesso nédo é o final e o fracasso néo ¢ fatal: o que conta é a coragem
para seguir em frente.”

(Winston Churchill)
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1 REVISAO DA LITERATURA

1.1 Anestésicos e Genotoxicidade

O DNA esta continuamente exposto a uma variedade de agentes genotoxicos exdgenos
e endogenos que podem alterar sua estrutura e modificar suas funcdes. Dentre os agentes
exdgenos, os anestésicos inalatérios tém atraido especial atencdo em virtude da sua ampla
utilizagdo (Sardas et al., 1998a; Jaloszynski et al., 1999; Alleva et al., 2003; Szyfter et al.,
2004).

O anestésico halogenado isoflurano (ISF) tem sido um dos mais empregados na
anestesia geral (Figura 1) e a sua introdu¢@o na prética clinica representou grande avango para
a anestesia inalatdria, devido sua baixa taxa de metabolizagdo e baixo coeficiente de particao
sangue-gas, o que possibilitou a diminui¢do do tempo de indugdo e de recuperagdo anestésica
(Eger, 1994). O ISF (2-cloro-2-(difluorometoxi)-1,1,1-trifluoro-etano) ¢ metabolizado pela
enzima CYP2E1, gerando um intermediario que se decompde em metabolito reativo (TFA-
Cl), ou no intermediario trifluoracetil éster (Martin Jr & Njoku, 2005a). Por ser um éter
halogenado (a-haloéter), esse anestésico tem estrutura semelhante a de alguns carcindgenos
quimicos nao anestésicos, como, por exemplo, o clorometil metil éter (Martin Jr & Njoku,
2005b).

Os primeiros resultados sobre o potencial mutagénico e carcinogénico do ISF foram
controversos. Em 1976, Corbett sugeriu que o ISF era capaz de induzir tumor hepatico em
ratos, o que ndo foi confirmado por estudo conduzido por Eger et al. (1978). O ISF nao foi
apontado como agente mutagénico pelo teste de Ames na linhagem TA 1535, com ou sem
metabolizagdo, e pelo ensaio recessivo letal ligado ao sexo em Drosophila melanogaster
(Baden et al, 1977; Kundomal & Baden, 1985). Os anestésicos volateis ndo sao classificaveis
(Grupo 3) quanto a sua carcinogenicidade tanto para animais quanto para o homem, pela
International Agency for Research on Cancer (IARC, 1987).

Em 1999, Jaloszynski et al. detectaram o potencial genotoxico do ISF, quando
utilizaram o teste do cometa em linfocitos humanos expostos, in vitro, a concentragdes de 1
mM. O aumento de lesdes genotoxicas em linfocitos de pacientes submetidos a cirurgias
invasivas e anestesiados com o ISF foi também reportado por Sardas et al. (1998b) e por
Karabiyik et al. (2001). Resultado semelhante foi descrito por Kim et al. (2006) que,
utilizando o teste do cometa, observaram aumento de danos no DNA de linfocitos, baco,

medula dssea, figado e cérebro de ratos expostos a 1% de ISF, por 30 ou 60 min.



Os mecanismos pelos quais os anestésicos inalatorios podem induzir lesdes no DNA
ndo sdo completamente conhecidos. Sugere-se, no entanto, que esses compostos podem ser
genotoxicos por reagirem diretamente com a molécula do DNA, alquilando a posi¢cdo N7 das
purinas, ou pela formagdo de metabolitos reativos, ou, ainda, pela liberagdo de espécies

reativas de oxigénio (ROS) (Jaloszynski et al., 1999).

Figura 1 - Estrutura quimica do isoflurano

Dos anestésicos venosos, o propofol (PF) tem sido o mais utilizado para a anestesia
geral. Esse composto foi introduzido na prética clinica hé, aproximadamente, 30 anos, e tem
como caracteristicas a rapida agdo, a curta duracdo do efeito e o perfil farmacocinético
apropriado para a sedagdo prolongada e para uso em infusdo continua (Shafer et al., 1988). O
PF (2,6bis-[1-metiletil]fenol) ou (2,6-diisopropilfenol) ¢ rapidamente metabolizado no figado
por conjugacdo (UGT) com glicuronideo e sulfato, produzindo compostos soliiveis em agua,
0s quais sdo excretados por via renal (Simons et al., 1985).

Esse anestésico possui em sua estrutura quimica um grupo fenolico (Figura 2)
semelhante ao hidroxitolueno butilado e ao a-tocoferol (vitamina E), potentes agentes
antioxidantes (Tsuchiya et al., 2002). Arts et al. (1995) relataram que o PF ¢ capaz de inibir a
peroxidagdo lipidica plasmatica nas concentragdes normalmente utilizadas na pratica
anestésica. Contudo, alguns autores acreditam que o PF so tem atividade antioxidante quando
utilizado em altas concentragdes, maiores do que as que sdo normalmente utilizadas na pratica
clinica (Green et al.,, 1994). Em cirurgia coronariana com circulagdo extracorpdrea, por
exemplo, o PF foi efetivo em atenuar a lipoperoxidacao em célula do tecido atrial durante
lesdo de isquemia e reperfusdo (Sayin et al., 2002).

No que se refere ao possivel potencial toxicogenético do PF, ndo foi observado

aumento de trocas entre cromatides irmas (TCI) em linfécitos de criangas, nem de aberragdes



cromossomicas (AC) em pacientes submetidos a cirurgia cardiaca sob anestesia com esse
composto (Krause et al., 2003; Karahalil et al., 2005). Recentemente, nosso grupo de pesquisa
publicou o primeiro estudo que utilizou o teste do cometa para avaliar danos no DNA em
células de sangue periférico de pacientes anestesiados com o PF, no qual ndo foi detectado

potencial genotoxico (Braz et al., 2009).
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Figura 2 — Estruturas quimicas do propofol, do hidroxitolueno butilado e do a-tocoferol

1.2 Anestésicos, Cirurgia e Sistema Imunolégico

Sabe-se que o organismo, em resposta ao procedimento cirurgico, reage por meio de
estresse causado por alteracdes hormonais, metabdlicas, hematoldgicas e imunologicas (Hall
& Ali, 1998). O estresse ndo ocorre apenas devido ao trauma do ato cirirgico, mas, também,
pode estar relacionado ao agente anestésico (Salo et al., 1997).

A anestesia geral e o estresse cirurgico sdo considerados como indutores de
imunossupressdo, por atuarem sobre o sistema imunoldgico, ou por ativarem o €ixo
hipotadlamo-pituitaria-adrenal (HPA) do sistema nervoso autonomo simpatico. Durante
situacdes de estresse, como cirurgia ou dor pos-operatoria, os farmacos anestésicos podem
estar relacionados a imunossupressao no periodo perioperatério, em virtude da acao direta
sobre a imunidade celular, uma vez que podem alterar fungdes de células imunocompetentes e
a expressao de genes responsaveis pela producdo de mediadores inflamatorios (Kurosawa &
Kato, 2008). Considerando-se que a imunossupressdo pos-cirdrgica pode aumentar a

possibilidade de o paciente apresentar infeccdes no pos-operatorio, a identificacdo de
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biomarcadores moleculares relacionados ao sistema imunologico poderia representar alvos
terapéuticos potenciais na imunomodulagdo perioperatoria (Sylla et al., 2006).

Por conta da menor incisdo, a cirurgia minimamente invasiva, como a realizada por
laparoscopia, ¢ menos traumatica e parece estar associada a menor resposta inflamatéria
quando comparada a cirurgia aberta (Cheng, 2005). O perfil das citocinas envolvidas no
processo inflamatorio também parece ser diferente dependendo do tipo de anestesia e do
anestésico empregado (El Azab et al.,, 2002). Em geral, individuos saudaveis que sao
submetidos a cirurgia eletiva ndo invasiva podem “superar” o quadro inflamatério, enquanto
os pacientes imunodeprimidos, os pacientes em estado grave com sepse € 0S que sao
submetidos a cirurgia coronariana podem, facilmente, apresentar alteracdo imunologica, o que
pode contribuir para a ma cicatrizacdo, infecgdes poOs-operatdrias, sindrome da resposta
inflamatoria sistémica (SIRS), faléncia multipla dos o6rgdos, entre outras complicagdes
(Cheng, 2005).

Ha evidéncias de que a disfuncdo do sistema imunoldgico apds cirurgias leva a
profunda, mas transitéria, deplecdo de todos os tipos de linfocitos (Espanol et al., 1974).
Embora ndo se conhega o mecanismo responsavel pela diminui¢ao dessas células, acredita-se
que seja por apoptose (Oka et al., 1996). Segundo Matsuoka et al. (2001), os anestésicos
inalatdrios, em associagdo com o estresse cirurgico, podem causar linfocitopenia por apoptose
via caspase 3. A cirurgia, ao elevar o numero de linfocitos T helper 2 (Th2) e diminuir o de
linfécitos T helper 1 (Thl), causa diminui¢do na relagdo Th1/Th2. Ja foi relatada, por
exemplo, a redugdo significativa da razdo Th1/Th2 apds anestesia com o ISF, mas ndo com o
PF (Inada et al., 2004). Por outro lado, foi observado aumento de apoptose em estudos in
vitro, como em cultura de células mononucleares e em linfocitos cultivados de pacientes que
receberam anestesia com o ISF (Oka et al., 1996; Delogu et al., 2000). Estudo realizado em
cdes demonstrou que tanto a associacdo cirurgia/anestesia com ISF, como a anestesia
isoladamente, resulta em quadro de linfocitopenia com aumento de apoptose, embora a
associacdo anestesia e cirurgia tivessem induzido maior alteragdo no sistema imunologico

(Yamada et al., 2002).

1.3 Apoptose e Anestésicos
A morte celular programada (MCP) ¢ a eliminagdo de células de um tecido maduro, ou
em formacgdo, sem alterar a ontogénese e a sua citoarquiteura e fung¢do (Barcinski, 2004a). A

forma mais comum de MCP ¢é a apoptose, que ocorre em diversas circunstancias e ¢
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controlada por uma série de genes (Ranganath & Nagashree, 2001). A identificacdo da
apoptose ¢ feita pelo tipo de alteragdo estrutural, pelo padrao de quebra do DNA celular e pelo
padrdo de atividade das caspases. As mudancas morfoldgicas tipicas sdo a condensagdo da
cromatina celular, a fragmentacdo nuclear, a perda do controle i06nico, a exposi¢cdo da
fosfatidilserina pela membrana, o encolhimento do citoplasma e a formacdo de corpos
apoptoticos. Cabe ressaltar que o processo apoptotico, em contraste com a necrose, ndo gera
resposta inflamatoria (Raff, 1998).

Na apoptose, as caspases sdo ativadas em uma cascata proteolitica e, uma vez ativadas,
algumas clivam proteinas celulares, as quais levam a rapida morte celular (Nicholson &
Thornberry, 1997). Existem duas vias de apoptose ja descritas: 1) a via dos receptores de
morte celular, ou via extrinseca (receptor de fator de necrose tumoral [TNF]: R-TNF e o
receptor FAS: CD-95) e 2) a via da mitocondria, ou via intrinseca (Figura 3). Na via
extrinseca, os linfocitos produzem a proteina Fas ligante que se liga aos receptores Fas de
superficie na célula alvo. Esta ligacdo recruta proteinas do citoplasma, as quais, por sua vez,
recrutam a pro-caspase 8, que ¢ clivada em caspase e, assim ativada, inicia o processo de
morte celular (Raff, 1998). Na via mitocondrial, as proteinas anti-apoptdticas B-cell
lymphoma-2 (bcl-2) e bel-x), localizadas na membrana externa da mitocondria, atuam inibindo
a liberagdo do citocromo ¢, ou impedindo que o fator ativador de protease apoptdtica (APAF-
1) ative a pro-caspase 9 (Barcinski, 2004b). A proteina bcl-2 diminui a injaria celular inibindo
a translocag@o do citocromo ¢ (Kluck et al., 1997), prevenindo a liberagdo deletéria de célcio
do reticulo endoplasmatico (Foyouzi-Youssefi et al., 2000).

Em concentracdo clinicamente relevante (2%), o ISF induziu ndo apenas apoptose em
linhagem celular de neuroglioma humano, como também alterou o processamento da proteina
precursora amildide e aumentou a producdo da proteina B-amildide, que ¢ encontrada na
doenca de Alzheimer. Sugere-se que o uso desse anestésico em individuos idosos com maior
susceptibibilidade para formagdo das placas B-amildide aumenta o risco de disfungao
cognitiva pos-operatoria (Xie et al, 2006). Relatos de Wei et al. (2008) sugerem que o ISF
pode induzir apoptose neuronal pela liberacdo anormal de calcio do reticulo endoplasmatico
via ativagdo dos receptores do inositol 1,4,5-trifosfato (IP3).

Foi relatado, também, que o ISF induz apoptose em timdcitos e linfocitos T esplénicos
murinos (Kurosawa et al., 1999) e em cultura de linfocitos T CD4" (auxiliar ou helper) e
CDS8" (citotoxico) coletados de pacientes 24 h apos a anestesia (Delogu et al., 2000). No

entanto, o PF apresentou efeito anti-apoptotico, reduziu a citotoxicidade e preveniu danos no
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DNA em cultura de astrocitos, aspectos estes relevantes para a neuroprotecdo durante a
anestesia (Acquaviva et al., 2004). Foi observado, ainda, que em experimentos in vitro, o PF
aumentou a expressao da proteina Fas e diminuiu a de bcl-2, embora ndo tenha induzido
morte celular por apoptose em linfocitos humanos (Delogu et al., 2001a).

Delogu et al. (2001b) observaram que o ato cirirgico, juntamente com a anestesia
geral, pode levar a um acelerado processo de apoptose de neutrofilos. Esses mesmos autores
associaram a apoptose as disfun¢des mitocondriais (aumento de ROS) nos linfocitos em
cultura de pacientes submetidos a cirurgia sob anestesia geral (Delogu et al., 2001c). O
aumento de apoptose em linfocitos poderia explicar o aumento da susceptibilidade dos
pacientes as infec¢des ou quadros de sepse, que € a causa mais comum de morte decorrente de
complicacdes apds grandes procedimentos cirtirgicos (Delogu et al., 2001d).

Em modelos experimentais de isquemia e reperfusdo, foi observado que os anestésicos
inalatorios produzem pré-condicionamento farmacologico contra o infarto do miocardio, e
que o ISF protege os cardiomidcitos, in vitro, contra a apoptose induzida por hipoxia. Tal
efeito, ocorrido pelo aumento da expressdo da proteina bcl-2, demonstra que a reducdo da
apoptose contribuiu para os efeitos cardioprotetores do anestésico (Jamnicki-Abegg et al.,
2005). Foi também observado, em cultura de neuronios corticais, que o ISF protegeu contra
apoptose induzida pela privagdo de O, ou de glicose (Wise-Faberowski et al., 2001). Deve ser
ressaltado que o ISF ¢ considerado um agente cardio e neuroprotetor. Contudo, esse
anestésico volatil pode ter agdo tanto protetora quanto tdxica aos neuronios, dependendo da
concentragdo ¢ duragdo da exposicdo ao anestésico, além dos fatores genéticos e da

vulnerabilidade do paciente (Wei et al., 2008).
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Figura 3 — Visdo geral do complexo processo das vias extrinseca e intrinseca da apoptose

(http://www.cellsignal.com/reference/pathway/Apoptosis_Overview.html)

1.4 Sistemas de Reparo do DNA

Os sistemas de reparo do DNA, responsaveis pela manuten¢do da integridade do
genoma, atuam reduzindo erros que podem ocorrer no processo de duplicagdo ou
recombinacdo andmala e danos induzidos por agentes enddgenos ou exogenos. Essas
alteracdes, se ndo reparadas, podem interferir no metabolismo do DNA e em fungdes
importantes, como a divisdo e a regulagdo do ciclo celular (Benhamou & Sarasin, 2000).
Assim sendo, o reparo de danos no DNA ¢ evento fundamental para a protecdo do genoma
(Hartwell & Weinert, 1989).

Existem varias vias de reparo do DNA. Dentre elas, as mais conhecidas e estudadas
sdo as de reparo por excisdo e por recombinagdo. As vias de reparo por excisdo podem ser
classificadas de acordo com o tipo de alteragdao que ocorre na molécula de DNA e de como ela
serd removida. A via por excisdo de bases (BER) repara as desaminagdes espontaneas,
oxidacdes e alquilagdes do DNA, como também as perdas simples de bases (sitios abasicos);
o reparo por excisdo de nucleotideo (NER) remove quase todo tipo de dano que pode produzir
distor¢cdes importantes na dupla hélice do DNA (Heijmakers, 2001). O emparelhamento

incorreto de bases durante a replicacao ou recombinacao, ou, ainda, de inser¢des ou delecoes,
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sdo danos corrigidos pelo reparo conhecido como mismatch repair (MMR) (Harfe & Jinks-
Robertson, 2000).

O gene XRCC1, localizado no braco curto do cromossomo 19 (Mohrenweiser et al.,
1989), codifica a proteina XRCC1 (X-ray cross-complementing group 1 protein), que esta
envolvida no reparo de quebras de fita simples via BER, inclusive de danos no DNA
induzidos por ROS e por agentes ionizantes e alquilantes (Lei et al., 2002). O gene hOGGL,
por sua vez, codifica a enzima 8-oxoguanina DNA glicosilase 1, que atua na remocgao do
aducto 7,8-diidro-8-oxoguanina (80xoG ou 8-oxoGua), também pelo mecanismo de BER
(Janssen et al., 2001).

