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RESUMO

Introduc&o: Os transtornos do humor s&o as doencas mais incapacitantes atualmente. E
uma doenga crénica associada com o aumento do estresse oxidativo e de marcadores
inflamatdrios. Apresenta comorbidades como a sindrome metabdlica (SM) e é
acompanhada pelo aumento de espécies reativas de oxigénio/nitrogénio (ROS/RNS) e
pela reducdo dos niveis de antioxidantes que podem ser mensurados perifericamente
através do potencial antioxidante total plasmatico (TRAP). Paraoxonase-1 (PON1) é um
potente antioxidante ligado a lipoproteina de densidade alta (HDL) que protege da
lipoperoxidacdo principalmente a lipoproteina de densidade baixa (LDL). Tem sido
relatado uma diminuigdo nos niveis de PON1 em pacientes psiquiatricos e o0 mesmo
acontece em individuos fumantes. Pouco se sabe ainda sobre a influéncia do
polimorfismo da PON1 nessas condi¢des supracitadas.

Objetivos: Delinear as associagdes da atividade da PON1 e os gendtipos funcionais nos
transtornos do humor e suas relacdes com tabaco, estresse oxidativo, resisténcia a
insulina e SM.

Métodos: As andlises foram realizadas em 191 individuos nunca fumantes e 144
fumantes; 91 com depressao e 45 com transtornos bipolares; 97 com SM. PON1, que
compreende a atividade plasmatica da PON1 e os 3 gendtipos Q192R funcionais (QQ,
QR e RR), foi avaliada em todas as amostras. Outros parametros, como TRAP,
malondialdeido (MDA), &cido urico, HDL, triacilglicerdis, indice de massa corporal, indice
de HOMA, indice aterogénico do plasma e severidade da dependéncia da nicotina foram
medidos.

Resultados: Os niveis de PON1 apresentaram-se diminuidos em pacientes depressivos,
mas nao bipolares. A atividade da PON1 mostrou-se reduzida pelo tabaco e em
pacientes com depressdo e genodtipo QQ. Os genodtipos QQ e QR mostraram-se
protetores contra a SM, enquanto o tabaco aumentou o risco metabdlico apenas no
gendtipo QQ. Os niveis de TRAP foram associados com um aumento na atividade da
PON1, gendtipo RR e ndo fumantes. O risco no subgrupo com baixos niveis de TRAP
mostrou-se aumentado pelo tabaco e diminuido pelo gendtipo RR e atividade da PONL1.
MDA esta associado com os niveis de triacilglicerdis. Transtornos do humor e
transtornos por uso de tabaco estdo associados com aumento do potencial aterogénico.
Concluséo: Existem diferentes interacdes dos diferentes Q192R gendtipos da PON1 e
fatores ambientais nos transtornos do humor. Niveis reduzidos da atividade da PON1 e
sua interacdo com outros fatores de risco podem contribuir para o advento das
comorbidades depressao e SM. As interacdes dos gendtipos e o tabaco nos transtornos
do humor também contribuem para alteracbes nos niveis de antioxidantes. Interacdes
entre os transtornos de humor, transtorno por uso de tabaco, altos niveis de &cido Urico
e MDA contribuem para 0 aumento do potencial aterogénico e resisténcia a insulina.

Palavras-chave: Transtorno do humor. Paraoxonase-1. Sindrome metabdlica. Estresse
oxidativo. Perfil lipidico. Transtorno por uso de tabaco.
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ABSTRACT

Background: Mood disorder is one of the most disabling diseases nowadays. It is a
chronic disease associated with the increase of oxidative stress and inflammatory
markers. It's related to comorbities like metabolic syndrome (MS) and accompanied
by an increase in reactive oxygen and nitrogen species and a reduction of antioxidant
levels that can be measured peripherally by the total radical trapping antioxidant
potential (TRAP). Paraoxonase-1 (PON1) is a potential antioxidant bound to high
density lipoprotein (HDL) that protects from lipid peroxidation, specially the low
density lipoprotein. It has been reported that PON1 activity is lower in psychiatric
patients and the same happens in smokers. The influence of PON1 polymorphism in
these conditions is not clear yet.

Aims: Define the associations of PON1 activity and functional PON1 Q192R
genotypes in mood disorders and the relations with TRAP, tobacco and MS.
Methods: The analyses were performed in 191 non-smoking subjects and 144
smokers; 91 depressive and 45 bipolar disorder patients; 97 with MS. PONL1 status
was measured in all samples and comprehends plasma PON1 abundance and three
functional PON1 Q192R genotypes (QQ, QR and RR). Others parameters like TRAP,
malondialdehyde (MDA), uric acid, HDL, triglycerides, body mass index and severity
of nicotine dependence were measured.

Results: PON1 levels were decreased in depressive patients but not in bipolar
patients. The PON1 activity was reduced by smoking and in major depression with a
QQ genotype. QQ and QR genotypes were protective against MS, while tobacco
increased the metabolic risk only on QQ genotype. TRAP levels were associated with
increased PONL1 activity, RR genotype and non-smokers. The risk in the subgroup
with low TRAP is increased by smoking and reduced by RR genotype and PON1
activity. MDA is associated with triglyceride levels. Comorbid mood disorders and
TUD further increase AIP.

Conclusion: There are differential interactions between PON1 Q192R functional
genotype x environment factors in mood disorder. Lowered levels of PON1 activity
and it interactions with other risk factors may contribute to comorbidity between
depression and MS. The interactions between genotypes and tobacco in mood
disorders also contributed to changes in antioxidant levels. Interactions between
mood disorders, tobacco user disorder, high levels of uric acid and MDA contribute to
an increase in the atherogenic potencial and insulin resistance.

Keywords: Mood disorder. Paraoxonase-1. Metabolic syndrome. Oxidative stress.
Lipid profile. Tobacco use disorder.
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1 INTRODUCAO

Os transtornos do humor se caracterizam pela alternancia de estados de
depressdo, mania e eutmia. O transtorno depressivo maior compreende episodios
depressivos Unicos ou que se repetem ao longo da vida (2). Ja no transtorno bipolar, ocorre
a alternancia de episddios de mania (ou hipomania), depressao e eutmia (3). Os transtornos
do humor estéo classificados, de acordo com a Classificagdo Internacional de Doencas —
CID 10 da Organizacdo Mundial da Saude (OMS), nos grupos F30-F39 (1).

Essas séo algumas das doencas mais incapacitantes no mundo, gerando
altos custos econdmicos e sociais para 0s governos, devido aos gastos com tratamentos
para a populacdo e as perdas de produtividade. A prevaléncia do transtorno depressivo
maior, em um ano, nos Estados Unidos gira em torno de 7% na populacao geral (4). Ja os
transtornos bipolares | e Il apresentam uma prevaléncia estimada de 0,6% a 0,8% (5). De
acordo com a OMS, até o ano de 2030 os transtornos depressivos serdo 0s maiores
contribuintes para a carga global de doencas (6). No Brasil, cerca de 17% da populacéo
sofre depressdo ao longo da vida. Considerando a doenca nos cuidados primarios, essa
taxa eleva-se para 29,5% (7).

Varios mecanismos tém sido propostos pra explicar a fisiopatologia dos
transtornos do humor, incluindo ac¢des das monoaminases, eixo hipotalamo-hipdfise-
adrenal, glutamato e vias de sinalizagdo secundarias (8). Quatro principais teorias sao
apresentadas, porém é importante ter em mente que o0s transtornos do humor sao
resultados das interacbes entre as alteracdes discutidas em todas as teorias, ao invés de
alteracbes em apenas uma delas (9).

Na teoria das monoaminases, a depressao esti relacionada com a
reducdo nos niveis extracelulares de monoaminas (serotonina, dopamina e norepinefrina) e
reducdo da neurotransmissdo monoaminérgica. Estudos demonstram concentracdes
reduzidas de metabdlitos das monoaminas no fluido cérebro-espinhal, sangue, urina e
tecidos cerebrais de pacientes depressivos (9).

Na teoria do eixo hipotalamo-pituitaria-adrenal, ha uma desregulacédo e
inimeros estudos mostram uma associacdo entre transtornos do humor e niveis elevados
de cortisol, corticotrofina e hormonio liberador de corticotrofina. Além disso, ha um controle
no feedback debilitado (9).

Na teoria inflamatéria, ha processos flogisticos envolvidos nos transtornos
do humor tais como: aumento nos niveis de marcadores pré-inflamatérios, como fator de
necrose tumoral (TNF-a), interleucina 6 (IL-6), interleucina 1 (IL-1), proteina C reativa (PCR)
e interferon gama (IFN-y) e redugdo nos niveis de marcadores anti-inflamatérios como a
interleucina 4 (IL-4) e a interleucina 10 (IL-10) (9).
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Na teoria da neurogénese e da neuroplasticidade ha reducdo da
neurogénese no hipocampo e os niveis de fatores neurotroficos podem estar relacionados
aos transtornos do humor (no que diz respeito ao desenvolvimento e na persisténcia da
doenca). O fator neurotréfico derivado do cérebro (BDNF) é a neurotrofina mais estudada
com relacdo aos transtornos de humor e meta-andlises confirmam a correlacdo entre a
reducdo dos niveis de BDNF e os transtornos do humor (9).

A baixa funcdo do GABA também foi proposta como um marcador
biolégico herdado de susceptibilidade para o desenvolvimento de transtornos do humor
(10). Com relacdo ao glutamato, evidéncias sugerem que pacientes com depressao
apresentam niveis elevados de glutamato em algumas regiées do cérebro. Mediadores
inflamatdrios podem potencializar as acdes do glutamato através de 3 vias diferentes: a)
aumento da producado de &cido quinolinico (através da ativacdo da via da quinurenina), b)
aumento da liberacdo de glutamato e c) inibicdo da remogédo de aminoacidos excitatorios
pela astroglia.(11). Além disso, tem sido relatado na literatura que a ativa¢éo de vias imune-
inflamatérias e do estresse oxidativo estdo relacionados com os sintomas e estagios da
depressdo e com processos neuroprogressivos (12).

Estresse oxidativo é o termo dado ao desequilibrio causado pela producao
excessiva de radicais livres, representados pelas espécies reativas de oxigénio/nitrogénio
(EROs/ERNS) e/ou reducao nos niveis de antioxidantes (13). Os radicais livres podem ser
gerados de fontes exdégenas como radiacdo, poluicdo e cigarro ou por fontes enddgenas
como inflamacdo e exploséo (do inglés burst) respiratoria. Os antioxidantes podem ser
enddgenos, como a glutationa peroxidase, acido Urico e a catalase ou obtidos pela dieta,
como os polifendis, vitaminas A, C, E e carotenoides (14). As EROs/ERNs podem causar
dano ao &cido desoxirribonucleico (DNA), proteinas e iniciar o processo de lipoperoxidacao,
dai a importéncia do sistema antioxidante na defesa do organismo (15). Considerando que
a concentracdo de um Unico antioxidante ndo € representativa, surgiu o conceito de
capacidade antioxidante total que auxilia na avaliagdo das condicfes que afetam o estresse
oxidativo in vivo.

A capacidade antioxidante total considera a acdo de todos o0s
antioxidantes presentes no plasma e garante assim uma andlise mais integrada quando
comparada a soma de varios antioxidantes medidos separadamente. Isso, pois considera
as interagbes sinérgicas além de considerar a acdo de antioxidantes conhecidos ou néo
(16).

Individuos com depressdo uni e bipolar apresentam desregulacdo na
sinalizacéo redox. EROs atuam como mensageiros secundarios e afetam vias inflamatérias
pela ativagdo do fator nuclear KB. Quando em excesso, as EROs/ERNs levam a produgéo

de malondialdeido (MDA), 8-iso-prostano e éxido nitrico. Estudos demonstram também a
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reducdo no sistema antioxidante, representado por baixos niveis de vitamina E, superéxido
dismutase e glutationa peroxidase. Considerando que alguns antioxidantes possuem
atividades anti-inflamatérias, a reducdo nos niveis desses compostos aumenta a inflamacéao
(12).

InteracBes da inflamacdo com radicais livres e baixos niveis de
antioxidantes podem ocorrer através de alteragBes na via dos catabdlitos do triptofano
(TRYCAT). Os TRYCATs séo depressores, ativam vias oxidativas, causam disfunctes
mitocondriais e possuem efeitos neurotdxicos que podem levar a neurodegeneracgéo (17). A
inflamacao e o estado redox regulam a utilizacéo do triptofano, o que causa consequéncias
em processos associados a depressao. Além disso, baixos niveis de triptofano e altos niveis
de TRYCATSs causam supressdo na resposta imune-inflamatoria (12).

Quando as células falham na adaptacdo a essas mudancgas no sistema
redox, isso causa morte celular e, em conjunto com o dano causado pelos mediadores
inflamatérios, que sdo considerados as maiores causas da neuroprogressao e,
consequentemente, da depressao (18).

Os transtornos do humor sdo doengas neurodegenerativas. A
neuroprogressdo, um desdobramento no processo da neurodegeneracdo, possui estagios
presentes nos transtornos psiquiatricos, a saber: apoptose, diminuicdo da neurogénese,
perda neuronal, resiliéncia celular e diminuicdo da plasticidade sinaptica. A funcéo e
integridade mitocondrial séo afetadas em pacientes com transtornos psiquiatricos, causados
pelo dano ao DNA mitocondrial, aumento das EROs e de calcio. O tabagismo também pode
ser responsavel pela disfun¢cdo mitocondrial (19).

A disfuncdo mitocondrial é caracterizada pela reducdo na atividade da
cadeia transportadora de elétrons e de suas enzimas, diminui¢do na produgéo de adenosina
trifosfato (ATP), alteracBes nas estruturas mitocondriais no cérebro (cortex pré-frontal e
frontal) e delecbes no DNA (20).

Existem evidéncias de que, além de fatores genéticos, ha fatores de risco
comportamentais e fisiopatologicos que contribuem para as doencas psiquiatricas (21). O
estilo de vida é fator determinante nos niveis de inflamacao: dietas ricas em antioxidantes,
vitaminas, minerais e fibras sdo associadas com a reducdo na inflamacgéo sistémica. Da
mesma forma, atividade fisica esta associada com a redu¢do nos marcadores inflamatérios.
Ja o habito de fumar aumenta a inflamacéo e o estresse oxidativo (21). Outra consequéncia
de um estilo de vida ndo saudavel é a obesidade. Obesidade e depressdo possuem uma
relacdo bi-direcional: obesidade contribui com a depressdo pelo aumento de marcadores
pré-inflamatérias (TNF-q, IL-6, IL-1, PCR) e a depressao contribui com o acimulo de tecido
adiposo (21). A desregulacdo do eixo hipotalamo-pituitaria-adrenal em pessoas com

depressdo pode resultar em niveis elevados de cortisol que, por sua vez, podem inibir a
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acao da insulina na regulacdo dos niveis plasmaticos de glicose ou causar depésito de
gordura no abddémen (adiposidade visceral), que é fator de risco no desenvolvimento de
diabetes e componente da sindrome metabdlica (SM) (22).

A prevaléncia de SM é alarmantemente alta em pacientes com transtorno
do humor (23). Essas doencas apresentam um alto grau de comorbidade com condicbes
cronicas como doenca cardiovascular e diabetes, doengas diretamente ligadas ao aumento
de morbidade e mortalidade (8,24).

A SM é uma condi¢do multifatorial que leva a aterosclerose acelerada,
aumento do risco de diabetes e que tem alcancado propor¢Bes epidémicas na Ultima
década. Essa condicao é caracterizada pela combinacédo de trés ou mais fatores: obesidade
abdominal, hipertensdo, hiperglicemia e dislipidemia (HDL baixo e/ou triacilgliceréis
aumentados) (25,26). Além disso, outras comorbidades tém sido relatadas, entre elas:
esteatose hepética, liberacdo de substancias proinflamatérias pelos adipécitos, aumento da
atividade dos fatores de coagulagdo, disfuncéo endotelial, inflamacéo e estresse oxidativo
(15).

Evidéncias sugerem uma estreita ligacdo entre a SM, onde h& um
processo inflamatorio crénico em baixo nivel e estresse oxidativo, sendo esse ultimo um
mecanismo importante também na hipertensado, diabetes e obesidade e suas complicacoes.
A producao excessiva de radicais livres e danos oxidativos parecem explicar, pelo menos
em parte, a perpetuacdo da resisténcia a insulina, alteracbes na producdo de energia, a
disfuncéo endotelial e o aparecimento de complicacfes vasculares na SM (27). Evidéncias
também sugerem que EROs/ERNs podem estar envolvidas com eventos cardiovasculares e
altas taxas de mortalidade (25).

NAo se sabe ao certo se a depressdo causa aumento no risco de
desenvolvimento de diabetes independentemente ou age através de fatores de risco como
obesidade, sedentarismo, habitos alimentares e o cigarro (22).

O acido urico, produto final do metabolismo das purinas, € um importante
removedor de EROS/ERNs (responsavel por mais de 60% da atividade antioxidante do
organismo). Além disso, é capaz de suprimir a cascata inflamatoria, diminuir a
permeabilidade da barreira hematoencefélica, diminuir dano nos tecidos do sistema nervoso
central e morte neuronal (28). O &cido Urico, em altas concentracfes, estd associado a
resisténcia a insulina, aterogenicidade e SM (29). Individuos com SM apresentam atividade
aumentada da xantina oxidase e os niveis aumentados de acido urico tém sido relacionados
com a reducédo da excrecao renal (29).

Estudos relatam niveis reduzidos de &acido Urico em pacientes com

depressdo maior (28) e niveis aumentados em individuos com transtorno bipolar (30).
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O uso do tabaco é altamente ligado com transtornos do humor. No
National Comorbidity Survey, aproximadamente 59% os individuos com um histoérico de
depressdo sdo ou foram fumantes, comparado a menos de 39% daqueles sem o histérico
de depresséo (31).
O “Transtorno por Uso de Tabaco” (TUT), antigamente chamado de
“Sindrome da Dependéncia da Nicotina” é descrita na 5% edicdo do Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) da American Psychiatric Association (2013).
Para o diagnéstico do TUT segundo o DSM-5, o individuo precisa apresentar pelo menos 2
dos 11 seguintes critérios no Ultimo ano:

a) Crescente uso do tabaco ou aumento do periodo de tempo de consumo;

b) Desejo persistente ou falha no controle do uso do tabaco;

c) Gasto de tempo significativo na obtenc&o e consumo do tabaco;

d) Urgéncia ou forte desejo de consumo do tabaco;

e) Uso recorrente do tabaco gerando transtornos ou complicagbes nas outras
atividades diarias sejam elas no trabalho, escola ou ambiente doméstico;

f) Ininterrupgéo do uso do tabaco, mesmo apds o surgimento de problemas sociais
ou interpessoais causados pelos efeitos do tabaco;

g) Abandono ou reducdo de atividades sejam elas recreativas, ocupacionais ou
sociais por causa do consumo do tabaco;

h) Consumo do tabaco mesmo em situacdes de risco;

i) Uso continuo do tabaco apesar da ciéncia das consequéncias fisicas e
psicolégicas causadas pelo mesmo;

i) Tolerancia, avaliada pelo aumento significativo das quantidades de tabaco
necessarias para alcancar o efeito ou reducdo significativa do efeito mesmo
utilizando a mesma quantidade de tabaco;

k) Abstinéncia, manifestada pela sindrome de abstinéncia tipica ou pelo consumo
do tabaco para aliviar/evitar os sintomas da abstinéncia.

A comorbidade entre o transtorno por uso de tabaco e transtornos
depressivos pode ser explicada através de vias e fatores predisponentes (genéticos e
ambientais) em comum. Os efeitos de diversos neurotransmissores como glutamato,
serotonina e dopamina tém sido demonstrados tanto na dependéncia quanto na regulacéo
do humor (32). O polimorfismo genético do transportador da serotonina esta envolvido no
TUT e na depressdo. A funcdo serotoninérgica esta reduzida em individuos fumantes
depressivos (33).

Hé indicios de que as vias inflamatdrias podem ser um elo entre o tabaco
e a depressdo. Fumantes depressivos possuem maiores niveis de citocinas pro-

inflamatérias (TNF-a, IL-6, PCR) quando comparados a fumantes nao depressivos (32). A
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exposicdo ao tabaco afeta o sistema imune e neurotransmissor; causa disfuncéo
mitocondrial e estresse oxidativo, todos relacionados com a etiologia dos transtornos de
humor e ansiedade (34).

O cigarro contém varios componentes que sdo oxidantes e prd-oxidantes,
capazes de produzirem EROs/ERNs. Esse aumento na producdo destas espécies
radicalares pelo cigarro esta diretamente relacionado ao estresse oxidativo (35). Ha relatos
de que o tabaco aumenta o dano oxidativo ao DNA em 35-50% (36). A exposic&o ao cigarro
estd associada com baixos niveis de antioxidantes como catalase, vitaminas A, C, E,
glutationa e superoxido dismutase (12).

