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RESUMO

Espécies reativas a oxigénio e nitrogénio (RONS) e marcadores imunoinflamatoérios tem sido
relacionados com doencas psiquiatricas como depressdo, transtorno bipolar, ansiedade,
transtorno obsessivo compulsivo e esquizofrenia (SCZ). A paraoxonase 1 (PON1) € uma
enzima polimérfica antioxidante cuja atividade tem sido investigada em doengas que
envolvem estresse oxidativo em suas fisiopatologias. A atividade da PON1 pode ser
mensurada utilizando diferentes substratos, que podem ou néo ser influenciados por seus
polimorfismos. A relagéo entre atividade da PONL1 e diversas doengas tem sido investigada
utilizando diferentes terminologias, o que pode levar um leitor pouco familiarizado com a
PON1 a conclusbes equivocadas. O objetivo deste trabalho é revisar os estudos que
investigam a possivel associacdo da PON1 com diferentes transtornos psiquiatricos e relatar
os resultados utilizando uma terminologia padronizada, a fim de oferecer uma visdo mais
clara sobre esta analise. Outro objetivo € delinear os marcadores de estresse oxidativo e
nitrosativo e imunoinflamatérios em pacientes com SCZ crénica. Na revisao da literatura, os
estudos apontam reducéo da atividade da PON1 determinada com o substrato fenilacetato
(arilesterase ou AREase), em pacientes com transtornos de humor (inclusive os crbnicos) e
nos pacientes esquizofrénicos ndo medicados. Em SCZ crénicos polimedicados, atividade
da AREase €é usualmente similar aos valores do grupo controle. Em relacdo a atividade da
PON1 determinada com o substrato paraoxon (atividade POase), é dificil estabelecer
conclusdes porque os resultados sdo heterogéneos, o que pode ser parcialmente explicado
pelo fato de que a atividade é influenciada pelo polimorfismo Q192R e a maioria dos autores
nao realiza ajuste da atividade POase pelo polimorfismo. No estudo de caso-controle com
SCZ crbnicos, selecionaram-se 125 pacientes ambulatoriais e 118 controles saudaveis.
Foram quantificados hidroperéxidos lipidicos (LOOH), produtos avancados de oxidacdo
proteica (AOPP), subprodutos de éxido nitrico (NOx), potencial antioxidante total plasmético
(TRAP) e atividade da PON1/AREase. Marcadores imunoinflamatérios ja conhecidos por
suas alteracdes em SCZ também foram mensurados: leptina, IL-6, receptor sollvel de TNF
e quimiocinas CCL-11 e CCL-3. Nao houve associa¢fes significantes entre SCZ cronica e
marcadores de O&NS (AOPP, NOx, LOOH) e os antioxidantes (PON1 e TRAP). Leptina,
SsTNF-R, CCL-3 e CCL-11 estavam significantemente aumentados no grupo SCZ. Nao
houve associagdo significante entre pro-inflamatorios e os biomarcadores de O&NS
(leptina/CXCL-8 e AOPP; IL-6 e NOx; CCL-3 e LOOH; CCL-3/IL-6/NOx e TRAP). Este
estudo de caso-controle sugere que ha significantes correlacdes entre as vias inflamatérias
e de estresse oxidativo e nitrosativo (O&NS) desempenhando um papel ativo na
fisiopatologia da SCZ crénica. Os resultados encontrados apontam que os marcadores de
O&NS e a enzima PONL1 (atividade AREase) ndo podem ser considerados biomarcadores
aplicaveis para pacientes SCZ cronicos estaveis e polimedicados. Em concluséo, a pesquisa
e analise dos resultados envolvendo PONL1 e sua relagdo com transtornos psiquiatricos
necessita de atencdo extrema para a metodologia e terminologia adotadas para verificar o
"status" da PON1 e é altamente recomendado o ajuste ou correcdo dos resultados de
acordo com os polimorfismos da populacdo estudada. Sem esta padronizacéo e de novos e
maiores estudos, ndo se pode avaliar a PON1 como marcador de transtornos psiquiatricos.

Palavras-chave: PON1. Doencas psiquiatricas. Antioxidantes. Estresse oxidativo e
nitrosativo. Polimorfismo da PONL1.
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ABSTRACT

Oxigen and nitrogen reactive species (O&NRS) and immune inflammatory markers ation
have been described to play a role in psychiatric disorders like depression, bipolar
disorder, anxiety, obsessive compulsive disorder and schizophrenia (SCZ). Paraoxonase
1 (PONL1) is a polymorphic antioxidant enzyme with peroxidase properties which activity
has been described to be altered in diseases where oxidative stress is involved in the
pathophysiology. Since PONL1 activity may be estimated using different substrates which
may or may not be influenced by polymorphisms, the literature investigating a possible
link between PON1 activity and diseases employs different terminologies and may
mislead the reader unfamiliar with PON1 to erroneous conclusions. We aimed to revise
studies investigating a possible association of PON1 with different psychiatric diseases
and report the results using a standardized terminology in order to offer a clearer view on
the status of the knowledge and to delineate O&NS biomarkers and immune
inflammatory markers in patients with chronic SCZ. In the review of literature, the studies
seem to support a decreased PON1 activity determined with the substrate phenylacetate
(i.e., arylesterase or AREase), in mood disorders patients (even in the chronic ones) and
in drug free SCZ patients. In chronic polymedicated SCZ patients, AREase activity is
usually similar to control values. Regarding PON1 activity determined with the substrate
paraoxon (i.e., POase activity), broad conclusions are more difficult to be established
because the results are more heterogeneous, which can be partially explained by the
fact that this activity is influenced by the Q192R polymorphism and that most of the
authors did not adjust the POase activity by this polymorphism. In the case-control study
with chronic SCZ, 125 outpatients and 118 healthy controls were enrolled. The markers
included lipid hydroperoxides (LOOH), advanced oxidation protein products (AOPP),
nitric oxide metabolites (NOXx), total radical-trapping antioxidant parameter (TRAP) and
paraoxonase 1 (PON1) activity. Immune inflammatory markers known to be altered in
SCZ were also measured: leptin, IL-6, soluble TNF receptors (sTNF-Rs) and the
chemokines CCL-11 and CCL-3. There were no significant associations between chronic
SCZ and the O&NS markers (AOPP, NOx, LOOH) and the anti-oxidants PON1 and
TRAP. Leptin, sTNF-R, CCL-3 and CCL-11 were significantly higher in SCZ. There were
significant associations between pro-inflammatory and O&NS biomarkers (leptin/CXCL-8
and AOPP; IL-6 and NOx; CCL-3 and LOOH; CCL-3/IL-6/NOx and TRAP). This case-
control study suggests there were significant intercorrelations between inflammatory and
O&NS pathways, which play a role in the pathophysiology of chronic SCZ. O&NS
markers and the enzyme PON1 are not useful as biomarkers in chronic stable
polymedicated SCZ patients. In conclusion, the search and analysis of results involving
PON1 and relation with psychiatric disorders needs extreme attention for methodology
and terminology were adopted to verify the status of PON1 and it's highly recommended
to adjust or correct the results according to the variance of the polymorphisms of the
studied population. From this standardization and new and larger studies, PON1 may be
a marker for psychiatric diseases.

Key words: PONL1. Psychiatric disorders. Antioxidants. Oxidative and nitrosative stress.
PON1 polymorphism.
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1 INTRODUCAO

As doencas psiquiatricas sdo um grande desafio médico, social e
econbmico para a atualidade e representam a maior causa de inaptiddo em todo o
mundo (NEUROSCIENCE, 2016). A auséncia de testes laboratoriais aprovados para
diagnéstico, prognostico e avaliagdo critica de risco indicam um enorme campo de
pesquisa na area da Psiquiatria (Biologically-Inspired Biomarkers for Mental
Disorders, 2017).

Observa-se que 1 em cada 5 (17,6%) individuos pesquisados tem ou
teve nos ultimos 12 meses algum transtorno psiquiatrico e 29,2% tera ao longo de
suas vidas de acordo com a metanalise publicada por Steel et al. (2014). Mais de
97% dos pacientes com transtorno bipolar, por exemplo, preenchem o critério de
mais de uma doenca psiquiatrica concomitante, e a co-ocorréncia de trés ou mais
doencas é dramaticamente maior que a comorbidade com apenas uma desordem
além do transtorno bipolar (MERIKANGAS et al., 2007).

Os transtornos psiquiatricos mais identificados entre as mulheres
compreendem ansiedade e disturbios de humor e entre os homens séo os distarbios
relacionados ao abuso de alcool e de outras substancias. Além disso, é amplamente
estabelecido que os pacientes em atendimento clinico psiquiatrico compdem um
grupo de alto risco de suicidio (LARGE et al.,, 2016) reforcando a ideia de
importancia destes pacientes no contexto global.

A Dbusca por novos tratamentos, permeada pela busca do
entendimento maior de como se da o processo da doenca revela-se de extrema
importancia no cenario cientifico atual. Diante de toda complexidade das interacdes
que modulam o sistema nervoso central (SNC) e as alteracbes patologicas do
humor, novos indicadores biologicos tém sido estudados.

A evolugcdo do conhecimento envolvendo a fisiopatologia das
doencas psiquiatricas envolve diretamente mecanismos relacionados ao sistema
imunoinflamatério e de estresse oxidativo e nitrosativo (LEONARD; MAES, 2012;
MAES et al., 1995; MOYLAN et al., 2013; entre outros). A teoria da neuroprogressao
das doencas psiquiatricas pressupde que alteracdes no sistema imunoldgico sao

acompanhadas por aumento de marcadores inflamatérios, catabdlitos do triptofano e
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espécies reativas de oxigénio (ROS) afetando o crescimento e a fungao dos circuitos
neuroniais (CHAN et al., 2011; MOYLAN et al., 2014).

Os fundamentos bioquimicos da neuroprogressdo sdo multifatoriais
e interativos, ndo apenas por suas vias, mas também pela sensibilizacdo ao estresse
do meio. Elementos centrais incluem o sistema dopaminérgico, citocinas
inflamatdrias, estresse oxidativo, neurotrofinas como o fator neurotréfico derivado do
encéfalo (BDNF) e mudancas envolvendo epigenética. Pode-se considerar, em
parte, o transtorno bipolar como um transtorno neuroprogressivo no qual ha o
potencial de um processo fisiopatologico modificavel que ocorre de maneira
longitudinal na trajetdria da doenca e é associado com a compensacao inadequada
do estresse metabdlico. O resultado das mudancas neuroprogressivas pode ser o
dano tecidual, mudancas estruturais, com perda progressiva da espessura da
matéria cinzenta, e sequelas funcionais em que os substratos neurais da regulagéo
do humor podem aumentar o risco de re-ocorréncia e reduzir a resposta ao
tratamento (BERK et al., 2011).

Marcadores biolégicos séo utilizados para o processo de
estadiamento clinico, o qual é o principal determinante do prognéstico e escolha do
tratamento em algumas areas da Medicina, como na Oncologia e Cardiologia (BERK
et al., 2017). Em contrapartida, na Psiquiatria ndo existem biomarcadores objetivos
e, portanto, ainda ndo foram definidos os componentes criticos para o estadiamento
das diferentes desordens. A area iniciou a tentativa do uso de modelos de cena para
demonstrar a sequéncia de vulnerabilidade, estados de risco, prédromo, inicio,
progressao e cronicidade em estagio final, e relaciona-los com o resultado e escolha
de tratamentos especificos (BERK et al., 2017). Porém, € preciso enfatizar que o0s
estagios iniciais da maioria das doencas psiquiatricas ndo sdo especificos e se
sobrepdem, favorecendo a aplicacdo de modelos transdiagnosticos de estadiamento
(HICKIE et al., 2013).