Sabe-se que a expressdo génica varia em cada tecido e que a efetividade do reparo do
DNA pode ser influenciada pelos diferentes polimorfismos génicos. A isoforma Cys326 do
gene hOGG1, por exemplo, foi associada a maior susceptibilidade a varios tipos de cancer,
dentre os quais o de esofago e o de pulmao (Peng et al., 2003). Mo et al. (2006), por sua vez,
reportaram o aumento da expressdo do gene hOGG1 em individuos expostos cronicamente ao
arsénio, composto que induz danos oxidativos no DNA; aumento da expressao desse gene foi
também observado em pacientes com cancer colorretal ou com leucemia aguda (Kondo et al.,
2000; Zhou et al., 2007). Da mesma forma, o gene XRCC1, relacionado a instabilidade de
microssatélites, também se apresentou hiperexpresso em pacientes com tumor colorretal (Yu
et al., 2006). O aumento de RNA mensageiro (RNAm) de genes de reparo ndo reflete,
necessariamente, aumento da capacidade de reparo de danos. Redugao significativa de RNAm
dos genes XRCC1 e hOGG1 foi detectada em linfocitos expostos a doses superiores a 20cGy
de radiagdo gama (Sudprasert et al., 2006).

Nao ha na literatura ao nosso alcance relatos sobre a expressao de genes de reparo do

DNA em individuos submetidos ao ato anestésico-cirurgico.

1.5 Técnicas para Avaliacdo Genotoxica, Citotdxica e Toxicogendmica

Com a evolucdo dos métodos para a avaliacdo de citotoxicidade e genotoxicidade,
tornou-se possivel o estudo mais detalhado da toxicidade dos anestésicos. No entanto, apesar
de ser um procedimento utilizado ha anos, ndo se conhece, ao certo, os mecanismos
moleculares associados aos efeitos da anestesia geral. Assim sendo, atualmente ha grande

preocupacdo em se conhecer e entender os reais efeitos e consequéncias das anestesias.
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1.5.1 Teste do Cometa

Rydeberg & Johanson (1978), utilizando técnicas bioquimicas, foram os primeiros
pesquisadores a quantificar diretamente os danos no DNA em células individualizadas. Estas,
quando submetidas a condi¢cdes levemente alcalinas, sofriam o desenrolamento parcial da
molécula de DNA, tornando possivel a visualizagao dos danos ao microscopio. Mais tarde,
para aumentar a sensibilidade da técnica, Ostling & Johanson (1984) introduziram o método
de microeletroforese em laminas com células embebidas em agarose, sob condi¢des neutras.
Em 1988, o uso de condigdes alcalinas (pH>13) de eletroforese, permitiu, também, a detecg¢ao
de quebras de fita unica e sitios alcali-ldbeis no DNA, aumentando, ainda mais, a
sensibilidade do teste (Singh et al., 1988). Nessas condi¢des, as células com frequéncia
aumentada de quebras de fita de DNA apresentam maior migragdo da molécula para o anodo,
permitindo a visualizagdo de uma “cauda” apds coloragdo com pigmento fluorescente (Figura
4). Devido a essa aparéncia, a imagem resultante foi chamada de “cometa”, o que levou Olive
(1989) a sugerir o nome Comet Assay (teste do cometa) para identificar a metodologia
também conhecida por Single Cell Gel Electrophoresis assay (SCGE).

O teste do cometa, além de detectar quebras de fita simples e dupla e sitios alcali-
labeis, permite a avaliagdo de alteragdes no sistema de reparo do DNA (Tice et al., 2000;
Gontijo & Tice, 2003). Para tornar o ensaio ainda mais sensivel, Collins et al. (1993)
propuseram a utilizacdo de duas enzimas bacterianas, a endonuclease III (endo III) e a
formamidopirimidina  DNA glicosilase (FPG), que permitem reconhecer no DNA,
respectivamente, pirimidinas e purinas oxidadas. Por se tratar de um ensaio que pode ser
utilizado em estudos para a deteccdo de agentes genotoxicos € monitoramento de populagdes,
o teste do cometa tornou-se ferramenta importante nas avaliagdes dos mecanismos de
mutagénese e carcinogénese. Além disso, o ensaio apresenta varias vantagens que incluem:
maior sensibilidade, a possibilidade de avaliagdo de danos em células individualizadas, a
necessidade de amostras celulares extremamente pequenas e a possibilidade de aplicagdao em
qualquer populacdo de células, necessitando, apenas, de células viaveis, mas nao
necessariamente em proliferacdo (Tice, 1995). Trata-se de teste simples, de baixo custo,

rapido e que pode ser utilizado para avaliagdo de genotoxicidade tanto in vitro como in vivo.
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Figura 4 — Fotomicrografia de dois nucledides (linfocitos de sangue periférico). A esquerda,
nucledide sem dano no DNA; a direita nucledéide com elevado nivel de danos (“cometa”).

Aumento de 400X

1.5.2 Citometria de Fluxo

A citometria de fluxo permite a analise rapida e objetiva de varios pardmetros de
células em suspensdo. Dessa forma, as células sdo marcadas com anticorpos monoclonais
especificos ligados a fluorocromos que permitem a identificagdo e delimitagao da populagdo
alvo da andlise e a avaliagdo percentual dos marcadores de interesse (Faldyna et al., 2001). As
vantagens da citometria incluem a alta reprodutibilidade dos dados, a rapidez e eficacia e a
sua abrangente aplicabilidade, uma vez que diferencia populagdes celulares heterogéneas,
quantifica proteinas/enzimas e citocinas, detecta proliferagdo celular e apoptose, entre outras.

O citdmetro de fluxo pode ser constituido de varios detectores, mas o mais comum € o
de trés fluorescéncias (FL1, 2, 3). Assim, é possivel realizar estudos de fenotipagem e
quantificagdo de células por meio da conjugacdo a anticorpos monoclonais marcados com
ficoeritrina - PE (FL2), e a avaliagdo da inviabilidade celular com anexina V marcada com
isotiocianato de fluoresceina - FITC (FL1) e com 7-amino-actinomicina D - 7-AAD (FL3). O
percentual de células marcadas com anexina quantifica células em apoptose, enquanto as
c¢lulas marcadas com o 7-AAD sdo aquelas consideradas ndo vidveis.

A proteina fosfatidilserina localiza-se na parte interna da membrana plasmatica, mas,
nos estagios iniciais da apoptose, ela se exterioriza, € como a anexina V tem alta afinidade
pela fosfatidilserina na presenca de Ca®’, ¢ considerada importante marcador de apoptose
precoce, anteriormente a fragmentacdo do DNA (van Engeland et al., 1998). Matsuoka et al.
(2001), utilizando a citometria de fluxo, mostraram que o ISF induz apoptose em linfocitos

humanos in vitro de maneira dose- e tempo-dependentes.
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Considerando que a alteragdo da imunidade pds-cirurgica tem grande impacto clinico
devido aos riscos de complicagdes, como as infeccdes (Delogu et al., 2001c¢), a quantificagdo

de células em apoptose torna-se de grande relevancia em pacientes sob anestesia e cirurgia.

1.5.3 PCR em Tempo Real

A Toxicogendmica ¢ um campo da ciéncia que estuda os efeitos de agentes fisicos,
quimicos e bioldgicos sobre a estrutura e a atividade do genoma (Aardema & MacGregor,
2002). Mais precisamente, a Toxicogendmica integra a gendmica com a toxicologia,
utilizando ferramentas que permitem estudos da expressdo de RNAm (transcriptoma), de
proteinas (proteoma) e de metabolitos (metaboloma), em resposta a a¢do de estressores.

Por ser um biofluido de facil acesso e pelo fato dos leucdcitos circulantes possuirem
informagdes sobre transcritos da primeira linha de defesa imunoldgica e ainda serem
sentinelas para iniimeros processos patologicos (Whitney et al., 2003), o sangue periférico
tornou-se alvo para os estudos toxicogendmicos. A andlise da expressdo génica em leucdcitos
se mostrou bastante 1util, por exemplo, para a identificagdo de biomarcadores e para a
investigacdo da resposta do sistema imunologico em estudo sobre a inflamacao (Feezor et al.,
2004).

A reagdo em cadeia da polimerase (PCR) quantitativa em tempo real associa a
metodologia de PCR a um sistema de detec¢do e quantificagdo de fluorescéncia produzida
durante os ciclos da amplificagdo. A metodologia permite a amplificagdo, deteccdo e
quantificagdo de DNA ou RNA em uma unica etapa. A possibilidade de monitorar ao longo
da reacdo a quantidade de produto formado a cada ciclo, e de quantificar esse produto durante
a fase exponencial, confere maior precisdo e reprodutibilidade a PCR em tempo real quando
comparada a PCR convencional. A PCR em tempo real &, portanto, a metodologia de escolha
para andlise de expressdo génica (quantificacdo relativa) quando o estudo requer
sensibilidade, especificidade e quantificagao reprodutivel de RNAm (Bustin, 2000).

Até o momento, sdo poucos os estudos publicados sobre o efeito toxicogenomico de
anestésicos (Sakamoto et al., 2005). Na andlise transcriptomica em cérebro de ratos expostos
a 0,8 de concentragdo alveolar minima (CAM) de ISF, por 90 min, duas vezes ao dia, em um
total de 10 exposi¢des, mudangas significativas de expressao génica nao foram observadas.
Entretanto, quando os neurdnios corticais primarios foram expostos a 3,0 CAM de ISF,
detectou-se alteracdo na expressdo de genes relacionados ao transporte de neurotransmissores

e a sinalizagdo e estrutura celular (Pan et al., 2006).
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Foi também observado, em ratos, que apos anestesia geral com o ISF ou com o PF, por
periodo de 120 min, houve alteragdo da transcrigdo dos immediate-early genes, induzidos pelo
estresse. Esse achado sugere que os anestésicos podem ndo s reprimir, mas, também,
estimular o sistema nervoso central. Essas alteragdes, no entanto, foram diferentes conforme o
intervalo de tempo de exposicao aos anestésicos e 6rgaos analisados (Hamaya et al., 2000).

Como a Toxicogendmica possibilita a predicdo da toxicidade antes mesmo da
ocorréncia do dano funcional (Zhou et al., 2009), a avaliagdo da acdo dos anestésicos pode ter
grande relevancia ndo somente para a detecgdo precoce dos possiveis efeitos adversos, mas,

também, para o estabelecimento de estratégias preventivas.
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2 OBJETIVOS

A caréncia e a divergéncia dos dados sobre o potencial toxicogenomico e citotdoxico
dos anestésicos, ¢ a necessidade de esclarecimento dos mecanismos de genotoxicidade
estimularam a realizacdo do presente estudo, que foi delineado visando avaliar, em células de
sangue periférico de pacientes submetidos a cirurgia eletiva, a agdo genotdxica, citotoxica e
toxicogenomica dos anestésicos isoflurano e propofol. Mais especificamente, os objetivos do

estudo foram:

- avaliar os danos oxidativos no DNA de linfocitos de pacientes submetidos a cirurgia e

anestesiados com o isoflurano ou propofol;

- fenotipar e avaliar a porcentagem de apoptose em linfocitos de pacientes submetidos a

cirurgia sob anestesia geral inalatdria e venosa;

- avaliar a expressdo de genes relacionados ao sistema de reparo do DNA (hOGG1 e XRCC1)
e a apoptose (BCL-2), em sangue periférico dos pacientes submetidos a cirurgia sob anestesia

com isoflurano ou propofol.
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Toxicogenomic and cytotoxic effects of the inhalation anaesthetic isoflurane

in patients undergoing elective surgery

(Trabalho a ser enviado para a revista Mutagenesis)

Anaesthetics widely used in human surgery have drawn considerable attention because
of their possible secondary effects. There are few studies reporting the effect of inhalation
anaesthesia at the molecular level, and nothing is known about the oxidative DNA damage of
isoflurane (ISF). On the other hand, surgery is often associated with a temporary perioperative
immunological alteration, and some volatile anaesthetics seem to contribute to a transient
lymphocytopenia after surgery. Therefore, this study aimed to evaluate the possible genotoxic
effect (DNA strand breaks and oxidized bases) and the apoptosis in human lymphocytes.
Furthermore, it was also investigated the expression of DNA repair (hOGG1 and XRCC1) and
apoptosis (BCL-2)-related genes in blood cells of patients submitted to surgery under
inhalation anaesthesia with ISF. The experimental design included 20 adult ASA physical
status | patients, of both genders, submitted to elective othorhinolaryngological surgery
lasting at least 120 min. Blood samples were collected at three time points: before
premedication and anaesthesia (T, - baseline), at 120 min after induction of anaesthesia (T>),
and at the first postoperative day (T;). DNA damage was depicted by the alkaline comet
assay; lymphocytes were phenotyped (helper and cytotoxic T) and apoptosis was evaluated
using annexin/7-AAD by flow cytometry; gene expression was assessed by quantitative real-
time RT-PCR. Results showed no statistically significant difference in the levels of DNA
damage (strand breaks and oxidized purines and pyrimidines) among the three sampling
times. Anaesthesia with ISF also did not increase the percentage of early or late apoptosis in
both subpopulations of T lymphocytes. Besides, lower hOGG1 and BCL-2 expressions were

detected at the first postoperative day in comparison to the other previous time points (T; and
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T,). Regarding to XRCC1, it was detected a significant lower expression at Ts in relation to
T,. In conclusion, ISF did not present genotoxic and cytotoxic effects on lymphocytes from
patients submitted to surgery, and also did not show evident interference on the genes

expression.

Introduction

DNA is continuously exposed to a variety of biological, chemical, and physical agents,
which may alter its structure, modifying its function (1). Among the exogenous compounds,
anaesthetic gases, commonly used in general anaesthesia procedures, have attracted attention
because for their potential genotoxic effects (2-4).

Worldwide, approximately 100 million people every year are submitted to surgery,
and the majority receives inhalation general anaesthetics (5). Isoflurane (ISF) and sevoflurane
are the most used inhaled halogenated anaesthetics. The introduction of ISF (2-chloro-2-
(difluoromethoxy)-1,1,1-trifluoro-ethane) in clinical practice has represented an advance for
inhalation anaesthesia, due to its low metabolism rate and low blood-gas partition coefficient,
which decreases its induction and recovery times (6). The ISF is metabolized by CYP2E1
enzyme, generating an intermediate that can decompose into reactive metabolites, or the
intermediate trifluoroacetyl ester. Being an ether compound, the ISF has a structure similar to
that of some non-anaesthetic carcinogens, including chloromethyl methyl ether (7).

Despite genetic damage has been observed in operating room personnel exposed to
trace concentrations of anaesthetic gases (8-10), the genotoxic effect of ISF is still
controversial. Negative result was obtained in the Ames test using the Salmonella strain TA
1535, with and without metabolic activation (11). Nevertheless, few studies have pointed out
the potential of the volatile anaesthetic inducing DNA lesions in vitro (12) and in vivo (13,2).

The mechanisms by which this anaesthetic could induce DNA damage remain unclear.
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Whether or not ISF reacts directly with DNA, the most feasible alkali-labile modification
would be alkylation at the N-7 position of purines. It may also be explained by an anaesthetic
residual metabolic oxidation or reduction, giving rise to reactive products, and/or by reactive
oxygen species (ROS) (12).

It is known that free radical species are capable of directly attacking DNA. ROS
induce a variety of DNA lesions, including abasic (AP) sites, DNA strand breaks and oxidized
bases (14). Among guanine modifications, 7,8-dihydro-8-oxoguanine (8-oxoGua) is well
known, and the lesion has a distinct mutagenic potential, giving rise to GC—TA (15). Such
modification in important genes, as TP53 tumor suppressor, represents a possible mechanism
of tumor initiation by ROS (16). However, oxidative DNA damage is subject to repair,
especially by the base excision repair (BER) system, being the genes hOGG1 (human 8-
oxoguanine DNA glycosylase 1) and XRCC1 (X-ray cross-complementing group 1 protein)
involved in this process (17,18).

It has also been described evidences of immune system dysfunctions after surgery,
which can lead to profound, but transient, depletion of all types of lymphocytes (19).
Although the mechanism underlying the decrease of immunological cells is still not clear, it
may result from lymphocyte apoptosis (20). It is known that volatile anaesthetics, in
combination with surgical stress, can cause lymphocytopenia due to apoptosis via caspase-3
(21). Elevated rate of apoptosis 24 h after surgery has been observed in cultured T
lymphocytes. The investigators believe that the depletion of the cells after surgery can be
mediated by membrane receptor Fas, or down-regulation of Bcl-2 protein and also of p53, and
mitochondrial dysfunction (22,23). Furthermore, it has been reported that ISF protected
cardiomyocytes and reduced apoptosis induced by hydrogen peroxide and hypoxia in rodents

(24).
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Therefore, in order to evaluate the genotoxic effect of general anaesthesia maintained
with ISF, we evaluated the levels of DNA strand breaks and oxidized purine and pyrimidine,
and the DNA repair capability in lymphocytes of patients before and after anaesthesia, and
also 1 day after surgery. To determine whether ISF could interfere with the immune system, T
lymphocytes were phenotyped and apoptosis was assessed. Furthermore, the toxicogenomic
effect of the anaesthetic on DNA repair (hOGG1 and XRCC1) and apoptosis (BCL-2)-related

genes was also analyzed.

Materials and methods
Subjects

The Ethical Committee of Botucatu Medical School — UNESP (Botucatu, SP, Brazil)
approved the protocol used in the present study. After signing the informed consent, all the
patients answered a detailed questionnaire about their lifestyle, health status, and previous
exposure to environmental pollutants. Twelve male and eight female non-smoker adult ASA
(American Society of Anaesthesiologists) physical status I patients (healthy patient, with no
disease other than surgical abnormality, and with no systemic disturbances), with body mass
index considered normal (23.5 + 3.5 kg/m?), aged from 18 to 45 years (25.1 + 6.8 years), and
scheduled for elective minor othorhinolaryngological surgery (15 septoplasty, 2
tympanoplasty, 2 rhinoseptoplasty and 1 amygdalectomy) lasting at least 120 minutes (140.6
+ 35.8 min), at Botucatu Medical School Hospital, were enrolled in this study. Propofol
(160.0 + 46.7 mg), fentanyl (462.0 = 151.3 pg) and rocuronium (44.4 = 7.1 mg) were used

during anaesthesia.