Outra enzima, relacionada com a atividade antioxidante, é a Paraoxonase
1 (PON1). A PON1, membro da familia das paraoxonases (que consiste em PON1, PON2 e
PON3), é uma enzima sintetizada principalmente no figado e localizada, em grande parte,
em HDL. E composta de 355 aminoécidos e é capaz de hidrolisar organofosforados (como
paraoxon e diazon) e ésteres aromaticos (como fenilacetato-PA) e por isso recebe esse
nome (38,41). Além de sua atividade como esterase, também atua como lactonase, sendo
capaz de hidrolisar uma variedade de lactonas entre elas algumas drogas e compostos
endogenos (42,43).

A PONL1 esta relacionada com a reducdo na oxidacdo da LDL e na
inativacdo dos fosfolipideos oxidados derivados desta lipoproteina. A oxidacdo da LDL é um
processo chave na fisiopatologia da aterosclerose e, por consequéncia, da doenca
cardiovascular. A atividade antioxidante da HDL e a sua susceptibilidade a modificacbes
aterogénicas (oxidacao e glicacdo) estao associadas com a atividade da PON-HDL (44).

O gene que codifica a PON1 esta localizado no braco longo do
cromossomo 7 e ja foram relatados mais de 160 polimorfismos de um Unico nucleotideo (do
inglés, SNPs — single nucleotide polimorphism), sendo alguns na regido codificadora e
outros na regido promotora (43,45).

Dentre esses polimorfismos, dois da regido codificadora tem destaque na
literatura: a) PON1 Q192R, rs 662: a substituicAo de uma glutamina (Q) por uma arginina
(R) na posicédo 192 da cadeia polipeptidica e b) PON1 L55M, rs 854560: a substituicdo de
uma leucina (L) por uma metionina (M) na posi¢do 55. O polimorfismo Q > R é responsavel
por uma notavel diferenca na especificidade do substrato relacionada a atividade hidrolitica
da enzima. Além disso, o polimorfismo do gene da PON1 também contribui para variacbes
nos niveis plasmaticos de HDL, agindo como protetor da oxidacdo da mesma e, dessa
forma, preservando a integridade desta lipoproteina. Estudos sugerem que o alelo Q (mais
abundante que o alelo R), é responséavel pelo efeito protetor da PON contra aterosclerose
(41,46). As frequéncias genéticas para alta ou baixa atividade hidrolitica da enzima variam

entre os grupos de diferentes etnias e areas geogréficas.
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O consumo de alcool, de cigarro e uma dieta rica em gordura sao os
fatores ambientais que mais interferem nos niveis da enzima PON1 (37). Existem alguns
estudos que relatam os que transtornos do humor podem estar associados com uma
diminuicéo da atividade da PON1 (38-40).

Em um estudo recente, foi descoberto que o genétipo Q192R da PON1
esta relacionado com um aumento dos indices de Castelli I, sugerindo um aumento no
potencial aterogénico. Porém, os efeitos da atividade da PON1 na SM ainda ndo estdo bem
estabelecidos (47).

Grande parte dos pacientes com transtornos do humor sdo fumantes (a
probabilidade de fumar é duas vezes maior em pacientes psiquiatricos). Além disso,
individuos fumantes com niveis reduzidos de PON1 apresentam aumento no risco para o
desenvolvimento de transtorno depressivo maior ou transtorno bipolar (48).

Adicionalmente, o cérebro consome grandes quantidades de oxigénio e,
por consequéncia, produz grande quantidade de radicais livres comparados as defesas
antioxidantes. Assim, o possivel envolvimento do estresse oxidativo na patogénese da
depressdo e do transtorno bipolar ligados aos niveis reduzidos de PONL1 justificam as
analises das associacfes da atividade dessa enzima e dos seus genoétipos com 0s
principais fatores de risco relacionados a essas doencas psiquiatricas. Isto, para tentarmos
entender melhor os mecanismos fisiopatoldgicos dos transtornos do humor.

Considerando que os transtornos do humor tém alta comorbidade com o
TUT e com a SM, gue contribuem para o aumento da inflamacdo e do estresse oxidativo,
justifica-se a realizacdo do presente trabalho para a avaliacdo das possiveis associacdes

entre esses fatores e seu impacto nos transtornos psiquiatricos.
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2 OBJETIVOS

2.1 GERAL
Avaliar as associacfes do status da PON1 nos transtornos do humor
(bipolaridade e depressdo) com comorbidade pelo transtorno por uso de tabaco e sindrome

metabdlica.

2.2 ESPECIFICOS

- Avaliar a atividade plasmética da PON1 nos transtornos do humor.

- Avaliar os efeitos do polimorfismo da PON1 Q192R nos transtornos do humor.

- Avaliar a atividade da PON1 nos transtornos do humor, relacionado com o TUT.

- Avaliar a relacdo entre a capacidade antioxidante total plasmatica (TRAP) e a atividade da
PON1, os gendtipos da PON1 Q192R e cigarro.

- Avaliar as interacBes dos gendétipos da PONL1 x tabaco e transtornos do humor.

- Avaliar se a atividade da PONL1 e seus genoétipos, tabaco e transtornos de humor podem

elevar a chance de desenvolver SM.

- Avaliar a resisténcia a insulina e o potencial aterogénico nos transtornos de humor e nos

transtornos pelo uso de tabaco.

- Avaliar os efeitos do MDA e &cido Urico na resisténcia a insulina e no potencial aterogénico

de individuos com transtornos de humor, transtornos pelo uso de tabaco e SM.
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3 CASUISTICA E METODOS

3.1 DELINEAMENTO

Caso controle.

3.2 POPULACAO

Todos os pacientes foram esclarecidos sobre os procedimentos do estudo
e assinaram o Termo de Consentimento Livre e Esclarecido em duas vias. Este estudo foi
aprovado pelo Comité de Etica em Pesquisa Envolvendo Seres Humanos da Universidade
Estadual de Londrina (UEL), sob Parecer PF N.° 250/10 - Folha de Rosto N° 376220 (Anexo
1). A pesquisa fez parte do projeto 07517, cadastrado na Pro-Reitoria de Pesquisa e PGs-
Graduagdo da UEL, intitulado Marcadores Biolégicos em Fumantes de um Centro de
Referéncia de Abordagem e Tratamento do Tabagismo.

Os participantes apresentaram idade entre 18 a 60 anos, de ambos 0s
sexos com valores dentro do limite de referéncia para os seguintes exames: hemograma,
aspartato aminotransferase (AST), alanina aminotransferase (ALT), ureia e creatinina. Os
casos foram recrutados no Centro de Referéncia de Abordagem e Tratamento do
Tabagismo (CRATT), localizado no Ambulatério do Hospital de Clinicas (AHC) da UEL. O
grupo controles foi composto de trabalhadores da mesma universidade.

Individuos com delirium, deméncia, amnésia e outros transtornos
cognitivos, doencas infecciosas como Hepatite B e C, HIV, doencas crénicas como
insuficiéncia renal, doenca pulmonar obstrutiva e autoimune, tratamento com intérferon, uso
patolégico de substéncias psicoativas e consumo de substéncias antioxidantes foram

excluidos do estudo.

3.3 AMOSTRAGEM

O célculo do tamanho da amostra foi baseado em individuos fumantes e
nunca fumantes com ou sem depressdo. Uma amostra de 34 individuos nédo fumantes e 27
fumantes (n total= 61) seria capaz de detectar 59% da prevaléncia de transtornos
depressivos entre os fumantes, comparados com 17% de desordens depressivas entre ndo
fumantes (OR= 7,03) com um intervalo de confianca com um nivel de 0,95 e um poder de
95%. A razao entre casos e controles foi estimada em 1,27. Como obtivemos uma amostra
de 191 individuos nunca fumantes e 144 dependentes de nicotina, 0 tamanho da amostra
apresentava um poder adequado para detectar a prevaléncia de transtornos depressivos

entre dependentes de nicotina e nunca fumantes.
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O recrutamento aconteceu no periodo de marco de 2011 a agosto de
2012. O estudo contou com um total de 335 participantes. Dentre esses, 191 individuos
nunca fumantes e 144 fumantes; 91 com depressao e 45 com transtornos bipolares; 97 com
SM.

3.4 INSTRUMENTOS
3.4.1 Questionarios

Os participantes foram submetidos a um questionario para a coleta dos
seguintes dados: sécio-demograficos, histéria de hospitalizacdes, histéria tabagistica,
histéria pregressa de doencas, capacidade de trabalho e para atividades domésticas,
condicionamentos relacionados ao tabagismo, motivacfes para cessar o tabaco, histéria
familiar para o tabagismo, tratamentos efetuados anteriores, além do registro de outras

comorbidades médicas, psiquiatricas e tentativas de suicidio (Anexo 2).

3.4.2 Avaliagdo do Diagnostico de Transtorno do humor e de Dependéncia de

Nicotina

Os critérios diagndsticos para pesquisa de transtornos do humor, bem
como de dependéncia de nicotina foram avaliados por um psiquiatra treinado de acordo
com a Entrevista Clinica Estruturada para o DSM - IV” — verséo clinica traduzida e validada

para o portugués (49).
3.4.3 Avaliagéo da Gravidade da Depresséo

A avaliacdo da severidade da depressao dos participantes do estudo foi
realizada utilizando a Escala de Avaliacdo para Depresséo de Hamilton (HDRS), traduzida e
adaptada para a populacao brasileira (50). Uma pontuacdo de 20 ou mais indica depresséo

moderada a grave.
3.4.4 Avaliacao do Uso de Substancias Psicoativas

Para a triagem do uso de substancias psicoativas, utilizou-se o teste de
triagem do envolvimento com alcool, tabaco e outras substancias (ASSIST), questionario
desenvolvido pela OMS (51) e adaptado para o portugués (52) para o rastreamento do uso
de: tabaco, alcool, canabindides, cocaina, estimulantes do tipo anfetamina, sedativos,

alucinégenos, inalantes, opidides e outras drogas. Para o rastreio do uso do alcool, utiliza-
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se a seguinte pontuacado: baixo risco (0-10), moderado risco (11-26) e alto risco (=27). O

ponto de corte utilizado neste trabalho foi o de alto risco.
3.4.5 Triagem da Gravidade da Dependéncia de Nicotina

O teste de Fagerstrom para Dependéncia da Nicotina (FTND), traduzido e
adaptado para a populagéo brasileira, foi utilizado para avaliar a gravidade da dependéncia
de tabaco (53). Os escores para dependéncia de nicotina permitem a classificagdo em cinco
niveis: muito baixo (0 a 2 pontos); baixo (3 a 4 pontos); moderado (5 pontos); alto (6 a 7
pontos); muito alto (8 a 10 pontos). O ponto de corte de FTND para a dependéncia de

nicotina foi = 5.

3.5 AVALIACAO DO DIAGNOSTICO DE SINDROME METABOLICA

O diagnéstico de SM foi determinado utilizando os critérios da Federagdo
Internacional de Diabetes, os quais o individuo deve possuir pelo menos 3 dos 5 critérios
listados abaixo (sendo um deles, obrigatoriamente a obesidade abdominal):

a) Obesidade abdominal (circumferéncia da cintura = 90 cm para
homens e = 80 cm para mulheres em asiaticos e sul-americanos e = 94 cm para homens e
= 80 cm para mulheres em caucasianos);

b) Baixos niveis de HDL-C (< 40 mg/dl em homens e < 50 mg/dl em
mulheres ou em uso de medicamentos hipolipémicos);

c) Hipertrigliceridemia (= 150 mg/dl ou em uso de medicamentos
hipolipémicos);

d) Glicose em jejum aumentada (= 100 mg/dl ou em uso de
medicamentos hipoglicemiantes);

e) Pressdo arterial aumentada (= 130/85 mmHg ou em uso de

medicamentos antihipertensivos).

3.6 CALcuLo Do IMC

O indice de Massa Corpoérea (IMC) foi calculado dividindo-se o peso (kg)

pela alturaz (m2).

3.7 DETERMINACAO DA PRESSAO ARTERIAL

A presséo arterial foi aferida utilizando-se um esfigmomandmetro no braco
direito e o valor utilizado foi a média de duas leituras com um intervalo de 5 minutos entre

cada aferi¢ao.
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3.8 DETERMINACAO DA CIRCUNFERENCIA DA CINTURA

A circunferéncia da cintura foi medida durante a expiragdo com o individuo
em pé e com o abdome relaxado sobre o ponto médio entre a Ultima costela e a crista iliaca,

paralelo ao chéo.

3.9 AVALIACOES LABORATORIAIS

As coletas das amostras de sangue periférico para todos participantes
foram realizadas pela manh@ no AHC de Londrina apés um jejum de 12 a 14 horas. As
avaliagGes laboratoriais, tais como hemograma, lipidograma, glicose, insulina, creatinina,
acido drico, AST, ALT, gama glutamil transferase, marcadores para hepatite C e B e
sorologia para HIV foram realizados pelos setores de rotina do Laboratério de Analises
Clinicas do Hospital Universitario de Londrina.

Para a dosagem da glicose foram coletados 5 mL de sangue em tubos
com vacuo (vacutainer®) contendo EDTA como anticoagulante e fluoreto de sddio como
inibidor da glicolise. Para o hemograma foram coletados 5 mL de sangue em tubos com
vacuo (vacutainer®) contendo EDTA como anticoagulante. Também foram coletados um
tubo com véacuo (vacutainer® com 5 mL e um tubo com 20 mL de sangue sem
anticoagulante para alguns parametros bioguimicos quantificados de rotina além da
dosagem de TRAP, MDA e PON-1. Os tubos para dosagem de TRAP, MDA e PON-1 foram
centrifugados por 10 minutos a 3000 rpm (EVLAB®, Londrina, PR, Brasil), sendo o soro
aliguotado em criotubos e armazenado em freezer -70°C (Kendro®, Asheville, NC, EUA)
para a realizacdo dos testes. As outras amostras foram processadas no mesmo dia da
coleta.

O doseamento de HDL-C, triacilglicerdis e glicose foram realizados
utilizando o sistema bioquimico automatizado Dimension® RxL (Siemens, Newark, EUA).

O doseamento de insulina foi realizado por imunoensaio enzimatico de
microparticulas (MEIA) utilizando o sistema automatizado AXSYM (Abbotts Laboratory,
Germany).

O potencial aterogénico foi calculado através da férmula: logl0
(triacilgliceréis/HDL-C).

Os indices HOMAZ2IR (Homeostasis model assessment para medir
resisténcia a insulina), HOMA2S% (Homeostasis model assessment para medir
sensibilidade a insulina) e HOMA2B% (Homeostasis model assessment para medir funcao

da célula B) foram calculados de acordo com Levy et al. (1998) (54).
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3.9.1 Determinacao do Malondialdeido

Para avaliar os niveis de MDA foi utilizado a metodologia descrita por
Jentzsch et al. (1996) (55) (Anexo 3). A formacdo de MDA ocorre pela decomposicdo dos
hidroperéxidos lipidicos e sua concentracao tem sido utilizada para estimar a intensidade da
peroxidacgdo lipidica em sistemas biolégicos, em células e tecidos. Este método consiste na
medida de um cromdgeno réseo formado pela reagdo do MDA com duas moléculas de
acido tiobarbiturico, em meio acido e alta temperatura. A quantificagdo do MDA é feita em
espectrofotdbmetro nos comprimentos de onda de 535 e 572nm. Os valores encontrados sdo
ajustados pelo valor de proteina e apresentados na unidade nmol MDA/g de proteina.

3.9.2 Determinacédo do Potencial Antioxidante Total Plasmatico

O TRAP foi avaliado por quimiluminescéncia em uma adaptacdo do
método da técnica descrita por Repetto e colaboradores, 1996 (56) (Anexo 4). Esta
metodologia detecta antioxidantes hidro e/ou lipossollveis presentes no plasma.

Ao meio de reacdo (1,8 mL de tampao glicina 0,1 M, pH 8,6) foram
acrescidos 100 uL de luminol em solucdo aquosa 200 uM, 5 uL de plasma diluido 50% em
tampao glicina e 100 pL de solucdo aquosa de 2,2 azo-bis (2-amidinopropano) 200 mM. O
2,2 azo-bis gera radicais peroxil rapidamente, via interacdo com radicais centrados em
carbono e oxigénio molecular. Estes radicais livres reagem com o luminol (que atua como
um amplificador de sinal), produzindo quimiluminescéncia (QL). Esta reacdo € inibida pela
superoéxido dismutase, catalase e analogos da vitamina E.

A adicao de plasma diminui a QL em niveis basais por um periodo (tempo
de inducéo t) proporcional & concentragdo plasmatica de antioxidantes até que os radicais
livres sejam regenerados, restituindo-se os niveis iniciais de QL. O sistema foi calibrado
com analogo de vitamina E (Trolox), 100 uL na concentragdo de 20 uM em tampé&o glicina
pH 8,6. Uma comparacdo do tempo de inducdo depois da adicdo de concentracfes
conhecidas de Trolox e plasma permite obter valores de TRAP em equivalentes de Trolox.

Este experimento foi conduzido em um contador § marca Beckman® LS
6000 (Fullerton, CA, EUA), em um modo de contagem néo coincidente por 25 minutos e
uma faixa de resposta entre 300 a 620nm. Todos os experimentos foram realizados em

triplicata, sendo que as replicatas com variagdo > 10% foram repetidas.
3.9.3 Determinacéo do “Status” da Paraoxonase-1

A determinacdo da PONL1 foi realizada segundo a metodologia descrita por

Richter e colaboradores, 2008 (Anexo 5) (57). A hidrélise do 4-(clorometil)fenil acetato
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(CMPA) foi medida em 280nm por 4 minutos a 25°C utilizando 20uL de plasma diluido 1:40
em um tampéao de diluicdo (20 mmol/l Tris/HCI (pH 8.0), 2Immol/l CaCl,). A hidrélise do PA
em alta concentracao salina foi medida em 270nm por 4 minutos a 25°C utilizando 20uL de
plasma diluido 1:40 em tamp&o de diluicdo (2 mol/l NaCl, 20 mmol/l Tris/HCI (pH 8.0),
1mmol/l CacCly).

Os resultados obtidos foram plotados em um grafico de atividade
enzimatica (Figura abaixo) que apresenta as taxas de atividade da arilesterase (hidrélise do
PA em alta concentracdo salina) versus atividade da CMPase (hidrolise do CMPA).
Considerando que o polimorfismo Q192 da PONL1 confere diferentes atividades cataliticas
frente a estes dois substratos, o grafico abaixo divide a populagao em 3 gendtipos (QQ, QR
e RR):
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Figura. Genotipagem funcional para o polimorfismo Q192R da Paraoxonase 1 através da
hidrélise do CMPA x PA em altas concentrag¢des salina. Cada ponto indica um individuo.

A dosagem da hidrélise do PA em baixa concentragéo salina representa a
atividade total plasmética da PON1, j& que nessa condi¢do o polimorfismo Q192R da PON1
ndo influencia a atividade catalitica da PONL1 frente ao PA. Essa reacéo foi medida a 270nm
por 4 minutos a 25°C utilizando 20ul de plasma diluido 1:80 em tampéao.

Todas as reagOes foram realizadas em microplacas ultravioleta de 96
pocos utilizando uma leitora de microplaca EnSpire (Perkin Elmer, NY, EUA). Todos os
experimentos foram realizados em triplicata, sendo que as replicatas com variacdo > 10%

foram repetidas.

3.10 ANALISE ESTATISTICA

Andlises de variancia (ANOVAs) e covariancia (ANCOVAs) foram

realizadas para examinar as diferencas entre 0s grupos, seguidos do teste Tukey. Andlises
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de contingéncia (Chi-quadrado) foram utilizadas para checar a distribuicdo das variaveis nas
diferentes categorias.

As correlacdes entre as varidveis foram checadas utilizando correlacdes
de Pearson e modelo linear generalizado.

As andlises foram realizadas no SPSS para Windows, versdes 15 e 19. O
nivel de significancia foi fixado em a = 0,05 (bicaudal).