Doencas psiquiatricas frequentemente coexistem com outras
patologias como sindrome metabdlica e doencgas cardiovasculares (KESSLER;
MERIKANGAS; WANG, 2007; MERIKANGAS; KALAYDJIAN, 2007) sugerindo a
existéncia de mecanismos fisiopatologicos compartilhados. Alteracdes no sistema
imuno-inflamatorio e estresse oxidativo sdo condi¢cdes bioldgicas que acompanham

doencas mentais (NG et al., 2008) e que poderiam ser o elo de ligacdo entre
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doencas psiquidtricas a algumas de suas comorbidades como doencgas
cardiovasculares e sindrome metabdlica (MAES et al., 2011).

1.1 ESTRESSE OXIDATIVO E IMUNOINFLAMACAO RELACIONADOS AS DOENCAS PSIQUIATRICAS

O SNC é particularmente sensivel ao estresse oxidativo por diversas
razBes. A primeira delas é o alto consumo de oxigénio (o encéfalo pode metabolizar
mais que 4x10%* moléculas de glicose por minuto). A segunda é a alta producéo de
espécies reativas de oxigénio (ROS) e de nitrogénio (RNS), originarios de reacfes
neuroquimicas especificas, como a oxidagdo da dopamina. A terceira razdo € o
aumento do depdsito de ions metalicos como cobre e zinco no encéfalo com o
envelhecimento (BUSH; TANZI, 2008), catalisando a producéo de elevados niveis de
ROS e RNS. E ainda, mais uma razdo é a abundancia de lipidios no SNC (por
exemplo, a mielina), macromoléculas que s&o particularmente susceptiveis a
oxidacdo (CHIURCHIU; ORLACCHIO; MACCARRONE, 2016).

O estresse oxidativo ocorre quando a geracdo de ROS e RNS
suplanta a capacidade de defesa antioxidante. ROS e RNS geralmente sao
produzidas durante o metabolismo celular normal e sdo altamente reativas. Varios
mecanismos de defesa antioxidante, que podem ser enzimaticos (catalase,
glutationa peroxidase, superoxido dismutase) ou nao-enzimaticos (vitamina C e E,
zinco, glutationa, selénio, riboflavina, carotenoides etc.) ajudam a balancear estas
espécies (CHIRICO; PIALOUX, 2012).

Baixas concentracdes de antioxidantes decorrentes de estresse
oxidativo podem aumentar a atividade da lipoxigenase (que catalisa parte da cascata
do acido araquiddnico), assim aumentando o0s processos anti-inflamatorios
encefélicos. O excesso de ROS e RNS pode danificar carboidratos, lipidios,
proteinas e DNA, o que pode resultar em disfuncdo celular. O acimulo de ROS e
RNS também pode levar a producdo de citocinas pro-inflamatérias e anti-
inflamatorias. (BIRBEN et al., 2012). Apds alteracdo no status redox e exposicao
celular a espécies reativas, ha o desencadeamento do processo de transcricdo de
genes proé-inflamatérios e os fatores de transcricAo regulados através de
mecanismos redox-sensiveis, como o fator nuclear kappa B (NF-kB), ativador de
proteina-1 (AP-1), fator nuclear ativado de células T e fator 1 induzivel por hipéxia.

Neste sentido, a ativagdo do NF- kB por ROS estimula a transcrigdo de um grande
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namero de genes que codificam citocinas inflamatorias (IL-1B, IL-6, TNF-a, IL-8) e
moléculas de adeséo (AKIRA; KISHIMOTO, 1997; WARD, 1996). Alinhado a isso, o
excesso de ROS pode estimular pela atividade das células-T as reacfes do acido
araquidénico ou podem produzir direta ou indiretamente danos a barreira
hematoencefalica e aos neurénios (CHIURCHIU; ORLACCHIO; MACCARRONE,
2016).

Crescentes evidéncias relacionam doencas psiquiatricas com
alteracbes dos marcadores imuno-inflamatérios (ANDERSON et al., 2013;
BRINHOLI et al., 2015; MAES et al., 1995; MILLER et al., 2011; POTVIN et al.,
2008), principalmente as citocinas. As quimiocinas, que sdo citocinas com
capacidade de quimioatracdo, também tém suas alteracbes investigadas em
diversos transtornos psiquiatricos como depressdo, transtorno bipolar e
esquizofrenia (ASEVEDO et al., 2013; NOTO et al., 2015; STUART; BAUNE, 2014).

A ativagdo da resposta imune celular e inflamatoria podem provocar
diversos sintomas comuns as doencas psiquiatricas tais como ansiedade, anedonia,
fadiga e comprometimento cognitivo leve (LEONARD; MAES, 2012). Estes efeitos
sdo parcialmente mediados pelo aumento das citocinas pro-inflamatérias
interleucina-1 (IL-1), interleucina-6 (IL-6) e fator de necrose tumoral (TNF-a) e
citocinas derivadas da resposta Thl como interleucina-2 (IL-2) e interferon Y. Como
em efeito cascata, a resposta imune ativada leva a deplecao dos niveis de triptofano
(com consequente reducdo da producéo de serotonina e aumento de producéo de
catabolitos pré ansiedade e depressdo) e aumento do estresse oxidativo e
nitrosativo, provocando dano celular e proteico que aumentam novamente o0
potencial de inflamacdo. Todos estes fatores associam-se a nheuroprogressao,
resultante da combinacao entre neurodegeneracao (apoptose neuronial) e reduzidas
taxas de neurogénese e neuroplasticidade (DAVIS et al., 2014; LEONARD; MAES,
2012; PEDRINI et al., 2012).

O dano celular também pode estimular ainda mais as vias
autoimunes, levando ao aumento da neuroinflamacdo e do estresse oxidativo e
reforcando ainda mais os efeitos depressogénicos e neuroprogressivos. Estes
efeitos contribuem para o estado depressivo, aumentam a chance de recorréncia,
resisténcia ao tratamento e cronicidade do estado depressivo (MOYLAN et al.,

2014). Exemplo dessa situacdo € apresentado por Leonard e Maes (2012), em
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revisdo publicada que sugere que a depressao poderia ser resultado de uma

complexa combinacdo de resposta imune celular e inflamatéria.

1.2 PARAOXONASES

As paraoxonases (PON) sao enzimas detoxificadoras que
compreendem trés membros: PON1, PON2 e PON3. Embora a PON2 seja a enzima
caracterizada primeiro entra as paraoxonases, o nome da familia (i.e., paraoxonase)
originou-se da capacidade da PON1 de hidrolisar o praguicida paraoxon (BAR-
ROGOVSKY; HUGENMATTER; TAWFIK, 2013). Os trés genes que codificam as
PON localizam-se no brago longo do cromossomo humano numero 7 (7q21-22)
(AVIRAM; ROSENBLAT, 2004).

A PON2 é uma enzima intracelular de 43-kDa expressa em varios
tecidos, incluindo encéfalo, figado, pulmdo, rim, coracdo, pancreas, intestino
delgado, musculo, testiculo, endotélio, epitélio traqueal e também em macréfagos
(MOCHIZUKI et al.,, 1998; NG et al., 2001; ROSENBLAT, 2003; STOLTZ et al.,
2006). Esta enzima apresenta atividade antioxidante (NG et al., 2001) e parece ser
um importante componente da defesa antioxidante intracelular particularmente
devido a sua ampla distribuicdo e localizagdo mitocondrial (DEVARAJAN et al.,
2011; GIORDANO et al., 2011; NG et al.,, 2001; PRIMO-PARMO et al., 1996).
Recentemente tem sido sugerido que a PON2 encefélica pode desempenhar papel
relevante na susceptibilidade ao estresse oxidativo e neuroinflamacédo, e que sua
modulacdo positiva pode representar uma nova estratégia de neuroprotecdo
(FURLONG, 2016).

A PON3 é uma glicoproteina de 40 kDa expressa principalmente no
figado e, em concentracdes menores, no rim. A PON3 é encontrada na circulagédo
sanguinea fortemente ligada as lipoproteinas de alta densidade (HDL) (DRAGANOV
et al., 2000; REDDY et al., 2001). Ela foi o ultimo membro da familia a ser descrito e
€, portanto, a menos caracterizada.

A PONL1 é, de longe, o membro mais estudado (PRIMO-PARMO et
al., 1996). Trata-se de uma glicoproteina de 45 kDa e, como a PON3, ela é expressa
principalmente no figado e parte dela é secretada no sangue associada a HDL. A
PON1 é capaz de se transferir para outros tecidos através da HDL (DEAKIN et al.,

2002). Baixos niveis desta enzima sdo encontrados em outros tecidos, sendo o



© 00 N o o b~ w N e

W W W WRDNRNDNMDNRNDNDRNNDRDRR R R B P B Rk B
W N P O © 0 N o 00~ W NP O © 0 N o o b W N P O

19

epitélio descrito como um deles (COSTA; GIORDANO; FURLONG, 2011a).

O papel fisiolégico da PONL1 ainda é pouco conhecido mas sabe-se
que é uma enzima calcio-dependente que hidrolisa diversos substratos como
lactonas, incluindo drogas (ex, antibacteriano prulifloxacin), metabdlitos do acido
araquidénico, homocisteina tiolactona, moléculas de quérum sensing ou percepcao
de quérum (N-acil-homoserina lactona; metabdlitos de praguicidas organofosforados
(diazoxon, paraoxon, clorpirifds oxon); gases neurotoxicos (sarin, soman) (CAMPS et
al., 2011; TEIBER et al, 2008; COSTA; GIORDANO; FURLONG, 2011;
MARSILLACH et al., 2008).

As PON estao envolvidas tanto na bioativacdo quanto na inativagcéo
de substancias especificas por uma capacidade altamente eficiente de hidrolisa-las
(FURLONG et al., 2016). Também h& a hipétese de que seus polimorfismos
genéticos estejam relacionados a doencgas e respostas ao tratamento.

A PONL1 é uma enzima polimorfica, com mais de 160 polimorfismos
de nucleotideos unicos (SNP) descritos na regido codificadora e reguladora do gene
gue transcreve a PON1 (JARVIK et al., 2003; RICHTER; JARVIK; FURLONG,
2008a). A maioria desses polimorfismos ainda ndo esta caracterizada, mas acredita-
se que podem afetar a eficiéncia da transcricdo (emparelhamento, estabilidade da
mensagem ou a eficiéncia da poliadenilagdo). Contudo, os SNP mais estudados sao
os polimorfismos das regifes de codificacdo Q192R (rs 662) e L55M (rs 854560) e
da regido promotora C-108T (MACKNESS; MACKNESS, 2015) e que afetam
atividade e/ou concentracdo da PON1.

O polimorfismo L55M, que compreende uma substituicdo de leucina
pela metionina na posicdo 55, tem sido associado a concentracdo plasmatica da
enzima PONL1. A aloenzima M estéd associada a baixas concentra¢des plasméaticas
da PON1 (MACKNESS et al.,, 1998) enquanto a L a maiores concentragdes e,
portanto, maior atividade enzimatica (LEVIEV; JAMES, 2000).

O polimorfismo Q192R, que compreende uma substituicdo da
glutamina pela arginina na posi¢do 192 é o mais estudado. Ele influencia a atividade
catalitica da PON1, mas a direcdo dessa mudanca é dependente do substrato (LI et
al., 2000; MACKNESS et al., 2001). A aloenzima R é mais eficiente em hidrolisar o
paraoxon (HUMBERT et al., 1993) e o acetato de 4-clorometilfenol (CMPA)
(RICHTER; JARVIK; FURLONG, 2008b), enquanto a Q €é mais eficiente para
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hidrolisar substratos como o diazoxon, por exemplo. Portanto, se um estudo objetiva
estimar a atividade plasmatica total de PON1 independentemente do polimorfismo
Q192R, é imprescindivel o uso de um substrato cuja taxa de biotransformacdo nao
seja influenciada pelo Q192R, como, por exemplo, o fenilacetato (COSTA; COLE;
FURLONG, 2005; JARVIK et al., 2000). A Figura 1 apresenta diferentes substratos
utilizados na determinacéo da atividade PONL1.