24

General anaesthesia procedure

Standard clinical monitoring by Primus anaesthesia machine (Driager Lubeck,
Germany) was performed: electrocardiogram, peripheral oxygen saturation (SpO;), non-
invasive arterial pressure (systolic and diastolic), end-tidal CO, (PgrCO;) and isoflurane
(ISF). Monitoring of neuromuscular blockade by train-of-four count at the adductor pollicis
was also performed (TOF-Guard, Organon Teknika/Biometer, Denmark).

All patients were premedicated in the operating room with intravenous (IV)
benzodiazepine midazolam (3 mg). After preoxygenation for 3 min, anaesthesia was induced
with opioid fentanyl (5 pg/kg IV), hypnotic agent propofol (2 mg/kg IV), and rocuronium
bromide (0.6 mg/kg 1V), which is a neuromuscular blocker that was given to facilitate
orotracheal intubation. The lungs were mechanically ventilated with a tidal volume of 8 ml
kg of 40% oxygen (0.8 1/min) in air (1.2 /min), and a respiratory rate of 10-12 breaths/min
to maintain a PgrCO, concentration of 30-35 mm Hg. Volatile anaesthetic ISF at 1.0
minimum alveolar concentration (MAC) (1.2%) was administered by inhalation. Nitrous
oxide (N,O) was never used in order to avoid possible additional DNA damage and because
of its immunosuppressive activity (3,25). Adequacy of anaesthesia during maintenance was
assessed by haemodynamic responses, and additional doses of fentanyl (2 pg/kg) and
rocuronium (0.2 mg/kg) were used when necessary, if the patients were judged to be
inadequately anaesthetized.

Neuromuscular block was reversed with neostigmine (30 pg/kg I'V) and atropine (10
ug/kg 1V) at the end of surgery. Tracheal extubation was performed after full reversal of
neuromuscular blockade, spontaneous ventilation, and the ability to follow verbal comments
or else demonstrate purposeful unilateral movement (attempting self-extubation).

Ondansetron (8 mg V) was utilized for antiemesis. Dipyrone (1 g) and tramadol (100 mg IV)
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were used for postoperative analgesia, at the end of the surgery. If necessary, dipyrone (1 g

IV) was used at the first postoperative day.

Blood sampling

Venous blood samples from all patients undergoing inhalation anaesthesia were drawn
at three time points: before premedication and anaesthesia (T; - baseline), at 120 min after
induction of anaesthesia (T,), and at the first postoperative day (Ts). Blood was collected in
sodium heparin tubes (10 ml), for immediately lymphocytes isolation, and in PAXgene Blood
RNA Tubes (Qiagen/PreAnalytiX, Switzerland), for RNA stabilization. These tubes were

kept at room temperature for 12 h, and then placed into a freezer at -20°C.

Chemicals

Ethidium bromide, HEPES, and bovine serum albumin (BSA) were purchased from
Sigma (USA); normal melting point (NMP) and low melting point (LMP) agarose,
ethylenediamine tetraacetic acid (EDTA), blue juice, and Tris, from Invitrogen (Brazil);
hydrogen peroxide (H,0,) and boric acid (H3;BO;3) from Merck (Germany); Ficoll-Paque®™
from GE (Sweden); annexin labeled with fluorescein isothiocyanate (FITC) and annexin V
buffer, 7-amino-actinomycin D (7-AAD), phycoerythrin (PE)-labeled monoclonal antibodies
anti-hCD4" and anti-hCDS8"- from Becton Dickinson - BD (USA); endonuclease III (endo III)

and formamidopyrimidine DNA glycosylase (Fpg), from New England (USA).

Lymphocyte isolation
Lymphocytes were isolated in Ficoll-Paque® gradients. Samples of peripheral blood (2
ml) were mixed with 2 ml of phosphate buffered saline (PBS), layered over 3 ml of Ficoll,

and centrifuged at 1100 x g for 30 min, at room temperature. The lymphocyte layer was
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removed, mixed with 4 ml PBS, centrifuged at 400 x g for 15 min, and the cell pellet was

resuspended in PBS (26). Lymphocytes were used for comet assay and flow cytometry.

Alkaline comet assay

The protocol used followed the general guidelines proposed by Singh et al.,1988 (27)
and Tice et al., 1991 (28), with some modifications. Every step was carried out under indirect
light. Slides were coded and blindly analyzed. Volumes of 10 ul of fresh lymphocytes were
added to 120 ul of 0.5% low melting point agarose at 37°C. The mixtures were layered onto
slides precoated with 1.5% normal agarose, covered with a cover slip, and left for 5 min at
4°C to solidify the agarose. Afterwards, the cover slips were carefully removed and the slides
immersed, overnight, into a cold lysis solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris
with pH 10, 1% Triton X-100, and 10% DMSO). To evaluate DNA oxidative damage, an
extra step was carried out. Slides were washed in PBS for 5 min, and washed again (3 x, 5
min each) in a buffer 1x (40 mM Hepes, 100 mM KCI, 0.2 mg/ml BSA, and 0.5 mM EDTA
with pH 8). Slides were incubated at 37°C for 30 min in a moist and dry chamber, with 100 pl
of Fpg and endo III (1:1000) that recognizes oxidized purine and pyrimidine, respectively,
and with 100 pul of enzyme buffer only (control). Subsequently, the slides were left for 15 min
at 4°C, and the cover slips were removed. Afterwards, the slides were exposed to a freshly
prepared alkaline buffer (1 mM EDTA, 300 mM NaOH with pH>13) in a horizontal
electrophoresis tank. After a 40 min DNA unwinding period, electrophoresis was conducted
at 25 V and 300 mA, for 30 min. Following 15 min neutralization with 0.4 M Tris (pH 7.5),
the slides were fixed in absolute ethanol, and stored at 4°C.

For DNA repair activity, aliquots of lymphocytes obtained at the three time points,

were treated with H,O, 100 uM, for 30 min, at 4°C. After treatment, cells were washed twice
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with PBS, centrifuged for 4 min at 600 x g, and incubated at 37°C for 30 min. The comet
assay was conducted as described above, but without the use of the enzymes.

The slides were stained with 50 ul ethidium bromide (20 pg/ml) and analyzed in a
fluorescent microscope at 400x magnification. Images from 100 nucleoids (two replicates) per
each treatment/time point/patient were scored using the Comet Assay II Image System
(Perceptive Instruments, Haverhill, Suffolk, UK). Tail intensity (% DNA in tail - TI) was used

to estimate DNA damage.

Phenotyping and apoptosis detection

T lymphocytes phenotyping and assessment of apoptosis were performed in a
FACSCalibur Flow Cytometer (BD), with three fluorescence detectors. Early apoptosis was
quantified using the annexin V-FITC method, which detects the phosphatidylserine
externalized in the early phases of apoptosis (annexin-V'/7-AAD’); cells in late apoptosis
(annexin-V'/7-AAD") were also evaluated.

Freshly obtained lymphocytes were distributed into aliquots (~1 x 10° cells/ml), and
individually incubated: one tube was mixed with isoton, a saline solution with no antibodies
(autofluorescence), vortexed and incubated at room temperature (RT), in the dark, for 15 min;
other aliquots, following PE-labeled monoclonal antibodies anti-CD4" and anti-CD8", were
phenotyped to differentiate CD4" T cells and CD8" T cells.

Lymphocytes were mixed with 100 ul of annexin V binding buffer (diluted 1:10 with
distilled water), 5 pl of annexin V-FITC, 5 ul of 7-AAD, and 10 pl of anti-CD4 or anti-CDS,
vortexed, and incubated for 15 min at RT in the dark. Afterwards, a 400 pl aliquot of annexin
V binding buffer 1x was added to each tube, samples were vortexed, and the flow cytometry

analysis was performed. Gating on lymphocytes (10,000 events were acquired for each
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sample) by forward and side scatter FSC/SSC (cell size versus granulosity) for defining the

target population. Data were analyzed by the Cell Quest and FACScomp Programs.

Analysis of hOGG1, XRCC1 and BCL-2 mRNA by quantitative real-time RT-PCR (QRT-PCR)

RNA was isolated with the PAXgene Blood RNA Kit according to the manufacturer’s
protocol (Qiagen/PreAnalytiX, Switzerland), without DNAse treatment. The concentration of
total RNA was determined by the spectrophotometer NanoDrop ND-1000, and each sample
was assessed for purity by absorbance at 260 and 280 nm (A 260/280 nm between 1.9 and
2.1). Samples integrity was assessed by 1.5% agarose gel using Tris/borate/EDTA buffer
(TBE). RNA was stored at -80°C until reverse transcription.

RNA was reverse-transcribed (cDNA) with High Capacity cDNA Reverse
Transcription kit according to the manufacturer’s protocol (Applied Biosystems — ABI, USA).
The reactions were firstly incubated at 25°C for 10 min and 37°C for 120 min, and then, at
4°C. Samples were placed into a freezer at -20°C until PCR.

Quantitative real-time RT-PCR was performed using Tagman FAM-MGB probes and
primers, ordered as inventoried from ABI for the genes hOGG1 (assay ID Hs00213454 ml),
XRCC1 (assay ID Hs 00959834 ml), and BCL-2 (assay ID Hs00608023 m1), with amplicon
length 82bp, 75bp, and 81bp, respectively, and no genomic DNA was detected. After
comparing four candidate genes for the endogenous control, B-actin (ACTB) was selected for
this study. hOGG1, XRCC1, and BCL-2 mRNA concentrations were normalized by the levels
of B-actin (housekeeping gene), using also the ABI primers and probes labeled at the end 5’
end with FAM as a reporter dye and at the 3’ end with MGB as a quencher dye.

For amplification, TagMan Universal PCR Master mix (ABI) was used. A final 10 pl
volume was used for each reaction. Thermal cycling and real-time detection of the

fluorescence were carried out in an ABI Prism 7500 FAST, using the following amplification
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parameters: denaturation at 94°C for 10 min, followed by 40 cycles of 95°C for 15 s, and
60°C for 60 s. Negative control (no cDNA) in duplicate was added in each plate to ensure no
contamination. For the control, it was used a pool of cDNA sample from healthy subjects. All
controls were run simultaneously with the test samples throughout the experiments.

Cycle threshold (Ct) values were determined as the cycle where ROX-normalized
fluorescence over background was significantly above background levels. Fold induction was
calculated using the formula 24" (29), where AACt = average ACt (treated) — average ACt
(control); ACt is the difference between Ct of the interested gene and Ct of the B-actin. For
each sample, it was determined the relative quantification (RQ) in comparison to the control
samples. In the pool samples (control), RQ for hOGGL1 varied from 0.8 to 1.2; for XRCC1
from 0.8 to 1.3; and for BCL-2 from 0.7 to 1.1. Based on these data, genes were considered

up-regulated when RQ from patients were >1.5; down-regulation was considered when

RQ<0.5.

Statistical analysis

The non-parametric Friedman test was used to compare DNA damage, apoptosis and
gene expression (data expressed as median and 1% and 31 quartiles) at the three blood
sampling times. When two variables were compared, the Mann-Whitney test was performed;
for multiple comparisons, the Tukey test was used. Values with P<0.05 were considered

statistically significant.

Results
Inhalation anaesthesia with isoflurane did not induce DNA damage
General anaesthesia with the volatile agent ISF at 1.0 MAC did not induce DNA

strand breaks in lymphocytes (tail intensity — TI), when evaluated 120 min after anaesthesia
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(T»), or at the first postoperative day (T3). Similar results were found when Fpg and endo III
(TT) were used to recognize oxidized purine and pyrimidine (T,=T5=T,;). Therefore, no
statistically significant genotoxic effect of ISF was detected in human lymphocytes as
depicted by the alkaline comet assay (Figure 1). Contrarily, a slight (but not significant)

decrease of both oxidative and non-oxidative DNA damage was detected at Ts.

Hydrogen peroxide-induced DNA damage and repair capability in lymphocytes

Table I summarizes the results of DNA damage induced in vitro by H,O, (100 uM) in
lymphocytes sampling at three time points. Significant genotoxicity (P<0.05) was observed at
Ty, Ty, and Ts, with no statistical difference among them. Despite of the reduction observed
when lymphocytes where incubated at 37°C, for 30 min after H,O, treatment, no statistically
significant difference was detected. Therefore, this data demonstrated no effective DNA

repair activity in 30 min.

General anaesthesia did not induce apoptosis in T lymphocytes

The percentage of viable, early and late apoptotic helper T cells (CD4"), from all the
patients, at the three sampling times, pointed out that inhalation anaesthesia did not induce
apoptosis in lymphocytes (Table II). A small, but no statistically significant (P>0.05)
decreased of early apoptosis (annexin'/7-AAD’) was visualized at the day after surgery (T3),
when compared to T; and T, (before and 120 min after induction of anaesthesia). Similar

results were found for CD8" (cytotoxic T) cells (Table I1I).

Quantitative real-time RT-PCR (qQRT-PCR)
hOGG1 and XRCC1 genes expression in the blood cells of patients undergoing

general anaesthesia with isoflurane are showed in Figures 2 and 3, respectively. Significant
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down-regulation of hOGG1 was observed at the first day after surgery (T3), when compared
to Ty and T,. XRCC1 also showed down-regulation at Ts (P<0.05), but only in relation to T».
Similarly to hOGG1, the anti-apoptotic gene BCL-2 was down-regulated (P<0.05) at the first
postoperative day (T3) in comparison to T, and T, but no difference was detected between the

first two sampling times (Figure 4).
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Fig. 1. DNA damage (tail intensity; TI) detected by alkaline comet assay in human
lymphocytes collected before (T;), 120 min after induction of anaesthesia (T,), and at the first
postoperative day (T3). (A) strand breaks (B); oxidized purine; (C) oxidized pyrimidine. Data
(box plot) were obtained from 20 subjects and results are expressed as median and quartiles.

P>0.05.



Table 1. DNA damage (tail intensity) and DNA repair activity in lymphocytes of
patients under anaesthesia with isoflurane collected at three time points and in vitro

exposed (or not) to H,O, (100uM).

Tail Intensity
T T T3
Lymphocytes® 2.6[1.3-3.8] 2.6[1.5-6.7] 2.4[1.4-3.5]
H,0, 10.3 [4.6 — 12.8]" 6.9 [2.7—7.8]" 55[2.9-9.4]
Repair? 8.2[5.8—11.6] 5.4[3.2-10.9] 3.1[2.0-8.7]

'Without treatment with H,0, (negative control); “DNA damage evaluated 30 min after
treatment; T;: before anaesthesia; T,: at 120 min after induction of anaesthesia; T;: at the

first postoperative day. “P<0.05: H,0, x Lymphocytes; P>0.05: Repair x H,0,.
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Table 11. Percentage of viable and early and late apoptotic CD4" T lymphocytes from

patients undergoing anaesthesia with isoflurane.

CD4" T lymphocytes

T1 T, T3
Viable cells 91.989.3 -93.7] 91.7 [88.1 —93.2] 93.1[91.2-94.4]
Early apoptosis 7.0 [4.8 -9.8] 7.4[5.5-11.0] 55[42-179]
Late apoptosis 1.0[0.7 -1.2] 0.910.6 —1.3] 1.0[0.6 — 1.5]

T,: before anaesthesia; T,: at 120 min after the induction of anaesthesia; Ts: at the first

postoperative day. Data, obtained from 20 subjects, are expressed as median and quartiles.
P>0.05.
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Table I11. Percentage of viable and early and late apoptotic CD8" T lymphocytes from

patients undergoing anaesthesia with isoflurane.

CD8" T lymphocytes

T T, T3
Viable cells 91.9[87.3-95.6] 92.1 [88.5 -94.2] 93.4[91.4 -95.3]
Early apoptosis 7.9[3.9-12.1] 7.0 [5.4-9.9] 5.3[4.2-8.1]
Late apoptosis 0.2[0.1-0.3] 0.2[0.2-0.4] 0.2[0.2-0.2]

T;: before anaesthesia; T,: at 120 min after the induction of anaesthesia; Ts: at the first
postoperative day. Data, obtained from 20 subjects, are expressed as median and quartiles.

P>0.05.
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Fig. 2. Relative expression of hOGG1l DNA repair gene in blood cells of patients under
general anaesthesia with isoflurane. T;: before anaesthesia; T,: at 120 min after the induction
of anaesthesia; Ts: at the first postoperative day. The horizontal bars indicate median relative
quantification (RQ) in each sampling time; dotted lines indicate the limits of RQ 0.5 and RQ

1.5. Data were obtained from 18 subjects. P<0.05: (T,=T,)>Ts.
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Fig. 3. Relative expression of XRCC1 DNA repair gene in blood cells of patients under
general anaesthesia with isoflurane. T;: before anaesthesia; T,: at 120 min after the induction
of anaesthesia; Ts: at the first postoperative day. The horizontal bars indicate median relative
quantification (RQ) in each sampling time; dotted lines indicate the limits of RQ 0.5 and RQ

1.5. Data were obtained from 18 subjects. P<0.05: T5<T>.
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Fig. 4. Relative expression anti-apoptotic BCL-2 gene in blood cells of patients under general
anaesthesia with isoflurane. T;: before anaesthesia; T,: at 120 min after the induction of
anaesthesia; Tj: at the first postoperative day. The horizontal bars indicate median relative
quantification (RQ) in each sampling time; dotted lines indicate the limits of RQ 0.5 and RQ

1.5. Data were obtained from 18 subjects. P<0.05: (T,=T,)>Ts.

Discussion

The lack of genotoxicity observed in this study is in accordance with the negative
results found when ISF was tested in Samonella typhimurium (Ames test) and in Drosophila
melanogaster by the sex-linked recessive lethal assay (11,30). Similarly, the volatile
anaesthetic ISF did not induce sister chromatid exchanges (SCE) in Chinese hamster ovary
(CHO) and lung (CHL) cells (31,32). The ability of ISF (0.1 to 10 mM) to reach DNA and
cause strand breaks, as depicted by the comet assay, was detected in lymphocytes after in
vitro treatment, but the lesions were completely repaired after 60 min (12). However,
increased DNA damage has been observed in lymphocytes, bone marrow, liver, and brain of
rats exposed to ISF 1% for 30 or 60 min, with no evidence of association between the

genotoxicity and lipid and protein oxidation (33). Our findings also showed that anaesthesia
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with ISF did not induce oxidative DNA damage as recognized by FPG and endo III in the
comet assay. Conversely, a slightly decrease of oxidized bases, especially pyrimidines, was
observed at the first postoperative day. Similar result has been reported in lymphocytes from
patients submitted to inhalation anaesthesia with sevoflurane 24 h after surgery (3).