Particularidades de cada analise serdo apresentadas nos respectivos

artigos apresentados a seguir.
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Growing evidence shows that activated immune-inflammatory
{Maes et al, 1995; Berk et al, 2011; Leonard and Maes, 2012),
Oxidative and Mitrosative Stress (O&NS) pathways (Maes, 2000;
Maes et al. 20113, 20011k, 20011c; Berk et al., 2011; Moylan et al,
2012) and lowered High Density Lipoprotein (HDL) cholesterol
{Maes et al., 1997) play an important role in major depression and
bipolar disorder. Activation of these pathways and lowered levels
of key antioxidants, such as zinc, coenzyme Q10 and glutathione
play a role in the neuroprogressive processes (that is increased
neurodegeneration and apoptosis and lowered neurogenesis) and
secondary autoimmune responses directed against oxidativelyf
nitrosatively modified epitopes that accompany depression and
bipolar disorder (Berk et al, 2011; Leonard and Maes, 2012;
Movlan et al., 2012). Increased translocation of gram-negative
bacteria is another immune-inflammatory pathway noted in
major depression [Maes et al. 2008). The strong comorbidity
between depression and many (autejimmune disorders, includ-
ing Cardiovascular Disorder (CVD), Chronic Obstructive Pulmon-
ary Disorder (COPD) and Inflammatory Bowel Disease (IBD), may
be explained by shared immune-inflammatory and 0&NS path-
ways and lowered levels of antioxidants (Maes et al, 20113,
2011k, 2011c)

There are a few reports that major depression and bipolar
disorder may be associated with lowered activity of Paraoxonase 1
(POMNI1, EC 3.1.8.1), an enzyme with paraoxonase and arylesterase
activity (Barim et al., 2009; Kotan et al, 2011a, 2011b; Ezzaher
et al, 2010). POM1 is a hydrolytic antioxidant enzyme with a very
wide range of substrates (Litvinov et al. 2012). PON1 is in the
plasma almost exclusively bound to HDL and is responsible for
mast of the antioxidant activity of HDL (Razavi et al, 2012} HDL-
associated PON hydrolyzes hydrogen perocide and contributes to
protective effects against lipid peroxidation and formation of
oxidized Low Density Lipopropteins (LDL) and consequently VD
{Awiram et al., 1998). PON1 plays a role in the detoxification of
Organophosphate Pesticides (OPs), has hydrolytic activity against
some gram negative bacteria and is a strong anti-inflammatory
and antioxidative agent (Furlong et al, 2010} The latter effects
help explain the role of PON1 in immune- and O&NS-related
disorders, eg. CVD, COPD, lung cancer, IBD, etc. (Furlong et al,
2010; Isik et al, 2005; Rothem et al., 2007; Goswami ct al., 2009).

PON1 is under genetic control and polymorphisms of the PON1
gene may determine the enzymatic activities, e.g. polymorphism
Q—R at the 192 position (Q192R) (Liu et al, 2013). There is
evidence that this QI92R polymorphism, ie. RR genotype and
the B allele, is associated with elevated risk for ischemic stroke
(Liu et al, 2013} The Q isoform is associated with a lower
paraoxon hydrolyzing activity and decreased protective activity
against HDL and LDL oxidation [Mackness and Mackness, 2013).
Individuals with a QQ genotype are more susceptible to genotoxi-
city, whereas the RR genotype may be more protective against
oxidative stress (Singh et al., 2011; Kotani et al,, 2012}

Barim et al. (2009) and Kotan et al. (2011a, 2011b) reported
lower arylesterase activity in untreated patients with depression,
while treatment with antidepressants increased arylesterase
levels. Sarandol et al. (2006) and Kodydkova et al. (2009), on the
other hand, were unable to find any differences in PON activity
between depressed patients and controls. There is also a report on
lowered PON1 activity in bipolar disorder (Ezzaher et al., 2010).
Lawlor et al. (2007) detected that in elderly women the R allele
was significantly associated with depression (odds ratio 1.22).
In two independent population-based studies no significant asso-
ciation was found between PONI QI192R polymorphism and
depression (Rice et al., 2009). Statins such as atorvastatin increase
PON1T activity and statins are now thought to have a role in both

the prevention and reduction of depressive symptoms (Samy and
Hassanian, 2011; Pasco et al., 2008).

However, it is advocated that the assay of PON1 status should
be based on the assays of both PON1 enzymatic activity and PON1
Q192R functional genotypes (Fudoeng et al., 2010). In addition, data
on POM1 status should consider smoking effects because cigarette
smoking decreases PON1 plasma activity (Haj Mouhamed et al,
2012) and genetic variation in O&NS and antioxidant genes and
their interaction with smoking may affect inflammatory and
oxidative burden (Stephens et al. 2008). Smoking and nicotine
dependence are accompanied with the onset of depressive dis-
orders and suicidal behavior (Vargas et al, 2013; Breslau et al,
2004; 2005; Jamal et al.. 2012; Malone et al, 2003; Pasco et al.,
2008).

The present study was carried out to examine PON1 status
(both PON1 activity and functional PONQI92ZR polymorphism
based on a 2-substrate assay) in major depression and bipolar
disorder in relation to nicotine dependence.

2. Subjects and methods
2.1. Subjects

We recruited normal controls (n=199) and patients with major
depression (n=91) or bipolar disorder (n=45) from staff at the
Londrina State University (UEL) and an outpatient ambulatory of
smoking cessation program, UEL, Parana, Brazil. Participants of
Cawcasian, Asian, African and mixed ethnicities, aged 18-60 years,
were accepted in this study. Diagnoses of bipolar disorder and
major depressive disorder were made by senior clinicians using
the validated Portuguese version of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) interview, Clinical Version
(SCID-CV) (Del Ben et al. 2001). In this study, we combined
patients in the acute phase of illness and patients in partial or
total remission and separated these in two study groups, ie. major
depression versus bipolar disorder.

Based on a SCID-CV interview, normal controls with lifetime or
current axis 1 and axis 2 diagnoses were excluded from participat-
ing in this study. In addition, we collected data on medical
disorders and use of medication by means of a semi-structured
interview performed by senior psychiatrists. Patients with axis 1
diagnoses other than major depression or bipolar disorder were
excluded, eg. schizophrenia, substance abuse disorders, psycho-
organic syndromes, and anxiety disorders. Patients and controls
were excluded (a) when they showed increased plasma levels of
laboratory tests, such as hemogram, Aspartate Transaminase (AST),
Alanine Transaminase (ALT), urea and creatinine; (b) when they
suffered from any major medical illness, e.g. diabetes type 1 and 2,
(auto)immune disorders, 1BD. COPD, and neurcinflammatory dis-
orders; (c) when they were treated with immunomodulatory
drugs, including glucocorticoids; and (d) when they showed acute
inflammatory or infective reactions the month prior to the study.

The severity of illness was measured using a validated Portu-
guese version of the 21-item Hamilton Depression Rating Scale
(HDRS) which was adapted for use in the Brazlian population
(Moreno and Moreno, 1998). Ethnicity (Caucasian, Asian, African,
mixed ethnicities), years of education, marital status (single, stable
relationship, separated or widowed), use of alcohol (no use,
monthly, weekly, daily use), work disabled due to medical reasons,
use of statins, and body weight and height were collected using a
self-report questionnaire. A clinical diagnosis of nicotine depen-
dence was made using DSM-IV criteria. Body Mass Index (BMI)
was calculated as weight (kg)/body height (in meter)’. The study
was approved by the Research Ethics Committee at UEL {number
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250/2010). All participants gave written informed consent prior to
participating in this study.

22 Lulwioley ussessieils

Blood for the assay of plasma PON1 enzyme activity and PON1
QI92R genotypes and serum HDL was sampled at 8.00 am. after an
overnight fast. PON1 status (plasma activity levels and functional
position 192 genotype) was determined using assays as described
by Richter et al, 2010. The substrates were phenylacetate (PA,
Sigma, USA) and 4-{chloromethyl)phenyl acetate (CMPA, Sigma,
USA) and the analysis was conducted in a microplate spectro-
photometer reader (EnSpire, Perkin Elmer, USA) using ultraviolet
transparent 96-well microplates. All assays were carried out in
triplicate and replicates that varied by = 10% were repeated. Briefly,
CMPA hydrolysis was measured at 280 nm for 4 min at 25BC using
20 pL of plasma diluted 1:40 in dilution buffer [20 mmel/L Tris—HCl
{pH 8.0, 1.0 mmolfL CaCly]. PA hydrolysis under high salt conditions
was measured at 270 nm for 4 min at 258C using 20 pL of plasma
diluted 1:40 in dilution buffer. High salt media was composed by PA
added to 2 molfL Nacl, 20 mmolfL Tris-HCl (pH 20}, 1.0 mmal/L
CaCly. The results obtained with these two assays were used to plot
a 2-dimensional enzyme activity graphic that displays rates of
arylesterase activity (PA hydrolysis) under high salt conditions
versus CMPase activity (CMPA hydrolysis). Since the polymorphism
QI92R confers differential catalytic activity against these two
substrates, the plot splits the population into the three functional
position 192 genotypes (QQ, QR and RR). Measurement of PA
hydrolysis at low salt concentrations reveals plasma PON1 abun-
dance since at this condition PON1 Q192R polymorphism does not
influence PON1 catalytic activity against PA (Richter et al, 2010). For
this assay, rates of hydrolysis of PA under low salt conditions were
measured at 270 nm for 4 min at 25BC using 20l of plasma
diluted 1:80 in dilution bulfer.

Serum HDL cholesterol was determined by an automated
method in a clinical chemistry system, Dimension RXL {Siemens
Healthcare Diagnostics Inc, Mewark, DE, USA). This method mea-
sures HDL cholesterol levels directly, without the need for sample
pretreatment or specialized centrifugation steps. HDL cholesterol
was measured as a surrogate marker of HDL The inter-assay
coefficient of variation values were less than 4.0%.

2.3, Statistics

Analyses of contingence tables (Chi square test) were employed
to check the distribution of variables in different study groups.
Univariate analyses of variance (ANOVAs) were used to ascertain
differences in POM activity, serum HDL and other continuous
variables between study groups, eg. controls versus major depres-
sion and bipolar disorder and ), QR and RR genotypes. Power
analyses, performed using GPower 3.1, showed that for the exam-
ination of differences in PON1 between 3 groups at a=005,
power=080 and effect size of 020 the minimum sample size
should be around 240, Factorial design analyses of covarance
{ANCOVA) were employed to delineate the differences in contin-
uous varnables among groups taking into account the effects of
different categories and their interactions and while adjusting for
relevant covariates. When significant, the Tukey test or Bonferroni's
test were used to examine planned comparisons among treatment
means. Binary logistic regression analyses were used to examine the
relationships between major depression or bipolar disorder (versus
controds) as dependent varable and independent variables, includ-
ing PON1 activity, PONI genotypes (using additive, dominant and
recessive models and fitting interaction models) and clinicalfsocio-
demographic data. Relationships between variables were assessed

by means of Pearson's correlation coefficients and linear multiple

regression analyses. As PON1 is bound to HDL and contributes to the
effects of HDL, the PONI x HDL cholesterol product term was
computed to denote possible (antioxidative) potentiating effects
Lretwveen Lot comprounds. Transfonmations swere wsed 1o nonnalize
the distribution of PON1 actwity, the PON1 x HDL cholesterol
product term and years of education in Ln transformation. Data
was analyzed using the SPSS windows version to analyze our data.
Statistical significance was set at «=0.05 (two tailed).

3. Results
2.1, Demographic data

Table 1 shows the demographic data of the 335 subjects in this
study. There were no significant differences in age, ethnicity,
marital status, work disabled, use of statins and years of education
between the three diagnostic groups. There were more females in
both mood disorder groups than in the normal control group.
Smoking frequency was higher in bipolar participants than in
normal controls (y*=1248, df=1, p<0001) and depressed
patients (3 *=10.36, df=1, p=0.001). BMI was significantly higher
in bipolar participants than in depressed participants (p=0.049)
and controls (p=0.014). Bipolar participants had a significantly
increased HDRS score than controls {p =0.001) and depressed
participants (p = 0.001), while the latter had a higher HDRS score
than contrals (p < 0.001).

Table 2 shows that there were no differences in age, gender,
marital status, years of education, use of statins, BMI and HDRS
between the PON1 QI92R genotypes. There was a significant
association between ethnicity and PONT Q192R genotypes. There
was a marginally significant association between smoking and the
three genotypes. Table 3 shows that in individuals with a QQ
genotype but not in those with a QR+RR genotype there was an
association between smoking and diagnosis.

32, PONI activity and PONT QI92R genotypes in depression

There were weak although significant correlations between PON1
and HOL (r=0189, p=0.001 n=331), age (r=—0156, p=0.004,
n=335) and years of education (r=0282, p = 0.001, n=335), but not
BMI (r= —0.054, p=0325, n=333) and HDRS (r= — 0.094, p=0.085,
n=334). PON1 was significantly lower (F=3361, df=1/333,
p <0001} in smokers (mean 4 50 = 17468 + 50.63 U/mL) than in
non smokers (mean=20591 4 5348 U/mL). There were no signifi-
cant differences in PON1 between men and women (F=061, df=
1/333, p=0.436), ethnical groups (F= 111, df=2{332, p=0331), work
disabled or not (F=000, df=1/233, p=0591), marital status
(F=047, di=2{332, p=0628), use of statins (F=247, df=1/314,
p=0.12) or use of alcohol (F=0.44, df=4/329, p=0781).

Table 1 shows the mean PON1 activities in controls and
depressed and bipolar participants. Simple ANOVA showed that
there are significant differences between the groups, with lower
levels in major depression than in controls (Tukey test: p=0.028),
while no significant differences were found between bipolar
disorder and depression (p=0.722) or controls (p=0.500). ANOVA
showed no significant differences in HDL concentrations between
the three study groups. Table 2 shows that there were no significant
differences in PON1T activity and HDL cholesterol between the three
PONT Q192R genotypes.

Table 4 shows the outcome of univanate factorial design
ANCOVA with PON1 activity as dependent variable and smoking,
PON1 Q192R genotypes (QQ versus QR+ RR), diagnosis (all entered
as factors), age, gender. BMI, HDRS, and years of education as
explanatory variables. We found that PON1 activity was significantly
(F=446. di=16/315. p<0001; R'=185%) predicted by age
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Table 1
Dempgraphic and clinical data of the controls and major depresssd (MDD) and bipolar patients (BP) included in this suody.
Variables Cantrols MDD BP F dr P
Age [years) d6.4 (= 83) 4700 +82) 44.5(+89) 134 2332 D265
Cender a4s 2 oo
Feunuls n7 (e ] Iy
Make 82 n 12
Ethnicity 738 4 o7
Caucasians 136 a7 6
Asian 4 African 4 U] B
Miced ¥ id i3
Marital status 126 4 DEGE
Single 7 15 B
Stable 136 57 b ]
Separated or widow 6 ] g
‘Work disabled 452 2 s
Ka B4 &1 7
Yes i5 i} 8
Years of sducation 1327 {£529) 1460 (771} 1196 ( + 5.82) 108 233z nid
Smoking 1425 2 noo
Ka 122 55 id
Yes 7 36 kil
EMI [kg)fbody height [in meter P 26,84 ( +4.800 2627 ( +435) 2876 [+ 5.77) 4.16 2{330 o7
HORS 277 (£ 36T) 896 [+ 711) 14.20 ( + 12.43) G353 2{3%1 = DL
Plasmma PONT (UfmL) 157,16 | £ 50.64) 183.74 [ £ 58.91) 189.52 [ + 55.09) 345 2{332 0oz
Serum HOL [mgfdL) 49,01 { £ 14.51) 4586 [ = 1495) 4398 [ = 11.64) 7499 2{328 most
PONT = HOL GET1 [ £ 4613) 8531 ( £ 4250) i £(3437) 544 2{328 oS

HDRS: total soore on the Hamilton Depression Rating Scale.
BMI: body mass index.

PONI: paraaxonase 1 plasma activity.

HOL: high density lipopratein cholesterol

Table 2
Demographic and clinical data in subjects disided according to paraowonase [PFON)1 Q192K genotypes into (i), QR and RR carriers.
Wariables a0 QR RR F dr P
Age [years) 461 [ £ 8.35) 46,6 [ + 8.0) 46.2 [ +9.00) nizs 3z nE7D
Gender 5.03 2 nos
Female 2% a4 36
Male 52 m 15
Exhnicity 1263 4 = 0001
Caucasians i1 &3 25
Asian 4 African mn 7 1z
Mixed 19 23 14
Marital status 613 4 JiRE: )
Single 19 1 iz
Stable 102 a3 27
Separated ar widow 30 i | iz
Years of sducation 1438 ( £ 709) 1284 ( + 4.48) 1229 [ +6.21) 202 3z i35
Smoking 767 2 filiek
Na a7 72 2
s 54 &1 L}
BMI [kz)bedy height (in meterf 2647 [ £4.71) Z13B (£ 497) 27.20 [ £ 504) L33 2{330 0266
HORS 537 [+ 764) 5068 [ + 7.69) 749 ( £ B04) Li3 2331 ik =2
Plasma POM1 (UfmL) 2007 [ £614) 185.7 [ £ 47.9) 1830 [ +44.5) 173 3z DOET
Serum HOL [mgfdl) 4789 [+ 14.34) A7A8 [ £ 14.18) 46.29( + 15.28) 0228 2{328 0796
FONT = HOL QB3R [ + J4890) 935 [ = 4101) 8456 [ = 3587) 195 2378 o4
Diagnosiz 144 4 DESE
Controls on 78 n
MDD 45 34 iz
BD 16 b} 3

HDRS: total soore on the Hamilton Depression Rating Scale.
BMI: body mass index.

PONI: paraaxonase 1 plasma activity.

HOL: high density lipopratein cholesterol

MDDz major depression.

BD: bipolar disorder
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Table 3
Differences in the association between smoking and diagnosis in paraoxonase
(POMN)S92 O} versus ER or QR carriers.

Tahle 5

Results of logistic regression analysis with major depression wersus controls as
dependent variable and plasma paraoxonase (PONJ activity, PON1 QI92R geno-
types, Body Mass Index [BMI), the Hamilton Depression Rating Scale (HDRS), age,

Cenolyps Controls MDD By @ df P gender and High Density Lipopratein (HDL) cholesterol as independent variables.
Q0 Variables Wald df p Odds  Lower  Lpper
Mo smoking B3 o 4 1214 2 0002 ratio 950 9510
Smoking n 15 12
QR4 RR Plasma PON1 64 i il 0216 0066 0.708
Mo smoking 59 5 1] 18D 2 0150 Serum HDL 904 1 0003 0.SE1 0936 DEE6
Smoking S50 bl 9 Age ooze 1 0BT 1003 0966 1.041
Gender 245 i DOBE 0535 0262 1.092
MDD: major depression. BMI 0862 1 D353 0968 0903 1.037
BD: bipolar disorder. HDRS 49.1 i <0001 1329 1327 1.439
00 genotype” 0316 1 D574 07 0203 241
QR genotype® ad i 0527 068 006 2345
Table 4 Cenotype® = smoking  15.27 2 <000l = - -
Results of univariste analysis of covariance with plama parsaxenase (PON)L Q?;:::;"[E" nm 1 e I e
activity as dependent variable and dia; s, PONT Q19ZR genatypes. smoki
Bndy':'l:n e [BMI), the HamiMon i';:::rmiuﬂ Ra?ing Seate (HDRS), yu.n;nf‘d R genolype” x M 1 OMM 55 1T WAE
education, gender and age as explanatory variables [entered as Factors or smoking (0)
covariates). B
[u 5 # infervals

Explanatory variables F df 1]
Diagnosis” 6.69 2 0.001
Genotype® (Le. OO versus QR+ RR) 0.03 i 0.856
Smoking* 153 1 o
Diagnosis® « genotype” 335 2 0.036
Diagnesis® = smoking® 0.9 2 0.808
Genotype » smoking® 0z 1 0655
Diagnosis® x genatype” » smoking” 2.08 2 0126
Bl 0.03 1 0.86
HDES 347 1 0.076
Years of education 375 i .54
Age 4.41 1 0.036
Gender 0.2 i 0.645

* These variables were entered as Gictors.

[negative), diagnosis, smoking, and a diagnosis x genotype interac-
tion (i.e. lower PONI in major depression with the QQ genotype).
Bonferroni post hoc tests showed lower PON1 activity in major
depression versus controls (p=0.001), while there were no signifi-
cant differences between bipolar disorder and either controls
(p=0.99) and major depression (p=0.332). After entering HDL
cholesterol in this analysis, the effects of diagnosis remained
significant while HDL was also a significant explanatory variable
(F=4.2,df=1/314, p=0.041). Using the same predictor variables, we
found that the product term POX = HDL was significantly predicted
by diagnosis (F=10.43, df=1, p =0.001), smoking (F=19.75, df=1,
p=0001), gender (F=1865 df=1, p<0.001) and BMI [F=6.47,
df=1, p=0012) Bonferroni's post hoc tests showed that the
product ratio was significantly lower in depression than in controls
{p <0001}, while there were no significant differences between
bipolar participants and controls (p=0291) or depressed subjects
(p=0.354).