Figura 1: Estruturas dos substratos utilizados para a determinacdo enzimatica e

suas reacg0Oes cataliticas mediadas pela paraoxonase 1 (PON1) sérica.
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Fonte: RICHTER; JARVIK; FURLONG, 2008b.

Ainda, é importante reconhecer que a atividade da PON1 pode variar
até 50 vezes e a concentracdo proteica até 15 vezes dentro do mesmo gendétipo
PON1 Q192R (COSTA et al., 2003; RICHTER; FURLONG, 1999). A Figura 2,
extraida de um estudo recentemente publicado pelo nosso grupo (MOREIRA et al.,
2017), mostra a atividade plasmatica total da PON1 em uma populacao dividida de
acordo com o gendtipo Q192R. Essa figura ilustra a grande variabilidade da
atividade plasméatica dentro de cada um dos gendtipos Q192R (i.e., QQ, QR ou RR)
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sugerindo que existem fatores ambientais que podem modular a expressao/atividade
da PONL1.

Figura 2: Atividade plasmaética total da PON1 nos diferentes genoétipos. Cada ponto

indica a atividade de um individuo dentro de cada gendtipo.
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Fonte: MOREIRA et al., 2017.

Vérios fatores ambientais ja foram descritos como moduladores da
atividade da PONL1, entre eles estdo: o consumo de bebidas alcodlicas (consumo
moderado aumenta a atividade e grande consumo reduz atividade enzimatica), fumo
(reduz atividade), obesidade (reduz atividade), dieta (ingestéo de antioxidantes como
vitamina C, E e polifenéis pode aumentar atividade enzimética enquanto uma
alimentacdo rica em gorduras reduz atividade), medicamentos (estatinas e
fenofibrato aumentam a atividade sérica da PON1, farmacos indutores enzimaticos
como fenobarbital aumentam atividade hepatica mas reduzem atividade sérica
durante tratamento prolongado e outras drogas como rosiglitazona e eritropoietina
aumentam atividade sérica da PON1), idade (atividade diminui com o
envelhecimento) e sexo (mulheres tem maior atividade enzimética que homens)
(BORTOLASCI et al, 2014b; COSTA; COLE; FURLONG, 2005; COSTA;
GIORDANO; FURLONG, 2011b; KOTA et al., 2013).

A atividade e os gendtipos da PON1 tém sido avaliados em diversos
estudos como possiveis marcadores de susceptibilidade para algumas doencgas
(principalmente cardiovasculares) ou intoxicacdo com xenobiéticos (principalmente
organofosforados) mas, frente ao acima exposto, ficam claras as recomendacdes
dos estudiosos da PONL1.:
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a) quando a determinacdo da atividade da PON1 for realizada
utilizando-se um substrato que € diferencialmente metabolizado
pelos diferentes gendtipos Q192R, ha a necessidade de ajuste da
atividade pelo gendtipo;

b) se 0 gendtipo ndo for determinado, a atividade da PONL1 deve ser

determinada com um substrato cujo metabolismo nao sofra

influéncia do gendtipo Q192R;

c) estudos que associam somente o genétipo Q192R a doencas

devem ser vistos com cautela devido a grande variagédo de atividade

que existe dentro de cada genotipo (BILLECKE; TEIBER, 2011;

JARVIK et al., 2000).

Portanto, ndo é surpresa que muitas analises que avaliam doenca
ou risco de exposi¢éo utilizando apenas analise de SNP e n&o os niveis de atividade
enzimatica chegaram a resultados inconclusivos (RICHTER; JARVIK; FURLONG,
2008b). O mesmo vale para os muitos estudos que empregam a taxa de hidrdlise do
paraoxon para estimar a atividade total da PON1 e ndo ajustam o resultado pelo
gendtipo Q192R (RICHTER; JARVIK; FURLONG, 2008b).

O termo status da PONL1 refere-se a determinacédo tanto do genétipo
Q192R quanto da atividade plasmatica da PON1 utilizando-se um substrato cujo
metabolismo néo seja influenciado pelo gendtipo Q192R, geralmente o fenilacetato
(LI; COSTA; FURLONG, 1993).

1.3 PARAOXONASE 1, ESTRESSE OXIDATIVO E INFLAMACAO

O principal papel fisiologico da PON1 ainda nao foi determinado
(MACKNESS et al., 1993; WATSON et al., 1995) porém, esta enzima tem sido
investigada como marcador de susceptibilidade em doengas que envolvam estresse
oxidativo, como doencas cardiovasculares, sindrome metabolica, resisténcia a
insulina, doencas psiquiatricas (BORTOLASCI et al., 2014a, 2014b; FERRE et al.,
2013; GARELNABI; LITVINOV; MAHINI, 2012).

A PONL1 protege a HDL de se oxidar tanto hidrolisando fosfolipidios
quanto hidroperoxidos (WATSON et al., 1995). Ainda, a PONL1 protege lipoproteinas
de baixa densidade (LDL) de se oxidarem e estimula a atividade da HDL de

aumentar o efluxo de colesterol dos macréfagos (EFRAT; AVIRAM, 2010;
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GUGLIUCCI, 2014). Esses mecanismos explicam como a PON1 protege contra a
oxidacdo de LDL mediada por macrégafos e apresenta atividade anti-inflamatéria e
anti-aterogénica (Mackness and Mackness, 2015; Costa et al., 2005). Macréfagos
ativados produzem peroxidos, 6xido nitrico e mieloperoxidase que podem gerar
peroxinitrito e acido hipocloroso e, esses, podem danificar a PON1. Ainda mais, a
mieloperoxidase pode oxidar a PON1 e, assim, inativa-la e diminuir sua ligagédo a
HDL (GUGLIUCCI; MENINI, 2015). Esses resultados indicam que assim como a
PON1 pode apresentar atividade antioxidante e anti-inflamatéria, na presenca de
estimulo inflamatorio e oxidativo a atividade da PON1 pode ser prejudicada. De fato,
a atividade plasmatica da PON1 esta diminuida em situacdes de intenso estresse
oxidativo como sindrome metabdlica, obesidade, diabetes descontrolada ou com
complicacbes micro e macrovasculares e pacientes dislipidémicos (KOTA et al.,
2013).

Avaliando o fator obesidade ou obesidade visceral, realidade comum
na populacdo mundial, ressalta-se que a gordura visceral € metabolicamente ativa,
secretando citocinas proinflamatorias e outras proteinas de fase aguda reativas que
vém sendo relacionadas com o aumento da severidade dos sintomas psiquiatricos
como, por exemplo, os sintomas depressivos (MCINTYRE et al., 2007) e que como
ja discutido anteriormente, contribui com o desequilibrio do balanco de estresse
oxidativo. Alteracbes em outras vias metabdlicas e inflamatdrias sugerem um
mecanismo bioldégico comum ao transtorno bipolar e a sindrome metabdlica incluindo
alteragcbes na sinalizagcdo glicocorticoide, estresse oxidativo, desregulacao
autonO6mica e alteracdo da biossintese energética (MCINTYRE et al., 2009).

Outro mecanismo que pode estar envolvido na modulacdo da
atividade da PON1 na presenca de estresse oxidativo € o da leptina. A atividade da
PON1 tem associacao negativa com concentracoes de leptina (KOTA et al., 2013). A
leptina € um peptideo hidrofébico que pode se ligar a HDL e inibir diretamente a
enzima PON1. Assim, a leptina aumenta o estresse oxidativo (AVIRAM et al., 1999;
WU et al., 2009) através da geracédo de ROS (BELTOWSKI; WOJCICKA; JAMROZ,
2003) e estimula a secre¢do de citocinas inflamatérias (LOFFREDA et al., 1998) e
outras proteinas de fase aguda com capacidade de reduzir a atividade da PON1
pela inibicdo da sintese hepatica da PON1 (FEINGOLD et al., 1998).



0o N o o B~ o wWw N e

24

A justificativa para este trabalho baseia-se na importancia em
aumentar o conhecimento sobre a fisiopatologia das doencas psiquiatricas e sua
relacdo com o estresse oxidativo e nitrosativo, especialmente com a PONL1, e seus
consequentes danos pela peroxidacao lipidica. Compreender melhor o mecanismo
das doencas psiquiatricas e seus indicadores pode favorecer a elaboracdo de
estratégias otimizadas para avaliacdo de risco, diagnostico, acompanhamento,

tratamento e progndéstico dos pacientes com doencas psiquiatricas.
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2 OBJETIVOS

2.1 OBJETIVOS GERAIS

2.1.1 Artigo 1: Paraoxonase 1 and Psychiatric Disorders

- Realizar uma revisao bibliografica sobre o papel da PON1 em
doencas psiquiatricas (depressdo, transtorno bipolar, ansiedade, transtorno
obsessivo compulsivo e esquizofrenia) e sua habilidade em predizer diagnéstico,

estado da doenca, resposta ao tratamento e prognéstico.

2.1.2 Artigo 2: Oxidative and Nitrosative Stress Biomarkers in Chronic Schizophrenia

- Avaliar o papel da PON1 e de outros marcadores de estresse
oxidativo e antioxidantes plasmaticos para delinear potenciais biomarcadores em
uma populagéo com esquizofrenia cronica em tratamento ambulatorial comparada a

um grupo de controles saudaveis.

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Artigo 1: Paraoxonase 1 and Psychiatric Disorders

- Revisar a literatura cientifica publicada sobre o tema paraoxonase
e diversas doencgas psiquiatricas como transtorno de ansiedade, transtorno obessivo
compulsivo, depresséo, transtorno bipolar e esquizofrenia.

- Buscar, dentre as publicacdes elencadas, associacdes e relacdes
entre atividade enzimatica e gendtipos e diagnostico, tratamento, controle e

prognéstico.

2.2.2 Artigo 2: Oxidative and Nitrosative Stress Biomarkers in Chronic Schizophrenia
- Quantificar marcadores oxidativos plasmaticos vinculados aos
lipidios (hidroperéxidos lipidicos) e as proteinas (produtos avancados de oxidagéo
proteica) em pacientes com esquizofrenia cronica em tratamento.
- Quantificar marcadores antioxidantes plasmaticos (potencial
antioxidante total e atividade da PON1) em pacientes com esquizofrenia crénica em

tratamento.
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- Avaliar as dosagens de marcadores imunoinflamatérios (leptina, IL-
6, STNF-R1, CXCL-8, CCL-11 e CCL-3) em pacientes com esquizofrenia crénica em
tratamento.

- Analisar possiveis associa¢des dos marcadores imunoinflamatorios
e de estresse oxidativo e nitrosativo em pacientes com esquizofrenia cronica em

tratamento.
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3 METODOLOGIA

3.1 ComPOSIGAO DO ESTUDO

Esta tese foi elaborada com dois estudos de metodologias distintas
descritas a seguir.

A primeira metodologia descrita (item 3.2) é relacionada a
elaboracdo do primeiro artigo cientifico apresentado, caracterizado como uma
revisao bibliografica.

A segunda metodologia descrita (item 3.3) refere-se ao segundo

artigo cientifico apresentado, caracterizado como um estudo caso-controle.

3.2 ARTIGO 1: PARAOXONASE 1 AND PSYCHIATRIC DISORDERS

3.2.1 Delineamento

Estudo de revisao bibliografica.

3.2.2 Coleta de Dados

Foram realizadas buscas na base de dados PubMed, que
compreende mais de 27 milhdes de citacdes da literatura biomédica do MEDLINE
(Sistema Online de Busca e Andlise de Literatura Médica, Medical Literature
Analysis and Retrieval System Online), periddicos de ciéncias naturais e livros on-
line. O PubMed é um recurso de livre acesso que é desenvolvido e mantido pela
NCBI (National Center for Biothecnology Information) na NLM (U. S. National Library
of Medicine) que oferece citacfes e textos completos de acordo com autorizacdo dos
autores e publicagcbes detentoras dos direitos autorais indexadas.