As far as we know, there are few studies in literature evaluating in vivo genotoxicity of
ISF on human cells. Increased DNA damage has been detected in lymphocytes collected 60
min, 120 min, and at the day after anaesthesia with ISF (1% and 1.5% in O;) in Turkish
patients aged until 66 years, and classified as ASA physical status I and II (with mild systemic
disease and systemic disturbance due to surgical condition), whose have been submitted to
major abdominal surgeries. The data have showed that the level of DNA lesions started
returning to the baseline at the third day after anaesthesia (13,2). Similarly to our results, no
mutagenic activity (SCE) has also been found in lymphocytes of patients before and after
anaesthesia with ISF (34).

When the interference of ISF on DNA repair capability was evaluated, increased
genotoxicity was detected after H,O, treatment, but no reduction was detected after the 30
min period for repairing damage. This apparent inefficiency of the DNA repair system could
be partially explained by the short time for repairing damage. According to Collins et al.,
1997 (35) fresh lymphocytes can take several hours to repair H,O,-induced breaks, differently
to most normal cell lines that take only few minutes. However, when we left lymphocytes
incubated up to 2 h, no repair was also observed (data not shown). No DNA repair in
lymphocytes has also been detected by Visvardis et al., 1997 (36) 2 h after H,O, treatment. It
is known that, immediately after isolation, lymphocytes suffer oxidative damage from sudden
exposure to high O, concentration in atmosphere. Therefore, other explanation for the
apparent slow repair of H,O,-induced breaks could be a continuous input of oxidative

damage, and additional strand breaks, while base excision repair (BER) is proceeding (37).
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It has to be noted that healthy individuals differ in the intrinsic capability in repairing
DNA damage. These variations could be due to gene polymorphisms or to alterations in the
gene expression pattern (38). Therefore, in this study we evaluated the effect of ISF on the
expression of two DNA repair genes in blood cells. hOGG1 removes the 8-oxoguanine (8-
oxoG or 8-oxoGua), a key biomarker of oxidative DNA damage that can enhance
susceptibility to various diseases.

It has been reported that epigenetic events and post-translational modifications of BER
enzymes may alter DNA repair gene expression (39). A possible explanation for the down-
regulation of hOGG1 observed at the first postoperative day could be due to reduced
oxidative DNA damage in that time. As our findings demonstrated, oxidative DNA damage
tends to decrease at the first postoperative day. Perhaps, the stress to which patients are
submitted before surgery may induce more repairable oxidative DNA damage than those
possible caused by the anaesthetics. Other mechanisms, such as cell turnover, could reduce
the number of DNA breaks one day after surgery (3), diminishing the recruitment of OGGI.
Since it has been demonstrated that inflammatory processes can both stimulate transcription
and directly inactivate some repair enzymes (39), other possible explanation for the down-
regulation of hOGG1 would be the increase of inflammatory markers after surgery affecting
gene expression. We have previously observed that patients submitted to surgery under ISF
anaesthesia show high level of pro-inflammatory cytokine IL-6 120 min after anaesthesia,
with more pronounced increase at the first postoperative day (unpublished data). It has
already been reported that inflammatory cytokines seem to inhibit DNA repair in tumor cells
by a nitric oxide-dependent mechanism 1 (40).

It is known that XRCC1 gene is involved in the core processes of single-strand breaks
and base repairs (41,42). However, an over-regulation of repair genes does not necessarily

reflect increased ability for repairing damage. In lymphocytes, mRNA transcripts from
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XRCC1 and hOGGL1 were found to be decreased in response to 20 c¢Gy radiation (43). Several
DNA repair parameters can be studied, but it should be noted that the molecular mechanisms
are only partially elucidated. Repair gene polymorphisms, transcriptional activation/down-
regulation of specific repair genes by inflammatory processes and by certain nutrients, post-
translational modifications of repair enzymes, and other factors, must be better analyzed (39).
As far as we know, there are no data in literature about DNA repair genes expression in
patients submitted to anaesthesia and surgery. Herein, we did not find any change in XRCC1
expression 120 min after the anaesthesia, or at the following day, when compared to the data
before anaesthesia. However, a significant down-regulation was detected after surgery when
compared to the gene expression during anaesthesia.

The inflammatory stress response and the postoperative immunosuppression after
inhalation anaesthesia and major surgery are characterized by peripheral T cell lymphopenia
and leukocytosis (44,45). Nevertheless, evidence regarding immunomodulatory effects of
volatile anaesthetics due to apoptosis is still conflicting. ISF was able to induce dose- and
time-dependent apoptosis in lymphocytes in vitro (21). However, in the same study the
investigators have suggested that those results could not be extrapolated to the clinical
situation because of the high concentrations (until 2.5%) and long duration used for the in
vitro treatment. It has been demonstrated that sevoflurane, and to a lesser extent ISF, induce
apoptosis in human CD3" T lymphocytes, by increased mitochondrial and caspase activation,
but independently of death receptor signaling (46).

In the present study, we evaluated early and late apoptosis using annexin-V/7-AAD by
flow cytometry. Annexin binds to phosphatidylserine, which is normally located on the inner
leaflet of the plasma membrane, but it is externalized to the outer leaflet during apoptosis. The
annexin-V' is an important marker of early apoptosis because it happens before DNA

fragmentation (47). Two major apoptotic signaling pathways are known. The first is triggered
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by cell surface death receptors (tumor necrosis factor - TNF and FAS - CD-95 receptors) also
known as extrinsic pathway, and the second is mediated through the increased permeability of
the outer mitochondrial membrane or the intrinsic pathway. Lymphocytes obtained from
patients anaesthetized with ISF and N,O were susceptible to Fas-mediated apoptosis, a cell
surface protein, which is a member of the TNF receptor family, when cultured 2 h and 24 h
after the surgery (20), but it is hard to know if this effect was caused by ISF or N,O. It is also
difficult to assess whether inhalation anaesthetics or surgical stress are the main cause of cell
apoptosis. A study performed in dogs described that ISF anaesthesia per se or the association
surgery and ISF anaesthesia reduced T cells subpopulation, although the surgery concomitant
to anaesthesia impaired a greater immunocompetence (48). T cells are a critical component of
cellular immunity involved in recruitment and activation of effector cell, as well as
amplification of the specific immune response to pathogens (49). Thus, we have phenotyped
T cells to evaluate apoptosis, and our data showed that anaesthesia with ISF did not enhance
ex Vvivo early or late apoptosis both in CD4" and CD8" cells. Contrarily to other studies (20-
22), we detected a slight, but not statistically significant, decrease of apoptosis of both T
lymphocytes at the first postoperative day. However, differently of those studies, we
evaluated apoptosis in non-cultured cells from physical status I patients.

The overproduction of ROS and the disruption of the mitochondrial transmembrane
potential could be involved in the apoptosis of lymphocytes at postoperative period in
individuals submitted to major surgeries. Therefore, patients with a rise in apoptosis of CD8"
seem to have increased risk for infections (22). On the other hand, a Th1/Th2 ratio has shown
to be decreased after ISF anaesthesia and surgery in patients undergoing craniotomy (50).

T lymphocytes exhibit high rate of apoptosis, as well as of Fas and Fas ligand proteins,
24 h after ISF and N,O anaesthesia in physical status I and II patients submitted to invasive

surgeries, but the baseline is reached 96 h after surgical procedure (22). These same authors
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have also reported a down-regulation of pro-apoptotic p53 and anti-apoptotic protein bcl-2
one day after the anaesthesia/surgery. The proto-oncogene BCL-2, localized in chromosome
18, encodes an integral outer mitochondrial membrane protein that blocks apoptosis of some
cells, such as lymphocytes. Depending on the cell type and differentiation stage, various
transcription factors and regulatory elements have been demonstrated to regulate the
expression of the BCL-2 gene (51). Similarly to Delogu et al., 2000 (22), we also observed
low expression of B-cell lymphoma-2 (BCL-2) transcripts at the first postoperative day.
However, the meaning of the reduced expression of this gene is not clear, since we did not
observe enhanced T lymphocytes apoptosis by flow cytometry. Perhaps, BCL-2 is repressed
one day after surgery to allow damaged cells to die by apoptosis.

Aravindan et al., 2006 (52) have found reduced expression of death receptors, BCL-2,
TP53 and ATM genes in renal cells after 2% ISF, showing an inhibition of apoptosis in rats.
These authors have suggested that ISF has anti-apoptotic activity mediated both extrinsic and
intrinsic signaling pathways. It is believed that short period under anaesthesia with ISF might
provide cytoprotection via preconditioning, whereas prolonged exposures produce direct
cytotoxicity (53). It has been demonstrated that exposure to ISF enhance Bcl-2 protein in
rodent cardiomyocytes in response to hypoxia, while H,O, decreased Bcl-2 production (24).
According to the authors reduction of apoptosis, as well as decrease of myocyte necrosis
contribute to the cardioprotective effects of ISF.

In conclusion, the current study demonstrated that anaesthesia with ISF did not induce
oxidative DNA damage or increased percentage of CD4" and CD8" T apoptosis. Furthermore,
no clear evidence was observed regarding the interference of this anaesthetic on expression of
the DNA repair and apoptosis-genes, although a lower expression was detected at the first

postoperative day in blood cells of ASA I patients submitted to surgery.
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Efeito genotoxico, citotdxico e toxicogendmico da anestesia intravenosa total

com propofol em pacientes sob cirurgia

(Trabalho a ser enviado para a revista Anesthesiology)

Introducdo: Ha grande preocupacdo com os possiveis efeitos colaterais dos anestésicos
utilizados na pratica anestesioldgica. Embora existam evidéncias da acao sobre o sistema
imunologico, pouco se sabe sobre o potencial genotdxico, citotoxico e toxicogendmico
desses compostos em linfécitos de pacientes submetidos a cirurgia. Para melhor
entender os possiveis efeitos da anestesia intravenosa total com propofol, este estudo teve
por objetivo avaliar danos oxidativos no DNA e apoptose em linfécitos, e expressdo de
genes de reparo do DNA em pacientes submetidos a cirurgia eletiva.

Métodos: O estudo incluiu 20 pacientes com estado fisico ASA I, de ambos os sexos,
submetidos a cirurgia otorrinolaringolégica com duracdo de pelo menos 120 min, sob
anestesia intravenosa total. Na inducdo anestésica foram utilizados o fentanil e o
propofol, este inicialmente em dosagem para atingir concentracdo plasmatica de 4 ug
ml™” e, a sequir, 3 a 5 pg ml?, até o final da cirurgia. As amostras de sangue foram
coletadas antes da medicacdo pré-anestésica (M;—controle), 120 min apds a inducéo
anestésica com propofol (M) e no dia posterior ao ato anestésico-cirurgico (Ms). Os
danos oxidativos no DNA foram avaliados pelo teste do cometa, os linfécitos foram
fenotipados em CD4" e CD8" e avaliados quanto a inducdo de apoptose por citometria de
fluxo, e as analises da expressdo dos genes hOGG1 e XRCCL1 foram realizadas por PCR
em tempo real.

Resultados: Ndo foram observadas alteracdes nas taxas de apoptose em linfécitos T
citotdxicos, e de quebras e pirimidinas oxidadas no DNA de linfocitos totais, quando

comparados os trés momentos de amostragem. No entanto, foi detectada reducédo
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significativa de purinas oxidadas no DNA de linfécitos coletados durante a cirurgia
(M), e diminuicdo de linfocitos T auxiliares durante (M,) e um dia apds o ato anestésico-
cirargico (Ms). Foi ainda observada menor expressdo do gene hOGG1l em Mj; (em
relacdo aos outros dois momentos) e do gene XRCC1 em M3, mas apenas em relacéo a
M:.

Conclusdes: A anestesia intravenosa com propofol ndo apresentou efeito genotdxico e
citotéxico em linfdcitos de pacientes submetidos a cirurgia. Pelo contrario, houve
evidéncia de reducdo dos niveis de purinas oxidadas no DNA e de apoptose em linfécitos
T CD4". No dia seguinte ao ato cirdrgico, os genes associados ao reparo por excisdo de

bases do DNA apresentaram 0s menores niveis de expressao.

Desde a introdugdo dos anestésicos inalatorios € venosos na pratica clinica houve a
preocupacdo com a toxicidade organica desses agentes. Atualmente, varios de seus efeitos
adversos sdo conhecidos, embora os mecanismos de toxicidade ndao sejam ainda bem
entendidos. Os anestésicos inalatorios tém atraido especial aten¢dao devido a sua ampla
utilizagdo e seu potencial genotoxico.'™ Entretanto, ha poucos dados na literatura em relagio
aos possiveis efeitos genotoxicos e toxicogendmicos do propofol.”” Em estudo recente,
mostramos que a anestesia venosa com o propofol ndo induziu danos no DNA em leucdcitos
de pacientes submetidos a cirurgia eletiva.®

O propofol (2,6-diisopropilfenol) foi introduzido na pratica clinica ha, aproximadamente,
30 anos, e tem como caracteristicas a rapida acdo, a curta duragdo do efeito e o perfil
farmacocinético apropriado para a sedacio prolongada e para uso em infusdo continua.’ Esse
composto foi o primeiro de uma nova classe de agentes anestésicos intravenosos, 0s
alquilfendis, e ¢é caracterizado pela sua estrutura fenolica semelhante ao a-tocoferol (vitamina

E). Assim, o propofol ¢ também conhecido por sua propriedade antioxidante e como
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capturador de radicais livres.'>'* Recentemente, contudo, observamos que a anestesia venosa
total com propofol, em pacientes submetidos a cirurgia eletiva, nao alterou os niveis
plasmaticos de malonaldeido ou malonildialdeido (MDA), produto de lipoperoxidagdo, e
potencial biomarcador de estresse oxidativo.”®

O organismo, em resposta ao procedimento cirurgico, reage por meio de estresse causado
por alteracdes hormonais, metabolicas, hematoldgicas e imunologicas.'® O ato cirargico pode
intensificar o quadro de estresse oxidativo pela geracdo de espécies reativas de oxigénio
(ROS), que interagem com macromoléculas como proteinas, lipidios e bases do DNA, e que
podem levar a morte celular por apoptose ou necrose, ou enfraquecer o sistema de defesa
biologico.'*"> Contudo, o estresse oxidativo ndo ocorre apenas devido ao trauma do ato
cirargico, mas, também, pode estar relacionado ao agente anestésico.'® Ha relatos de
disfungdo do sistema imunoldgico apds cirurgias, principalmente sob anestesia inalatdria,
levando a profunda, mas transitoria, deplecdo de todos os tipos de linfocitos. No entanto,
pouco se sabe a respeito da anestesia venosa.'”'® Inada et al. (2004)" relataram a reducio da
razdo dos linfocitos T helper Th1/Th2 apds a anestesia com o isoflurano, mas ndo com o
propofol. Foi observado que o propofol apresentou efeito anti-apoptédtico e reduziu a
citotoxicidade in vitro.°

Diante dos dados ainda pouco conclusivos sobre o potencial genotoxico, citotdoxico e
toxicogenomico do propofol, o presente estudo teve como objetivos avaliar as lesoes
oxidativas no DNA, a apoptose em linfocitos ¢ a expressdo de genes relacionados ao reparo

de DNA em sangue periférico de pacientes submetidos a cirurgia eletiva.
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Pacientes e Método

Casuistica

A pesquisa foi registrada no Clinical Trials sob nimero NCT00854178. Apos a aprovagao
do estudo pelo Comité de Etica em Pesquisa da Faculdade de Medicina de Botucatu, o estudo
foi realizado com 20 pacientes de ambos os sexos, com estado fisico classificado pela
Sociedade Americana de Anestesiologia como ASA 1 (individuos saudaveis, que nao
apresentam outra doenga a nao ser a patologia cirurgica) e com idade de 18 a 50 anos. Os
pacientes foram submetidos a cirurgia otorrinolaringolégica, com duragdo de pelo menos 120
min. Foram excluidos os pacientes fumantes, os que receberam radiacao ionizante recente € 0s
que faziam uso regular de bebidas alcodlicas, drogas ilicitas, suplementos vitaminicos ou
medicamentos (exceto para o procedimento cirurgico). A cada paciente foi apresentado o
Termo de Consentimento Livre e Esclarecido e aplicado questionario detalhado sobre os

dados pessoais, informagdes gerais e historia médica.