In the patient groups we were unable to find any significant
difference in PON1 activity (F=0.13, df=1/132, p=0.720, results of
factorial ANOVA with diagnosis as second factor) between patients
who were drug free for at least 2 months (mean=134.44
+ 60.21 U/mL, n=105) and those who had taken psychotropic
drugs [mean=189 + 5597 U/mL, n=31). In drug free depressed
participants (mean= 18118 UjmL, n=76) PON activity was signifi-
cantly lower (F=8.05, df=1/273, p=0.005) than in controls
{mean=197.16 +49.01 UjmL, n=199),

3.3 Logistic regression of odds of major depression compared to
normaol controls

Table 5 shows the results of logistic regression analysis with
depression versus controls as dependent variable. Entering PON1

“ The ER genotype was used ax the reference group.

QI92R genotypes (RR is used as reference group; Wald=054,
df=2, p=0.76) and smoking (Wald=0.20, df=1, p=0.888) sepa-
rately showed that both variables did not increase the odds of
depression. We found that depression was significantly distin-
guished from controls (*=105.42_ df=10, p < 0.001; Nagelkerke=
0.432); the number of correctly classified cases was B11% with
a sensitivity of 53.8% and a specificity of 93.8%. The HDRS and an
interaction between PONQI92ZR genotypes and smoking increased
the odds of major depression, while PON1 activity decreased the
odds of depression. The interaction pattern between PONT Q192R
genotypes and smoking shows that in non smokers the QQ and QR
genotypes increase the odds of depression versus the RR pheno-
type. Logistic regression performed on the drug free depressed
patients showed similar main and interaction effects. Ethnicity
(Wald=0.80, df=2, p=0961) or ethnic groups by smoking
(Wald=0.301, di=2, p=0.860) did not show significant relation-
ships with major depression,

34. Logistic regression of odds of bipolar disorder compared
to normal controls

‘We performed a similar logistic regression analysis (without
using HDRS as independent variable) with bipolar disorder and
normal controls as dependent variables (Table 6). After adjusting
for the effects of all other explanatory variables, we observed
that bipolar particpants significantly differed from controls
(¥*=26.53 df=9, p=0.002) using female gender and smoking by
genotype QO as independent variables. PON1 activity and HDL were
not significant in distinguishing the bipolar and control groups.

4. Discussion

The first major finding of this study is that plasma PON1
activity was significantly decreased in patients with major depres-
sion, but not in those with bipolar disorder. These results corre-
spond with those of Barim et al. (2009) who found lowered
arylesterase activity in patients with depression using assays with
arylesterase with phenylacetate as substrates. Kotan et al. (2011a,
2011k} also reported lowered arylesterase activity of PON1 in
depressed patients. Using a comparable method, two other studies
were unable to find lowered PON1 activity in depression (Kody-
kova et al. 2009; Sarandol et al. 2006). Our study failed to
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replicate the findings of Ezzaher et al. (2010) who reported
decreased PONT activity in bipolar disorder.

The reductions in PON1 activity may in theory contribute to the
activated O&NS (including lipid peroxidation) and immune-
inflammatory processes in depression. For example, PON1 hydro-
lyzes hydrogen peroxide and inhibits LDL oxidation and lipid
peroxidation and the consequent inflammatory responses to LDL
{Mackness and Mackness, 2013). PON —/— mice show a signifi-
cant increase in vascular inflammation and aortic superoxide and
consequently CVD (Mg et al, 2008; Shih et al.. 1998). Inflammatory
responses in depression, including increased interleukin-1 (IL-1)
and Tumeor Mecrosis Factor (TMFke, may lower POM1 mRNA
production and plasma PON1 activity thereby modulating the
antiinflammatory and antioxidative properties of HDL (Kumon
et al, 2003). Thus, both cytokines could play a role in the
comarbidity between depression and artherosclerosis (Maes
et al. 2011a, 2011b, 2011c) wia alterations in POM1 mRNA
{Kumon et al., 2003). Nevertheless, IL-6, another cytokine that is
increased in depression (Maes et al, 1993), enhances PON1 gene
expression in hepatocytes (Cheng et al, 2013).

The second major finding of this study is that PON1 Q192R
functional genotypes may play a role in depression and bipolar
disorder. As with Rice et al. (2009), we were unable to validate a
previous report that the R allele is significantly associated with
depression (Lawlor et al., 2007). We could similarly not validate
the findings of Ezzaher et al. (2012) that there is an association
between bipolar disorder and the QR and RR genotypes. Never-
theless, we found different interactions between POM1 QI92R
genotypes and smoking and diagnosis. Firstly, major depressed
subjects with a QO genotype (in contrast to QR and RR) showed
lowered PON1 activity. Secondly, the odds of major depression was
significantly increased by an interaction between POM1 QI92R
genotype and smoking, ie. in non smokers the QQ and QR
genotypes increased the odds to depression. The odds of bipolar
disorder were increased by the QQ genotype in smokers, suggest-
ing that the effects of smoking on bipolar disorder are mediated by
PONT Q192R polymorphisms.

This interaction may be explained by the effects of functional
PONT Q192R genotypes and smoking on immune-inflammatory
and O&NS pathways. Firstly, smoking increases risk for mood
disorders through activation of immune-inflammatory and O&NS
pathways, including effects on proinflammatory cytokines, micro-
glhal activation, increased lipid peroxidation, decreased levels of
antioxidants and neuroprogressive pathways (Munes et al., 2013;

Table &

lhsull_: of logistic regression analysis with bipolar disorder versus controls s
variable and {PON) activity, PON1 QI52R genotypes, Bady

Ma.z Index  [BAI), i;: gender and serum High Density Lipoprotein (HDL)

cholestersd as independent variables.

Variables Wald df ] Odds Lower  Upper
ratio 95X 95k

Plasma PON1 0558 1 0455 0.566 aiz7 2518
Serum HDL 166 1 LAl 0.98 085 1011
a5 1 DOES 0.964 0925 1.005
Gender (female) 418 1 o4l 2383 1036 5481
EMI o] 1 008D 1.058 0.9492 1129
Q0 genotype” 151 1 0xig 0.417 0103 1684
QR genotype® 1] 1 0a73 0.a8 0.31 101
Genatype’ « 748 2 0.oz24 - - -
smoking (1)
= GEE 1 000D 5647 1547 20619
smoking (1)
QR genotype” = (LEZ8 1 D363 1631 0.560 4675
smoking (1)

Cl: confidence intervals.
* The RR genotype was used as the reference group.

Edirisinghe and Rahman, 2010: Vargas et al, 2013). Smoking-
induced activation of these pathways including suppression of
PON1 activity may explain the increased incidence of immune-
and O&NS-related degenerative disorders in smokers, eg CVD,
COPD. lung cancer, IBD, etc. (Minicucci et al.. 2012; Milara and
Cortijo, 2012; Leone, 2011} Secondly. individuals with the Q
woform have also less protective activity against oxidative stress,
ncluding HDL and LDL axidation, lower paraoxon hydrolyzing
activity and are more susceptible to genotoxicity (Mackness and
Mackness, 2013)

A third major finding of this study is that smoking not only
interacts with the functional PON1 genotypes to predict bipolar
disorder but also decreases plasma PONT activity. We replicated
previous findings that cigarette smoking lowers PONI plasma
activity in all three PON1 Q192R genotypes (Haj Mouhamed
et al, 2012} In CVD patients and controls, smoking was associated
with lowered PON activity an effect that was readily reversed upon
cessation (James et al, 2000). In witro, cigarette smoke extracts
inhibit PON1 activity in a dose- and time dependent manner by
miedification of free thiols (Mishio and Watanabe, 1998). Evidently,
the PON1 lowering effects of smoking may contribute to inflam-
matory and oxidative burden and thus to the increased incidence
of degenerative disorders (Nishio and Watanabe, 1998; James
et al. 2000). Likewise, the same pathways may in part account
for the association between smoking and bipolar disorder. It is
possible that the smoking status of patients and controls could
explain some of the discrepancies in the literature on plasma
PON1 in depression. Accordingly, some (e.g. Banim et al., 2009), but
not all studies (eg. Kodyvkova et al, 2009; Kotan et al, 20114,
2011h) controlled their data for smoking.

Mot all catalytic specifications and substrates of PON1 are
known and therefore other putative pathways may explain the
association between depression and functional PON1 QI92R
genotypes and lowered PON1 activity. For example, PON1 alters
bacterial colenization and displays lactonase activity hydrolyzing
acyl homoserine lactones, which function as quorum sensing
signals in gram negative bacteria (Pezzulo et al, 2012; Camps
et al, 2011; Teiber and Draganov, 2011). Thus lowered PON1
activity could play a role in the immune effects directed against
the ncreased translocation of gram negative bacteria in depres-
sion (Maes et al.. 2008).

One limitation of our study is that we did not control for all
possible dietary effects. PON1 activity is increased by polyphenol-
rich diets and moderate alcohol consumption, while high fat diets
may decrease PON1 activity (Thomas-Moya et al. 2007; Gouedard
et al. 2004; Costa et al., 2011). Nevertheless, the subjects included
in this study were largely on a traditional Brazilian diet and
subjects with alcohol abuse were excluded from this study, while
there was no association between moderate alcohol consumption
and plasma PON1 activity. There were no effects of treatment with
psychotropic drugs on owur results because (a) there were no
significant differences in PON1 activity between patients who
were drug free for at least two months and those who took
psychotropic drugs, and (b) drug free major depressed subjects
showed significantly lowered PON1 activity than controls.
In addition, Kotan et al. (20114, 2011b) found that treatment with
antidepressants in standard doses for 24 weeks normalized
decreased baseline PON activity in depressed patients. Another
limitation of the study is that reports from “association studies
constitute tentative knowledge and must be interpreted with
caution™ (Sullivan, 2007) Strengths of our study are that we
adjusted our results for many potential confounders, including
age, sex, ethnicity, BMI, use of statins, education and excluded
subjects with abnormal liver and kidney tests and with illnesses
that affect plasma PON1 activity, e.g. liver cirrhosis, renal disease,
increased uremia, diabetes, etc.
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1. Introduction

Cigarette smoke contains hundreds of compounds which act as
pro-oxidants and produce reactive oxygen species (ROS). Smoking
enhances oxidative stress (05) and decreases antioxidant defense
mechanizsms | 1]. Mood disorders, including major depression and
bipolar disorder (BDY). are accompanied by increased 05 and low-
ered levels of antioxidants [2].

One major measure of total plasma antioxidant defense is the
total radical trapping antioxidant potential (TRAP) in plasma [2].
An important antioxidant enzyme is paraoxonase 1 {POMN1), which
is lowered in individuals with mood disorders and tobaceo use dis-
order (TUD) [4]. PON1 is an enzyme synthesized in the liver, and
secreted into plasma where it 15 bound to high-density lipoprotein
(HDL) particles. These protect against lipoprotein peroxidation, a
key process underpinning the pathophysiology of atherosclerosis
[5]. Polymorphisms of the PON1 gene determine PON1 enzymatic
activities, e.g. the polymorphism with QR substitution at position
192 [4.5]. This functional Q192R polymorphism determines PON1
enzyme activity which in turn protects low-density lipoprotein
(LDL) from oxidation. In this regard the Q192 alloenzyme is more
efficient than the R192 aloenzyme |5).

The aim of this study is to examine whether TRAP levels are
associated with PON1 status, smoking, mood disorders, interac-
tions between the PON1 Q192R genotypes and smoking, ethnicity,
marital status, body mass index (BMI) and gender.

2. Subjects and methods
2.1. Subjects

The participants were 137 normal controls, 91 patients with
major depression and 45 with BD recruited at the State Uni-
versity of Londrina. Participants of Caucasian, Asian, African and
mixed ethnicities, aged 18-85 years, were enrolled in this study.
The diagnoses of BD, depression and tobacco use disorder (TUD,
current smokers) were made using a validated Portuguese ver-
sion of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) [6). All TUD subjects were current smokers who at the
time of interview reported smoking every day or some days.
Mood disorder patients in the acute phase of illness and in par-
tial or total remission were included. Subjects with diagnoses other
than depression and BD (e.g. schizophrenia, substance abuse dis-
orders, and psycho-organic syndromes) were excluded. Normal
controls were individuals without a lifetime or current diagnosis of
axis L

We excluded individuals with abnormal values of hemogram,
aspartate transaminase, alanine transaminase, urea, creatinine;
who suffered from diabetes, [aurto)immune disorders, chromic
obstructive pulmonary disorder, inflammatory bowel disease,
and newroinflammatory  disorders; who were treated with
immunomodulatory drugs or antioxidant supplements.

The severity of depression was measured using a validated Por-
tuguese version of the Hamilten Depression Rating Scale {(HDRS)
[7]. The Aleohol, Smoking and Substance Involvement Screening
Test [ASSIST) was used to assess risk levels of alcohol use [E]
BMI was calculated as weight (kg)/body height (in meter)®. The
study was approved by the Research Ethics Committee (number
250f2010). All participants gave written informed consent prior to
participating in this study.

2.2 loboratory assessments

Blood was sampled after an overnight fast. TRAP was measured
by chemiluminescence in an adaptation of the method described

by Repetto et al. (1996) [9]. A comparison of the induction time
after the addition of known concentrations of Trolox and plasma is
used to measure TRAP values of Trolox equivalents.

PON1 status was determined as described by Richter et al. (1993)
[10]. 4-Chloromethyl phenol acetate [CMPA) hydrolysis and phenyl
acetate (PA) hydrolysis under high salt conditions was measured in
a microplate spectrophotometer. The results obtained with these
two assays were used to plot a 2-dimensional enzyme activity
graphic that displays rates of arylesterase activity under high sale
conditions versus CMPase activity. Since the polymorphism Q192R
confers differential catalytic activity against these two substrates,
the plot splits the population into the three functional positions 192
genotype (QQ, QR and RR). Measurement of PA hydrolysis at low
salt concentrations reveals plasma PON1 activity since at this condi-
tion PON1 192R polymorphism does not influence PON1 catalytic
activity against PA | 10).

23 Statistics

Analyses of variance (ANOVAs ) and covariance (ANCOVAS) were
performed to examine differences between treatments means fol-
lowed by Tukey's test. Analyses of contingency tables [ x2 tests)
were performed to ascertain differences in the distnbution of
variables between diagnostic categories. Relationships between
variables were checked using Pearson's correlation coefficients and
stepwise General linear model (GLM) analyses. We used automatic
stepwise binary logistic regressionanalyses to examine the associa-
tions between patients with lower TRAP levels (versus higher TRAP
levels, median-split dichotomized) as dependent variable and dif-
ferent explanatory variables, including PON1 status, smoking. BMI,
gender, etc. The data were analyzed using SPSS and the statistical
significance set at o =0.05 (two tailed ).

3. Results
2.1. Plasma TRAF measurements

Table 1 shows that TRAP levels were significantly lower in
women than in men. There were no significant associations
between TRAP levels and ethnicity or marital status. Patients had
significantly lower plasma TRAP levels than controls. TUD patients
had significantly lower TRAP levels than non-smokers. There were
no significant differences in TRAP values between QQ, QR and RR
carriers.

In the votal study group, there were no significant correla-
tions between plasma TRAP levels and age (r=—0.003, p=0.952,
n=333),years of education [r=0.059, p = 0286, n = 333), and alcohol
use (r=0.082, p=0.137. n=332). There were significant correla-
tions between plasma TRAP and PON1 activity (r=0.125, p=0.022,
n=333), BMI (r=0202, p<0.001, n=333) and HDRS (r=—0200,
p<0.001, n=332)

Table 2 shows the results of GLM analyses with TRAP as depend-
ent variable and age, BMI, vears of education, plasma PONT activity,
HDRS, use of alcohol, gender, smoking, PON1 Q192R genatypes
{entered as QO+ 0QR versus RR), diagnosis (entered as controls
versus patients or as controls versus depression versus BP disor-
der), marital status, and ethnicity as explanatory variables. 28.4%
of the vaniance in plasma TRAP levels was explained by PON1, the
interaction smoking by PON1 Q192R genotypes. BMI and gender
(F=16.03, df=8[324, p<0.001). PONI, BMI, male gender and the
RR genotype were significantly associated with increased TRAP
levels. TRAP was significantly higher in RR than in QQ {p=0.003)
and QR (p=0.024) carriers, but there were no significant differ-
ences between QO and QR carriers (p=0.642). The interaction
pattern showed that non smoking in subjects with a RR and
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Table 1
Measurements of total radical trapping antioxidant potential (pM Trolox) in 333 subjects.
Variables Type m Mean (SD) F df B
Gender Men 115 901.4(132.6) 60,43 133 <L
Women i ] TE53(1382)
Ethnicity Caucasian 8 8256 (138.6) 046 2330 LR
African Asian 54 B3R (126.6)
Mixed 55 B1ZE(134.0)
Marital sarus Singhe 49 B346(110.5) 017 2j330 0.E4S
Stable 21 B250(1412)
Separated, B3 8197 (130.6)
wilawed
Diagnosis Controds 197 BILE[136.5) 543 133 0020
Mood disorders 136 804.9(132.9)
Diiagnosis Controls 187 8396 (136.5) 275 2330 D65
Depression ol BOBZ(136.8)
Bipolar disorder 45 Tag1(125.8)
TUD Ho 190 B3T.7(13332) 4.05 1331 wds
Yes 143 2091 (1382)
PONT QIS2R Q0 QR KR 151 BX20(127.7) 1.36 2j330 0158
Cenatypes 132 #17.9(140.9)
50 855.4(144.9)

Kood disorders: depression and bipolar disorder.
TUD: tobacoo wse disorder.

Table 2

Results of general linear mode] analysis with total radical trapping antieeidant potential as dependent variable and the listed variables as explanatory variables
Wariables F df P N
Plasma PON1 587 1324 0ois LT S
Srmoking ¥ PON1 0192k genatypes 3176 5324 0003 0055
Body mass index 26.59 1324 <0001 O7E
Gender {male) BE4S5 1324 <0001 0214

PON1: paraaxanase 1.

PON1T {192R genotypes: entered a5 QR and RR genotypes with Q0 as reference group.

: partial p?.

QR genotype is associated with increased TRAP levels: TRAP lev-
els were significantly higher in non-smokers than in smokers in
QR (adjusted mean +SEM=8750+14.3 versus 8067+ 154puM
Trolox) and RR (9063 +£255 wversus 8636+219pM Trolox)
carriers (the means were obtained by GLM analysis after adjus-
ting for the abovementioned background variables). There were
no differences in TRAP between QQ smokers (833.0+ 16.0 uM
Trolox) and QQ non smokers (835.2+ 123 pM Trolox). All other
variables were not significant in this regression analysis includ-
ing diagnostic classifications. In addition, forced entry of the
three diagnostic groups (depression, bipolar disorder and con-
trols) showed that these diagnostic groups were not significant
in predicting TRAP (F=120, df=2{322, p=0301), while PON1
(F=B.11, df=1f322, p=0.014). smoking X PON1 QI92R geno-
types (F=3.60, df=5[322, p=0.004), BMI (F=28.15, df=1/322,
p<0.001) and gender (F=84.30, df=1/322, p<0.001) remained
significant in predicting TRAP. ANOVA showed that in TUD sub-
jects, TRAP was not significantly different (F=1.56, df=2/140,
p=0.213) between QQ (mean=5D=8229+109.9uM Trolox,
n=54), QR (7854 + 146.8 pM Trolox, n=560) and RR individuals
(832.2 + 162.6 pM Trolox, n=29).

We examined the effects of psychotropic drugs on our
results. There were no significant differences (F=0.08, df=1/331,
p=0.775) in TRAP levels between subjects without (mean +5D
8246+ 135.7 uM Trolox, n=296) and with psychotropic drug use
(8314 +139.7 pM Trolox, n=37). We re-ran the above GLM anal-
ysis in subjects who were drug free. 30% of the variance in TRAP
was explained (F=15.38, df=8/287, p<0.001) by PON1 (F=453,
df=1{287, p=0.016), smoking X PON1 Q192R genotypes (F=3.05,
df=5/287, p=0.011), BMI (F=29.78, df=1/287, p<0.001) and gen-
der (F=81.61, df=1/287, p<0.001).

3.2, Characteristics of subjects with low versus high plasma TRAP
levels

We dichotomized the study group into two equal groups using
818.30 pM Trolox as threshold value, Table 3 lists the characteris-
tics of subjects with lowered versus higher TRAP levels. There were
no significant differences in age, ethnicity, marital status, diagnosis,
smoking, FON1 Q192R genotypic distribution, plasma POMN1 activ-
ity and years of education between the two study groups. Subjects
with lower TRAP levels showed a higher frequency of females and
a lower BMI than subjects with higher TRAP levels.