A primeira busca foi realizada no més de Junho de 2016 e renovada
em Agosto de 2017 para atualizacdo de novos estudos publicados e/ou indexados
durante o periodo de revisdo bibliografica. A selecdo abrangeu estudos clinicos e
experimentais e estes foram revisados e tabulados de acordo com a descricdo a

seguir.
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3.2.3 Descritores Utilizados

Para a busca dos artigos cientificos no banco de dados, foi utilizada
a palavra-chave “paraoxonase” associada a uma palavra-chave que representa o
diagnéstico-alvo da busca como depression, major depressive disorder, anxiety,
psychosis, schizophrenia, obsessive compulsive disorders, bipolar disorders e
psychiatric disorders.

3.2.4 Tabulacédo de Publica¢cdes Cientificas

Os estudos selecionados foram tabulados de acordo com referéncia
ou autor, populacdo de estudo, doenca psiquiatrica, diagnéstico ou situacao clinica,
tamanho amostral, variaveis controladas, presenca e descricdo da quantificacdo de
marcadores de estresse oxidativo e inflamatorio, realizacdo de genotipagem da
PON1 de maneira funcional ou molecular, identificacdo do substrato para mensurar a
atividade da PONL1 e resultados encontrados.

Na verificacdo de variaveis controladas buscaram-se informacdes
que podem influenciar como viés de mensuragdo a dosagem da atividade total da
PON1 como o uso de cigarros, de antioxidantes ou suplementos alimentares, uso de
medicamentos, sexo da populacdo amostral etc.

Quanto a identificacdo do substrato para quantificacdo da atividade
da PON1 optou-se em diferenciar os trabalhos que utilizaram paraoxon (atividade

POase), fenilacetato (atividade AREase) ou diazoxon (atividade diazoxonase).

3.3 ARTIGO 2: OXIDATIVE AND NITROSATIVE STRESS BIOMARKERS IN CHRONIC

SCHIZOPHRENIA

3.3.1 Delineamento
Estudo de caso-controle.

3.3.2 Populagéo e Amostragem

Foram recrutados 125 pacientes da unidade de acompanhamento
ambulatorial de pacientes com esquizofrenia PROESQ (Programa de Esquizofrenia)
da UNIFESP (Universidade Federal de Sao Paulo). Os pacientes eram estaveis e

41,2% preenchiam o critério de remissdo da esquizofrenia de acordo com
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ANDREASEN et al. (2005). Dados como idade, tempo de diagndstico de
esquizofrenia, resisténcia ao tratamento foram registrados.

O grupo controle foi composto de 118 voluntarios saudaveis que nao
apresentavam, nem seus parentes de primeiro grau, histéria de disturbio psiquiatrico
maior, incluindo deméncia ou desabilidade intelectual de acordo com entrevista
clinica.

Excluiram-se os individuos que apresentavam condi¢cdes clinicas
agudas ou crdnicas associadas ao desequilibrio do balanco de resposta inflamatoria
como infecgBes, portadores de SIDA (Sindrome da Imunodeficiéncia Humana),
alergias, gravidez ou puerpério, doencas reumatoldgicas e imunoldgicas e pacientes

sob tratamento com drogas imunomoduladoras.

3.3.3 Instrumentos
3.3.3.1 Diagnéstico de Esquizofrenia Cronica (DSM — IV — TR)

O diagnostico de esquizofrenia foi estabelecido de acordo com os
critérios do DSM-IV-TR (Diagnostic and Statistical Manual of Mental Disorders ou
Manual Diagnéstico Estatistico de Transtornos Mentais: Texto revisado — quarta
edicdo) utilizando uma entrevista clinica estruturada (SCID) realizada por médico
psiquiatra capacitado. Quando necessario, foram utilizados prontuarios médicos e

informacdes de familiares.

3.3.3.2 Classificacdo quanto ao habito de fumar
Os individuos patrticipantes do estudo foram questionados sobre o
habito de fumar, considerando-se as respostas “sim” ou “ndao” independente da

guantidade de cigarros por dia consumida.

3.3.4 Andlises Laboratoriais

Amostras de 10mL de sangue foram coletadas apds jejum,
centrifugadas e o plasma foi aliquotado e armazenado a -80°C até descongelamento
para as analises dos biomarcadores.
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3.3.4.1 Determinacgéo da atividade sérica total da PON1

A dosagem da hidrolise do fenilacetato em baixa concentracéo
salina representa a atividade total plasmatica da PON1, ja que nessa condicdo o
polimorfismo Q192R nao influencia a atividade catalitica da PON1 frente a esse
substrato. Essa reacéo foi medida a 270nm por 4 minutos a cada 15 segundos em
uma temperatura controlada de 25°C utilizando 20ul de plasma diluido 1:80 em
tampdo. A atividade total da PON1 foi expressa em U/mL baseada no coeficiente de
extingdo molar do fenilacetato de 1,31mMol/L cm-1.

Seguindo a técnica descrita por Richter, Jarvik e Furlong (RICHTER;
JARVIK; FURLONG, 2008b), todas as reacdes foram realizadas e sua leitura
ultravioleta em microplacas utilizando uma leitora EnSpire (Perkin Elmer, NY, EUA).
Os experimentos foram realizados em triplicata, sendo que as replicatas com

variagao maior que 10% foram repetidas.

3.3.4.2 Determinacédo de Produtos Avancados de Oxidacéo Proteica (AOPP)

Para a quantificagdo de AOPP no plasma utilizou-se o método
descrito por Witko-Sarsat et al. (1996). A leitura da reagéo de AOPP foi realizada em
leitor de microplacas (EnSpire, Perkin ElImer, USA) em comprimento de onda de 340

nm e os resultados expressos em mM de equivalente de cloramina T.

3.3.4.3 Determinagéo de Hidroperoxidos Lipidicos (LOOH)

A avaliacdo da producdo de LOOH por quimiluminescéncia foi
realizada utilizando uma adaptacao da técnica descrita por Flecha; Llesuy e Boveris
(1991) e Panis e colaboradores (2012). A quimiluminescéncia estimulada por t-butil
foi empregada para quantificar as concentracbes de LOOH no soro. O ensaio
baseia-se no consumo das defesas antioxidantes e a formacdo de LOOH,
responsaveis pela elevacdo dos niveis de quimioluminescéncia relacionados ao
estresse oxidativo.

A leitura da reacdo foi realizada no equipamento lumindmetro
Glomax® (TD20/20), ao abrigo da luz para evitar a fosforescéncia, em temperatura
controlada a 30 ° C durante 60 minutos. Os resultados foram expressos em unidades
relativas de luz (RLU) e a curva obtida foi utilizada como um indicador qualitativo da

lipoperoxidacgao.
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Os resultados quantitativos foram obtidos apds a integracdo da area
sob a curva utilizando o OriginLab® 7.5 software.

3.3.4.4 Determinacédo do Potencial Antioxidante Total Plasmatico (TRAP)

O TRAP foi avaliado por quimiluminescéncia em uma adaptacdo do
método descrito por Repetto e colaboradores, 1996. Esta metodologia detecta
antioxidantes hidro e/ou lipossolUveis presentes no plasma.

Ao meio de reacédo (1,8 mL de tampéo glicina 0,1 M, pH 8,6) foram
acrescidos 100 pL de luminol em solucdo aquosa 200 uM, 5 uL de plasma diluido
50% em tampdo glicina e 100 uL de solugcdo aquosa de 2,2’ azo-bis (2-
amidinopropano) 200 mM. O 2,2’ azo-bis gera radicais peroxil rapidamente, via
interagdo com radicais centrados em carbono e oxigénio molecular. Estes radicais
livres reagem com o luminol (que atua como um amplificador de sinal), produzindo
quimiluminescéncia. Esta reacdo é inibida pela superoxido dismutase, catalase,
analogos da vitamina E e &cido urico, dentre outros antioxidantes.

A adicdo de plasma diminui a quimiluminescéncia por um periodo
proporcional a concentracao plasmatica de antioxidantes até que os radicais livres
sejam regenerados, restituindo-se 0s niveis iniciais de quimiluminescéncia. O
sistema foi calibrado com analogo de vitamina E (Trolox), 100 uL na concentracéo
de 20 uM em tampé&o glicina pH 8,6. Uma comparacéo do tempo de inducédo depois
da adicdo de concentracdes conhecidas de Trolox e plasma permite obter valores de
TRAP em equivalentes de Trolox (UM Trolox).

Este experimento foi conduzido em um leitor de microplaca (Victor X-3, Perkin
Elmer®, EUA), em um modo de contagem n&o coincidente por 25 minutos e uma
faixa de resposta entre 300 a 620nm com controle de temperatura a 30°C. Todos 0s
experimentos foram realizados em triplicata, sendo que as replicatas com variacao

maior que 10% foram repetidas.

3.3.4.5 Determinacgéo de Subprodutos do Oxido Nitrico (NOx)
As dosagens de NOx foram realizadas pela mensuracdo das
concentracfes plasmaticas de nitrito e nitrato, utilizando uma adaptacdo da técnica

descrita por Navarro-Gonzalez e colaboradores (1998).
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O método baseia-se na reducdo de nitrato a nitrito, mediado por
reacoes de oxidacdo e reducdo ocorridas entre o nitrato presente na amostra e o
sistema reagente cadmio-cobre com subsequente diazotizacdo e deteccdo
colorimétrica dos compostos formados pela reacdo de Griess em um comprimento
de onda de 545nm em leitor de microplacas (EnSpire, Perkin EImer, EUA).

Os resultados foram expressos em pM.

3.3.4.6 Determinacao de citocinas, quimiocinas e leptina

Citocinas (IL-6), quimiocinas (CXCL-8, CCL-11, CCL-13), receptor
solavel para fator de necrose tumoral (STNF-R1) e leptina foram mensuradas por
ELISA (DuoSet R&D Systems®, USA) de acordo com os procedimentos indicados

pelo fabricante dos kits diagnosticos. Os resultados foram expressos em pg/mL.

3.3.5 Consideracdes Eticas

Este estudo realizou-se em concordancia com a Declaracdo de
Helsinki, foi aprovado pelo Comité de Etica em Pesquisa da UNIFESP (Anexo 1) e
todos os participantes assinaram o Termo de Consentimento Informado previamente

ao desenvolvimento da pesquisa.

3.3.6 Analise Estatistica

As diferencas entre controles e pacientes foram avaliadas utilizando
ANOVAs (variaveis continuas) ou analises de tabelas de contingéncia usando testes
de Qui-quadrado de Pearson (variaveis categoricas).

As analises multivariadas foram utilizadas para examinar os efeitos
das variaveis explanatérias (por exemplo, dados demogréaficos e diagndstico) em
varidveis dependentes (por exemplo, os biomarcadores de estresse oxidativo). Se
significativo, foram realizadas andlises univariadas para avaliar os efeitos das
variaveis preditoras significativas nas variaveis dependentes.

Andlise da regressao logistica binaria automatica foi utilizada para
delinear os fatores de risco para a SCZ, tendo o grupo controle como grupo de
referéncia.

A fim de normalizar a distribuicdo de dados das variaveis (conforme

avaliado através do teste de normalidade de Kolmogorov Smirnov), alguns
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marcadores foram transformados para logaritmo natural.
Todos os testes foram bicaudais e um valor de p menor ou igual a
0,05 foi adotado para significancia estatistica. A versdo 22 do programa SPSS foi

utilizada para analise dos dados.
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4 ARTIGOS

Os Resultados e Discusséo serdo apresentados na forma de artigos
cientificos.

O primeiro artigo apresentado, entitulado como “Paraoxonase 1 and
Psychiatric Disorders” é um trabalho de revisdo bibliografica que atualmente esta
sendo finalizado para submissao para publicacao cientifica no periddico “Journal of
Psychiatric Research”.