Procedimento Anestésico

Na sala de operagao (SO), inseriu-se na veia cefalica de um dos bracos um cateter 20G.
Déficits de liquidos foram repostos com solugdo intravenosa (IV) de Ringer lactato 6-8 ml kg’
"'h!. Os pacientes foram monitorados com ECG (Dy e Vs), pressdo arterial ndo invasiva,
frequéncia cardiaca e saturagdo periférica da oxihemoglobina (SpO;) utilizando-se o
biomonitor Dixtal (Modelo DX2010, Manaus, Brasil). Foi feita, também, monitorizacdo do
bloqueio neuromuscular (aparelho TOF Guard, Organon Tekinika, Bélgica). Para evitar
hipotermia no intra-operatorio, os pacientes receberam aquecimento ativo dos membros
inferiores, com manta especifica do aparelho de aquecimento (Warm Touch, modelo 5200,

Mallinckrodt Medical, EUA).
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Os pacientes receberam medicacao pré-anestésica (midazolam 3 mg IV) na SO. Apds pré-
oxigenacdo por 3 min, induziu-se a anestesia venosa total com fentanil (5 pg kg’ IV) e
propofol, este inicialmente em dosagem necessaria para determinar concentracdo sanguinea
predita de 4 ug ml”, para determinar inconsciéncia, seguido de infusdo continua do farmaco
em dosagem necessaria para determinar concentragio plasmatica predita entre ~3 a 5 ug ml”,
utilizando-se a bomba de infusdo Diprifusor (Fresenius Vial, Franca). O aparelho Diprifusor®,
exclusivo para uso do propofol, tem funcionamento que se baseia na farmacocinética do
agente, fornecendo concentragdes plasmaticas chamadas de preditas, pois sdo semelhantes as
que seriam obtidas caso se dispusesse de analises cromatograficas do propofol no plasma.
Como bloqueador neuromuscular utilizou-se o brometo de rocurénio (0,6 mg kg™ IV) para
facilitar a intubacdo orotraqueal. Utilizou-se ventilagdo artificial no modo controlada por
volume (aparelho de anestesia Primus, Drieger Medical, Alemanha), com volume corrente de
8 ml kg e fluxo de gases frescos constituido de oxigénio (0,8 1 min™) e ar (1,2 I min™") em
circuito semifechado com cal sodada para absor¢do do didéxido de carbono (CO,). Utilizou-se
frequéncia respiratoria de 10 a 12 movimentos por min para manter a pressdo expirada de
CO; (PerCO;) de 30 a 35 mm Hg. A adequagdo da anestesia foi verificada pelas respostas
hemodindmicas. A concentracdo plasmatica predita de propofol foi aumentada e doses
adicionais de fentanil (2 pg kg™) e rocurdnio (0,2 mg kg™) foram usadas, quando necessario.

Valores hemodinamicos no periodo controle (antes da medicacao pré-anestésica) e em
conjunto com os valores da concentracao plasmatica predita de propofol foram determinados
apo6s 30, 60, 90, 120 min da indugdo anestésica e no final da cirurgia.

Foram registrados a duracao da cirurgia, a concentracao plasmatica predita € o consumo

total do propofol, fentanil e rocurénio. Ao final da anestesia, os pacientes receberam, ou nao,
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descurarizacio com neostigmina (30 pg kg IV), precedida por atropina (10 pg kg™ IV), de
acordo com a resposta da monitoriza¢gdo do bloqueio neuromuscular.

A desintubacao traqueal foi realizada ap6s a completa reversao do bloqueio neuromuscular
(relagdo T4/T1=1 do nervo ulnar), com o paciente em ventilacdo espontidnea e em condigdes
de atender comandos verbais ou demonstrando inten¢do de realizar auto-extubagdo traqueal.
No final da cirurgia, utilizou-se dipirona 1 g e tramadol 100 mg IV para analgesia pos-
operatoria e ondansetrona 8 mg IV como anti-emético. Se necessario, dipirona 1 g IV foi
usada no primeiro dia do pos-operatério. O uso de outros farmacos, como antibidtico e
corticosterdide, que foram administrados no pods-operatério de alguns pacientes, foi
registrado. Em seguida, os pacientes foram encaminhados a Sala de Recuperagdo Pos-
Anestésica. Nao houve nenhum problema no intra-operatério e os pacientes tiveram boa
recuperagdo apos o ato anestésico-cirurgico e deixaram o hospital de acordo com as normas

de rotina conforme o procedimento cirtrgico.

Coletas de Sangue

As amostras de sangue venoso (15 ml) foram coletadas em tubos contendo heparina sddica
e tubos PAXgene (Qiagen/PreAnalytiX, Suica), anteriormente a medicacdo pré-anestésica
(M;-controle), 120 min apds a inducdo anestésica (M;) e no dia posterior ao ato anestésico-
cirirgico (Ms). As amostras sanguineas coletadas com anticoagulante foram processadas
imediatamente apos a coleta, para avaliagdo dos danos oxidativos no DNA e apoptose. As
amostras coletadas em tubos com estabilizador de RNA (PAXgene) permaneceram por 12 h
em temperatura ambiente, sendo, em seguida, armazenadas em freezer — 20°C para posterior

extracdo do RNA.
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Isolamento de Linfocitos

O isolamento de linfocitos foi feito em Ficoll®.?® Para isso, aliquotas de 2 ml de sangue
total foram homogeneizadas com 2 ml de solucao salina (PBS) e colocadas, cuidadosamente,
sobre 3 ml de Ficoll®. Apos centrifugacdo por 30 min a 2.500 rpm, os linfocitos (halo branco)
foram retirados com auxilio de pipeta e transferidos para outro tubo contendo 4 ml de PBS.
Apos nova centrifugagdo por 15 min, a 1.500 rpm, os linfécitos foram utilizados para a

deteccao de danos no DNA e apoptose.

Avaliacéo dos Danos no DNA pelo Teste do Cometa

O teste do cometa, para a avaliacdo de danos no DNA, foi conduzido de acordo com a
metodologia descrita por Singh et al. (1988)*' ¢ modificada por Tice et al. (1991).** Cada
aliquota de 10 pl de linfocitos isolados foi misturada a 120 ul de agarose de baixo ponto de
fusdo (0,5%) e colocada sobre lamina previamente coberta com uma camada de agarose de
ponto de fusdo normal (1,5%). Apo6s coberta com laminula, a 1amina foi colocada a 4°C, por
5 min, para solidificagdo da agarose. Posteriormente, a laminula foi cuidadosamente
removida e a lamina colocada em solucdo de lise gelada e recém preparada (2,5 M NaCl, 100
mM EDTA, 10 mM Tris, pH 10; Triton X-100 1% ¢ DMSO 10%). Para avaliacdo dos danos
oxidativos no DNA, foi realizada a técnica que utiliza as enzimas endonuclease III (endo III)
e formamidopirimidina-DNA glicosilase (FPG) para detec¢do, respectivamente, de
pirimidinas e purinas oxidadas (Collins et al, 1993).> Apos a etapa de lise, as laminas foram
lavadas em PBS e colocadas em tampao Flare 1x (Hepes 40 mM, KCI1 0,1M, albumina de
soro bovino - BSA 0,2 mg/ml ¢ EDTA 0,5 mM, pH 8) durante 5 min (3 vezes).
Posteriormente, foi adicionado sobre todas as laminas, codificadas de acordo com o
tratamento, 50 ul do tampao de reagdo das enzimas (Flare 10x, H,O autoclavada ¢ BSA;

controle), ou 50 ul de endo IIT (dilui¢ao 1:1.000), ou 50 ul de FPG (diluigao 1:1.000), a fim
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de detectar os diferentes tipos de bases oxidadas no DNA. Todas as laminas foram cobertas
com laminula e incubadas por 30 min a 37°C, em camara imida. Na sequéncia, as laminas
foram colocadas em geladeira por 15 min para solidificagdo da agarose, as laminulas
cuidadosamente removidas, e as laminas transferidas para cuba de eletroforese, a qual foi
preenchida com tampao alcalino gelado e recém preparado (1 mM EDTA e 300 mM NaOH,
pH>13). Apds periodo de 40 min para desespiralizacdo do DNA e expressao dos sitios alcali-
labeis, a eletroforese foi conduzida a 25V e 300mA, por 30 min. Finalizada a eletroforese, as
laminas foram colocadas, por 15 min, em solugdo de neutralizagao (0,4 M de Tris, pH 7.5),
fixadas com etanol absoluto, secas a temperatura ambiente e armazenadas a 4°C. No
momento da andlise, as laminas foram coradas com 50 ul de solucao de brometo de etidio (20
ug/ml), cobertas com laminula e 100 nucledides foram analisados, em microscopio de
fluorescéncia acoplado ao sistema de analise de imagem (Comet Assay Il - Perceptive
Instruments, UK), em aumento de 400X. Como parametro para a mensura¢do dos danos no
DNA considerou-se o tail intensity (% de DNA na cauda). Todas as laminas foram
codificadas e preparadas em duplicata. Linfécitos coletados nos trés momentos do estudo,
foram tratados ou ndo com perdxido de hidrogénio (100 uM H,O, a 4°C, por 30 min) e

utilizados, respectivamente, como controle positivo e negativo.

Fenotipagem de Linfécitos e Avaliagdo de Apoptose por Citometria de Fluxo

A fenotipagem de linfocitos T CD4" (T auxiliar ou helper) e CDS8" (T citotoxico) e a
avaliacdo de apoptose foram realizadas por citometria de fluxo. Antes do inicio da anélise, foi
feita a calibracdo do aparelho FACSCalibur (Becton Dickinson — BD, EUA). O gate
(padronizado em 10.000 eventos, isto €, 10.000 células) na populagdo de interesse (linfocitos)

foi determinado para todas as anélises.
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Para controle negativo, 250 ul de células recém isoladas foram misturadas a 250 ul de
solucdo isotonica (isoton), e a suspensdo incubada, no escuro, por 15 min. Para fenotipagem
das células, 250 pl de células mononucleares foram misturadas a 100 pul de tampao de anexina
V marcada com isotiocianato de fluoresceina - FITC (diluido 1:10), 5 ul de anexina, 5 pl de
7-amino-actinomicina D (7-AAD) e 10 ul de anticorpo anti-CD4. Apds o periodo de
incubagdo por 15 min em local escuro, foram adicionados 400 ul de tampao de anexina. O
mesmo procedimento foi realizado para a fenotipagem das células marcadas com CD8". Apés
a adicdo de cada reagente, os tubos foram agitados em vortex e as amostras foram processadas
no citdmetro, por periodo <1 h. Os dados foram analisados pelos programas Cell Quest ¢
FACScomp (BD, EUA). As células viaveis ndo se coram com anexina nem com 7-AAD,

enquanto as em fase inicial de apoptose coram-se com anexina e as em fase tardia com

anexina € 7-AAD.

Analise da Expressdo dos Genes hOGG1 e XRCC1 por PCR em Tempo Real

Para extragdo do RNA de células de sangue total utilizou-se o PAXgene Blood RNA Kit de
acordo com o protocolo do fabricante (Qiagen/PreAnalytiX, Suica). A concentracdo de RNA
total foi determinada por espectrofotomtetro (NanoDrop ND-1000) e cada amostra foi
avaliada quanto a pureza pela razdo de absorbancia A260/280 nm. Para avaliacdo da
qualidade das amostras, foi feito gel de agarose a 1,5% usando o tampao TBE (tris, acido
borico ¢ EDTA). As amostras permaneceram em freezer -80°C até a ectapa de transcrigdo
reversa, que foi feita com o High Capacity cDNA Reverse Transcription Kit, de acordo com
as instrugdes do fabricante (Applied Biosystems — ABI, EUA) e seguindo ciclagem de 25°C

por 10 min, 37°C por 120 min e posteriormente a 4°C.
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As amostras foram analisadas por polymerase chain reaction (PCR) quantitativa em tempo
real, em termociclador automatico (ABI Prism 7500 Fast, EUA). Os valores de cada amostra
foram normalizados pela razdo entre os valores obtidos para o gene de interesse (hOGG1 ou
XRCC1) ¢ para o gene de referéncia ACTB (B-actina). Os ensaios dos primers e da sonda para
os genes hOGG1 (Hs00213454 ml1), XRCC1 (Hs 00959834 m1) ¢ ACTB (4352935E) foram
delincados pela ABI. Para a amplificagdo foi utilizado o sistema TagMan Universal PCR
Master Mix (ABI), que contém todos os reagentes necessarios para a reagdo. O experimento
foi realizado com volume final de reacdo de 10 pl. A condicao de ciclagem para os genes foi
de 94°C por 10 min para desnaturacdo, seguida de 40 ciclos a 95°C por 15 s e 60°C por 60 s.
Para garantir a auséncia de contaminagdo, utilizou-se, em cada reagdo de amplificacdo, um
controle negativo no (auséncia de cDNA) contendo os iniciadores de cada gene amplificado.
Como controle da quantificagao relativa (QR) dos genes, utilizou-se pool de amostras de
cDNA de individuos saudaveis que nao foram submetidos ao procedimento cirargico. Dessa
forma, o controle foi utilizado em toda placa de 96 pogos, para todos os genes estudados.

Para a quantificagdo do RNA, foram utilizados os valores de Ct (Cycle Threshold) pela
formula 2", Para cada amostra, o valor de ACt foi determinado subtraindo a média das
duplicatas dos valores de Ct do gene de interesse da média das duplicatas dos valores de Ct do
gene referéncia (ACTB). Posteriormente, para determinar o AACt, o valor de ACt de cada
amostra foi subtraido do valor da média de ACt das amostras controle (pool). Este Gltimo

e \ o -AACt 24
valor foi adicionado a férmula 2 .

Para cada amostra foi determinada a quantidade
relativa de transcrito (QR) em cada momento do estudo.

Com base nos resultados das amostras controle (pool de individuos ndo submetidos ao ato
anestésico-cirurgico), considerou-se a faixa “normal” de QR, aquela que ficou entre 0,5 e 1,5.

Dos 20 pacientes avaliados, dois foram excluidos da andlise estatistica para os dois genes de

interesse, por terem sido considerados outliers.
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Anélise Estatistica

A caracterizacdao dos pacientes esta apresentada como média e desvio padrao (X = DP). O
teste ndo paramétrico de Friedman foi utilizado para comparacdo das concentragdes
plasmaticas preditas de propofol, dos parametros hemodinamicos, dos danos no DNA, da
apoptose e da expressao génica (dados apresentados como mediana, 1° e 3° quartis), € o teste
de Tukey foi utilizado para multiplas comparagdes. O teste ndo paramétrico de Mann-
Whitney foi utilizado para comparar duas variaveis, como também para analisar se varidveis
como idade, sexo, IMC, tipo e duragdo da cirurgia e doses dos farmacos utilizadas no intra- €
pos-operatorio dentro do momento, pudessem influenciar na expressao génica. Valores com

p<0,05 foram considerados estatisticamente significativos.

Resultados

Caracterizacdo dos Pacientes e Atributos Hemodinamicos

A Tabela 1 apresenta as caracteristicas da populagdo estudada, tipo e duragdo da cirurgia, e
doses dos farmacos utilizadas no intra-operatério. Os dados mostram que os valores da
frequéncia cardiaca ndo se alteraram ao longo do ato anestésico-cirurgico (p>0,05); que os
valores das pressdes sistolica e diastolica diminuiram significativamente 30 min apds a
inducdo anestésica em relagdo ao controle (p<0,05) (Tabela 2). As concentragdes plasmaticas
preditas de propofol nos momentos 90 ¢ 120 min apos a indugdo anestésica foram maiores

que 30 min ap6s a indugdo (p<0,05) (Fig. 1).

Efeitos do Propofol sobre o DNA
A Figura 2 mostra os danos no DNA de linfocitos de pacientes submetidos a cirurgia e
anestesia venosa com propofol nos trés momentos do estudo. Em relagdo as quebras de fita e

sitios alcali-labeis, ndo houve diferenca significativa entre os momentos (Fig. 2A). Resultado
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similar foi encontrado quanto aos danos oxidativos em pirimidinas (p<0,05) (Fig. 2C).
Entretanto, foi verificada reducao significativa (p=0,009) de purinas oxidadas 120 min apds a
indugdo anestésica, quando comparado a M; e M; (Fig. 2B).

Na Tabela 3 sao apresentados os danos no DNA de linfécitos coletados nos trés momentos
do estudo, e que foram posteriormente expostos (ou ndo) ao peroxido de hidrogénio. De
maneira geral, o mutageno induziu aumento significativo de danos, independentemente do
momento de coleta das células (p<0,05). Excecdo foi detectada para os linfocitos coletados
120 min apos a indugdo da anestesia (M;), demonstrando menor sensibilidade das células a

acdo de espécies reativas sob anestesia com propofol.

Avaliacéo ex vivo de Apoptose em Linfocitos T

A Tabela 4 apresenta a porcentagem de linfocitos T CD4" (T auxiliar) vidveis e em
apoptose nos trés momentos do estudo. Houve aumento significativo de células CD4" viaveis
(anexina/7-AAD") e diminui¢do de apoptose precoce (anexina'/7-AAD’) nos momentos M, e
M3, em relagdo ao momento controle (p<0,05). Nao se observou alteragdo significativa da
porcentagem de apoptose na populagdo de linfocitos citotoxicos (CD8") ao longo dos trés
momentos analisados, embora tenha havido pequena reducao (p=0,08) no dia posterior ao ato

anestésico-cirurgico (Tabela 5).

Propofol e Expressao dos Genes de Reparo de DNA

Os resultados da expressdo do gene hOGGLl nos trés momentos do estudo estdo
apresentados na Figura 3. De maneira geral, a expressdo de hOGG1 em células do sangue
periférico foi significativamente inferior no dia posterior ao ato anestésico-cirargico. Mais
particularmente, em Mj seis pacientes (33,33%) apresentaram expressdo diminuida em

comparagao as amostras controle (pool de individuos ndo submetidos ao ato anestésico-
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ciriirgico), em M; dois pacientes (<0,5) e em M, trés pacientes apresentaram menores valores,
enquanto um paciente apresentou maior expressao (>1,5) do gene.

Com relacao ao XRCC1, nao foi detectada diferenca significativa entre os trés momentos
do estudo, exceto a menor expressdao do gene um dia apds o ato anestésico-cirurgico (Ms),
mas apenas em comparacao a M, (p<0,05) (Fig. 4).