Table 4 shows the results of an automatic stepwise logistic
regression analysis with the low TRAP subgroup as dependent vari-
able (<818.80 pM Trolox) and all variables listed in Table 3 and the
interaction pattern smoking X PON1 Q192R genotypes as explana-
tory variables. We found that using five predictors, 57 3% of all cases
were correctly classified (sensitivity = 70.7% and specificity = 63.9%;
¥*=T72.61.df=5p<0.001; Nagelkerke=0261). PON1, male zender.
BMI and the RR genotype were inversely associated with the lower
TRAP subgroup, whereas the interaction smoking by RR carriers
increased the risk to belong to the low TRAP group.

4. Discussion

The findings of this study are that TRAP was significantly related
to plasma PON1 activity, PON1 Q192R genotypes, an interaction
between smoking and these genotypes, BMI and gender. In addi-
tion, subjects with mood disorders displayed lowered TRAP levels
than controls, although these effects were not significant in the
final regression analysis. TUD subjects showed lower levels of TRAP
than controls, but these effects were no longer significant after
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Table3
Characteristics of subjects divided inta those with bower versus higher {median=dichotomized ) total radical trapping antsoxidant potential [TRAP) levels

Wariables Type Lower TRAP [n= 167} Higher TRAP [n = 166) ForX2 df il

TRAP [ M)Traloox) - TIB 3 (+T66) S33.1(+B9.4) 544,95 1331 <0001

Gender Men Women 31136 B482 37.80 1 =0.001

Age [years) - 463 [+82) 46,4 [+B6) .00 1331 0946

Ethnicity Caucasian African 1132331 1152724 1.2 2 0542
Agian Mixed

Marital status Singhe 2410736 2511427 1.52 2 0467
Stable
Separated + widowed

Diagnosis Controls o176 10660 0.2 i 0082
Mood disarders

Diagnosis Controls S14828 1D64317 4.41 2 017
Depression
By

TuD Na o077 10066 1.37 i 0242
Wes

POMN1 QIS2R L] TET0ID 736231 3.53 2 a7

Cenotypes R

RE

Flasma PFON1 1886 (+56.8) 196.1(+52.7) 1.55 1331 0213

(UfmL}
EMI {kg/m®) - 26003 [ =4.84) FTRE=4.74) 1220 1331 o001
Education (years] - 13.3(£5.5) 13,6 [+6.8) 0.12 1331 0723

Results are shown as mean [£50).

Results ol analyses of variance (F) or analyses of contingence tables (X7 teses)
BD: bipolar disorder.

TUC: tobaco wse disonder.

BMI: body mass index.

considering the interaction between current smoking and PON1
Q192R genotypes. TRAP levels were significantly associated with
higher plasma PON1 activity. PON1 is a HDL-associated enzyme
with multifunctional activities including antioxidant properties
[11]. Therefore, our findings confirm that this enzyme plays a role
as one of the antioxidants contributing to total TRAP levels.

The RR functional genotype was associated with higher TRAP
levels. These findings corrobarate those of previous papers that the
RR genotype is more protective against 05 and that the QQ geno-
type increases susceptibility to genotoxicity [ 12]. The Q isoform is
associated with a lowered protective activity against LDL and HDL
oxidation and reduced paraoxon hydrolyzing activity [13]. Given
the role of OS in aging, it is also interesting to note that QR and
RR carriers have a better survival advantage than Q allele carriers
and those patients with a QQ genotype have worse diabetes control
than those with a RR genotype [ 14]. All in all, our data suggest that
RR individuals are more protected than QQ carriers against 05,

We found that smoking decreased TRAP levels in RR and QR car-
riers. Thus, smoking has a stronger effect on antioxidant defenses
in RR and QR individuals than in QQ individuals. Chronic smoking is
related to depletion of antioxidant levels [ 15], total plasma antiox-
idant capacity and PON1 plasma activity [ 15]. Moreover, the acute
effects of smoking also result in increased lipid peroxidation [17].
Our study however shows that the genotype-smoking interaction
explained more of the variance in plasma TRAP levels than smoking
alone, suggesting that the effects of smoking on total plasma TRAP

Table 4
Results of automatic stepwise logistic regr
variable and the listed variables as predictors.

levels are attributable to the effects in QR and RR carriers only.
Future research should delineate whether the effects of smoking
enhancing oxidative biomarkers and decreasing specific antioxi-
dants are mediated by interactions between smoking and PON1
QI192R genotypes.

Our results showed that TRAP levels were significantly higher in
males than in females. These results extend findings that women
may show higher levels of OS than men [ 18]. For example, in a study
sample of normal volunteers and patients with chronic fatigue, we
found significantly higher plasma peroxide levels in women than
in men [12]. Such differences may be associated with the lower
plasma TRAP levels in women observed in our study. In preclin-
ical experiments of peripheral tissue antioxidant defenses were
higher in female than in male rats, while brain lipid peroxidation
was higher in males than in females [19]. Higher levels of vitamin
E and elevated activity of glutathione peroxidase were detected
in fermnales [20-22). Estrogens have significant antioxidant proper-
ties, although the exact mechanisms by which estrogens exert this
action remain unknown [23-25]

‘We found decreased TRAP levels in patients with mood disor-
ders (either depression or BD) compared to controls. Moreover,
there was an inverse correlation between TRAP and severity of
depression. Those results corroborate previous data that moeod dis-
orders are accompanied by lowered antioxidant levels, either total
plasma antioxidant activity or specific antioxidants and increased
05 [2,26-28). The differences between patients with mood

lysis with lower versus higher (median=dichotomized ) TRAP levels (higher plasma TRAP as reference group)as dependent

Wariables Wald dff P Ddds ratio 1 loweer Clupper
Flazma POM1 461 i 0.032 039 016 04z
PONT Q152K genotypes 955 1 0002 15 o5 051
Smoking (1) X PON1(18ZR genotype 562 i 0oig 543 1.34 29
Bady mass index 1839 1 <0001 DES 0LE4 094
Gender {mabe) 4178 i <000 o7 L] L]

- 5% confidence intervals.
PONT Q192ZR genotypes: paraaxanasel Q192R genotypes, 00 + R versus RR.
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disorders and normal controls, however, were no longer signifi-
cant after considering the effects of the other variables, suggesting
that the association between mood disorders and TRAP levels are
mediated by other variables.

Surprisingly, the results of this study show that plasma TRAP lev-
els are significantly and positively correlated to BML In the ATTICA
study, on the other hand, obese and overweight males and females
showed lower total antioxidant capacity concentrations as com-
pared to normal weight individuals [29). In accordance with the
ATTICA study, the Framingham offspring cohort, in which a series
of laboratory assessments, obesity measures, 05 and cardiovascu-
lar risk factors were measured, showed that obesity, particularly
central obesity, was an independent positive predictor for systemic
05 [30]. Dbesity is known to increase 05 in normal velunteers and
clinical populations of all ages as indicated by increased lipid perox-
idation [31]. Abdominal and hepatic fat increases lipid peroxidation
through excess of free fatty acids, lipoprotein-bound lipids and
cytokines [32]|. Nevertheless, TRAP levels mainly reflect the antiox-
idant potential of urate (35-65%). There is evidence that uric acid
is significantly related to the BMI [32]. Therefore, our findings that
plasma TRAP levels are related to BMI may be explained by the
effects of uric acid, which is positively associated with BMIL

This study has strengths and limitations which need to be
noted in interpreting the results. In the present study, we con-
trolled statistically for effects of ethnicity, drug state, including
use of psychotropic medication and statins, and use of alcohol. A
first limitation is that this study is cross sectional and therefore
no deductions can be made on causal relationships. A follow-up
study should be carried out to delineate the interrelationships
between TRAP plasma levels and uric acid, on the one hand, and
BMI and gender, on the other. Lastly, in this study we examined the
effects of current TUD defined as patients with nicotine depend-
ence who were current smokers. Thus, our study design does not
allow examination of the chronic versus acute effects of smoking
tobacco.

In conclusion, TRAP levels are significantly predicted by higher
plasma PON1 activity. the RR functional genotype, non smoking by
RRcarriers, gender and BMI Plasma PON1 activity. PON1 genotypes
and an interaction between PON1 Q192K genotypes and TUD con-
tribute significantly to plasma TRAP levels, independently of the
effects of gender and BMI.
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4.3 PARAOXONASE (PON)1 Q192R FUNCTIONAL GENOTYPES AND PONI1 Q192R

GENOTYPE BY SMOKING
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Background: The matabalic syndrame (MaiS) is a complax of mulliple risk faciors that contribute o the onsest
of cardiovascular disarder, including loweared lavels of high-dansity lipoprotein (HOL) and abdarminal obasity.
Smoking, mood disorders, and oxidative stress are associated with tha MetS. Paraoxonase [POM)1 is an
antinxidant bound 1o HOWL, that is under genatic contral by functional pelymorphisms in tha POMN1 Q1328
coding saquance.

Aims and methods: This study aimed to delineate the associations of the MatS with plasma PORM1 activity,
FOM1 0182R genotypes, smoking, and mood disordars {major depression and bipolar disorder), while
adjusting for HOL cholastenl, body mass indax, age, gender, and sociodermagraphic data. We meaasured
plasma PONT activity and serum HOL cholesteral and determined PON1 01928 genatypes through
functional analysis in 335 subjects, consisting of 97 with and 238 without MetS. The saverity of nicotine
dependeanca was measured using the Fagersirdm Micoting Dapendence Scale.

Results: PON1 0192R functional genatypes and POMN1 01228 genolypes by smoking interactions were
associated with the MetS. The OO0 and OR genotypes wera profective against MetS while smoking
increased metabolic risk in 20 carars only. There were no significant associations betwean POMN1
(1920 genotypes and smoking by genotype interactions and abesity or overweight, while body mass
index significantly increased MetS rsk. Smoking and especially severa nicoting cependence are
significantly associated with the MatS although these effects ware no langer significant after considering
iha efects of the smoking by PON1 01828 ganotype inferaction. The MetS was naot associated with mood
disarders, major daprassion or bipalar disordar.

Discussion: POM1 01928 genolypes and genatypas by smaoking inferactions ara risk factors for the MetS that
togathear with lowered HOL and incraased body mass and age confribute 1o the Mats.

Kaywaonds: Faracnnase 1, Motabolic syrorome, Dupression, HOL choleshenol, Deidati siress, Caniovascular
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for cardiovascular disorder (CVD), cancer. type 2 dia-
betes mellitus, depression, and all-cause mortality. =
There are different case definitions for the MetS (eg.
the criteria of the International Diabetes Foundation,
the Mational Cholesterol Education Program, and the
World Health Organization), which all consider
simuilar risk factors, including increased central obesity
as measured by means of waist drcumference, increased
fasting glwcose (insulin resistance) and triglyceride
leveks, lowered high-density lipoprotein (HDL) levels,
and increased blood pressure. % The MetS frequently
coexists with obesity, as measured by an increased body
mass index (BMI).® In some studies, both the MetS and
BMI contribute to increased CVD risk, whereas in other
studies the MetS, but not BMI, predicts CVD risk.™”

The key components in the pathophysiology of the
MetS syndrome are central ohesity, insulin resistance
and an increased flux of fatty acids stimulating elev-
ated glucose production, and secretion of triglycerides
and very low-density lipoproteins {LDLs).>® Lowered
levels of HDL cholesterol and increased levels of LDL
and leptin are accompanying key components of the
MetS.* Other theorics, on the other hand, stress that
central obesity is a compensatory mechanism and pro-
tects other non-adipose, lipid-sensitive tissues from the
increased Fatty acid spill over due to excess calories
and dictary lipids in the presence of increased leptin
resistance.”

Mew pathways that play a robe in the MetS are acti-
wation of immune-inflammatory and oxidative and
nitrosative stress (O&NS) pathways as indicated by
increased levels of pro-inflammatory cytokines, acute
phase proteins, and biomarkers of increased lipid per-
oxidation." In accordance with the findings on acti-
vated O&NS  pathways, the MetS is  also
accompanicd by lowered antioxidant defenses, as
shown by reduced total antioxidant potential in the
pl.asm.n.”

Paraoxonasefarylesterase | (PONI, EC 3.1.8.1) is
an antioxidant enzyme that is bound to plasma
HDL and determines part of the antioxidant capacity
of HDL."™"* PONI associated with HDL attenuates
the production of reactive oxygen species (hydrogen
peroxide) thereby contributing to lowered production
of oxidized LDL." These antioxidant and anti-
inflammatory  cffects of PON] may explain that
lowered levels are associated with an increased risk
for CVD and insulin resistance. """ There is now evi-
dence that the MetS s accompanied by lowered
plasma PON]1 activity or PONI concentrations,'®

POMI is under genetic control wherehy functional
polymorphisms at the 192 position Q—R determine
the enzymatic activities and consequently increase
risk to different diseases™ For example, the R allele
and the RR genotype are associated with an increased
risk for CVD, such as ischemic stroke™ The Q

isoform confers lowered protective activity against ooi-
dation of LDL and HDL.* In a recent study, we
found that PON] QI92R genotypes were associated
with an increased Castelli 1 index, suggesting
increased atherogenic potential (de Souza-MNogueira
et al, submitted). There is one study showing that
PONI QR and RR genotypes significantly increase
the risk of MetS.2

Smoking is one of the environmental factors that
may increase the sk of Met5. Thus, in a number of
smaller studies an association between smoking and
the MetS has been described ™ A meta-analysis
based on 13 studics and 56.691 subjects and B.G688
cases showed a  significant positive  relationship
between smoking and the MetS.™ Slagter er al ™ in
a large-scaled study showed that there was a positive
association between smoking and the MetS, indepen-
dent of BMI class and gender. Smoking not only
affects the metabolism of fatty acids but also induces
inflammatory reactions, increases lipid peroxidation,
and lowers PON1 levels - In addition, we recently
observed that an  interaction pattern  betwoeen
smoking and PONI genotypes predicts an increased
Castelli 1 index and therefore could be an important
nisk factor for the MetS {submitted).

Another factor that is related to an increased risk
towards MetS is the presence of both unipolar and
hipolar depression.** These mood disorders show a
high degree of comorbidity with obesity, CVD, and
diabetes type 2% While increased rates of central
obesity in mood disorders may be one factor explain-
ing the comorbidity with the MetS, other shared pro-
ceases are lowered HDL cholesterol and activated
immune-inflammatory  and O&NS  pathways, and
common cnvironmental risk factors such as diet,
smoking, and physical activity. ™" Moreover,
patients with mood disorders have an increased raie
of current sm-c:-h'ng'“, while current smoking, inter-
actions  between POND Q192R genotypes  and
smoking, and redoced plasma POMNI levels are also
nisk factors for unipolar depression or bipolar dis-
order®  Possible  interactions between smoking,
mood disorders, and PONT Q192R genotypes could
therefore play a role in the MetS.

The aim of the present study was to examine
whether lowered PONI activity and PON1 functional
Q192 polymorphisms, e.g. the RRE genotype, current
smoking, and mood disorders or their interactions
may increase the odds o MetS, while controlling for
other putative intervening factors, such as BMI, age,
gender, and sociodemographic data.

Subjects and methods

Subjfects

In this study, we included 335 subjects of Caucasian,
African, Asian, and mixed ethnicities and aged
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between 1B and 60 years old. The subjects were
recruited from staff at the Londrina State University
and an outpatient ambulatory of smoking cessation
program, UEL, Parana, Bragzil, and comprised 238
subjects with the MetS and 97 subjocts without the
MetS; 146 subjects with mood disorders, that is uni-
polar major depression (m=91) or bipolar disorder
(= 45), versus 199 subjects without mood disorders,
and 144 smokers versus 191 non-smokers. We have
excluded subjects {a) with abnormal laboratory tests,
including aspartate transaminase, alanine transamin-
ase, hemogram, urea, and creatinine; (b) who had
been taken immunomodulatory drugs, including glu-
cocorticodds and antiviral medications; and (c) with
other major medical illness, eg. diabetes type | and
2, chronic obstructive pulmonary disease, (auto)-
immune disorders, inflammatory  bowel discase,
CVD, and neurcinflammatory disorders. Patients
with mood disorders were excluded if they had a life-
time history of other axis 1 Diagnostic and Statistical
Manual of Mental Disorders (DSM) IV diagnoses,
such as organic mental disorders, schizophrenia, sub-
stance abuse disorders, anxiety disorders, etc., while
subjects withowt mood disorders were excluded for
any axis I DEM-IV diagnosis. The study was approved
by the Institutional Review Board of the UEL
(number 25072000y and all subjects gave written
informed consent prior to participating in this stwdy.

Methods
The diagnosis of MetS was made using the diagnostic
criteria of the International Diabetes Federation, ie.
three of the five criteria should be present: (a) abdomi-
nal obesity, that is waist circomference =90 cm for
men and z80cm for women in South Asian and
South Americans and =9%.0cm for men and
z800cm for women in Cauvcasians; (b} low HDL
cholesterol, that is <40 mgfdl in men and <30 mg/
dl in women, or on hypolipidemic drugs: (c) hypertri-
glyceridemia, that is =150 mg/dl. or on a hypalipi-
demic agent; (d) increased fasting glucose, that is
2100 mgfdl, or on oral antidiabetic medication; ()
increased average blood pressure, that 15 =130
85 mmHg, or currently taking antihypertensive medi-
cation. ™ We measured waist circumference durning
cupiration, in a standing and relaxed position, at the
midline between the lower costal marging and the
iliac crest parallel to the loor. We measured blood
pressure using a mercury sphygmomanometer on the
right arm and wsed the mean value of two measure-
ments that were carmied out 5 minutes apart. We calcu-
lated the BMI as weight (in kg) divided by square of
height (in m).

The diagnosis of mood disorders was made by
senior psychiatrists emploving a validated Portuguese
translation of the semi-structured interview of the
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DSM-IV.H We have examined the effects of the two
mood disorders combined and or of cach mood dis-
order, either major depression or bipolar disorder sep-
arately. We combined patients in the acute phase of
illness and patients in partial or total remission. We
measured the severity of depression using a validated
Portuguese translation of the Hamilton Depression
Rating Scale (HAM-D), which was adapted for use
in the Brazilian population.** The diagnosis *nicotine
dependence” was made according to DEM-IV criteria.
The severity of dependence was estimated using the
Fagerstrim Nicotine Dependence Scale® We used
the six items of this scale to examine possible relation-
ships between aspects of nicotine dependence with the
MetS, while we used the total score as an index for
the severity of nicotine dependence. We also divided
the subjects into these with severe nicotine dependence
(todal score =3) versus those with moderate depen-
dence (total score <4).* We used a self-repont ques-
tionnaire to collect sociodemographic and clinical
characteristics, including vears of education, marital
status (single, stable relationship, sepamated, or
widowed), ethnicity (Caucasian, Asian, African, and
mixed), we of alcohol (no use. monthly, weckly,
daily wuse), and use of statins and any other

Blomedical assays

Fasting blood (12-14 hours) was collected in all sub-
jocts for the assays of plasma POMNI activity, PON1
QIR genotypes, and HDL cholesterol. POMI
status, that s PON] plasma activity and
POMI Q192 functional genotypes or activity pheno-
types, were measured as described before.¥ In short,
the substrates were phenylacetate (PA, Sigma, S5t
Louis, MO, USA) and 4-{chloromethy] jphenylacetate
(CMPA, Sigma) and the analysis was conducted in a
microplate  spectrophotometer  reader (EnSpire,
Perkin Elmer, NY 14831, USA) wsing ultraviolet
transparent ‘®6-well microplates. All assays  were
carricd out in triplicate and replicates that varied by
> 10% were repeated. Briefly, CMPA hydrolysis was
measured at 280 nm for 4 minotes at 25°C using
200pl of plasma diluted 140 in diluwtion  buffer
{20 mmal fl Tris-HC1 (pH 8.0), LOmmaolfl CaClz).
PA  hydrolysis under high salt conditions was
measured at 270 nm for 4 minotes at 25°%C using
20 pl of plasma diluted 1:40 in dilution buffer. High
salt media was composed by PA added to 2 mol/]
MaCl, 20mmolfl Tris-HCl (pH 8.0}, 1.0 mmol/]
CaCly. The results obtained with these two assays
were used to plot a two-dimensional enzyme activity
graphic that displays rates of arylestcrase activity
(PA  hydrolysis) under high salt conditions versus
CMPase activity (CMPA hydrolysis). Since the poly-
maorphism Q192R confers differential catalytic activity
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against these two substrates, the plot splits the popu-
lation into the three functional position 192 genotypes
(). QR and RR). Measurement of PA hydrolysis at
low salt concentrations reveals plasma POMI total
activity, since at thiz condition POMNI QI92R paly-
morphism does not influence PON catalytic activity
against PA*" For this assay, rates of hydrolysis of
PA under low salt conditions were measured at
270 nm for 4 minutes at 25°C using 20 pl of plasma
diluted 1:80 in dilution buffer.