O segundo artigo apresentado, entitulado como “Oxidative and
Nitrosative Stress Biomarkers in Chronic Schizophrenia” foi publicado no peridédico
“Psychiatric Research” em 2017, volume 253, paginas 43 a 48.
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ABSTRACT

Oxidative stress and lipid peroxidation have been described to play a role in
psychiatric disorders. Paraoxonase 1 (PON1) is a polymorphic antioxidant enzyme
with peroxidase properties which activity has been described to be altered in
diseases where oxidative stress is involved in the pathophysiology. Since PON1
activity may be estimated using different substrates which may or may not be
influenced by polymorphisms, the literature investigating a possible link between
PON1 activity and diseases employs different terminologies and may misslead the
reader unifamiliar with PONL1 to erroneous conclusions. We aimed to revise studies
investigating a possible association of PON1 with different psychiatric diseases and
report the results using a standardized terminology in order to offer a clearer view on
the status of the knowledge. In general, the studies seem to suport a decreased
PON1 activity determined with the substrate phenylacetate (i.e., arylesterase or
AREase), in mood disorders patients (even in the chronic ones) and in drug free
schizophrenic (SCZ) patients. In chronic polymedicated SCZ patients, AREase
activity is usually similar to control values. Regarding PONL1 activity determined with
the substrate paraoxon (i.e., POase activity), broad conclusions are more difficult to
be established because the results are more heterogenous, which can be partially
explained by the fact that this activity is influenced by the Q192R polymorphism and
that most of the authors did not adjust the POase activity by this polymorphism. The
scarcity of studies investigating PON1 activity in anxiety disorders and obsessive

compulsive disorder does not allow general conclusions.

Key words: PONL1, anxiety, obsessive compulsive disorder, major depressive

disorder, bipolar disorder, schizophrenia.
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INTRODUCTION

Psychiatric disorders have high social and economic impacts. It has
been estimated that one in five adults (17.6%) experienced a common mental
disorder within the past 12 months and 29.2% across their lifetime (Steel et al.,
2014).

Psychiatric disorders frequently co-exist with other pathological
states such as metabolic syndrome and cardiovascular diseases (Kessler et al.,
2007; Merikangas and Kalaydjian, 2007) suggesting the existence of shared
pathophysiological mechanism(s). Oxidative stress is a biological condition
accompanying mental disorders that has been drawning attention (Ng et al., 2008)
and it may link psychiatric disorders and some of the comorbidities (Maes et al.,
2011).

Paraoxonases (PON) are a family of detoxifying enzymes composed
by three members: PON1, PON2 and PON3. PON1 and PON3 are expressed mainly
in the liver and part of them are secreted into the blood associated with serum high
density lipoproteins (HDLs), whereas PON2 is expressed in nearly all tissues (Bar-
Rogovsky et al., 2013). PON2 is the ancient member but the name of the family (i.e.,
paraoxonases) derived from the ability of PON1, the most studied PON, to hydrolyze
the pesticide paraoxon (Bar-Rogovsky et al., 2013). The primary physiological role of
PON1 is still uncertain but since its antioxidant property has been described
(Mackness et al., 1993; Watson et al., 1995), this enzyme has been investigated in
diseases that involve oxidative imbalance.

Considering that oxidative stress with consequent lipid peroxidation
have been described to play a role in psychiatric disorders and the peroxidase
property of PON1, the association of PON1 with different psychiatric diseases
diagnostic and clinical characteristics is the subject of this review.

DETERMINATION OF PON1 ACTIVITY AND GENOTYPING

PON1 is polymorphic and more than 160 single nucleotides
polymorphisms (SNP) have been described in the coding or in introns and regulatory
regions of the PON1 gene (Jarvik et al., 2003; Richter et al., 2008). The majority of
these polymorphisms have not been yet characterized, but may affect splicing

efficiency, message stability or efficiency of polyadenylation.
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The most studied polymorphisms in the coding region are the Q192R
(rs 662) which comprehends a substitution of glutamine by arginine at the position
192 and L55M (rs 854560) which comprehends a substitution of leucine by metionine
at the position 55.

The Q192R polymorphism influences the catalytic activity of PON1
but the direction of this change is substrate-dependent (Li et al., 2000; Mackness et
al., 2001). The R allozyme is more efficient to detoxify substrates such as paraoxon
and 4-chloromethyl phenol acetate (CMPA) whereas the Q one is more efficient to
detoxify substrates such as diazoxon, for example. Based on this knowledge, if a
study aims to estimate PONL1 total plasmatic activity, it is strongly recommended the
use of a substrate which detoxifying rate is not influenced by the Q192R, eg.,
phenylacetate (Costa et al., 2005; Jarvik et al., 2000). It is noteworthy that many
studies from the literature employ the detoxifying rate of paraoxon to estimate PON1
total activity and do not adjust the result by the Q192R genotype which can mislead
data interpretation.

The L55M polymorphism does not affect PON1 catalytic activity, but
has been associated with plasma PONL1 protein levels. PON1M55 is associated with
low plasma PON1 (Mackness et al., 1998). However, this appears to result primarily
from linkage disequilibrium with a polymorphism located in the promoter region, i.e.,
the C(-108)T. The —-108C allele provides higher levels of PON1 (approximately
twice) than the —108T allele (Leviev and James, 2000).

Another point that needs to be taken into consideration when studies
investigating the association of PON1 genotypes with diseases are analyzed is that
PON1 activity may vary up to 50-fold and the PON1 protein levels up to 15-fold within
the same genotype (Costa et al., 2003; Richter and Furlong, 1999). In this way, it is
suggested that on the top of genotyping, PONL1 total plasmatic activity be measured
in order to adjust the data.

Based on the above considerations, it has been suggested that to
have a more reliable scenario about PON1 as a marker of susceptibility for diseases,
the studies should investigate total PON1 plasmatic activity using phenylacetate (and
not paraoxon) associated or not with genotyping (Li et al., 1993).

Due to the different terminologies used in the literature, in this review

we will standardize the name of the PON1 activity by the susbstrate used. The
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readers should be aware that activity determined using paraoxon (POase) or CMPA
(CMPAase) are influenced by the Q192R polymorphism and do not reflect total
PON1 activity. This later is reflected by AREase activity (substrate is phenylacetate)

determined under low salt condition.

PON1 AND ANXIETY

Adult patients diagnosed with general anxiety disorder (GAD) and
without other psychiatric comorbidities presented increased levels of hydroperoxides,
decreased POase activity (no adjustment for Q192R genotype) and unaltered
AREase activity (Bulut et al., 2013). There was no correlation between the severity of
GAD and the observed results. In a study conducted with kids and teenagers (6-16
years old) diagnosed with any anxiety disorder increased hydroperoxides levels were
also reported but neither POase or AREase PONL1 activities were influenced by the
diagnostics (Ceylan et al., 2014).

In a study conducted with healthy subjects derived from a project
investigating the role of diverse risk factors in the genotype on responses to regular
exercise (Sklan et al., 2004), POase activity (no adjustement for Q192R genotype)
showed inverse association with state anxiety (i.e., experienced at a certain time).
Moreover, genotyping for Q192R, L55M and C(-108)T polymorphisms showed that
in individuals classified as high trait anxiety, it was more frequent PON1 192R
homozygous whereas in the ones classified as lower trait anxiety it was more

frequent individuals heterozygous to C(-108)T.

PON1 AND OBSESSIVE COMPULSIVE DISORDERS

The only study retrieved with patients diagnosed with obsessive
compulsive disorder was conducted with kids and teenagers (8-17 years) and report
decreased POase activity (data not adjusted for Q192R genotype) as well as
decreased total antioxidant status and increased total oxidant status. AREase activity

did not differ significantly between groups (Kandemir et al., 2013).

PON1 AND DEPRESSION
The first study that investigated a possible association between

PON1 and MDD patients reported no association (Sarandol et al., 2006) between
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MDD and POase or AREase activities as well as Q192R functional genotype even
though a lipid peroxidation marker (malondialdehyde) was increased in patients. The
subjects were patients diagnosed with MDD and without other psychiatric
comorbidities. Basal blood was collected with patients free of antidepressants for at
least 3 weeks. Lack of altered AREase activity has also been reported in drug-naive
women diagnosed with MDD (Kodydkové et al., 2009). There are, however, studies
reporting significant lower AREase, but not POase, activity in MDD patients (Barim et
al., 2009; Bortolasci et al., 2014; Kotan et al., 2011) including in patients that were
free of drug for 3 months (Kotan et al., 2011).

Regarding the effects of antidepressant treatment on PON1, one
study reported reduced POase and AREase activities after 6 weeks of
antidepressants treatment (Sarandol et al., 2006) whereas 3 studies reported
increased activities. Compared to pre-treatment values, Kodydkova et al. (2009)
reported increased AREase and POase activities after 24 weeks of antidepressant
treatment (drug and dose adjusted for each patient); Barin et al. (2009) reported
increased AREase activity but not POase 3 months after the beginning of citalopram
treatment; Kotan et al. (2011) reported both AREase and POase activities to be
increased 24 weeks after antidepressant treatment.

In a meta-analysis study recently published (Liu et al., 2015), the
authors reported that serum PON1 activity was lower in acute episodes than controls
(studies used were Kotan et al., 2011; Barim et al., 2009 and Bortolasci et al., 2014),
but it didn’t increase after antidepressant therapy (studies used were Kotan et al.,
2011 and Barim et al., 2009). The lack of significance regarding the antidepressant
therapy may be a caveat due to lack of statistical power (only 2 studies and a total of
67 patients) or to misunderstanding of the nomenclature of the activities. If the
authors are considering as paraoxonase activity the activity obtained with paraoxon
so we would have a negative (Barim et al., 2009) and a positive (Kotan et al., 2011)
study. But in this case, the work of Bortolasci et al (2014) could not have been
included in the analysis of acute episodes because they are considering total
paraoxonase activity which was obtained with phenylacetate as substrate and is
equivalente to what Barim et al. (2009) and Kotan et al., (2011) are considering
AREase activity. And if we consider AREase activity, both Barim et al. (2009) and
Kotan et al., (2011) studies report increased activity after antidepressant treatment.
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Besides the association of MDD with PON1 activity, there are also
studies reporting on the association with the concentration of the enzyme as well as
with polymorphisms. Oglodek (2017) split the patients into mild, moderate and severe
depression groups and reported that patients with depression had lower PON1 blood
concentration levels as depression became more severe. Lawlor et al. (2007)
examined the databank from the British Women’s Heart and Health (BWHH) study
and reported that in women aged 60-79 years, the 192R genotype was found to be
associated with respondent reports of doctor-diagnosed depression. This observation
was not corroborated by two other studies that employed DNA methodology (Rice et
al., 2009) or functional genotyping (Sarandol et al., 2006). Rice et al. (2009)
examined two independent older population samples (the ELSA and InCHIANTI
studies) which are not gender specific and have data from validated scales of
depression symptoms and found that the Q192R polymorphism was not associated
with current depressive symptoms or history of diagnosed depression in either study
independently, or across the combined sample of 3919 people aged 60-79 years.

In summary, the studies seem to suport a decreased AREase PON1
activity in MDD patients which may play a role in the pathophysiology of MDD,
exacerbating the oxidative stress that is known to occur in this disorder (Maes et al.,
2012, 2011). Inflammation also takes place in the pathophysiology of MDD and since
PON-1 hepatic synthesis is inhibited by inflammatory stimulus (Feingold et al., 1998)
the decreased activity observed in MDD patients may be a result of lower

concentration of PON1 in the blood, as suggested by the study of Oglodek (2017).

PON1 AND BIPOLAR DISORDER

Compared to MDD, fewer studies investigating an association
between PON1 and bipolar disorder (BD) are available.