Nenhuma das variaveis analisadas (caracteristicas individuais, tipo de cirurgia e farmacos
utilizados no intra- e pds-operatorio) teve efeito significativo sobre o padrao de expressao de
hOGG1 e XRCCL1 (p>0,05). Contudo, quando 18 pacientes foram distribuidos em dois grupos
de acordo com o tempo de duragdo da cirurgia (grupo A=até 154 mim; grupo B>154 min), a

expressao de XRCC1 foi maior no grupo B (Fig. 5).



Tabela 1. Caracteristicas da populacdo estudada, tipo e

duracdo da cirurgia, e doses dos farmacos utilizadas no

intra-operatorio

Variaveis Numero ou X + DP
Sexo
Maculino 10
Feminino 10
Idade (anos) 27,5+10,5
Peso (kg) 62,8 £9,6
Altura (cm) 165,74+ 6,9
IMC (kg m™) 22,9 +3,1
Duragdo da cirurgia (min) 168,0 &+ 44,0
Tipo de cirurgia
Septoplastia 10
Rinosseptoplastia 4
Sinusotomia 1
Timpanoplastia 5

Dose utilizada dos farmacos
no intra-operatorio
Propofol (mg)
Fentanil (ng)

Brometo de rocurénio (mg)

1.650,2 £431,4
517,5+117,6
48,4 + 10,5

IMC = indice de massa corporea.
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Fig. 1. Concentracdes plasmaticas preditas (ug ml™) de propofol nos momentos seguintes

a inducéo anestésica. "p<0,05 em relagdo a0 momento 30 min (M30) ap6s a inducédo da

anestesia.

Tabela 2. Valores dos atributos hemodinamicos

Tempo (min) apds indugdo
anestésica
Variavel Antes da 30 60 90 120 Finalda Valor
inducéo cirurgia dep
(controle)
FC 77 77 76 81 76 78 0,89
[71:91] [68;84] [64;87] [64:89] [68:84] [62;84]
PAS 116,0 101,0% 107,0 110,0 114,0 120,0 <0,01
[110,0;129,0] [93,0;112,0] [99,0;121,0] [108,0;123,0] [105,0;126,0] [111,0;127,0]
PAD 70,0 58,0% 64,0 65,0 69,0 71,0 0,003
[65,0,74,01  [46,0;67,0] [57,0;73,0]  [55,0;70,0]  [62,0;83,0]  [65,0;79,0]

Valores expressos em mediana e primeiro e terceiro quartis. FC = frequéncia cardiaca, PAS = pressdo arterial

sistdlica, PAD = pressao arterial diastélica. *p<0,05 em relagdo ao momento controle.
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Fig. 2. Danos no DNA (tail intensity) de linfocitos de pacientes submetidos a cirurgia sob

anestesia venosa com propofol nos momentos: Mj: anteriormente a medicacdo pré-anestésica

(controle), My: aos 120 min da inducdo anestésica, Ms: no dia posterior ao ato anestésico-

cirargico. (A) quebras; (B) purinas oxidadas; (C) pirimidinas oxidadas. p<0,05 (M;=M3>M,).

Tabela 3. Danos no DNA (tail intensity) de linfocitos obtidos dos pacientes, tratados ou

ndo com H,O,in vitro

Momentos do estudo

M]_ MZ M3
Linfocitos 2,4[1,5:3,5] 3,6[2,5;6,1] 2,8[1,6;5,9]
H20; 7,3[5,5:12,5]" 4,1[2,3;8,2] 7,1[4,4;10,6]"

Valores expressos em mediana e [primeiro e terceiro quartis]. M;: anteriormente a medicagdo pré-anestésica

(controle), M,: aos 120 min da indugdo anestésica e Mj: no dia posterior ao ato anestésico-cirargico; “p<0,05:

H,0, (100 uM, 30 min, 4°C) x linfécitos.
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Tabela 4. Porcentagem de células T helper viaveis e em apoptose precoce ou tardia nos trés

momentos do estudo

Linfdcitos T CD4* Momentos Valor de p
M M, M

Viaveis 91,8[87,4;94,2] 92,9[88,6;93,9]* 93,1[90,2;95,2]* 0,01

Apoptose precoce 7,0[5,3;12,1] 6,0[5,0;10,4]* 5,8[4,3;9,0]* 0,01

Apoptose tardia 0,5[0,4;0,8] 0,7[0,6;1,1] 0,7[0,4;1,0] 0,23

Valores expressos em mediana e [primeiro ¢ terceiro quartis]. M;: anteriormente a medicagdo pré-anestésica (controle),

M,: aos 120 min da indug@o anestésica e M;: no dia posterior ao ato anestésico-ciriirgico; *p<0,05 versus M;.

Tabela 5. Porcentagem de células T citotdxicas viaveis e em apoptose precoce ou tardia nos

trés momentos do estudo

Linfocitos T CD8" Momentos Valor de p
M, M, M;

Viaveis 91,3[84,8;94,7] 91,8[86,9;95,4]  94,2[90,8;95.,4] 0,08

Apoptose precoce 8,4[4,9;14,6] 7,7(4,5;12,7] 5,5[4,2;9,0] 0,08

Apoptose tardia 0,2[0,1;0,3] 0,2[0,1;0,3] 0,2[0,1;0,2] 0,95

Valores expressos em mediana e [primeiro e terceiro quartis]. M;: anteriormente a medicagdo pré-anestésica

(controle), M,: aos 120 min da indugdo anestésica e M;: no dia posterior ao ato anestésico-cirargico.
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Fig. 3. Quantificacédo relativa (QR) do gene hOGG1 em 18 pacientes avaliados nos trés
momentos do estudo: M;: anteriormente a medicacdo pré-anestesica (controle), M,: aos 120
min da inducdo anestésica e Mjs: no dia posterior ao ato anestésico-cirurgico. As barras
horizontais indicam a mediana da QR em cada momento e as linhas pontilhadas indicam os
limites de QR de 0,5 e 1,5. p<0,05: (M;=M3)>Ms.
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Fig. 4. Quantificacdo relativa (QR) do gene XRCC1 em 18 pacientes avaliados nos trés
momentos do estudo: M;: anteriormente a medicacdo pré-anestésica (controle), M,: aos
120 min da inducdo anestésica e Mj3: no dia posterior ao ato anestésico-cirurgico. As
barras horizontais indicam a mediana da QR em cada momento e as linhas pontilhadas
indicam os limites de QR de 0,5 e 1,5. p<0,05: M3<M,.
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Duragéo da cirurgia

Fig. 5. Quantificacdo relativa (QR) do gene XRCC1 em 18 pacientes avaliados no dia
seguinte ao ato anestésico-cirurgico (Ms), em relacdo a duracdo da cirurgia (expresso em
log 10) (p=0,02).

Discusséo

Desde a introdu¢do dos anestésicos na pratica clinica, hd questionamentos sobre a
toxicidade desses agentes. No entanto, hd, ainda, poucos dados sobre o possivel efeito desses
compostos sobre o material genético. Assim, com a avaliacdo do potencial genotdxico,
citotoxico e toxicogenomico de um dos anestésicos venosos mais utilizados, este estudo
objetivou, também, contribuir para a pratica didria da anestesiologia fornecendo informagdes
que podem auxiliar na escolha da droga com menor efeito colateral ou deletério para o
paciente.

Este estudo incluiu individuos adultos ASA I, de ambos os sexos, com indice de massa
corpdrea considerada normal. Essas caracteristicas foram consideradas relevantes por conta da
farmacocinética e farmacodinamica do propofol, que podem ser alteradas por fatores como
sexo, idade, peso e doenca pré-existente.” >

Com relagdo ao potencial genotdxico do propofol e de seus metabolitos, resultados

negativos, semelhantes ao do presente estudo, foram observados em testes de mutagenicidade
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em bactérias (Salmonella typhimurium), fungos (Saccharomyces cerevisae)” e em cultura de
células (CHO) de mamifero.”® In vivo, auséncia de danos genéticos (troca entre cromatides
irmas) foi verificada em linfocitos de criancas submetidas a anestesia com propofol e cirurgia
pouco invasiva.” Da mesma forma, pacientes sob anestesia venosa com propofol e submetidos
a cirurgia cardiaca nio mostraram aumento no numero de aberracdes cromossdmicas.’

O teste do cometa, na versao utilizada neste estudo, detecta além de quebras de fita simples
e dupla e sitios alcali-labeis, alteracdes oxidativas do DNA.*'* O menor nivel de purinas
oxidadas observado 2 h apds a inducdo anestésica poderia ser, talvez, explicado pela
propriedade antioxidante do propofol. Este poderia atuar reagindo com radicais livres
induzidos pelo estresse cirargico, ou pelo proprio metabolismo do individuo, impedindo as
lesdes no DNA. Os resultados observados apds o tratamento in vitro dos linfocitos com o
peroxido de hidrogénio, em que houve menor indugdo de danos no DNA em células coletadas
durante o ato anestésico-cirurgico (momento de maior concentracdo de propofol), corroboram
a maior resisténcia dessas ao ataque de ROS. Assim, a diminui¢do de purinas oxidadas aos
120 min apo6s inducdo anestésica poderia estar relacionada a concentragdo plasmatica predita
do propofol utilizada durante o procedimento anestésico-cirtirgico (em torno de 4 pg ml™). O
propofol é capaz de inibir a peroxida¢ao lipidica plasmatica nas concentragdes normalmente
utilizadas na pratica anestésica.'® Por outro lado, alguns autores acreditam que o propofol
somente apresenta atividade antioxidante quando utilizado em altas concentracdes, maiores
que as que sio normalmente utilizadas na pratica clinica.”> No entanto, nossa pesquisa
demonstrou que linfocitos humanos expostos a concentragdes como as utilizadas na pratica
clinica, apresentaram menor nivel de danos oxidativos no DNA. Foi anteriormente
demonstrado por outros autores que o propofol (at¢ 1 mM) é capaz de reduzir a citotoxicidade
e prevenir os danos no DNA induzidos por peroxinitritos em cultura de astrocitos, fato que

pode ser relevante a neuroprote¢io durante anestesia venosa.’
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A anestesia geral e o estresse cirurgico sao considerados indutores de imunossupressao,
por interferirem no sistema imunoldgico, ou por ativarem o eixo hipotalamo-hipofise-adrenal
do sistema nervoso autdbnomo simpatico.>> Durante situacdes de estresse, como cirurgia ou
dor pds-operatéria, os farmacos anestésicos podem estar associados a imunossupressao no
periodo perioperatério, em virtude da acdo direta sobre a imunidade celular, uma vez que
podem alterar fungdes de células imunocompetentes e a expressao de genes responsaveis pela
producdo de mediadores inflamatorios. Assim, a imunossupressdo pos-cirurgica pode
aumentar a possibilidade de o paciente apresentar infec¢des no periodo pos-operatorio.>
Entretanto, na presente avaliagdo ndo foi detectada taxa aumentada de células CD4" e CD8"
em apoptose precoce 2 h apds a indugdo da anestesia, ou mesmo no dia posterior ao ato
anestésico-cirurgico, fato que pode indicar auséncia de efeito imunossupressor do propofol,
com relacao aos linfécitos T auxiliar e citotoxico. Contudo, deve ser ressaltado que em nosso
estudo foram analisados apenas pacientes submetidos as cirurgias eletivas
otorrinolaringolégicas e que, a lesdo tecidual induzida por procedimentos minimamente
invasivos tém pequeno efeito sobre o sistema imunologico, diferentemente do que ocorre, por
exemplo, com as cirurgias abdominais e ortopédicas.**

Outro aspecto que pode ser considerado ¢ a possibilidade do propofol, devido ao seu
potencial antioxidante e meia-vida de 4 a 23,5 h,>>?® ter prevenido a morte celular por
apoptose em linfocitos T CD4" durante o ato anestésico-cirargico até o dia posterior a
cirurgia, mesmo em baixas concentra¢des. Estudos anteriores demonstraram que o propofol
ndo induz apoptose em linfocitos T in vitro e que, em concentragdes similares as utilizadas na
pratica clinica, ndo induz apoptose em células mononucleares tratadas com lipopolissacarideo
(LPS).””?® Pelo contrario, ha estudo que demonstra que o anestésico apresenta efeito anti-
apoptético, aumentando a expressdo da heme oxigenase (HO)-1 e inibindo a caspase 3, em

astroglias.® Em 2002, contudo, foi reportado que o propofol induz apoptose em cultura de
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células promielociticas de leucemia (HL-60), via ativagao de caspases 3, 6, 8 ¢ 9, e pela via
mitocondrial.”’ Esses autores ressaltaram, no entanto, que diferentes tipos celulares
respondem de maneiras diferentes aos mecanismos de apoptose, € que as células HL-60 sao
sensiveis aos estressores pro-apoptoticos.

Com relagdo a porcentagem de linfécitos CD4", a maior propor¢io de células viaveis
observada nos periodos intra- e pds-operatorios esta de acordo com o descrito por Pirttikangas
et al. (1996)," que detectaram, em idosos submetidos a cirurgia oftalmoldgica e anestesia
com propofol ou isoflurano, aumento da subpopulagao de T auxiliar no final da cirurgia e na
manhad seguinte ao ato anestésico-cirurgico. Relatos semelhantes mostraram aumento de
linfocitos T, principalmente de CD4" e reducdo das células “natural killers” (NK) em

1Y Aumento do ntimero absoluto de células T

pacientes sob anestesia com propofol e fentani
CD3" devido ao aumento exclusivo de linfocitos CD4", mas ndo de CD8", foi observado 2 h
apos inicio de cirurgia sob anestesia intravenosa com propofol e sufentanil em pacientes ASA
1.* As células CD4" tém papel critico na resposta imune, sendo seus efeitos dependentes,
principalmente, da producio e liberacdo de citocinas.” Nesses mesmos pacientes submetidos
a cirurgia eletiva e anestesia com propofol, detectamos aumento de citocinas pro-
inflamatorias (IL-6 e IL-8) no dia posterior ao ato anestésico-cirurgico (dados ainda nao
publicados).

Os radicais livres s3o moléculas importantes para o organismo, sendo gerados em
processos fisiologicos normais, incluindo o metabolismo aerdbico e a resposta inflamatoria.
Por outro lado, sabe-se que esses mesmos radicais podem, também, induzir danos celulares.
Em consequéncia, uma série de mecanismos, como reagdes antioxidantes e sistema reparo do
DNA, protege as células dos ataques dessas moléculas.** O sistema de reparo do DNA,

responsavel pela manuten¢do da integridade do genoma, atua por meio de varios mecanismos,

dentre os quais a excisdo de bases (BER), o reparo de desaminagdes espontineas ¢ de



71

oxidagdes e alquilacdes no DNA.*> O gene XRCC1 codifica a proteina XRCC1, que esta
envolvida no reparo de quebras de fita simples do DNA via BER, inclusive de danos
induzidos por ROS e por agentes ionizantes e alquilantes.”® O gene hOGG1, por sua vez,
codifica a enzima 8-oxoguanina DNA glicosilase 1 (OGG1), que atua na remog¢ao do aducto
8-oxoguanina, também pelo mecanismo de BER.?” Nossos dados mostraram que o propofol
parece ndo atuar diretamente sobre o padrido de expressdo desses dois genes (hOGGL ¢
XRCC1), uma vez que os menores valores (de expressao) foram observados no dia posterior a
indugdo anestésica, momento em que os pacientes ja ndo estdo sob efeito do anestésico.

No entanto, uma possivel explicagdo para a menor expressao dos dois genes observada
apos a cirurgia, poderia ser a reducao dos niveis de purinas oxidadas em linfocitos, observada
ap6s a indugdo da anestesia com o propofol. Com isso, as células ndo teriam recebido
estimulo para acionar os genes responsaveis pelo reparo de danos no DNA. Contudo,
ressaltamos que neste estudo a avaliagdo da genotoxicidade foi realizada em linfocitos,
enquanto a da expressao génica foi em células de sangue total. Outro fator que poderia ter
interferido no padrao de expressao génica ¢ o aumento plasmatico das citocinas inflamatoérias
IL-6 e IL-8, que foi previamente observado no dia posterior ao ato cirirgico (dados ainda nao
publicados). Ja foi descrito, por exemplo, que em células tumorais, citocinas inflamatérias
parecem inibir o sistema de reparo do DNA.*® Por outro lado, a alteragdo do padrio de
expressdo de genes de reparo ndo reflete, necessariamente, a maior habilidade de reparo dos
danos genéticos. Niveis diminuidos de RNAm dos genes hOGG1 e XRCC1 ja foram descritos
em linfocitos apds a exposi¢io a radiagdo.*’

Com relagdo ao possivel efeito dos outros farmacos utilizados para a indugdo anestésica no
presente estudo, diferentemente dos efeitos inibitdrios da morfina, os opidides sintéticos como
o fentanil, parecem ndo alterar o sistema imune em resposta ao estresse cirirgico.’* Além

disso, ja foi relatado que as drogas midazolam, fentanil, neostigmina e atropina, também
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utilizadas neste estudo, ndo apresentam atividade antioxidante, agdo sobre o sistema imune e
efeito genotoxico.”*>?

Concluindo, os resultados ora apresentados mostram que a anestesia intravenosa total com
propofol ndo induz lesdes genotodxicas e citotoxicas € nao parece ter agao direta sobre o
padrdo de expressdo dos genes hOGG1 e XRCC1 em células do sangue periférico de pacientes
submetidos as cirurgias eletivas. Contudo, este estudo gerou questdes que devem ser ainda
avaliadas. Por exemplo, como seria o padrdo de expressdao génica se 0s mesmos pacientes nao
estivessem sob estresse anestésico-cirurgico? Esse tipo de anestesia teria 0 mesmo efeito em
pacientes com estado fisico mais grave e submetidos as cirurgias de grande porte e invasivas?
Existe relacdo direta entre os niveis de transcricdo dos genes de reparo e o nivel de proteinas
sintetizadas atuantes? Qual a relagdo entre os resultados encontrados ¢ os niveis de
catecolaminas e de cortisol? O periodo de coleta das amostras de sangue (manha, tarde ou

noite) poderia interferir nos resultados, ja que o metabolismo varia durante o dia? Os efeitos

da anestesia com o propofol seriam os mesmos em outro tipo celular?