Fig. | shows the division of the participants into the
three functional PON1 QI192R polymorphisms: 151
individuals (45.1%) were homozygous for  the
POMI*I920) allele; 133 (39.7%) were heterorygous;
and 351 (15.7%) were homozygous for  the
POMI*I92E.  allele. Regarding POMI  plasmatic
activity, which is determined by the hydrolysis of PA
under low salt conditions, it vaned from 47.67 to
41460 U fml (data not shown).

HDL cholesterol was assayed using an automated
method in a clinical chemistry system. Dimension™
BXL (Sicmens Healthcare Diagnostics Inc., Mewark,
DE, USAL This assay measures HDL cholesterol
without sample pretreatment or specialized centrifu-
gation steps. HDIL cholesterol was used as a surrogate
marker of HDL. Triglyeenides and glucose were deter-
mined using awtomated methods in a clinical chem-
istry systemn, Dimension™ RXL {Siemens Healthcare
Driagnostics Inc. ). The inter-assay cocfficients of varia-
hility for all analytes were <300

Statistics

Analysis of variance (AMOVA) was used o check the
differences in continuous variables between different
categories. The Mann—Whitney U7 test was emploved
to examine intergroup differences in the case variables

= POMIQCIE2
250 4 _— & POMIQRIDZ
& POMIRARISE

v
=

g

AREasa - High ssit {U par mL}
E

& s & T 80 e
CMPase [U par mL)

Figune 1 Functional genotyping for the PON1 G328
palymarphism through the hydrolysis of CMPA versus PA
individual.

w2 W

that were not normally distributed. Analyses of contin-
gence tables were checked using f tests to assess differ-
ences in the distnbution of variables among study
groups. We used Pearson’s correlation coefficients to
assess the relationships between wvariables. Binary
logistic regression analyses were ecmploved to delincate
the associations between a dichotomous dependent
varable (the presence or absence of a characteristic),
ie. the diagnosis MetS versus no MetS, and a set of
independent  variables, cg. PONI  status  and
smoking and their interactions, and clinical fsociode-
mographic data. The logistic regression coefficients
are employed to estimate odds ratios (& with 95%
upper and lower confidence intervals for each explana-
tory wvariable in the fnal model). Muoltinomial
regreasion analysis was used to investigate the associ-
ations between a dependent variable with more than
two categories, Le. three groups divided according to
the BMI, and a set of independent wvariables, eg.
PN status and smoking and their interactions, and
clinical {sociodemographic data, We used transform-
ations to normalize the distribution of FONI activity
and years of education (In transformation). We ana-
Iyzed the data using the SPSS Versions 15 and 19.
Seatistical significance was set at a = 0.05 (two-tailed).

Results

Demographic data

Table 1 displays the demographic data of the 335
subjects subdivided into those with and withowt
MetS. We did not use a P-commection to examine
the multiple contrasts as these univariate analyses
were used a prion to delincate the possible relevant
varables to be consecutively employed as determi-
nants of independent association with the MetS or
obesity f overweight in ultimate multivariate analyses.
There were no signifiicant differences in age and
gender between both groups. There was a significant
association between smoking and MetS with more
smokers in the MetS group. Likewise, there was a
significant association between MetS and groups
divided according to non-smoking and moderate
and severe nicotine dependence. There was no signifi-
cant association between PON1 QI9ZR genotypes
and MedS. There were similarly no significant differ-
ences in PONI activity between subjects with and
without the MetS. Subjects with a MetS had signifi-
canily lower levels of HDL cholesterol and higher
levels of triglycerides and glucose, waist circumier-
cnce, systolic blood pressure, and BMI than those
without Met5. Likewise, there was a significant
association  between  MetS and  groups  divided
based on BMI values. There were no associations
between  MetS  and mood disorders, unipolar
depression and bipolar disorder, HAM-D, education,
cthnicity, marital status, and wse of stating or
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Table 1 Demographic data of the 355 subjects in the study divided into thoss with jn = 87) and without (7 = 238) the MetS

Variables Mo MetS o = 238y MetS jn=87) For g™ df P

B [ yemars) 45,8 (B.1) A7.6 (8.0} 108 1/333 Q.080
Gender (male/femalk) TBf 160 38489 125 1 0.284
Currand smaking [nofyes) 14602 4553 £.00 1 o012
Micoting dependance: nofmoderate/ significant 146/ 27 /B5 45015737 629 2 0043
Fagersingm hicoline Dependence Scale in smokers EAI {200 n=132 582 (247 n=52 1.02 1f142 0316
DOJORAR genotypes 115/92 fva1 36441720 4.76 2 0.as
POMT acSvity (17 mi} 185.5 (55.3) 1852 (51.9) 246 1/333 Q.17
HOL-chelesteral {mgfdl} E1.1 {146y p=234 38.0(3E) p=07 57.42 1/329 <0007
Trighycesides (mgldl) 105.6 [55.4) 1929 (57.1) 107.42 1/333 <0007
Glucoss (mgdl) BEE (A1) 100.3 [25.5) 57.80 17330 <0007
Wiaist circurnference (omj BT (132 S8.0(11.3) 46356 17330 <0007
Sysiolic boed pressuee (rmmiHg) M7.2(16.4) 1342 (18.7) 86.8 17321 <0.007
EMI 268 (4.4) n=236 296 (5.0) n=0F 4780 1/330 <0001
BMI < 26, 25-30, =30 kg/m® 11788131 12047737 47.93 2 <0.001
Ma msed = versus rmosd disandens 145/03 B4443 o7e 1 0374
Mo maod = P =BP 145/ 66127 B4/25/18 309 2 0214
HAR-T 5.8 (7.9) 6.3 ({7.4) o 1faa3 0648
Edwcation < 12 weargus =12 years 4144 6148 4.80 1 Q028
Ethnicity &/ A + &AM 168 34/38 61416720 207 2 Q.35
Marital 5t {sirgle/s + W 16231 45 B0 19718 230 2 0.302
Statin use (yes o) 18207 B/E3 0.054 1 0817
Use of aleshal re, 1,2, 3, 4) 05 3927 B0V E 497147972114 200 4 0.736
Use of arry medication {yes/no) 119117 BES31 B4 1 0.003

Diata ane shown as mean (501
*Results of ANOVA or coringency tables with 5 =,

Mo mood = UF = BF, UF, uripolar depression; BP, bipolar disorder; HAM-0, Hamilon Depression Aating Scale; Etnicity: G,
Caucasian; A+ A, Asian and African; M, mixed; Maritak 51, skable relaionship or maried; 3+ W, separated and widowed,; Use of
aloohol (alcohol abwess is sxcluded): ne; 1, sporadically; 2, monthly; 3, weskly; 4, daily.

alcohol. The use of any medication was significantly
greater in subjects without MetS than in those with
Mets.

The MetS and the Fagerstrém Nicotine
Dependence Scale in smokers

Tabbe 1 shows that in smokers there was no significant
association between the MetS and moderate versus
heavy micotine dependence (f =0.00, df=1, P=
0949 Table 1 also shows that in smokers the
Fagerstrim Nicoting Dependence Scale score did not
differ significantly between those with and without
the MetS. There was a significant relationship
between MetS and the fourth item of the Fagersirom
scale, Le. ‘how many cigarettes per day do vou
smoke?, Le 10 or less (37113, 11-20 (16/49), 21-30
(1120, and 31 or mere (17/12) (4" = 10.39, df =3,
FP=0016). There were no significant associations
between MetS and any of the other items of the
Fagersirim Micotine Dependence Scale.

The Mets, smoking, and PON: functional
genotypes

Tabbe 2 shows the stratification of the study population
on the basis of POM1 Q192K genotypes and smoking
while indicating for cach subgroup the prevalence of
MetS. The prevalence of MetS was significantly differ-
ent in subgroups formed on the basis of smoking and
Q) genotype but not QR and RE genotypes. In non-
smokers, there were significantly more individuals
with a MetS in QR carriers (* =489, df =1, P=
0.027) and especially RR carriers {y° =113, df =1,
P 00001) than in Q0 carriers. In smokers, no such
differences were observed.

Table 3 shows the results of two bivariate logistic
regression analyses with MetS versus no MetS as a
dichotomous dependent varable. Entering current
smoking as the only explanatory wvanable showed
that smoking was significantly associated with the
MetS (Wald = 6.21, df = 1, = (L013). Entering mod-
crate and severe nicotine dependence versus non-

Table 2 Stratification of the study population on the basis of PON1 01938 genotypes and smoking and indicating for sach

subgroup the [relative) prevalence of the MetS

PONT O192R Smaking Ho MetS Mets P of P

aa ™ B2 (B4.5%) 16 [15.5%) 10.48 1 .00
Yo 3 {E1.1%) 21 [36.9%)

oA ke (72.2%) 20 {27.8%) 0.68 1 0,408
Yo 4 {B5.5%) 21 (34.4%)

R He 12 (5.4 5%) 10 [45.5%) 0.3 1 0.437
Yes 19 {£:5.5%) 10 {34.5%)
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Table 3 Results of bivariate logistic regression analyses with MetS versus no MetS as dependent variable and the listed

variables as explanatory variables

Viariables Wakd df P Odds rafio 95% Lower Cl 95% Upper CI
Smoking 0.63 1 0.428 0.832 0.203 1.087
POMT Q192R genatype 9.43 2 0.009 - - -
ad a.77 1 0.003 0.220 0.080 0.693
oR 257 1 0124 0462 0172 1.236
Smoking x POM1 01920 genotyps 6.53 2 0.038 - - -
00 = srnaking 5.81 1 0.5 5.508 1.392 21.803
OR xsmoking 1.24 1 0.265 2.161 0.558 B.ATT
Smioking a.65 1 0.060 0272 0.702 1.054
POMNT Q1927 penatype 10.47 2 0.005 - - -
ad 10.38 1 .00t 0.145 0.045 0.470
oR 468 1 0.030 0277 0.087 0.B8E
Smoking x POM1 01920 genotyps 6.59 2 0.0&7 - - -
00 = =rmokirg 6.59 1 0010 B.001 1642 F.E7D
OR xsmoking .68 1 0.063 4673 0842 23.193
Apge 4.08 1 0.028 1.038 1.005 1.073
Gander {faruale) 1.61 1 0.205 1.481 0807 2718
Mood versus no mood disorders 0.046 1 0829 0.893% 0.533 1.657
Flasma POM1 activity 2.08 1 0161 1.004 0.998 1.010
Serurn HOL chalesteral 40,33 1 <0007 0.808 0873 0,634

smoking as explanatory variables showed that severe
(Wald =527, di =1, F=0.022), but not moderate
(Wald = 261, df = 1, P=10.11) nicotine dependence
predicted the MetS. Entering smoking 10 or less,
11-20, 21-30. or 31 or more cigarcties per day
wersus non-smoking as explanatory variables showed
that only 31 or more cigarettes per day significantly
predicted the MetS (Wald = 13.59, df = 1, P < 0.001).

The first logistic regression analysis in Tahle 3 shows
that PONT Q192R genotype () is inversely associ-
ated with MetS) and the smoking by PONIT Q192R
interaction pattern, but not smoking per se, increased
the odds of belonging to the MetS group (y" =
16.14.42, df = 5, F = 0.006; Magelkerke = 0L067; the
number of correctly classified cases was 71.0%). The
interaction showed that smoking by QO) carriers
increased the odds to MetS.

The second logistic regression in Table 3 shows that
the effects of POM1 QI92RE genotypes (Q0 and QR
ane inversely associated with MetS) and the interaction
smoking by POMNI QI192R genotypes remained signifi-
cant after considering the effects of HDL, age, and sex
¢ = 8081, df= 10, P <0.001; Magelkerke = 0,309,
the number of correctly classified cases was T6.7%).
Smoking per se, plasma PON1 activity, and mood dis-
orders were not significant in this analysis. Entering
unipolar depression and bipolar disorder versus no
moodd disorders as an explanatory variable (instead
of mood wersus no mood disorders) showed that
these mood disorders had no significant impact
(Wald = 342, df = 2, P = 0.181). Entering use of any
medications as an additional explanatory vanable
showed that the use of medications was inversely
associated with Met8 (Wald =538, di=1. F=
0.020, B=0494, 95% lower and upper confidence

interval: 0.272 and 0.897, respectively) and that the
cffects of POMN1 QI92R genotypes and the interaction
POMI Q192IR genotyvpe by smoking remained signifi-
cant. Adjusting for other putative predictors showed
that these were not significant and that the effects of
POMI genotype and the smoking by genotype
interaction remained  significant, e ethnicity
Wald =029, di=1 FP=0587); wse of alcohol
(Wald =072, df=1, P=0.375; marital staius
(Wald = 1.95, df = 1, P=0.162); years of sducation
(Wald = 0.0%, df =1, P=0.770), and use of statins
(Wald = 0.26, dif = 1, F = 0609

Interaction smoking by PON1 Q1g92R genotypes
In order to further examine the interaction between
smoking and PONI Q192R genotype. we performed
additional logistic regression analyses in QO QR,
and BB carniers and in smokers and non-smokers sep-
arately. We found that smoking was a significant
explanatory variable increasing the odds of the MetS
in Q) carriers (Wald =991, df = 1, P =0.002), but
notin QR (Wald = 068, df = 1, P= 0.409) or RR car-
ricrs (Wald = 0,63, df = 1, P=0.425). Table 4 shows
the outcome of logistic regression analyses with the
same variables as the sscond megression in Table 3
but performed in non-smokers and smokers separately.
In non-smokers, we found that the POM] genotypes
Q) and QR and HDL cholesterol were inversely
associated with MetS :f =57.84, di =7, P<0.001;
Magelkerke = 0.397; the number of correctly classified
cases was 53.0%). In smokers, we found that HDL
cholesterol was inversely associated with MetS, while
age showed a positive relationship (y*=23.41, df =
T, P=0.001; Nagelkerke = 0.207; the number of cor-
rectly classified cases was T2.006).
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Table 4 Results of bivariate logistic reg i lyses with MetS as dependent variable and the listed variables as
explanatory variables and performed in non-smokers and smokers separately
Wald dif P Odds ratio B6% Lower Gl 95% Upper Cl
Mon=smokerns
PON1 018CR genotype 10.84 2 0004 - - -
QQ 10.79 1 0.001 114 0031 0416
OR 543 1 0020 o2 a2 0.788
Age 063 1 0420 1021 0870 1.075
Gendar 224 1 0134 0488 [VREe) ] 1.248
Maed varsus o meod disarders .68 1 0408 QUGBS 0279 1.679
Plasma PONT activity a6 1 0057 1.008 1.000 1.017
Serum HOL cholesteral 2a.01 1 <0.001 am D27 0.7
Smokers
PON1 Q182R genotype 0.083 2 0.960 - - -
0a 0.045 1 0833 1120 0332 a.202
QR 0.055 1 0808 1.138 0401 3.227
Age 4.64 1 0030 1048 1.004 1.096
Gender 0.32 1 0573 oTea 0353 1.779
Maod varsus no mood disardens 0.12 1 0730 1.143 0634 2446
Plasmia PONT activity .11 1 0740 1001 0.4 1.008
Senum HOL cholesteral 14.67 1 <0.001 0829 [i1: =11 0.885

Shown is the odds ralio 8 and the 86% upper and lower confidence merval (C1) values,

BMI, obesity, and overwelght versus the Mets

Entering BMI as an additional explanatory variable in
the full logistic regression depicted in Table 3 showed
that BMI was significantly associated with MetS
(Wald = 2743, df=1, P<0.00], B=1.187, 95%
lower and uwpper confidence interval: 1113 and
1.265, respectively) and that the effects of PONI
Q192K genotypes and the interaction PON1 genotype
by smoking remained significant afier adjusting for
BMI In order to delincate whether the PONI
QI92R genotypes may predict BMI, we carried out
a multinomial regression  analysis with  obesity
(BMI = 30) and overweight (BMI between 25 and
30) as dependent variables {reference group: subjects
with BMI «< 25). Table 5 shows that two variables
were significant in predicting obesity or overweight
(g7 = 4548, df = 20, P = 0.001; Nagelkerke = 0.147),
i.e. HDL cholesterol was significantly and inversely
associated with overweight (Wald = 1411, df=1,
P 0001, B=0961) and obesity (Wald =953, df = I,
P=0002, B=091) and male gender was

Table 8 Multinomial regression analysis with obesity, i.e.
BMI =30 and ight, i.e. BMI bety 25 and 30, as
dependent varisbles and the listed variables as explanatory
variables

significantly and negatively associated with obesity
(Wald = 389, df = 1, P=0.015, B=0.400). but not
overweight (Wald = 098, df = 1, P=0.312)

Discussion

The first major finding of this study is that POMNI
Q192K functional genotypes were significantly associ-
ated with the MetS. We observed that the QO and QR
genotypes were protective and decreased the odds of
having the Met5 and thus that BR carriers are more
likely to be diagnosed with the Met5. These findings
are in accordance with a previous report that the RR
allele is significantly associated with an increased
risk of the Mct5™ and with the a priori hypothesis
that the RR genotype may confer an increased risk
of MetS. For ecxample, a significant association
between the R allele or the RR genotype and increased
risk for CVD has been established by Lin er al ™
PONI RRJOQR genotypes and especially the RR gen-
otype are associated with vascular disease, such as
stroke and myocardial infarction In hypertensive
individuals, the 192 R allele augments the risk of
stroke ™ In another study, carriers of the RR (odds
ratio 1624 (6.41-<41.14)), but alo the QR (odds
ratio 273 (1.57—.72)) genotypes had a significant
higher misk of coronary artery disease. ™ Also in an

Varsiables F'a df P )
Iranian study, the POMNI R allele was found to be an

Smicking* 000 ] - independent risk factor for coronary artery discase.™!
PON1 CITE2R genatype! 00 0 - TR allde and RR gemotype ane increased
Smoking x POM1 01820 genatype 394 4 0415 genoiype ﬂ!:lmcrca
P 3073 2 0.218 in patients with coronary artery disease.™ In other
Gander E21 2 0.045 B H

s . a1 : an Etl..bdl.cs.. h.mmtr. ﬂ?!l: POMI O allele was associated
Plasrma POMN1 setivity 181 2 pags  Wwith significantly higher LDL and a worse outcome
Serurn HOL chalesteral 18497 2 <001 of CVD.® Individuals with the Q) genotype have a

“This reduced model s equrvalant io the inal madel because
orritting the sffests does not increass the degrees ol fresdam.

Risfon Repadt 204 woL. 18 KD, B

higher nisk of all-cause montality and cardiac events
than RR and QR individuals *



Baviolazed e al.

Our findings that plasma PONI activity is not
lowered in individuals with MetS as compared to
those without Met5 is not in agreement with previous
findings showing lowered PON | activity in individuals
with the MetS. "3 However, these discrepancies may
be explained by differences in POMNI assays. QI19%IR
polymorphism s known to affect PONI catalytic
activity in a substrate-dependent manner 5 For
example, RI192 alloforms have a greater catalytic
activity for hydrolysis of paraoxon and chlorpynifios
oxon than 192 alloforms, 192 alloforms show a
higher activity against some nerve agents, and both
alloforms show the same activity against PA and dia-
zoxon 55 In our study, we measured PON1 total cat-
alytic (hydrolysis) activity against PA, which at the low
salt concentrations used here s not affected by
PONIQI9IR polymorphism.*™ Previous studies in
the MetS measured paraoxonase or arylesterase
activity or PONI1 concentrations using enzyme-linked
immunosorbent  assay  methods®™ 2 Moreover,
POMNs are primanly lactonases/lactonizing enzymes,
with overlapping substrates and distinctive substrate
specificities, although their natural substrates are not
well characterized.™® A recent report showed that —
until more specific POMNI activity assays employing
natural substrates are developed — results of clinical
studies may differ depending on the assays that wene
employed. ™

W found that current smoking and especially severe
nicodine  dependence (according to scores on the
Fagerstrim Micotine Dependence Scale) and use of
more than 31 cigarettes per day were significantly
associated with the MetS. These findings are in
accordance with previous studics showing a significant
association between smoking and the MetS 2
Slagter er ol ™ additionally found a dose-dependent
association between curmrent tobacco use and the
MetS. In ouwr study, however, the relationship
between tobacco consumption and the MetS was
present for heavy tobacco wse only, defined as mone
than 31 cigarcties per day.

The second major finding is that the abovemen-
tioned cffects of smoking predicting the MetS could
be attributed to the interaction between smoking and
the POMN1 genodypes. Thus, the effects of smoking
increasing the odds of MetS were confined to Q) indi-
viduals and could not be detected in QR and RE indi-
viduals. These results corroborate those of a previous
study showing that smoking was significantly associ-
ated with a higher risk for myocardial infarction
only among Q0 homorygotes ™ In another study,
smoking increased the risk of ischemic stroke in GO
homaozygotes slightly more than in QR + BR individ-
uals, ie. odds ratio = 2.84 versus 2.33, respectively. ¥
Such effects may be explained by pathophysiological
factors, such as findings that the Q) isoform confers

reduced protection against oxidation of LDL and
HDL.** Thus, smoking could enhance lipid perosi-
dation especially in Q0 carriers thereby increasing
the odds of the MetS and thus CVD in those individ-
nals. Interestingly, a significant interaction between
smoking and PONI genotypes on coronary hean
disease risk was also established for the PON] L35M
polymorphizm.® Interestingly, when MetS and dia-
betes are present POMI-19ZRER is associated with an
imcreased risk of coronary stenosis especially in
smokers™ All in all, the results show that Met risk
associated with smoking may be atiributable to inter-
actions with POM1 Q192R polymorphisms.