Regarding PON1 activity, the studies report decreased
POase/CMPAase (Ezzaher et al.,, 2010; Moreira et al., 2017, respectively) and
AREase activities (Moreira et al., 2017) in BD; lack of association between AREase
activity and BD (Bortolasci et al., 2014). Moreira et al. (2017) also report an inverse
association between CMPAase (equivalent to POase) and AREase activities and

number of depressive and manic episodes as well as an association between lower
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CMPAase/POase activity and worse scores in quality of life and disability scales,
reflecting worse outcomes in mood disorders (both BD and MDD).

When PON1 Q192R polymorphism is considered, a positive
association between the R allele and BD was reported in a Tunisian population by
Ezzaher et al. (2012) which was partially corroborated by Kugukali et al (2015), who
reported a lower frequency of QQ genotype in BD in a Turkish population but it did
not reach statistical significance. PON1 L55M studies are controversial with Ezzaher
et al. (2012) reporting a higher frequency and Kucgukali et al (2015) reporting a lower
frequency of the MM genotype in BD. Both studies, however, found a higher
frequency of the heterozygous LM genotype in BD. As previously mentioned, it is
difficult to weigh the results of genotyping when PONL1 total plasmatic activity is not
measured. A priori, it is expected MM genotype individuals to express less PON1 and
it would be difficult to understand how they would be protected from BD if we
consider the antioxidant role of PONL1.

PON1 AND SCHIZOPHRENIA

In drug naive first episode psychosis (FEP) patients, decreased
AREase (Brinholi et al., 2015; Noto et al., 2015; Sarandol et al., 2015) and unaltered
POase (Sarandol et al., 2015) activities were reported. Recovery of the AREase
activity was observed 11 weeks after risperidone treatment (Noto et al., 2015) but not
6 weeks after diverse antypsychotics treatment (Sarandol et al., 2015). Despite the
recovery observed after risperidone treatment, AREase activity did not predict
treatment outcome though (Noto et al., 2015).

The results obtained in chronic patients with schizophrenia (SCZ) are
more diverse. In polymedicated SCZ patients, most of the studies report normal
AREase (Boll et al., 2017; Yegin, 2012) and POase (Kulaksizoglu and Kulaksizoglu,
2016; Mabrouk et al., 2014; Yegin, 2012) activities. Unsal et al. (2013) reported lower
POase activity (not adjusted for PON1 Q192R genotype) in patients taking
olanzapine but not in patients taking quetiapine. Noteworthy, the statistical
significance disappears if the patients were combined into one group of SCZ patients
without taking into consideration the drug being taken. Kucgukali et al. (2008) also
reported lower POase activity in chronic SCZ patients. Differently from the other

studies, Sarandol et al (2007) evaluated POase and AREase activities in chronic
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patients after a 3 weeks washout period and reported both activities to be lower than
the control group (i.e., similar to what is generally observed in drug naive FEP
patients). Six weeks after the drugs being reintroduced, there seems to be a partial
recovery of the enzyme activities (post-treatment values were not statistically
significant when compared to either pre-treatment or control values). There is only
one study reporting increased POase and AREase activities and it was conducted
with patients taking clozapine or risperidone for at least 1 year (Gilca et al., 2014).
Regarding PON1 polymorphisms, Matsumoto et al (2002) did not find
an association between the Q192R polymorphism and SCZ in a case-control study
conducted with a Japanese population. On the other hand, Kugukali et al. (2008)
reported the RR genotype to be more prevalent in SCZ patients than controls.
Summing up, the majority of studies would suggest that in the
begining of the disease, PON1 activity is lower but it is recovered with the
introduction of the apropriate pharmacotherapy even though markers of inflammation

and oxidative stress remain altered.

FINAL CONSIDERATIONS

There are not too many studies investigating the association of
PON1 with psychiatric disorders specially with anxiety disorders and obsessive
compulsive disorder.

It is noteworthy the great diversity of terminology regarding PON1
activity used by different authors which can certainly misslead the reader unfamiliar
with PONL1 to erroneous conclusions.

In general, the studies seem to suport a decreased AREase PON1
activity in mood disorders patients (both MDD and BD), even in the chronic ones. In
SCZ, AREase PONL1 activity is also decreased but mainly in drug free patients. In
chronic polymedicated patients AREase activity is usually similar to control values,
indicating that antypsychotic treatment or the chronicity of the disease seem to
recover AREase activity. Regarding POase activity, broad conclusions are more
difficult to be established because the results are more heterogenous, which can be
partially explained by the fact that this activity is influenced by the Q192R
polymorphism and that most of the authors did not adjust the POase activity by this

polymorphism.
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ABSTRACT
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ﬂmr\e.ﬁnuﬂm\eﬂ.hﬁﬂn TLs6, soluble TNF recepiors (sTHNF=Rs) and the chemakines DCL=11 and OCL=3.
Thire were b sgnificant assoclabions between chronle SCZ and the O & NS markers (ADPF, NOw, LOOH) and
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N5 markers and the cnzyme PON-1 are ot useful e biomarkers in shronie stable polvmidicated SO2 patients.

1. Introduction

Schizophrenia (SCZ) is a chronic psychiatric disorder with a
neuroprogressive course {Davis et al, 20140 Its etiology is muolts
factorial, with important genetic components. On the top of altered
dopaminergic newrstransmission, abnormal functioning of the by-
pathalamus-pituitary-adrenal axis as well as activated immune-inflam-
matory pathways (see Stuart and Baune, 2004 for a list of references)
and redox cascades have been reported (Leza et al., 201 5; Moylan et al.,
2L, Tsai et al, 2003). The role that thess pathways play in
nenroprogression have been specially investigated since they can affect
neuronal plasticity, signal transduction and induce apoptosis (Leza
et al, 2015; Mahadik et al, 2001; Manji =t al,, 2012; Sen et al., 2008;
Shabani and Sawa, 2012). Several biomarkers have been investigated
as pobential indicators of trait, nenroprogression and treatment effecs
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tiveness. Nevertheless, meta-analyses studies (Miller et 2l 2001
Paotvin et al., 3008; Fhang et al.. 2008) demonstrated an impressive
heterogeneity of results in the Eteratare, suggesting that chamcteristies
such as stage of the illness, use of medications and clinical features
might be confounding factors.

For oxidative/nitrosative stress (O & NS) markers in early stages of
SCZ, Simgsk & al. (20056) reported that untreated adolescents with
acute psychosis did not differ from contrals in their plasmatic levels of
the antinxidants superoxdde dismutase {S0OD) and gltathione perox-
idase (GFx) as well as S-hydrooy-2'-deoxyguanosine (8-0HAG), a
marker of INA oxdation.

In first episode psychosis (FEF) patients (e, patients that are
experiencing psychatic symptoms or a psychatic epizode for the first
time], peripheral axidative stress is suggested to be present by data
reparting increased 500 activity, enhanced bevels of lipid peroxidation

Ceelosg, Vi, L

August Ailé; Reorivmd in seviand form 5920 Jasasey 2017; Aecepled 3] March 2007
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markers {i.e., malondialdeyde or M and thioharbituric acd reactive
substanees ar TRARE], decrensed activity of both GPx and parsoxonas:
1 (PON1} as well as lowered total radical-trapping antioxidamt capacty
(TRAPF) {Gareia-Baena et al, 2004, Moto et al., 200150, Sarandal #t al.,
2015} Additionally, Garcia-Buweno e al (Garcia-Bueno el al, 2004)
also reparbed an inereased activity of nuclear factor kappa B {NFelE), a
main regulatar of O & NS statas, in blosd mononoclesr cella of FEP
pabients as well as increased ndtrite levels, Treatmend with fsperidone
{11 weslcs] normaldized PON1 activity and decreased lipid hvdroper-
axides [LOOH ], sigreating an anti-oxsidant efect (Moto ot gl 20050} of
treatment. Sarandol « al. {Sarandol et al, 2015) did oot ohserve
alterations in SOD, MDA and GPx after shoit-term antipsychotic
treatment {6 weeks). Kriisa et al. [2016) did not ohserve significant
differenes betwesn contrals and FEF patiemts in serum tobal anties-
mlant capacity, peroxides and some oxidabive stress mdexes but they
chserved sigmificant improvements in oxidant/antioxidant balance
after 7 menihs of antipsychoties teabment

In SCE, meta-analysis studies reported mitrie owide and lipad
pereaslation 1o be incressed and seric total anbioxidant stans {TAS)
o by increased after aptipschotic treastment {madiny olanzapine o
risperidone) approoomatedy 2.5 months after aonte pspehosas (Flatow
ebal ., 2003k Higher levels of ligid perossdation apd postein carlansd at
early [within first 10 vears of a psycholic epizode} and late stages of
BCE in the: absence of TRAP alberations were abserved by Pedin of al
(2012} Maoreover, a meta-anmalyss pablished by Coopghlin et al.
{Conghlm et al, 2002} deseribed that TAS, red hlood cells eatalase
activity (CAT) and plasima nitrite are state markens of BCE whereas red
hlood cells 80D appears to be a trait marker because its levels were
decreased in FEF, arutely velapsed inpatients and stabde oatpatients.

Our group has been imvestigating, the profile of vanous oickines,
chemakines and (& NS markers in different stages of SCZ FEP
patients presented significantly bigher TL-6, TL-100 amd THF-a levels
as well as TRAP than healthy controls and lewer serum activity of
PONT {Mata o1 ol , 2005h), Messover, &n inveise agsociation tween
FONT activity and the levels of IL-4, 11-6 amd TL-10 was observed
(Erinhali et al., 2015). FEPF patients treated with risperidone for 11
weeks presenfed increased activity of PONL and decreased evels of 11-
i, IL-10, TNF-u and lipid hydroperoxides (et o0 al, 20158) Tn
chironically-treated SCE patientz, we oheerved increaged bevels of [L-5,
soluble tumor necrosis factor receptors (STMF-R), beptin and the
chemakines OCL-11 [eotaxing and OCL-3 (MIP=1a), whereas the levels
of IL-2, 1L-4 and 1L-1 were decreased {Foto et al, 20155), Moreover,
nsing the eombination of five bsomarkers (sTHNF-R1, sTNF-R2, (O0T-11,
TL-10 amd TE-4) we were able o predict the disgnasis of SCF with a
sensitivity of 700K, whereas the mereased levels of sTHNEF-R1, sTNF-E2
and OCL-3 were telated to treatment resistanes (Mata of al, 201548),

In this study, we focused on some O& NS markers in patsents with
chromie SCE versus contrels m arder to delineate their use as potential
bicmarkers for chionie S These markers were chosen because they
have been investigated hy our groap in other neuro-immune diseases
aa well, O NS demige to plasmatic hpsds (psd hydroperoades) anad
proteins [advanced oxidalion protein products} were evaluated as well
as the antinodants TRAF and PON-1 activity. We also examined
posgible associativns between immune-infammatory markers {leptin,
IL-6, sTHF-RI, CHCL-E, OCL-11 and CCL-3) already described in cur
atidy populathon (Mote et al 200540 aed thess 0 8% 35 markers,

2. Melhads
2.1 Subjacts

All patients (125} were recruited at the PROES(Q (Schizophrenia
Pragram], an sulpatient undt &t the Universidade Federal de Sao Panla,
Braal. The diagnosis of SCE was established according to the criteria of
the Diagnostic and Statistical Marnal of Mental Disorders, Fourth
Edition [REM-TV-TR} using its Stroctured Clinieal Interview (SCID),

44
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Medical records and familial informants were contacted when neces-
gary, Patlomts were efable and 41.2% folfilled remission criterin
[Andreasen et al, 2005). The mean age of onset was 22465 (SIv
BA50, and mean time of llness was 1175 years (80 8.29) Sinee
FPROESD & a spocialized conter, there iz a higher bevel of treatment
resistance (TR} than in regular services. In our sample 56.9% fulfilled
eriteria of TR and 38 5% were under elezapine treatment, All the others
patients were under distinct antipsycholic treatment, incluwding, both
first and second generation antipsvehotics.