Apoio Financeiro concedido pela Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP — Sao Paulo, Brasil) proc. nimeros 06/59625-6 e 06/58847-5. Os autores nao tém

conflitos de interesse a declarar.
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Background and objectives Inhaled anaesthetics have
been studied regarding their genotoxic and mutagenic
potential in vivo. Prepofol differs from volatile anaesthetics
because it does not show mutagenic effects and it has been
reported to be an antioxidant. However, there are no studies
with propofol and genotoxicity in vivo. The study aimed to
evaluate the hypothesis that propofol is not genotoxic and it
inhibits lipid peroxidation Imalondialdehyde (MDA) in
patients undergoing propofol anaesthesia.

Methods ASA physical status | patients scheduled for
elective surgery, lasting at least 90 min, were enrolled in this
study. Initially, the estimated plasma concentration of
propofol was targeted at 4 pg mli™" and then maintained at
2-4 ugml ' until the end of surgery. Haemodynamic data
were determined at baseline (before premedication)

and in conjunction with target-controlled infusion of
propofol: after tracheal intubation, 30, 80 and 90 min after
anaesthesia induction and at the end of the surgery.
Venous blood samples were collected at baseline,

after tracheal intubation, at the end of the surgery

and on the postoperative first day for evaluating DNA

Introduction

Deoxyribonucleic acid (DNA) is continuously exposed to
exogenous and endogenous compounds that can modify
its function. Within exogenous agents, inhaled anaes-
thetics such as halothane, isoflurane and sevoflurane have
been studied regarding their genotoxic and mutagenic
potential 7z vrve [1-4]. Propofol (2,6 diisopropylphenol),
a rapid-onset, short-acting intravenous anaesthetic, is
widely used for the induction and maintenance of anaes-
thesia as well for long-term sedation in the intensive care

unit [5.6].

Genotoxic assays are commonly used in humans to
monitor DNA damage. The single-cell gel electropho-
resis assay (comet assay) has been widely used in both in-
vitro and in-vivo studies, because it is a simple and
sensitive methodology for measuring single-strand and
double-strand breaks, alkali labile sites, oxidative lesions
and DNA repair [7]. The comet assay belongs to the
group of indicator tests, as opposed to mutagenicity tests,
because it detects DNA damage chat may resulc in
mutations. Due to the assay’s methodological advantages
and its increasing acceprance within the scientific com-

0265-0215 © 2009 Copyright European Society of Anaesthesiclogy

damage in white blood cells (WBCs), by comet assay, and
MDA levels.

Results Haemodynamic data did not differ among times.
No statistically significant differences were cbserved for the
levels of DNA damage in WBCs, norin plasma MDA, among
the four times.

Conclusion Propofel does not induce DNA damage in
WBCs and does not alter MDA in plasma of patients. Eur J
Anaesthesiol 26:654-660 © 2009 European Society of
Anaesthesioclogy.
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munity, the comet assay is gaining in importance and
already has a significant role in genotoxicity testing
strategies [8].

Propofol differs from volatile anaesthetics such as iso-
flurane and sevoflurane because it does not show muta-
genic effects i virro and iz vive [6,9,10]. Some studies
had already showed the genotoxicity of the inhaled
anaesthetics, evaluated by the comet assay [2—4]. How-
ever, there are no studies with propofol and comet assay
in V.

Propofol was the first of a new class of intravenous
anaesthertic agents, the alkylphenols [11], and it contains
a phenolic structure similar to a-tocopherol and butylated
hydroxytoluene, known as free radical scavengers [12,13].
It is well known that reactive species interact with
macromolecules, modifying their structure or function
and may conduct to abnormalities that affect cell or tissue
functions leading to cell transformation or death [14].

Propofol has been reported to be an antioxidant [15] and
it can attenuate lipid peroxidation [16,17]. As surgery not
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only intensifies the oxidative stress by generating reactive
oxygen species (ROS) burt also weakens the biological
defence system against ROS artack, the antioxidant
activity of drugs used during the perioperative period,
which possibly normalizes the impaired redox state in
the patient, is of fundamental importance and great clinical
interest [18]. By inhibiting lipoperoxidation and blocking
formation of malondialdehyde (MDA), propofol can pro-
tect blood and other tissues from ROS and other sicuations
as reperfusion injury after ischaemia [12,17]. Therefore,
the study aimed to evaluate the hypothesis that propofol is
not genotoxic and inhibits lipid peroxidation (MDA} in
patients undergoing propofol anaesthesia.

Methods

This study was approved by the Medical Ethics Com-
mittee from the Botucatu Medical School, UNESP.
Twelve adult ASA physical status I patients, aged
19-50 years and scheduled for elective minor surgery
(ophthalmology, othorinolaringology or plastic surgery}
lasting at least 90 min, were enrolled in this study. All of
them answered a detailed questionnaire about their
lifestyle, health status and previous exposure to environ-
mental pollutants and signed the informed consent.
Patdients with some disease, smokers, alcoholics and those
who were under medication or received radiation were
excluded. None of the patients’ histories indicated prior
use of antioxidant supplement. So, we have limited the
confounding factors to avoid possible additional DNA
damage. Then, in our study, all the patients were healthy
and they were their own controls (before anaesthesia and
surgery — baseline).

Anaesthetic procedures

In the operating room, a 20-gauge peripheral intravenous
line was inserted in the cephalic vein of the arm. Fluids
deficits were replaced with lactated Ringer’s solution at
6-8mlkg™" h™"'. Standard clinical monitoring was per-
formed: electrocardiogram (DI lead), peripheral oxygen
saturation (Sp0,), noninvasive arterial pressure (systolic
and diastolic) and monitoring of neuromuscular blockade
by train-of-four count at the adductor pollicis (T'OF-
Guard, Organon Teknika/Biomerter, Denmark). To avoid
intraoperative hypothermia, the patients received active
skin-surface warming with a specific blanket from a
warming device (Warm Touch, model 5200; Mallinckrodt
Medical, Hazelwood, Missouri, USA). All patients were
premedicated in the operating room with midazolam
3 mg intravenously (Dormonid, Roche, Sdo Paulo, Brazil).
After preoxygenation for 3 min, anaesthesia was induced
with fentanyl 5 g ke ™! intravenously (Fentanil, Janssen,
Sdo Paulo, Brazil) and a target-controlled infusion of
propofol (Diprivan PFC, Astra Zeneca, Milan, Italy)
was administered 2 min later by a computer-controlled
infusion pump {Dhiprifusor, Fresenius Vial, Brezins,
France). Inidally, the estimated plasma concentration
of propofol was targeted at 4 pgml™ in order to reach
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loss of consciousness. Rocuronium bromide 0.6 mgkg *
intravenous (Esmeron, Organon, Holland) was given to
facilitate orotracheal intubation. Estimated plasma
concentration of propofol was maintained at 2—4 pgml™"
until the end of surgery. The lungs were mechanically
ventilated using volume-controlled mode (Primus anaes-
thesia machine, Drager Medical, Germany) with a tidal
volume of 8mlkg™" of 40% oxygen {0.81min™") in air
{1.21min™") and a respiratory rate of 10—12 breaths/min
to maintain an end-tidal CO, (PgrCO;) concentration of
30-35mmHg. Nitrous oxide was never used in order to
avoid possible additdonal DNA damage. Adequacy of
anaesthesia during maintenance was assessed based on
haemodynamic responses. Estimated plasma concen-
tration of propofol was increased and additional doses
of fentanyl 2 ugkeg ! and rocuronium 0.2 mgkg ! were
used when necessary if the patients were judged to be
inadequartely anaesthetized.

Haemodynamic data at baseline (before premedication}
and in conjunction with target-controlled infusion of
propofol were measured after tracheal intubation and
after 30, 60 and 90 min of anaesthesia induction and at
the end of the surgery. Neuromuscular block was
reversed with neostigmine 3 wekg ™" (Normastig, Unido
Quimica, Sio Paulo, Brazil) and atropine 10pgkg *
intravenously {Atropion, Ariston, Sdo Paulo, Brazil) at
the end of surgery. Tracheal extubation was performed
after full reversal of neuromuscular blockade (ulnar nerve
T4/ T ratio = 1), spontaneous ventilation and the ability
to follow verbal comments or else demonstrate purpose-
ful unilateral movement (attempting self-extubation).
Ondansetron 8 mg intravenously (Nausedron, Cristalia,
Sio Paulo, Brazil) was utilized for antiemesis. Intrave-
nous dipyrone 1g (Novalgina, Hoechst, Ric de Janeiro,
Brazil) and tramadol 100 mg (Tramal, Pfizer, Sio Paulo,
Brazil) were used for postoperative analgesia at the end of
the surgery. If necessary, dipyrone 1 g intravenously was
used the first day postoperatively. The duration of anaes-
thesia and intraoperative propofol (mg), fentanyl (pLg) and
rocuronium {mg) dosages were recorded.

Assessment of genotoxicity and oxidative stress

Venous blood samples were collected in EDTA tubes
(5ml) at four times: before patients were premedicated
(M, baseline), after tracheal intubation (M), at the end
of the surgery (M) and at the postoperative first day (M,).
All samples were coded. A volume of 10 .l of whole blood
was used for the comet assay and the remaining blood was
centrifuged at 1500 rpm for 10 min and plasma was stored

at —70°C until MDA analysis.

The comet assay followed the protocols described by
Singh er al. [19] and Tice e af. [20], with some modifi-
cations. Every step was carried out under indirect light. A
volume of 5l of fresh collected blood was added to
100 pl of 0.5% low melting point agarose at 37°C, layered
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into a precoated slide with 1.5% normal agarose, covered
with a cover slip and left for 5 min at 4°C o solidify the
agarose. Afterwards, the cover slip was carefully removed
and slides immersed inco a cold lysis solution (2.5 mol 1™
NaCl, 100 mmol 17" ED'TA, 10 mmol1™" 'T'ds, pH 10; 1%
Triton X-100 and 10% dimethyl sulfoxide) for 3 h. Slides
were then washed in phosphate buffered saline (PBS) for
5min and immersed into a freshly prepared alkaline
buffer (1mmoll™" EDTA, 300mmoll™" NaQH, pH
>»13) in a horizontal electrophoresis tank. After 20 min
DNA unwinding period, electrophoresis was conducted
at 25V (0.8 Vem 1) and 300mA for 20 min. Following
15 min neutralization (0.4moll™" Tris, pH 7.5), slides
were fixed with absolute ethanol and stored at 4°C. Prior
to analysis, the slides were stained with 50 (L] of ethidium
bromide (20 wgml™) and scored in a fluorescent micro-
scope at 400 magnification. Images from 100 nucleoids
(50 from two replicate slides from each sample) were
analysed per time per patient, using the Comet Assay II
image system (Perceptive Instruments, Haverhill,
Suffolk, UK). Lymphocytes treated with 200 umoll™
of hydrogen peroxide (H.O;) for Smin, at 4°C, were
used as positive control, every time an electrophoresis
was performed {data not shown).

Tail intensity (percentage of tail DINA) and rail moment
(tail DNA X total DNA by the tail centre of gravity), both
in arbitrary units, were calculated to estimate DNA
damage. Coded slides were used and a blind analysis
was done.

Lipid peroxidation in the plasma was determined accord-
ing to the protocel adapted by Templar er @/, [21], where
MDA produced during lipid peroxidation of lipids served
as an index of oxidative stress. MDA reacts with
2-thiobarbituric acid (T'BA) to generate a pink product,
which is measured at 553 nm by fluorescence detector.
MDA in plasma was measured using an automated
Waters High Performance Liquid Chromatography
(HPLC; Alliance model 2695; Milford, Massachusetts,
USA). One hundred microlitres of plasma were mixed
with 500 pl of trichloroacetic acid (T'CA, 10% w/v) and
10 ul of burylated hydroxytoluene (BHT, 5% in EcOH)
to stop further lipid peroxidation, vortexed and placed in
a waterbath at 95°C for 20 min. At the end of incubation,
the samples were cooled at room temperature for 5 min
and centrifuged for 10 min at 14 000 rpm. Three hundred
microlitres of supernatant were combined with 50 pl of
KOH (3.065moll™") and 630l of TBA (0.4% wjv in
acetate buffer, pH 3.5}, vortexed, incubated at 95°C for
45 min, cooled at room temperature for Smin, filtered
(0.45 pm} and injected onto HPLC system. The mobile
phase was isocratic with phosphate buffer and aceto-
nitrile, with a flow rate of 0.8 mlmin~", in a C18 column
was used (Waters, 4.6mm x 75mm, 3.5 um). The lipid
peroxidation was monitored from a calibration curve

for 1,1,3,3-tetraethoxypropane (TEP}. The content of
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cellular membrane TBA reactive substances (TBARSs)
was expressed in nanomol of MDA per millilitre.

Statistical analysis

The sample size of the group was estimated by literature
data [2,3]. The software ‘Statistica 6.0° was used for
statistical analysis. DINA damage dara (rail intensity
and tail moment), expressed as median and first and
third quartiles, were analysed using the Friedman test,
whereas haemodynamic, target-controlled infusion of
propofol and MDA data were expressed as mean
(X) £ 8D. Analysis of variance was used for repeated
measures. The power of the test used was 80% and
the significance was set at P < 0.05.

Results

Table 1 shows the general characteristics of the studied
population. Qur study included healthy adult persons
with ASA I, of both sexes, with BMI considered normal.
These aspects are important because pharmacokinetics
of propofol can be altered with age and weight. All
patients were submitted to elective noninvasive surgery.

Haemodynamic data (heart rate, systolic and diastolic
pressures) did not differ significantly (P >»0.05) among
the dmes (Table 2}. Target-controlled infusion of pro-
pofol decreased significantly (P < 0.05) after tracheal
intubation, during the first hour (30 and 60min) of
anaesthesia and at the end of the surgery in relation to
anaesthesia induction.

Table 3 presents DNA damage (tail intensity and tail
moment, respectively) in white blood cells (WBCUs) from
patients submitted to propofol anaesthesia, detected by
the alkaline comet assay. No statistically significant
differences among the four times were observed, in both
parameters (P> 0.05), showing lack of genotoxicity of
propofol # wvive. Figure 1 shows undamaged and
damaged DNA from nucleoids of WBCs from a patient
submitted to propofol anaesthesia.

Table 1 General characteristics of the studied population

Sex Male 5
Female 7

Age (year) 288198

Weight (kg) 62.3+£10.3

Height {cm) 1656.9+6.2

BMI (kgm 2) 22.6+£3.1

Type of surgery Mammoplasty 2
Corneal tfransplantation 1
Tonsilloadenoidectomy 1
Septopasty 3
Tympanoplasty 15}

Duration of anaesthesia {min) 152.04+47.0

Intraoperative anaesthesia Propafol {mg} 1335.0+317.0
Fentanyl (ng) 433.0+130.0

Rocuronium (mg) 66.0+16.0

Data are mean £ SD or numbers of patients.
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Table 2 Haemodynamic data
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Time after anaesthesia induction (min)

Baseline After tracheal intubation 60 20 End of surgery P
HR (beats min~') 75+ 11 74418 74+9 74417 72420 72+16 0.99
SAP (mmHg) 122416 108 +14 107 £ 16 117+£17 116 £ 16 116 4+23 0.13
DAP (mmHg) 70+12 62414 65+ 11 65+18 65+ 11 70+17 0.29

Data are mean + SD. DAP, diastolic arterial pressure; HR, heart rate; SAP, systolic arterial pressure.

Representative chromatogram of plasma MDA from a
patient during propofol anaesthesia is shown in Fig. 2.
No statistically significant differences (P> 0.05) were
observed for the MDA (nmol ml '_) measures in plasma
from patients among all times studied (Fig. 3). Thus,
propofol did not decrease lipoperoxidation.

Discussion

The most important findings of this study are that the
propofol is not genotoxic in WBCUs and it does not
decrease plasma lipid peroxidation in ASA I patients
undergoing elective surgery.

The comet assay is capable of detecting DNA damage
with great sensitivity and it has been used for identifying
genotoxins in environmental and occupational biomoni-
toring studies, functioning as a complementary tool for
clinical research [22,23]. It 1s particularly useful as a tool
for the evaluation of local genotoxicity, especially for
organs/cell types which cannot easily be evaluated with
other standard tests. A positive result in an appropriately
performed in-vivo comet assay indicates genotoxicity of
the test compound in the tissue tested and gains particu-
lar significance when a mutagenic potential of the test
compound has already been demonstrated i vitro. Such
findings will have practical consequences in the risk-
assessment processes and further development of sub-
stances. A negative result indicates the absence of geno-
toxic activity of the test compound detectable by the
comet assay in the organ(s) tested [8], as observed in our
study with propofol anaesthesia. Human biomonitoring
studies using this assay provide an efficient tool for
measuring human exposure to genotoxicants, thus help-
ing in risk assessment and hazard identification. DNA
lesions leading to effects in the comet assay can not only
be strand breaks, which may be relevant for the formation
of chromosome aberrations, but also DNA modifications

Table3 DMNA damage (tail intensity and tail moment) of white blood
cells

Tail intensity Tail moment

0.88 [0.47, 1.15]
1.19 [0.76, 1.59]
0.91 [0.61, 1.20]
0.94 [0.72, 1.26]

0.22 [0.09, 1.34]
0.22 [0.09, 1.01]
0.29 [0.10, 0.76)
0.13 [0.07, 0.18]

Baseline

After tracheal intubation
End of the surgery
Postoperative first day

Data are median [first, third] quartiles. There are no significant differences among
times (P> 0.05).

such as abasic sites with relevance for the induction of
gene mutations. However, it has to be recognized that the
primary lesions detected by the comet assay may also be
correctly repaired without resulting in permanent genetic
alterations. Other drawbacks such as technical variability
and interpretation are some of its disadvantages [24].