In this study, we found no significant association
between  mood  diserders,  including  unipolar
depression and hipolar disorder, and the MetS. A
recent meta-analysis performed on 29 cross-sectional
studies showed that depression and the MetS are sig-
nificantly associated with a pooled estimate of 1.42
{95% confidence intervals of 1.28-1.57). These discre-
pancics may perhaps be explained by diagnostic issues,
1. we used formal DSM-IV diagnosis of mood dis-
orders, while Pan et al.* showed that the association
between depression and the MetS was stronger for
self-rated depression (including also  subsyndromal
depression) than for diagnosis of major depression
based on structural interviews. Mevertheless, cohort
studies also showed that MetS significantly predicts
future clinical depression and that depression may
predict future MetS.? In line with this, reciprocal
relationships appear to cxist between depression and
CVD, depression and diabetes, and depression and
obesity.#%® The bidirectional relationships between
mood disorders and the MetS may be explained by
shared environmental risk as well as disorders in
lipid metabaolism, including lowered HDL cholestenol,
and activation of immunec-inflammatory and O&NS
pathways {see the Introduction section L

Limitations of the study are the relatively small
sample size of the study, the lack of a more complete
POMI1 genodyping. and the lack of a more complete
evaluation of PON] activity by means of assays on
other substrates, including paraoxon and the newer
substrate 3-thiobutyl butyrolactone. Another limit-
ation of the study is that reports derived from *associ-
ation studies constitute tentative knowledge and must
be interpreted with caution”.

In conclusion, this study suggests that the MetS is
associated with PON1 QIP2ZR genotypes and a
smoking by genotype interaction, but not with
lowered POMN1 total catalytic activity against PA.
The Q) and QR genotypes appear to be protective
while smoking by Q0 genotype interactions increases
the risk of MetS. Severe nicotineg dependence and
heavy smoking are significantly associated with the
MetS, but these effects are no longer significant after
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considering the effects of PON1 Q192 genotypes and
smoking by genotype interactions. The effects of
smoking increasing the risk of the MetS appear to be
confined to Q) carriers.
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Dbjective: This study examines the effects of malondialdebyde (MDA) and wric acid on insulin resistance
and athercgenicity in subjects with and without mecd dizsorders, the metabolic spndrome [MetS) and
tobacoo use disorder (TUDYL

e et 2015 Methods: We included 214 subjects with depression and bipolar depression, with and without the MetS
il onlie ; April 205 and TUD amd computed insulin resistance using the updatsd homeostazis mode] assessment (HOMA2IR)
and atherogenicity using the atherogenic index of plasma (AlF), that iz logh0 (trighyceridesibigh dersity
Kevmordo: lipoprotein (HDL} chalesteral.
Depiession Results: HOMAZIR &5 correlated with body mass index (BMI) and unc acid levels, but not with mood
Bipolar diserder disarders and TUD, while the AIP is positively associated with BMI, mood disorders, TUD, uric acid, MO8
f“ﬁ'“f ::!-'"“W and male sex. Uric acid s positively associated with insulin and trighgerides and negatively with HOL
\ n"“@*" cholesterol. MOA is positively associated with trighyceride levels. Comorbid mood disorders and TUD
P —— further imcrease AP but not insulin resistance. Cluccse is positively associated with increasing age, male
gender and BMIL
[hsoession: The results show that mood disorders, TUD and BMI together with elevated levels of unic aod
and MO independently contribute to increased atherogenic potential, while BMI and aric acid are nsk
factors for insulin resistance. The findings show that mood disorders and TUD are closely related to an
increased atherogenic potential but not to insulin resistance or the MetS. Increased uric acd is a highly
significant risk factor for insulin resistance and increased atherogenic potential. MDA, a marker of lipid
percxidation, further contributes to different aspects of the atherogenic potential. Mood dizorders and
TUD increase trighsceride levels, lower HOL cholesterol and are strongly associated with the atherogenic,
but not insulin reststance, companent of the MetS,
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1. Introduction

There is a significant comorbidity between mood disorders, either
bipolar dsorder of depredtion, the metabalic syndnome [Me5) and
tobacce use disorder (TUD) (Vargas et al, 2004) The MetS i the
chestering of an inmreased atherogenic Bpid profile [eg hypertrighoes-
idermiy and decreased high-dersity lipoprotein cholestercd (HDL-c]],
insulin resstance, abdominal obesty and elevaied blosd pressure
(Jarnshadi et al, 2014]) The MetS and related atherogenicity and msulin
ressstance are strongly related o an increaded ri<k of dishetss fype
2 and cardiovascular disease (OVD (Janshids et al, 2004) Disorders af
lipoprotsin metabalisn may acount for anound S0% of the papulation-
atiributable risk of developing CVD (Milln et al, 2009) nsulin
ressstance s defined 2 a condition in which nulnsensitive gt
Lissues, including adipose Cissue, pancress, skeletal musdes and liver,
do not respond adequately 1o the phsiological activities of msulin
(Lasksn and Kusisss, 2004} The homeostasic model assesssment
(HOMA) and the updatsd HOMA? model offer methods o messune
insulin resistance (HOMAZR), insulin sensithicy (HOMAZSE) and beta-
cell Function (HOMAZ BX) hased on Crsting plasoa bevels of glooose and
imgulin (Mathews et al, 1985) The use ol the aberogenic ndex of
plesma (AIP) and Castelli risk index 1 and 2 senificanty predicn
vascular risk with a predictive valse greater than the solated lipid
variabiles. [Millan et al, 2009; Nunés et al, 2013). The AP is cormputed
as logld rrigheeride HDL-c (Vargas et al, J004) and reflecs the
presence of atherogenic small low=gdensity  lipoproten  cholesterol
(LDL-c) and HDL-c pasticles in plisma and is 2 sensitive predictor of
coronary atherosclerodis and CVD risk (Orvedurn et al, 2014)

Patients with bipoler dsorder and major depressive disorder
show an increased mortality and morbidity duee o OV [ Assies o
al, 2004). A review, systermatic review and meta-analysis showed a
small but significant association befween insulin resistance and
depressive symploms [posled eflect size 019, 95% O 0U11-0.37)
(Silva et al, 2012; Kan et al, 2013). There B a robust comorbidity
berwesn mood dsorders and TUD and evidence for a badirectional
relationship between both disorders (Munes et al, 2013) TUD
increases risk of the MeS and insulin resistance and causes an
atherogenic lipid profile [Bortolasei et al, 2014; Jamshidi et al,
H014) TUD leads 1o increased mortality (Ezzati and Lopez, 2003)
and is one of the major risk factors for multiple chronic diseases,
inchading COVD [Gellert and Scho, 2014)

Activated immune-inflammatony, acidative and nitrosative stres
(I0&NS) pattways armd a pro-atherogenic lipid profie are found n
mm[mwawnmlnmm
TUD. Thus, these thiee conditions are Ty icreasen] levels
of pro-mflammatory ctokines, induding imedeukin (ILF1J and L6,
lipid perencidarion biomarkers, inchding mhﬂmﬂ.m].
Iowered levels of HOL-c and increased ndexes, induding
Costelli rigk ineleses 1 aned 2 and AIP (Mae< e al, 1904, 1997, 2011;
Vargas et al, 2003; Munes et al, 2014} Cigarettes contain a significant
murmber of compounds that produce axidative gress gererating MDA
through lipid peraxidation (Berger et al, 2004} Recently, we have
(Munes et al, 2003}, mood disorders and the MeSiOVD (Maes et al,
H01: Vargas ef al, 2013) and TUD and the MerSHOVD (Mumes et al, 2013)
oy be explaned by shased BO&ENS pathways and atherogenic changes.
in lipid profile. Shared metabolie ik oors bepween mood disorders.
ardd the MetSIOVD are lowered serurn levels of HDL-c and disorders in
the reverse trangport af chalestery] scters (e of al, 1994 2001 Mas
ardd Smith 1998; Nunes et al, 2014) Oxidative stress is related o the
developrment of hyperipidemia (Ibrabam et a1, 1907) and treatrment with
articocidants may decrense MDA levels in assoction with ingroving

trighpresicle ard total chodesterod levels (Thao et al, 2014). Osidative

reverse cholesterol trarsport) thus decreasing cholesterol load and
coutingg vasciile nflammation (LinselMitschke and Tall, 2005 He et
al, 2003) This is concondant with the Gt chat MDA levels are assocated
willh ncreased stherogenic lipid sk aetars (Manolar et al, 7013) The
arherogenic indeces (after contsoling for the effects of body mass mdex
(ML) gerwder ancd age) have remained elusive.

Another metabolic biomarker that is associated with te Mers|
OV, insulin resistance, and atherogenecity is uric acid. Epidemio-
logical studies show a significant association between uric acd,
nsulin resistance and Che MetS (Feoli et al., 2014), while the MetS
s mssociated with a very high incidence of hyperuricemia [Facchini
et al,, 1991 Chii and Ford 2004), Uric acid elevation may be a risk
factor for the anset phase af type 2 disbetes (Mivake et al, 2004}
Some authors abso suggest a relationship between elevated BML
obesity and insulin resistance and high levels of serum uric acid
(Fabbrini er al, 2014). Previous studies found significant positive
correlations between uric acid levels and an increxsed AIP index
[Lippi er al, 2000; Baliarsingh et al, 2012) and inverse relation-
ships between wuric add and HDL=-¢ evels (Chu et al, 2000; Lin
et al, 2006; Onat et al, 20064, 20066} Previous studies showed
increased wric acid bevels in bipolar disorder (Albert et al, 2015)
and bower uric acid in depression (Chaudhari er al, 2010; Wen
el al, 2002) Allopurinol, the prototypical uric acid lowering agent,
appears o have equivocal elfects in mood disorders, with positive
amd negative trials published | Machado-Yieira ef al, 2008; Weiser
et al, 2004; Jahamrgard et al, 2015).

The aims of this study are: (a) o examine insulin resistance, as
measured by homecosiasis model xsessment (HOMAZIR), and the
AP in mood disorders, the MetS and TUD; and (b) (o examine the
effects of MDA and uric acid on HOMAIR [and insulin and glucose
leviels] and AIP (and triglyceride and HDL=c levels) in subjects with
and without mood disorders, the Mes and TUD. The primary
hypothesis is that mood disorders and TUD are significantly
associated with the MetS and itz components, e insulin ress-
rance and atherogenicity, and that MDA and uric acid are related to
both components of the Mets.

2. Subjects and methods
21, Subjects

314 subjects, aped 18-65 years and of Cascasian, Alrican, Asian and
rmixed ethnicny, were enrcdled in this study, They were recruited] from
stall ar the State University of Landring and an outpatisnt ambulatony
al smoking cessation Iroem the same institution, and aomprised 120
Enelivicluds with oo disorders versus 194 without mood disanders,
224 inclivicluals with MeS and 90 ndividuals withoul Mets; and 128
smokers versus 186 non-smokers. The disgmesic ol the MetS was made
wsineg he diaznestic oriteria of the International Disbepes Federalion,
e 3 ol the loBow criteria shoukd be present: (1) abdominal abesiny
[waist crcumlerence =90 om foe men and = BDem for wamen in
South Asian and South Americans and =S40cm for men and
= B00em Bor women in Caucasians) (1) low HDL< | <40 mg/dl in
men and SOmgll in wemen] or on bwpolipidemic druss:
[c) hypertriglhyceridemia (righeerides 2 150 mgfdl) or on a hypolip-
dlormic apent: (d) increassd fasting glucse [ 2 100 meldl) or on oral
antidiabetic medicaion: (8] inceased asverage bood pressure [130]
5 mm Hg) or curently taking antilypertensive medication [Albert
e al, 2009 W measused waist cicumierence during expiration, in a
standing and relaxed posstion, af the roidiine between tee lower costal
marging and the iliac crest parallel o the oo We mexsused systalic
and divstalic blood pressune usng & mereury sphygmomanmeter on
the right anm and wed e mean value of fwo measuremnents carred
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oul 5 min apart. VWe calculated the BMI as weight [in kg) divided by
square ol beight (in m)

The dizgnosis of mood dsorders, either maor depresion o bipals
clisorder, W e by semion pychiatmbes using a validated Portuguese
traslation of the sem-strutoed merview of the Diagnestic and
Statistieal Musisil of Merital Desorclers (DEM-NIV) (Del-ben e al, 2001)
W measured the severity of depression using a validater Portuguese
rranslation ol the Harson Depression Rating Scale [HDRS) which was
adagied Sor wse in the Brazin populstion (Moreno and Maoreno, 1998)
iood dsorder patients were incduded in the aoute phase of ilness and in
pastial o total resression. Subgects with disgnoses otber than depression
ard bipolar disorder wese ecuded (e, schizophrenia, substance abuse
disorders, and poycho-organic syrdromes). The dagrosic of TUDmicotine
dependence was nut-mdi'g o DEM-IV crileria The severity of

was estimaled using Che Fagesirdm Micotine Dependence
Scl-{lhﬂmumuJ_IQEUMTmmmwmm
at the Cime of mlerview reported smokicg every day or soome days,

We eoduded individisals with abnormal vakies of lemiogram,
aspartate transaminase, slanine [ransuminase, ures, creatinine; who
suffered Irom disbetes, (auta)immune disceders, chronic obstructive
pulmonary disonder, inflummatory bowel diseass, and neurcinflam-
maatory discrders; wi were reated with immunomedulatory druegs or
antigxiclant supplements, induding cmega-3 pohunsaturated iy
acid. The stusdy was approved by the Research Ethics Comemitles
[musmber 250/20000 All participants gave wiritten informed consent
pricr i participating in this study.

22 Lobaralory disessimenls

Blood was sampled after an overnight st MDA was deter-
mineéd using a method described by Jentzsch e al. (1996 Plasma
insulin levels were determined by microparticle enzyme immu-
noassay [MEIA) [(AXSYM, Abbotts Laboratory, Germany). HDL-c,
triglycerides, uric acid and glucose were assayed using an awlo-
mated method in a cinical chemistry system, Dimension®™ RXL
[Siemens Healthcare Diagnostics Inc, USAL The inferassay OV
walues for all analytes were < 10X The AIP was caloulated as
loglD  (riglyceridesfHDL-cL. The HOMAZIR, HOMAZST and
HOMAZEX indexes wene caleulated sccording o Levy et ol [1998]

23, Srotistics

Analyses of variance were employed [0 astess differences in
continuous variables berween study groups. We used analyses aof
contingence tables (X7 test) to check the distribution of varihles
among calegories Autormatic binary logistic regression analysis
wiad used o delineste the significant predictors of the MetS
[dependent variabde] with mood disorders, AIP, HOMAZEZL
HOMAZSE, HOMAZIE, TUD, age, gender, EML biomarkers, e, as
explanatory variables Multivariate general linear model (GLM)
analyses were employved o delineate the effects of explanatory
wariables on the HOMAZIE and AIF or their components, e
insulin, gleose, HDOL-c and rriglyceride bevels. Univariate GLM
analysis was used o examine the elfects of & nuimber of predictos
varisbles on one dependent variable. In the case that data were st
narmally distributed we have log-transformed the variables We
used the SPES (Windows verdon 19) 1o analyze the data, Statistical
significance was sel al p=0.05, twa Laibed.

3. Resulis
A1 Memabolic syndrome, HOMA indexes, AIP and axidanve siress

Table 1 ehwvws the secio-demograplic and elinical data, glucese,
insulin, HOMA indexes, lipids, AIP, usic acid and MDA in subjects

with and without MetS, We did not use p-corrections to check the
many analyses on clinical, soco-demographic and biochemical
data in Table | because a) some of these variables are strongly
intercorrelsted and are this inferrelaled characteristics ol the
dependent variable (e MerS), and b) these univariste statistical
results were uged W explore which explinastosy variables should
be used as determinants of independent associalions with insulin
resistance and atherogenicity in the ultimare GLM analyses [see
Tables 3 and 4) There were no significant differences in age,
gender, ethmicity, marital status, education bevel, HDRS score, use
of paychotropic drugs of staling and HOMAZBX between bath
groups. The incidence of TUD, BMI, glucose, insulin, total choles-
teral, trigheeerides, HOM2IR, AIF, wric acid and MDA were signifi-
cantly higher in subjects with Mers than in those withoul HDL-c
and HOMAZSE were significantly bower in those with Mets.

Table 2 shows the results of an aulomatic binary logistic
regression analysis with MetS a5 dependent variable and all
variables shown i Tabde | as possible explanatosy variables. Mers
was significantly and positively (X% 14186, di=3, p<0001:
Magelkerke=0.52) associated with HOMAZIR, AIP and BMIL. Forced
entry of age [(Wald= 285, dism |, p=0092), gender (Waklw= 206,
dim1, p=0151], mood disorders [Wald=053, df=1, p=0810],
TUD (W3l =020, A=, pe 0U655), uric scid (Wald=2.50, di=1,
p=0.107) and MDA (Wald= 163, di=1, p=0194) showed Chat
these variabiles did not have any significant efect Since HOMAZIR
and AIP were the significant metabolic predictors ol interest we
entersd these two variables as dependent variables in multivariate
GLM analyses.

. Effects of different predictors an HOMAZIR index and AP

Tabsle 3 shows the outcorse ol multivariste CIM analysis with
HOMAZIR and AR as dependent varisbles and age, gender, BN the
disgnostic groups, TUD, wric acid and MDA 28 explanatory variables,
Gender, BML, mood disorders, TUD, uric acid and MDA were signili-
canthy associated with HOMAMR and AIP. The same able shiws the
elfects of the explanatory vasisbles on the 2 dependent variables
separately (ress of between-subjects eflfects). The explinatory variables

ined 244X af the vasiance in HOMAZIR [Fe 1382, dff=7{209,
pec@001) and 334% of the wvarince in AIP (Fe 21432, di=7/209,
< 0001} HOMAZIR did net differ significantly between men and
wamer, while AIP was significantly higher in men (estimated manginal
mean + SEw 0109 + 0030) than in woenen (D017 + D.O0R0) There were
significant  poditive  ssodations  between BMI and HOMAZIR
(B o D03, SEw OD0G) and AIP (B 40009, SE=0003) Mood dis-
orders  were  significantly  and  positively  associated  with AP
(B o D107, SEme QU031 ], bt niot wilth HOMAZIE. TUD was significaritly
and positively associated with AIP (B 4 151, SE=0030], but ot with
HOMAZIR. MDA was sendficantly asocisted with AIP (e 400007,
SEw=DD0F), but not with HOMAZIR Univariate GLM analyss showed
that 3EEX of the variangs in usic s (Fe 8951, &= 2308, §< 0.001)
wis explained by BMI (Fed797, di=1/308, p<0001) and gender
(Fom 14487, di= 1[30E, p<OOD0) Men [estimated masgina mean
% SEm 5,61 & 010 rgfl) had significantty higher uric acd levels than
women (405 + 008 mgfdL)
dzorder by entering HOMAZIR and AP a5 dependent vamiables i a
mulivariate GLM anabysic with diagnesis (controls, depression and
bipokir disorders x5 three groups], TUD, the MetS, gender, age and BMI
as explanatory vasishles, We found a significant effect of dixgnostic
chssification on both  dependent  variables (Fe 396, dfw 4)608,
p=0004) which was anributshle 1o significant effecls an AIP
(Fom 566, dim2{304, pe D00 but not HOMAZIR (Fe 206, df=2)
304, pee0129) There were o significant differences in AIP between
depiiesion and bipalar disorder {p=0707] Univariate CLM analyses
showed that there were no significant diferences in MDA (Fe 2.52,
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Table 1
Secio-demographic, dinical, HOMA indexes, AIP and MDA in subjects with and without the metabolic syndrome (MetS).
Variables No MetS (n=224) MetS (u=90) F ar p-Value
Age (years) 459(480) 473(439) 187 B2 0172
Cender 589 3 o
Male 7% 34
Female) 148 56
Ethnicity 215 2 0342
Caucasian 151 58
African + Asian 34 15
Mixed 29 7
Marital staties 7 2 0256
Single 27 o)
Stable relarionship 154 55
Divorcedfseparated/Widowed 43 12
Years of education 140 (£ 64) 127 (£53) 295 1312 0.086
Tobacco use disorder 5.5 1 o018
No 142 44
Yes a2 46
Mood disorders 04 1 0503
No 41 53
Yes a3 37
Hamilton scale 57(+79) 63(478) 034 181 0562
Use of psychotropics om 1 0.765
Yes 25 2
No 199 81
Use of statins s 1 (=5
Yes 177 8
195 ”
I.Q-_ﬂ-ﬂml 257 (2 44) 295 (450) 4532 1210 <0001
Insulin” (plymL} 8.1(242) 127 (£ 69) 5306 1312 <0001
Glucose (mghdl) 863 ( 45.0) 1006 { & 262) 5339 1812 <0001
3 106.1 ( 4 379) 1139 ( 2 45.1) 241 B2 0122
HOMAZSX 1196 [ £ 59.6) 755 (441.2) 413 1812 <0001
HOMA2IR 5 1030 ( £0521) 1672 ( £0912) sLa 1812 <0001
Total cholesterol (mafdL) 1896 ( + 338) 2060 [ & 533) 3056 1312 0.001
HDL-¢ (mgfdL) S12(4 148) 39.1(497) 5150 1812 <0001
Trighycerides (maghdl) 104.9 ( 4 533) 1930( £99.2) M3.06 1812 <0001
Arherogenic index of plasma -0.078 { £ 0.266) 0292 ( £0275) 120166 1312 <0001
Urkc acid (mgjdL) 431 (2 128) 533 (& 132) 4032 131 <0001
Malondialdehyde (mmol MDA/mg pina) 156 (£54) 7A[{261) 658 1307 o1l
Comtinuouws variadies are shown s mean { 4 SD) and asn
All sesedts of analyses of contingency tables [x'u)umymdvmxze[rvm
HOMA: He model of p-cell N (HOMAZEX), insulin sensitivity (HOMA2ST) and insulin resistance (HOMAZIR)
HDL-¢: High density lipoprecein cholesterel.
* These data are p dinln
Table 2
Resulrs of an aumomatse benary Sogistic regression analysis with the 1l drs as depend bl fe: group s no metabolic syndrome) and the listed
< expl y
Explasatory variables B SE Wald » Odds ratio Lower C1 95X Upper (1 95%
HOMA2IR 149 o4l 1321 < 0001 441 156 983
Arherogenic index of plasma 049 oa? 900 < 0,001 1654 142 188
Body muss index a2 004 1032 0001 11z 105 120