The comparison group consisted of 118 healthy volostees (HC)
whao neither themselves nor their first-degree family members had a
current of previous history of o major pavehlatie disorder, including
dementin and intellectual disability, according to SCTD-T.

Acate andd chronie general medical eenditions associaled with an
imbalanoe in inflammatory responses such a8 infections, HIV, allergies,
pregnancy of the pastpartam period. theumatolagic or mmannlogical
comditbons were exclugion eriteria for both cases and eonirale In
additvon, individuals who were under treatment with immmnomodula-
tory drugs were alao excheded.

Thiz investigation was carried out in acoordance with the latest
wersinn of the Declaration of Helsinki. The Research Fthics Commattes
ol UMIFESP appreved the research protocal, amd all participants
provided written informed consent prior to the enrallment.

23 Lebormlory messioremends

A blesnd gamiphe of 10 mL was witlsdraws from all individuals. Blod
was immediately centrifuged, and the serum was aliquoted and stored
at —A0*C untll thawed for the blomsarkers assave

The O0& N3 markers measured were advanced cxidation protein
products (AGPF), lipid hydroperoades [LOGH), mitric axide metaba-
Istes [MROx), total madical-trapping antiogidam pammeter (TRAF) and
the actwvity of POM-1. ADFF was quantified in a microplale reader
(EnSpire, Perkin Elmer, USA) at a wavelength of 340 nm (Hanazand
etal, 20121 and is expressed in mM of equivalent chloramine T. LOOH
wis quantifiedd by chemilumimeseenes in & Glomax Lumimemeter (TH
H0F200, im the dark, 21 30°C [or 60 min (adapted from Flecha o1 ol |
19%1 anad Panis et al,, 2012) and the resolts are expressed in relative
light umits (RLLT, Mk was anseesed inoa microplate reader {EnSpire®,
Perkon Elmer, US4} at a wavelength of 545 nm by measuomg the
coneentration of nitrite andd mitrate (adapted from Havarro-Goneilves
et al, 1998} and results are expreseed as pM. TRAF was evaluated ina
microplate reader {(Victor X3, Peddn Elmer, USA) and results are
expresged in pM trelox (Ropeiio et al, 1996} For tee determination of
seric POM-1 total activity {ie., arylesterase activity} the rate of
hvdralysis of pheryl gotiate wis determimed moa mricreplate reader
(EnSpire, Perkin Elmer, U8A) at 270 nm and 25 *C. The activily i=
expressed m U/ml based on the phenyl acetate molar sxtinetion
coelficient of 1.31 mMaol/L e 1 [Rachiler of ], 2008),

Cviokines amd chemokines (11-6, CXCL-8, OCL-11, OCL-3, sTHE-
R1 ard leptind, were messured by ELISA (Dmofet, RED Systems,
UsA) according, to the procedures supplied by the manufacturer and
were expressed in pgiml.

2.3, Smatislics

DHfferences belween controls and SCE sabjects were assessed using
ANOVAs (continmous variables] or analyses of contingency tabdes using
Pearson chi-agoane lesls {caligarical vadables) Moltivanate gencral
Inear model (GLM) analyses were ussd to eoamine the effects of
explanatory variables {eg desmographic dita and disgiosis] on depen-
dent variahles (e g the oxidative stress biomarkers). 1f significant, tests
ol between-subject effects (univariate GLM analyses) were used 1o
asess The effects of the significant predictor variables on the dependent
varighles. Antomatic stepwise hinary logistic regresston analysis was
wsrd to delineste the sigmifkcant ek factors of 307 as dependent
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Takle 1
Soclo-demographie. ocdative & wlisvestive sivess and Inflaremaiory bamarkers in
healthy comteds (B} v chranic S0% patients.

Wanshle HC BCE B P
Age v R ER ] A 1LaEg 078 LiALE OURAR
Bex (M)F) T =T arn 1 0.kn
Famibial mcome (R b By L R T e B L | S ) - R ]
& munth)
Current smeoker 4F1 B&ZE b Rd | e ] o.mn
AOFE (mM I#1L.7 (463 ZL1I{1594) Q9% 1/23F a5
chilecamine T)
LOOH [KLU=10%) 210l 013y 0By 1/3I7T 0583
T (i 1.9 49.2) 118 (R0} 07 1/213F 0.3
TRAP [pM trodm WIAA (103 AU 14840 LR 10250 e
PO ackivity (U 170 (GHAY 1816 7T Q1E  1/230 G672
mLy
Tab dpgitrinl) 11 a0 LERER K] sl 1/1eE  ednT
Lophin {pgi'ml) 15150 i 2 LERT <oy
eI [IECER]
CECLA {prfmil] ST 1.4 any Linfed  Qulq]
L6313y [LETE 1
LI Ipgfmld 45H A el OnT 1INl QLR
[LEs2.8) [RECER]
L3 (primid 1A 41 1T L4 ome
[ H (=LA H
ETHE-RI (FRimLE L TETA] 13604 S TIET T T T
145080

Continiels varibles are presented i means (300 and were aalyaal by ANOVA
wheres ieal variables are | ted as Trequency and were anatvesd by the Chi-
Srpare et

variabde and hialthy contrals as reference growp. In arder to normalize
the data distribution of varisbles {a= assessed using the Kalmogoros
Smirney test of normaliby] we log-transformed the bicmarkers. All tests
wepe Z-Ladled and a pevaloe of 0.05 was nsed for statistical sagnificama:,
The SPSE (version 22} was employed for data analysis.

3, Resulis
.1 Secto-demographic and bomorker dote

Table | shaows the soco-demographic and biomarker data of the
2435 gubjects enralled in thig stsdy, There were oo gignificant difler-
enpes between controls and patients regarding age, sex, familial
mecme, smoking stitos and levels of AOPP, Miw, LOOH, TRAF,
POR-1, IL-6, CXCL-8, OCL-11 and OCL-3. 80 patients showed higher
bevels of leptin and sSTRNF-R1 than combrods. 18 is ateworthy that we dad
ned e pesrrections an the dats presentid in Table | beeause these
univariale statistical resalts were coly used bo define the explanatory
wariabdes that were emplodad as determmants in muoltivariste GLM and
hogistic regression amalyses.

2208 X stvess and trmme-rfammeiory markers

Table 2 shows the resolts of multivariate GLM analysis with
oxidalive slress matkers [AOPF, WOx, LOOH, TRAT and PON-1]
markers as dependent variables and age, sex and diagnosis as
explanatary varahlee Muoltivariane tests showed that age and sex ane
associated with changes in O & N8 biomarkers. There was no associa-
tion between chronic SCZ and thess i oers. Tests of het
auilrjec] eflects showed that age wag podifively sdsocated with MOE aid
ADFP. whereas males with A0PP, LOOH, BOx and TRAP. POM- 1 was
et sgnificanth assoeiated with any of the explanatary varialles
Forced entry af ather putative explanatory variables, imchsding famikial
inesme, use of sntipsychatics, wse of cloeapine, showed that thess
variables were not significantly asscciated with the bicmarkers. Also
smakimg behavior did not have any significant univariate effect on the
bicimarkers (F=0017, df=5106, p=0,972)

Fyyefutny Resewech 255 (30074248

Table 2
Remilis of raliivariabe geperal linsar medel anabyss with osidative B nitrosstive stress
{4 WS Bivmarkers (0P, LOOH, Hils, TRAR, FUN-1] ax deposdent vansislos sd

age, s amad diagnisis as sxpl o varia bk
Tependent Explamatory ¥ &t pvakie
vanshle varkle

Multreariae NG Ape SAT  SWE cnnal
markory Hex Lt | ENlE = undhl

Piagnosis 159 5% D6k
Sagmificarm AOFF Age [+] LELE  1f1%  cnoal
Sex (M 5 F) 2108 < DLl

sehjeci effecis  LOOH Fex (M= F) LOGE  1f1%  Deda]

Wil Age i+l 9% 1™ 08I

S (M = 1 434 [iT= 1P
TRAP Sex (M= F) 1766 IF1% <D0l

I#1: positee association o= determoned by the parsmeter estimates
-k negatres assocution s deterroned by the poramelor estimaies
M= F: values in ek s pnificantly grasier than in femsles.

Table 3

Mulnwariate geieral lisar medel amlyss with the 3 oelative arsd nitmsative Sin=s
hmarkan: (A0FF, LOOH and Kow) s depondent Tarobles and age. ser, diagross,
THAF, PO and imetune inflammatory markens Neptin, e, CXCLA, OCL-01, sTHP
B3 an axplmsbory variahlos.

Dparad ot Explanatory F o p-vakn
virlall: virda bl
Mulbrvanata ACHR, LO#H g 475 CTER L1
i K Bex 1226 37119 <ol
[Hagneosis 134 &f09 029K
THAF 108 K119 04431
POR-1 activite 670 30009 <kl
Lepaia 1B K119 0gas
L& SET 319 Nesn
CR{L-E 4.3 LIS e
-1 FE I GRS
sTHMF-R1 49 319 07
Sxgrificanl ADPP Sax (M = F) 102 W% <0l
bermvrem- Ape i+] 77 L e
et effects Lapttin 14} 450 0004
TRAF {43 43 e ]
POK-1 actirity 6.57 [IE=1F
=1
CRCL-B{+) 4.50 [1TecHd
Hit S (M > F) AEL IR (s
Age I+]) 400 [ L]
POR-1 activity L1IM 111
(]
L4 (43 aAh iz
Liwat S [ = F} BEC IR e
CXCL-B {4} a.08 (LTSI B
-1 4=1 L] o
[=]: panitres 1ahire o= ol | by tha |
I~k negutres paliee e ol 1 by ke

M= F: sabins in ks i significantly greater Than is Sealvs.

Table 5 shows the resalts of 3 maultivariate GLM with only the O
NS markers (AQPP, LOOH anad M0x) as dependent variahles and age,
se, diagnosis a3 well ag antivaslant {TRAP, PON-1} and immone-
inflammatary (leptim, TL-6, CXCL-8, OCL-11, sTMNF-K1} markers as
explanatory variables, All explanatory variables, excepl diagnesis and
£INF-R1 were sgnificanth sszocated with the O& NS biomarkers.
Thee: same tabde shows that AOQPE levels were predicted by male sex,
ape, lepting TRAPF, POMN-1 sctivity amd CXCL-8 80w Jovels wore
gignificamthy and pasitively associated with male sex, age, PON-1
actity and 10-6. LOOH levels were significantly pradicted by male
sex, CHCL-B and CCL-11 levels.
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Tablc 4

Blultivariate pepcrsl bmest model anilvils with oxiative and nemasalive stress
bistnarkers (AOFP, LOOH sad Bix) aed imemuee- infmmatory (028, CXCL-R, 2THE-
K1, OTL-% arel lepiink markers as dependent variahbes and oge, sex, diegzrosis arml
mabnmidnd mavkan (TRAF and PON-1) as axpleatory saciahbe
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Tabls 3
Auitrmiatie logistic regression analvss with dheonie schizophrenia as dependent wariables
[erkmlks an raforancn group) s the 5 ot & sibralve sirass {0 & EE) s §
Irmuro-inflammaiory blomarkers s explanaiony varisbles {foroed eniry of age aad
pendar].