This assay has been used to demonstrate that propofol
artenuates peroxynitrite-mediated DNA damage and
apoptosis in cultured astrocytes [11]. It has been reported
that propofol and its metabolites did not induce sister
chromatid exchanges (SCEs) in Chinese hamster ovary
cells [9]. In addition, this anaesthetic did not induce
SCEs in children lymphocytes [10] and did not increase
chromosomal aberrations in cardiac surgery patients [6].
Such data give support to our findings that showed the
absence of propofol genotoxicity by using the alkaline
version of the comet assay. Our study is the first one to
demonstrate that propofol is not genotoxic in vive. It is
important to conduct in-vitro experiments to understand
a substance’s mode of action, but it is essential to evaluate
genotoxicity in the whole organism. If a drug was shown
to induce genotoxic effects in vitro, a negative in-vivo
comet assay, generally in combination with other nega-
tive tests, provides further evidence that genotoxic
effects detected in witro have no relevance for the
in-vivo situation [8].

Fig. 1

Representative comet images from nucleoids of human white blood
cells during propofol anaesthesia without damage (‘round’) and with
DNA damage (‘comet’). DNA was stained with ethidium bromide.
Bar=5pm.
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Fig. 2
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The time point ‘after tracheal intubation’ was selected
to evaluate whether DNA damage was associated with
anaesthesia and not with surgery and also to evaluate a
possible effect of the stress induced by tracheal intuba-
tion. According to Alleva ef @/, [4], it is difficult to assess
w2 vive whether anaesthetics or surgical stress is the main
cause of the cell damage. These authors evaluated geno-
toxicity in patients submitted to sevoflurane anaesthesia
and did not find significant alterations in DNA after
15 min anaesthesia induction before surgery. These data
are in agreement with those seen in our study. The
genotoxicity study at the postoperative first day was
chosen for two reasons. First, the duration of 90 min of
surgery could not be sufficient to reveal a genotoxic effect
of propofol, so blood samples were collected in the first
day of the surgery. Second, if DINA damage was increased
at the end of the surgery, it would be important to
evaluate the capacity of the repair system in removing

Fig. 3
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the lesions until 24 h after surgery. However, no signifi-
cant DNA damage was found among the times studied.

Few studies have demonstrated that genetic material can
be damaged with the halogenated anaesthetics [2-4].
These authors included patients classified as physical
status | and 1l (a patient with mild systemic disease,
systemic disturbance due to surgical condition), aged
patients [2,3] submitted to major orthopaedic [4] or
abdominal surgeries [2,3]. It is known that DNA can
be damaged by many factors such as age and diseases,
as diabetes type 1 and 2, atherosclerosis, Alzheimer’s
disease [25-28], among others. Our study has enrolled
no elderly patients and all of them were classified as ASA
I (a normal healthy patient, no disease other than surgical
abnormality, no systemic disturbances), undergoing
minor surgeries. So, we tied to limit the confounding
factors to aveid pessible additional DNA damage,
because the comet assay is essentially a comparative
test. Under this condition, the patients were their own
controls.

Blood is a very convenient source of cells for genotoxic
menitoring in human. The advantages of WBCs are clear:
they are easily obtained, are in large numbers and do not
require tissue disaggregation. These also include the
relative speed and simplicity in performing the assay.
On the contrary, there are disadvantages of using WBCs,
such as interference and heterogeneity of different cell
types. Although WBCs are, like all tissues, highly special-
ized, they can be seen as reflecting the overall state of the
organism, insofar as they circulate through the whole
body. However, often it is important to consider the level
of damage in a particular organ (with its specific metab-
olism), in which case WBCs may not be a good guide [29].
Consequently, WBCs or lymphocytes cannot be regarded
as typical somatic cells but because they circulate in the
body, their cellular, nuclear and metabolic state, includ-
ing DINA, reflects overall body exposure.
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There are different approaches to score comets and all of
them have advantages and disadvantages. According to
Tice er al. [7], analysing comets depends on the resources
of the investigator and the experimental design. When
the image analysis parameters are utilized, derived metric
such as tail moment has to be provided also with tail
length or with percentage of migrated DNA. Nowadays,
there is a tendency to use more percentage DNA in tail,
as recommended by Collins &7 @/, [30]. In our study, tail
moment and tail intensity have shown similar results,
demonstrating lack of genotoxicity of propofol. Then,
both parameters gave us support to present our findings.

As it is difficult to measure ROS directly # vive, it is
necessary to rely on the quantification of their reaction
products such as protein carbonyls, DNA and lipoperox-
idation [31]. Once lipid peroxidation is a chain reaction in
cell membranes, the lipid hydroperoxide formed is
unstable and can decompose to various species including
MDA [14]. Therefore, MDA is one of several low-
molecular-weight end products formed by decomposition
of secondary lipid peroxidation preducts [32,33], and it is
a potential biomarker of oxidative stress in plasma [34].

Propofol contains a phenolic hydroxyl group, which has
been reported to be an antioxidant [15,35]. Propofol is
normally delivered in 10% intralipid emulsion, which
could increase radical-scavenging activity of this anaes-
thetic [12]. However, it has been shown that intralipid
emulsion interacts with ROS to a lesser degree than
propofol itself [36]. Some authors [37] have demonstrated
that plasma concentrations of propofol able to inhibit
lipid peroxidation are in the range of 3—3 ugml™* [15],
which is clinically used in anaesthesia. On the contrary,
other authors [12] believe that only higher concentrations
of propofol could show scavenging activity. Thus, it
seems unlikely that it is capable of acting as an efficient
scavenger of free radicals at the therapeutic levels nor-
mally used in achieving anaesthesia. Thus, as our study
was conducted with plasma levels of propofol around
3pgml!, this factor may have contributed in not
decreasing MDA levels.

Using TBARS assay, Manataki ¢ @/ [16] reported
that anaesthesia with continuous propofol infusion
(10mgkg "' h™"}, in 10 patients undergoing laparoscopic
surgery, showed a significant scavenging action on the
free radical production (2.2 nmol ml™ Y. In addition, infu-
sion of propofol {(3—6mgke ' h™') caused a significant
reduction in the atrial tissue lipoperoxidation (TBARS}
when compared with the fentanyl (10-30 pgke™ h™"),
during coronary artery bypass grafting surgery [17]. Dif-
ferently, the present study demonstrated no decrease in
lipoperoxidation during propofol anaesthesia. Probably,
those previous findings could be due to ischaemia—
reperfusion human models that could stimulate the
scavenging action of propofol. In the present study,
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our patients were in good health and they were submitted
to elective nonischaemia—nonreperfusion surgery. As
recommended, we quantified MDA by HPLC using a
fluorescence detector due toits high analytical sensitivity
and specificity, especially to study plasma lipid peroxi-
dation in humans [38].

The antioxidant properties of propofol, being an effective
inhibitor of lipid peroxidation, could be of clinical import-
ance, maybe when it is used in high concentration,
showing scavenging activity effects andfor when it is
utilized in anaesthesia for cardiac or vascular surgery,
for transplantation surgery or during sedation of the
critically ill, artificially ventilated patients in the inten-
sive care unit with sepsis, severe burns [37].

It has been previously described that surgical procedures
can cause DINA damage [4], which can be associated with
a great burst of oxidative activity of neutrophils during
the anti-inflammatory response, leading to further pro-
duction of ROS [39]. In our study, the use of fentanyl can
contribute to a decrease in the surgical stress factor, as
this potent opioid is described as minimizer of intra-
operative haemodynamic changes. Regarding the drugs
utilized in the current study, it is believed that mida-
zolam has lower antioxidant potential as compared with
propofol [40], whereas fentanyl [41], neostigmine and
atropine [18] have no antioxidant activity.

Since anaesthetics were introduced in clinical practice,
there was concern about the toxicity of these agents. With
evolution of genetics, it becomes real to study the toxicity
in the level of genetic material. All drugs including the
anaesthetics have benefits and hazard effects. The key is
to choose the best anaesthetic with minimum toxic effect
for patients. Thus, our study may contribute to our daily
practices and ways of thinking what is the best choice for
our patients. However, further genotoxic and oxidative
stress studies during propofol anaesthesia are necessary,
especially in patients with poor physical status who are
submitted to invasive major surgeries.

In conclusion, propofol does not induce DINA damage in
WBCs and does not alter MDA in plasma of patients.
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5 CONCLUSOES

Frente a avaliacio do potencial genotdxico, citotoxico e toxicogenomico dos
anestésicos isoflurano e propofol em pacientes com estado fisico ASA I submetidos a cirurgia

eletiva ndo-invasiva sob anestesia geral, os dados mostram que:

1) a anestesia inalatoria com o isoflurano ndo induz danos oxidativos no DNA;

2) a anestesia venosa com o propofol esta associada a menor nivel de purinas oxidadas
no DNA de linfocitos;

3) a anestesia com o isoflurano ndo altera a porcentagem de células T CD4" e CDS’;

4) a anestesia com o propofol reduz a porcentagem de apoptose em linfocitos T auxiliar
(CD4");

5) os genes de reparo hOGG1 e XRCC1 apresentam menor expressdo em células de
sangue periférico no dia posterior ao ato anestésico-cirurgico com o isoflurano ou com
o propofol;

6) a expressio do gene anti-apoptotico BCL-2 apresenta menor expressdo no dia

posterior a cirurgia sob anestesia inalatoria com o isoflurano.

Diante dos resultados encontrados, pode-se concluir que a anestesia inalatéria com o
isoflurano e a anestesia venosa com o propofol, em pacientes com estado fisico ASA I e
submetidos a cirurgia eletiva, ndo apresentam atividades genotdxica e citotoxica, € também

ndo parecem ter acdo direta sobre o padrdo de expressdo génica.
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QUESTIONARIO
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Potencial toxicogendmico e citotdxico dos anestésicos propofol e isoflurano em individuos

submetidos a procedimentos cirargicos

Registro hospitalar do paciente..........cccueeeiiieriiieriie et

Cdédigo do individuo no estudo: ........cccvveeevreenreenns

I — Identificacéo
01-Nome:

02-Sexo: () masculino () feminino

03-Racga: ( )branca ( )amarela ( )parda ( )negra ( ) outra:

04-Data nascimento  / /
05-Idade:

06-Peso:

07-Altura:

08-IMC (indice de massa corporea):
09-Origem (cidade):

10-Profissdo:

Il - Informagdes gerais

11-Considera sua alimentacao saudavel? ( ) sim () ndo
12-Come frutas? ( ) sim () nao

13-Se sim, com que freqiiéncia?

14-Come verduras? ( )sim () nao

15- Se sim, com que freqiiéncia?



16-Come carboidratos? ( ) sim () ndo

17-Se sim, com que freqiiéncia?

18-Come frituras? ( ) sim () ndo

19-Se sim, com que freqiiéncia?

20-Faz exercicios regularmente? ( ) sim () ndo
21-Se sim, qual tipo (musculagao, caminhada, etc)?
22-Se sim, quantas vezes por semana?

23-Fuma? ( )sim () nado

24-Se sim, ha quanto tempo?

25-Quantos cigarros/dia?

26-Qual tipo (cachimbo, charuto, palha, papel com filtro, etc)?:
27-Ja fumou? ( )sim () nao

28-Hé quanto tempo deixou de fumar?

29-Quantos cigarros/dia fumava?

30-Durante quanto tempo fumou?

31-Tipo:

32-Consome bebida alcodlica? ( ) sim () ndo
33-Se sim, quanto por semana (copos)?:

34-Tipo de bebida (cachaga, cerveja, uisque, vinho, etc)?
35-Ja consumiu bebida alcodlica? ( ) sim () ndo
36-Ha quanto tempo deixou de beber?

37-Consome drogas? ( ) sim () ndo

38-Se sim, qual?

39-Ha quanto tempo?

40-Tem contato com substancias toxicas? ( ) sim () ndo
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41-Se sim, qual (produtos de limpeza, agrotoxicos, gasolina, tinta)?
42-Ha quanto tempo?

43-Foi submetido a raio X recentemente (dentario ou antes da cirurgia)?
( )sim ( )nao

44-Quando?

45-Sabe quantas chapas de RX foram feitas?

46- Ja fez tratamento com quimioterapico ou radioterapia? ( ) sim () ndo
47-Se sim, qual?

48-Ha quanto tempo?

49-Tem alguma doenga (asma, hipertensao, diabetes, hepatite, lupus, artrite, cancer)?
( )sim ( )ndo

50-Qual?

51-Ja teve alguma doencga grave? ( ) sim ( ) ndo

52-Se sim, qual?

53-Héa quanto tempo?

54-Passou por algum estresse ultimamente? ( ) sim ( ) ndo

55-Se sim, qual?

111 - Histéria Médica

56-F alérgico a algum tipo de medicamento? ( ) sim ( ) ndo

57-Se sim, qual?

58-Faz uso de algum tipo de medicamento (antibiotico, anti-inflamatério, analgésico, anti-
hipertensivo, corticoide, anti-convulsivante, insulina, hipoglicemiante)?

( )sim ( )nao

59-Se sim, qual (is)?

60-Frequéncia/dia:
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61-Faz uso de vitamina/antioxidante (complexo vitaminico)? ( ) sim ( ) ndo

62-Se sim, qual (is)?

63-Frequéncia/dia:

64-Ha quanto tempo?

65-Tomou alguma medicacdo no ultimo més (remédio para pressdo, antibiotico,
tranqiiilizantes, remédio para tirar a dor, antidcidos, anti-histaminicos, corticoides, anti-
inflamatérios)? ( ) sim () nao

66-Se sim, qual (is)?

67-Frequéncia/dia:

68-Ha quanto tempo parou?

69- Teve alguma infecgdo ou inflamagao no ultimo més? ( ) sim ( ) ndo

70- Se sim, qual (is)?

71- Ha quanto tempo parou?

72- Esté resfriado ou gripado? ( ) sim ( ) ndo

73-Ja& fez alguma cirurgia? ( ) sim () ndo

74-Se sim, quantas?

75-Ha quanto tempo foi a Gltima?

76-Ja foi submetido a anestesia? ( ) sim ( ) ndo

77-Se sim, sabe o tipo de anestesia (local, geral, raquidea, regional)?

78-Ha quanto tempo?

79-Se sim, vocé sabe se ¢ mais resistente ou sensivel a algum anestésico?
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

I. Identificacio do paciente (RG hospitalar: )
Nome:

Endereco:

Cidade: Bairro:
CEP: Estado: Telefone:

Il. Titulo da Pesquisa
Potencial toxicogendmico e citotdxico dos anestésicos propofol e isoflurano em individuos

submetidos a procedimentos cirargicos

Pesquisador-Responsavel: Daisy Maria Favero Salvadori, Pesquisadora do Departamento de
Patologia — Faculdade de Medicina, UNESP, Botucatu - SP. Telefone (14) 38828255; e-mail:

dfavero@fmb.unesp.br

I11. Explicagdes do pesquisador ao paciente

Este estudo, que serd realizado em pacientes que serdo submetidos as cirurgias de
nariz ou ouvido tem como objetivo avaliar se os anestésicos isoflurano (via inalatoria) ou
propofol (via venosa), que serdo utilizados na cirurgia, t€ém algum efeito téxico sobre o DNA
- material genético (o componente que determina suas caracteristicas individuais) presente nas
células do sangue. Sera avaliado se esses anestésicos podem causar danos diretamente na
estrutura do DNA e se podem alterar a expressdo de genes, isto é, de parte do DNA
responsavel pela manutengao da célula sanguinea. Para checar esses efeitos, sera realizado um
teste que avalia a integridade do DNA e outro que permite determinar se ha células mortas no
sangue. Como os dois anestésicos, o isoflurano e o propofol, t€m a mesma eficiéncia e ndo
tém efeitos colaterais, a escolha do qual sera utilizado sera feita por sorteio. O estudo nao
trard danos ao paciente, pois serdo utilizados anestésicos normalmente empregados em
anestesias gerais (inalatoria e venosa) no Hospital das Clinicas. Desta forma, solicitamos seu
consentimento para que sejam coletadas 3 amostras de 15 ml de sangue periférico: a primeira,
antes da cirurgia; a segunda no final da cirurgia; e a ultima, um dia apos a cirurgia (pds-
operatorio). A quantidade de sangue que sera coletada ndo afetard sua recuperagdo poOs-

cirirgica, e a quantia ¢ muito pequena em relacao ao volume total de sangue do organismo. A
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coleta seré realizada por profissional experiente, e o procedimento causa apenas o desconforto
da picada com risco minimo ou quase inexistente, j& que serd utilizado material estéril e
descartavel. Serd realizado, também, um questionario sobre seu estilo de vida e histéria
médica; todas as informagdes sdo de carater confidencial e sua identidade sera preservada. O
pesquisador responsavel por este estudo, sempre que solicitado, estard a disposi¢ao para
esclarecer qualquer questdo relacionada a pesquisa. Além disso, o paciente, a qualquer
momento, tera total liberdade de recusar ou retirar seu consentimento e sair desta pesquisa,
sem que isso lhe traga qualquer tipo de prejuizo.

Os resultados do estudo serdo divulgados em congressos cientificos e publicados em
revistas especializadas, mas sempre preservando a identidade do paciente. Ressaltamos,
também, que nem os pesquisadores e nem o paciente receberdo qualquer remuneragdo

financeira para participar desta pesquisa.

1VV. CONSENTIMENTO POs-INFORMADO

Eu, abaixo

assinado, declaro que fui esclarecido sobre o objetivo do presente estudo, sobre eventuais
desconfortos que poderei sofrer, assim como sobre os beneficios que podem resultar do
estudo. Concordo, portanto, em participar, na qualidade de paciente, do referido Projeto de

Pesquisa, sob livre e espontanea vontade.

Assinatura
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