Deperdent Explanaiomy F L F Sqgraficar explanaiomy Wald DM F dds reten 5% Lower-
warlahikes vartibies vartabies Upger C1
Blultivarule Fro-ainlan? and [hagnzais 480 wT7E <0000 ¥THF-R1 BE ha0%  5ls 152-1755
AmimaiireE- 5 Lnnz = 1ol L1 LA T oeay pLer 1 =108
inflamenatary A 247 (=Rt} Lepem JLILC B g0k Lk L0 ik
markers THRAF 434 = 1.0l TRAP B2 1 neaz  1np LiH=1.01
PON-1 actmity 2234 a2 A LH1 0230 o7 0as-4.
By LTE 1 0oge  0x nns-1.z0
Signifcant AP Sarx (B> F) (NECR T ]
bt Age 4+) Loz (SR LH| 5% 1 95% confdence intervals (lower - ppper]
mubjoct PON-1 sctrvite HAS s
ot [x] association hetwesn SCZ and O & NS markers (AOFP, NOx and
i g (M = FI 1527 L@ <080 LOOH] s well ag the anti-oxidant ensme PON-1. Progenee of SC2
g {1 EES a did not explain the variation in the evaluated O & N8 markers either
THAF {=) T4 LRl when they were evaluated alone or when they were combined with
:":::w" sy A6 = inflammatory markers. This was somewhat surprising since O B NS i
knowm to be present in 5CE (Anderson et al, 2013, Bofkovié et al,
Lagilin Dagnesis 2L5F  LAE e 3 0115 Les el al, 2015), Howsever, there are discrepanl resulls in the
[0 < ST sterature {EoEkovié et al, 2011; Smaga et al, 2015}, which can be
geme e oo et by o migriad of feetors suel as the diversiny of eases enralled
Pﬂ}-‘-l{:-l-'rrh :.ﬂ -:\.n:ﬂl in each study {stage of the disease, nutribional habits, type of
1= ' antipsvehotic used, ethnicity, lifeshyle) and analytical techniques.
WTHF-RL [Hagnzain L1581 1/80 <001 Regarding antipsichaotica, we have recently published a study compar-
TOOHY -+ S0 ing the in witro antsoxidant capaciky of six drogs {eloeapine, olanzapine,
e TAP {-) 844 ifA0 Ao vesperidone, ziprasidoee, quetiapine and halaperidal) and there were
orl-a 3 in 1276 aae oo i:npm:'iaut differences among them, which -:nl.nld be e-:.!.'plainnd. by their
[O0HY < ST chemieal structure (Bonboli et al, 2016), Sinee patients were under
THAP {-) uay o different antipsvehotics and the markers were evalaated in the
-1l Diagnesis 240 LAY s peripheral blood, it is possible 1o conceive thal depending on the
s antipsyehotic plasmatic level and on the antipsyehotic anti-oxidaat
{4k positive an irsd b the paotential, some markers may have been influenced by the presence of

(= miglaliee aisccialion s delorminind by The pinsmelo ealimsiles.

Bl = - wilines b ek ane sigaifcantly geealis thian in Termakes

O0N « B0 valoes in hesithy comanels are significantly lower than
sehimaphirenda

i clipodic

Table 4 slyows the outeomes of the maltivariate GLM analyeis with
O ENS (AQPP, LOOH and NOx) and immune-inflammatory {lepiin,
Il+6, CRCL-Y4, sTHNFR=1 and OCL-11]) hiemarkers &5 dependent vari-
ables and sex, age, diagnosias aisd anbioxidants [TRAF and PON-1]) a5
explanatory variables. All the explanatory variables reached statistical
slgnificance. A previoualy described, ADPT and 80x were positively
assooiated with males, age and PON-1 activity. Moreover, in this
model, TRAP was negatneety assockated with MO, Leptin was predicted
Iy disgnosis, sex. and TRAF and PON-1 activity. 1L-6 and CCL-3 levels
were bath inversely associated with TRAP levels. As already reported in
a previous paper from our groop, the dhenie B0 groug showed higher
beptin, sTNF-R1, CCL-11 and CCL-3 levels than combrols (Noto et al,
2(¥ 5a).

A3 Logistic reqression of adds of chromic SCF versies healthy confrols

Table 5 shows the outeome of an automatic binary logistic Tegres-
sien analysis with SCZ as the dependent variable {eontrols as the
referenoe proup). Four variables significantly predicted SO (X=TH.40,
df=4, p <, Nagelkerke=0555) sTNF-R1, CCL-11, leptin, and
TRAP i positively asociated with SCE. Foreed entiy of sex aid age
showed no significant assceiation with SCE

4. Discossion

Ditferemthe from our a geiord hypothesss, there wag o ek of

Aia

the: drug,

Sipgmificant associations were observed among some of the milam-
matory and the 0 & NS markers evalnated im our study. The positive
asanciations amoeng pro-inflammatory evtakines and O & NS markera
(e, leptin and CXCL-8 with ADFF, 1L-6 with NOx: and CXCL-8 with
LOOH] reinforee the intricate relation amang inflammatary  and
oanlative/nitrosadive pathways. Moreover, the multvariate general
Imear model indicated that levels of anti-oxidants wonld sxplain part
ol the variation in O & NS markers and Jeptin in a positive relation, i,
the greater the anti-oxidants the greater the 0 & NS markers ar beptin.
PON-1 wis positively aesociated with AOPP, KOx and leptm, whereas
TRAF was associabed with AOFF and leptin. We could specolate that
these anti-oxidants are up-regulated as a 1) Eory hanism ta
cointeracl the ncreased oxidation bt PON-1 achivity 18 Bnewn o be
decrensed hy (0 & NS, beptin and mflammation {Eellowska et al., 2000;
Blaiaz ot al,, 207, A3 @ matter of fret, POM-1 18 considered & negative
acute phase protein which hepatic synthesis is inhibited by am
inflammatory stimalise (Feingold et al, 19%98) and it is noteworthy
that in FEF patients we did observe g decreas: in the total plasmatic
activity of POMN-1 which was reestablished after 11 weeks of treatmsent
witly rleperidome (Noto et al, 20150} Paralleling this result, Sarandel
et al. reported reduced paraoxonase and arylesterase activities of PON 1
in drugsnaive or drug=free patients, which were partially recovered
after a G-weell anlipsvehotic treatment {(Saramdol =0 al, 20075).
However, in the present study we are dealing with chronie, stable,
palymedicatiod patients and sinee PON-1 i8 known U be modialated by
diverse environmental factors {Costa et al.. 20013 the oarrent knowl-
edge doss not allow s 1o specnlate what would be the net influence of
diverse inflammatery markers and drags on the PON1 modulation. In
oar stady, hesides the positive associations mentioned ahove, there was
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a negative associalion between TRAP and Nk, IL-6 and OCL-3 and a
logistic regreassan indicated TRAP to be & weak but pratective factor for
SCE which would corrobaorate studies that indicate TRAF 10 he reduced
in patients with 82 (Albayvak et al, 2013%; Chittipral et al., 2000, Koga
et al, 2015} There are, however, studies that indicate increased hvels
af TAS (Vidowif et al., 2014) and no difference in TRAP [Sarandol et al.,
2007a) These diverging resulits may relv an the fact that TRAF i=
influeneed by mamy confounding, factors sach as sex, age, diet, vitamin
E and C, hemoglobin and uric aeid levels (Ghiselll ot al., 2000, Sautin
and Johnzon, HHE],

The main associations that we ohserved with the O &NS markers
were with physsalegical variables, As expected, an imcrease in the O &
NS status was ohserved with age (MO0x and AOFF) and in males (ADPP,
LEIH and MO,

The logistic regression conducted with the 0 & K5 and the inflam-
matory markers indicabed that the main predictors in chronie 807 wers
the STNF-R1 {5-fold higher) and CCLA11 {2-fold higher) reinforcing
what has already been reported by Koto et al. (200 5a). Increased levels
af THF-a andfor THF pecepiors are comsistently reparted o be
increased in SCZ patients al different stages of the diseass (Brinholi
el al., 2015; Coelha et al., 2048; Huplr et al., HHA; Maler o al., 2011;
Mata ¢l al,, 2005, Potvin et al, 2008}, Less investigated, however, is
the chemokine CCL-11 in these patients. CCL-11 is a selective recruiter
of eosmaphils and more recenthy it his been reparted to play & role in
aging-associated impairment of both hippocampal neurogenesis amd
bearnang and memary (Villeda et al., 200 1) In this way, OCL-11 may e
a ke plaer i the madulation of hippecampal fosction by the immine
systems and this may have great relevanece to psychiatric disorders in
which decressed hippocampal neuregenesis secars sach as degressien,
hipolar disonder and 8C2. As a matter of fact, an association between
inereassd plasmatic CCL-11 and S0 was ohserved in twao ather stodies
LAsevedo el al, 200 3; Teiveira o al | 2],

Leptin alsa reached significance as a predictor of SCZ bat to a lower
extent than dTNF-K1 and CCL-11 did. Leptin i@ an idlamimatory
eytokine symthetized in the adipocytes that is essential for Thl and
Thi-dependent immuans responses (Batra b al, 2010), Even though
diverse confounding factors (eg age, sex, obesity, metabalic syndrome
di is} may imdl the level of beptin, a meta-anahsis stady
p-.tllialud recetitly {Stubibs et &1, 2006) reported beplin o be elevaied
in patients with S0 after adjusting data for the use of antipsychotics or
BMI. Leptin his bevn suggested as & marker of 802 and to e related 1o
behavioral amd  cognitive  alterations  present in  this  disorder
(Neelamekam et al., 2004}

T comcligion, the O & NS markers evalusted in this study did not
differ between chromic SCZ patents and controds suggesting that
pharmacatherapy may be more effective in madulating the peripheral
oxidative response rather than the immune-inflammatory  one.
Maorenver, these findings also suggest that (& NS markers amd the
ermyme FON-1 are oot aseful as biomareers in chranic stable poly-
medicaled SCE patients.
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5. CONSIDERACOES FINAIS

A revisdo realizada mostrou que ha poucos estudos na literatura
cientifica que investigaram a associacdo da PON1 com as doencas psiquiatricas.
Entre os diversos diagndsticos estudados, ansiedade e transtorno obsessivo
compulsivo sdo os menos abordados neste tema. Fica evidente que a grande
diversidade de terminologias referindo-se a atividade da PONL1 utilizadas por cada
autor pode facilmente levar leitores com pouca familiaridade a conclusdes
equivocadas em suas analises.

A maioria dos estudos elencados descrevem a reducéo da atividade
AREase da PONL1 nos pacientes crénicos com transtornos de humor (depressao e
transtorno bipolar). Nos pacientes virgens de medicamento com esquizofrenia, a
atividade AREase da PON1 também esté reduzida.

Ja4 nos pacientes com diagnostico de esquizofrenia crénica e
estaveis (sob tratamento farmacoterapéutico) a atividade da AREase equipara-se
aos valores apresentados pelos grupos controles. Tais resultados, apresentados no
segundo artigo desta tese, sugerem gue ou 0O tratamento com antipsicoticos ou a
cronicidade da doenca podem recuperar a atividade da AREase. Diante disso,
possivelmente a farmacoterapia € mais efetiva na modulacdo da resposta oxidativa
plasmatica que na resposta imune inflamatéria, ja que encontramos, em
consonancia com outros autores, resultados que mostram alteracdes semelhantes
frente a este diagnéstico. Portanto, ndo podemos considerar a PON1 e o0s
marcadores de estresse oxidativo e nitrosativo analisados como biomarcadores
confiaveis para esquizofrenia crénica em pacientes medicados.

Com relacéo a atividade POase da PON1, € mais dificil estabelecer
conclusdes pela heterogeneidade dos resultados publicados, fato que pode ser, pelo
menos em parte, explicado pela auséncia de ajuste dos dados pelo polimorfismo
Q192R.

Na busca de novos resultados envolvendo a PON1, é extremamente
importante a especificagdo de qual metodologia e terminologia foram adotadas para
a verificacdo da atividade enzimatica e faz-se essencial a realizacdo de ajuste ou

correcdo de acordo com a variancia dos polimorfismos da populacdo estudada. A
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1 partir desta padronizacdo e de novos e maiores estudos a PON1 pode vir a ser um
2 marcador para as doencgas psiquiatricas.
3
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