Cl: confidence maervals

HOMA2IR: maodel of insulin

dr-zpm. p-o.osa) and wric acd (Fw0.65, df=2/303, pm0524)
d and bipolar disorder patients after con-
mummammﬂ.mmcmm

33. Effects of biomarkers on glucose, insulin and lipids

Table 4 shows the results of a multivariate GLM analysis with
glucase, insullin, triglycerides and HDL-¢ as dependent variables and
the same explanatory variables as listed in Table 3. We found that
the metabolic variables were significantly associated with age,
gender, BMI, mood disorders, TUD, uric acid and MDA, Analyses of
parameter estimates showed that age was significantly associated

with increased ghuose (Bw +0.281, SEw0.111), lowered insulin
(B =0.006, SEm0.003) and higher HDL-C (B 4 0189, SEm0.092).
Glucose was significantly higher in men than in women (adjusted
means +SEMw»932 + L8 versus 890+ 1.2 mg/dL), while HDL-c
was significantly lower in men than in women (424 + 15 versus
49.1 + 1.0 mg/dL). There were significant associations between BMI
and glucose (Bw 4 1129, SEm0.199), insulin (8w 4 0.041, SEw 0.006),
trighcerides (8w 40013, pw0.006) and HDL-¢ (Bw =046L
SEw0.165). Triglycerides were significantly higher in patients with
mood disorders than in controls (1455 + 6.8 versus 123.7 + 53 mg/
dL), whereas HDL-c was significantly lower in the patients than in
controls (433 + 13 versus 483 + 13 mg/dl) Triglycerides were

59



152 CC Barsodasct of ol f pewmal of Afecive Disardiers 179 (2005] 145- 155

Table 3
Ourcome of multhariare CLM analysic with HOMAZIR and AIP as depesdent
variables and age, gender, BMI, diagnosis, uric acid and MIA s explananory
variables.

Dependent variables  Explasatory warlables  F dr P
HOMAZIR and AP Age s 2298 alw
L &Ll 2298 SIS
-] 2936 2298 = Dol
Mood disorders 648 2298 o
™D 4.8 2298 = Dl
Liic =il 1670 3[298 = upol
MDA 404 2298 oom
HOMAZIR Age ol Lizga Q4
‘Cander EE= L2348 QuisE
-] 5750 12948 = Dol
Mood disorders o2 L2948 Aol
™D 43 L2348 asil
Liic =il 786 1294 QoS
MDA LIS Liz9a QeSS
A Age 233 Lizga alz
‘Cander 1209 1299 Qoo
;0] asy  12e Qoo
Mood disorders 1208  1j299 Qoo
™o 2812 Lizga = oo
Uric acid 3L L2348 = Dl
MDA 704 L2949 QuD0E
BRIz bedy muces indes; TUD: sobacco use Rl malondialdedsyd

significantly higher in individuals with TUD than in those witheut
(15004 £ 65 versus 1168 = 56 mg/dl), whereas HDL-¢ was signifi-
cantly lewer in thase with TUD (433 + 12 versus 482 + 11 mgfdL).
Uric acid was significantly associated with ingulin (8= 4 0068,
Em0024), trigheerides (= 40128, SE=0024) and HOL-¢
(B =165 SE=0595) MDA was significartly correlated with
triglycerides (B 4 0015, SE=0.005)

34, Effects of psychatropic dregs and statin

Foeced entry of use of psychotropic drugs (F=082, di=2/25L
p=0.537) and use of statins in the multivariate GLM analysis listed
in Table 3 showed that use of statins had a significant effec (Fed 17,
dim (28], pe0OIE) and that the significance levels of the other

variables remained unaffected, e gencer [F=GA00,
i 2281, pei(003) BMI (Fe266L dfm2(28], pc0001) mood
disaiidess (Fo562, dfm 2281, pm(00), TUD (Fe 1674, df= 2281
= DD }, 15 5] (Fom 18,34, o {281, pr o 0,00 J il MDA (Foe 475,
el 2281, pom 000D Tests of between sulbjects alfects dhowed 4 mikd
bt significant suppressant eflect of statins on AIP (F=5.08, di'=1/282,
pe=i025), but not HOMAZIR (Fe 156, di= 1282, pe0213) A moulti-
warkate GLM analysis with unic ol and MDA a8 dependent vasiables
shower] that use of peychotropic drugs [Fe LM, df=2J28E, p=(1356)
anid] SEALNS (Fre 0,92, df m 2{2E8, per(1309) 45 explanatory varisbies hud
no significant effects on the biomarkers. Forced entry of e of
pevehotropic diggs (Fe036, dl=4/278, p=DE30) and use of statins
[Fee2A7, dl=4{I78, pee M45) in O roudtivasiste GLM anahysis Hsted in
Tabile 4 shows that the Liter was significant and that the sgnilicance
levels of the other explanatory variables remained unalliscted, ie. BMIL
[Foe 1754, Al 4278, p=c0001), mood disorders (Fa 333, di=4{278,
pe=0011), TUD (FeB835, di=4/278, p<OO001), uic acid (F=927,
Al d[2Z7E, pec0001), MDA (Fe 350, dis4[27E, pe0008) Tests of
between subjects effecs showed thal stating sevated HDL-C [Fe 390,
dfme 1/Z81, per1049] and that there was 3 rend owards suppressed
wrighpcerice leveld (Fe 360, df=1/281, pe=0059) We i feran the
saime GLM anslyses in sulbjects who were free of pychotropee diugs
and these wi were free of stating, These analyses showed basically
the same fndings as those Bsted in Tables 3 and 4,

4. Discussion

As expected, we found that the MetS & strongly prediced by
insulin resistance, the AIF and BML The MetS thus reflects two
pathophysiological processes, L insulin resistance and increased
atherogenicity, which are both related o an increased BML There-
Tore, we will distuss our data with respect 0 these two melabalic
COMpnEns.

The first major finding of this study is that indulin resistanee is
significantly associated with BMI but fot moosd disorders [either
depression or bipolar depression]. As reviewed in the introduction
there is a small association between insulin resstance and
depressive Sy mploms (Silva et al, 3012; Kan et al, 3013) However,
15 of the 5 datasers analyzed in the meta-analysis used sell=
reported depression scales and not a clinical disgrosis, while the
mumber of studies with a disgnosiic interview for depression was
very limited [Kawada, 2013) Only a few studies included in that
metr-analysis adjusted the results for BMI or other intervening
factars, The role of increased BMI as intervening [actor is impor-
tant because shesityjoverweight and ingulin resistance coexist as
key companents all the MetS. Finally, depression and psychotropic
wse may increase the risk of obesity foverweight, and this raises the
question whether obesityfoverweight may mediate a spurious
asociaton berween insulin resistance and depréssion.

The negative results showing no relationship between TUD and
insulin resistance are nol consBElent with résulis from previous
studies. There is some svidence feal smoking is an aggravating
lactar for the development of insulin fesstance (Facchini et al,
1900, Armvall er al, 1993; Srulinska & al, 2013) Current sooling is
also positively associated with the MetS (Cena et al, 2003).
Meverthedess, the results all our Study indicate that cwrrént Srok-
ing i more related with the atherogenic component of the Mets
than with insulin resistance.

The signilicant positive cormelation between insulin ressstance {and
the Mets) amd uric sl (even alter adjusting for the eflects. al’ BMI)
eolent the resulis of previous studies (Feoli ef al, 3014) Increased levels
ol wric s may precede the ondel of obeslly, msulin redisLande,
dishetss, lypertendion and inflamimalory redporses (johmson &1 al,
2013), while kewering the levels of wic acid may imgrove insulin
resistance [Ogino e al, 2010) Uric acid may cause insulin resistance via
diflerent mechanisms: (a) Inreased uric o contribubes o Bver
ingulin resistance by enhancing ooddative siress in the mitochondria
(Laraspa et al, 3012) (b) Uric acid causes oocidative stress in slets cells
and consequently isher cell dysfunction [Roncal _]u:m-.-n&.: ef al, 2004}
(€] Uric acd induces mflammatony respanses in cells and
loiwers adiponecin production (Baldwin & al, 2001). Incréased levels of
insulin alss caise urale absarplion in the prosimal ubule and ma
cantribute 1o hyperurecemia Therefore, it rmay be concluded thar there
icemmia in individuals with the MetS. Considering that wric acid 5
largely resporsibile of the ree-radical scavenging capacity in plassa, it
i suggesier] fhat inressed uric il in the MerS 8 an sdaptive
mechanism preventing oxidative damage coused by free cadicals
(Fabbrini & al, 2014) Nevertheless, while uic ol is 2 strong
anticaidant in the plasra it ki pro-oxidant properties n the cells
(Sautin and johrson 2008; Lanaspa et al, 2002} We could not detect a
relatiorship between MDA and insulin resistance (and insulin and
glucse levels), while previous papers reparted a significant association
berween msulin resistance and higher plasma MDA bevels [Mareto et
al, 7014) Moneto e al [2014) concluded that the glumlipoboxic state in
the MegS is 2 major risk Detor o lipid perosidation.

The secomnd magor finding of this study is that increased AIP is
strongly predicted by mood disorders, BMI, TUD, uric ackd and
MDA Previously, we have discudsed thal there is a significant
association between mood disorders, either depression or bipolar
disorder, and atherogenic indexes [Vargas et al, 2013, 2014} Here
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Table 4

Resulrs of 3 multiwariane GLM analysis with gluooee, induling HOL cholemenol and criglyoendes i dependent wariables and rhe listed variables i explanasory variables.

Dependent sasiables Explanateny variabies F ar P
Chscose, insulin, righyerides and HOL choleserol Age 414 i 0003
Gender 554 =S <000l
BMI 1818 45 <000l
Minod] disor ders 150 i 0oa7
U 73 IF=S <0001
Liric acid 846 i <0001
MDA 176 FIF=S 0z
[ 641 1255 oz
Cender i 1255 0074
BMI zn 125 T T
Misod] disor ders 13 1258 o7
TuD 245 1255 0IE
Lric acid 5 1255 0EI
MOA 028 1258 e
Insulin Age 408 1255 [T
Cender 446 1258 TS
BMI 5252 1258 0001
Muod disorders 029 125 0LEES
U 029 1255 E
Liric acid a18 125 0005
MDA 014 1258 oz
Trighpreddes 157 128 (]
Gender 120 1258 0
BMI 457 128 0T
Minod] disor ders 657 1255 oo
U 2257 128 R
Liric acid 730 1255 <0001
MDA LEN] 1255 ouonz
HIIL chalestened Age 427 1255 a0
Cender 1154 1255 o0
BMI 782 125 0006
Misod] disor ders 1022 1255 ooz
TuD 113 1259 ooz
Lric acid 872 1255 ooz
MOA 006 125 0El

BMI: body mass index.
TUD: tobacco use dsorde
MIOA: malondialdehyde.

we report that both moosd disorders and TUD are accompanied by
lowersed bevels of HDL-¢ and indreased triglyceride levels. Lowersd
HOL-¢ has been abgerved in patients with unipolar major depres-
sion, chronic depression, acule depression rather than depression
in remission and & more marked in depressed women than in
men [ review: Vargas et al, 2004).

Our findings that TUD is aceompanied by increxsed AIP (and
lower HDL-c, but higher trigheeride levels) are in agreement with
previous publications reporting that TUD has a negative impact on
the risk of cardiovascular disease and that this i mediated through
effects on lipid metabolism, incheding lowering HDL-c levels [He
et al, 2013) These effects may be explained by varsous mechan-
isms: carbon monoside inhibits hepatic microsomal synthesis of
HOL=¢ [Willert er al., 1983); smoking decreases apod-] levels,
which result in impaired HDL synrhesis and LCAT activity, which
affects maturation of HDL-c; smoking increases the activity of
chilesterol ester transfer protein, which Dicilitates the exchange of
chiolesteryl ester for trighycerides; smoking may impair the uptake
of HDL-¢ in the liver; and smoking may oxidize HDL=c which may
cause loss of the atheroprofective properties (He et al, 2013)
has long been known that smokers have higher triglhyceride levels
than non-smokers (Willerr eq al, 1983),

In this study we found a significant positive correlation betwesn
MDA levels and atherogenicty. It is known that ocidative stress is
related] 1o the development of hyperipidemia (Tbeahim et al, 1997)
and that restment with antioxilants may decrease MDA kevels in
association with improving riglyceride levels [Thao e al, 2004}
Owiclative seress may also axidize HDL-c which has anti-inflammatoey,

antiokidant ard antithrombotic properies and ransports excess
chidesternl o the liver (the reverse cholestenol transpart] this causng
vascular inflammation (Linsel-MNitschke and Tall, 2005 He et al,
Z013) In these conditions, assays measuring HDL-c may detec bess
HOL=c i plasma,

Our finding that the AIP (and criglyceride levels) was signifi-
caitly and positively associsted with increased usic acid levels B in
agreersent with that of previous studies (Lippi er al, 2000;
Baliarsingh et o, 2002} In another report, the changes in trigly=
ceride bevels over a 10 year period were significantly related o
changes in plasma wric scid and this independently from changes
i BMI [Rathesann er al, 1998) A in prévious publications {Clwu
el al., 2000 Lin et al, 2006; Onat et al, DGy, 20061) we loumsd
significant inverse correlations between serum wric acid and HDL-
¢ Wi found no significant dilferences in serum uric acid levels
berween subjects with and without depression or bipolar disorder,
This contrast studies reviewed in the Introduction showing highes
uric acid in bipolar disorder (Albert et al, 2015) and lower levels in
deprestion [Chaudhar et al, 2000; Wen et al, 2012)

Wi have previously reported that the co-occusrence of mood
disorders and TUD is accormpanied by higher AP values as comgared
o each of these disorders alope [Mumes ef al, 2014} This is also
reflected in the resulls of our regression analysis showing cumulative
eflects. of both mood discrders and TUD on AIR. AP values were
significantly higher in men than women, while HOL=c levels were
ke in men than in womer. It i well established that the average
HOL-¢ walues in men are lower than in women and that thess
diflerences are mediated by other Gctars, induding smoking, hormanal
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stans, akohol wse, et [Thelle o al, 1987 Dovis & al, 1996) This
ncreased prevalence of lowered HOL~C in mabes is associated with the
mereased and morhidity due oo OWVD b ks [Thelle e al,
1982; Duvis et al, 1996)

This study has some strengths and lmitaions that must be
considered in the interpretation of te results. This is a cross-
sectional study and therefore we cannot draw firm conclusions on
causal associations, Strengths are that the results are controlbed for
possible effects of intervening vasiahles, including alcchol uwse
(exclusion criterion), intake of antoxidants and ©3 polyunsatu-
rated famry acid (exclusion criteria), BML, age. gender, and use of
pesvchotropic medication and statins, Thus, we replicated all
resulls reported here in the subgroups of patients wiso were [reg
al psyechotropic medications and statins.

In conchusion: Fig. | summarizes our findings. Insulin resistance
(amd insulin and glucose levels) is correlated with EMI and uric
acid leveds; and AIP |and triglycerides (TG) and HDL-c| with EML
depressson (MDD} or bipolar disosder (BD), TUD, male gender amsd
MO, The findings show that depression, bipalar disorder and TUD
are elosely related o an incresed b potential but not i
ngulin resstance or the Mets Comorbed mood diserder and TUD
further inerease AP but nol insulin resistance, MO8, 2 marker aff
lipidd peroxidation, wis significantly correlated with elevated
rriglyceride levels and increased AIP Increased uric acid levels
wiere strongly associated with increased insulin resistance and AIR.
Interestinghy, MDA and uric acid are not related either o depres-
sion ar BD after controlling for the MetS, TUD, age, sex, o0, Srating
decrease the AIP and increase HDL-c levels, These results show
that depredsion, bipolar disosder, TUD and increxsing BMI togethes
with elevated levels of uric agid and MDA independently con-
frilsute 1o insulin resistance andjor atherogenicity. The Mets is mot
associated with depression or bipolar disorder, but is predicted by
insulin resistance, atherogemicity and BML
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5 CONSIDERACOES FINAIS

Existem diferentes interacBes dos diferentes Q192R gendtipos da PON1 e
fatores ambientais nos transtornos do humor. Niveis reduzidos da atividade da PON1 e sua
interacdo com outros fatores de risco podem contribuir para o advento das comorbidades
entre depressdo e SM. As interagBes dos gendtipos e o uso de tabaco além de predizerem
os transtornos de humor, também contribuem para alteragdes nos niveis de antioxidantes.
Interacdes entre os transtornos de humor, transtorno por uso de tabaco, altos niveis de
acido arico e malondialdeido contribuem para o aumento do potencial aterogénico.

E importante a deteccdo de diferentes interacdes e possiveis
comorbidades para uma avaliagdo mais precisa e individualizada do paciente. Dessa forma,
na pratica clinica deve-se atentar ndo apenas para o tratamento do transtorno do humor,
mas também para a intervencdo em outros fatores que influenciam diretamente no
desenvolvimento e progressao desta doenca. Essa intervengdo pode envolver o auxilio a

cessacdao do tabaco e o uso de antioxidantes.
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ANEXOS
Anexo 1 - Parecer de Aprovacdo do Comité de Etica
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COMITE D& ETICA EM PESQUISA

COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES HUMANOS
Universidade Estadual de Londrina/ Hospital Universitario Regional Norte do Parana
Registro CONEP 268

Parecer de Aprovagao N° 250/10 [
CAAE N° 0230.0.268.000-10 Londrina, 19 de outubro de 2010.
FOLHA DE ROSTO N° 376220 l

PESQUISADOR: SANDRA ODEBRECHT VARGAS NUNES

CCS/DEPARTAMENTO DE CLINICA MEDICA

Prezada Senhora: ‘

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da Universidade
Estadual de Londrina/ Hospital Universitario Regional Norte do Parana’ (Reagistro CONEP 268)-
de acordo com as orientagbes da Resolugdo 196/96 do Conselho Nacional de Salude/MS e
Resolugées Complementares, avaliou o projeto:

“MARCADORES BIOLOGICOS EM FUMANTES DE UM CENTRO DE REFERENCIA PARA
TRATAMENTO DO TABAGISMO”

Situacédo do Projeto: APROVADO

Informamos que devera ser comunicada, por escrito, qualquer modificagdo que ocorra no
desenvolvimento da pesquisa, bem como devera apresentar ao CEP/UEL relatério final da pesquisa.

’ Atenciosamente, —!

Prof®. Dra. Alexandrina Aparécida Maciel
Coordenadora
Comité de Etica em Pesquisa - CEP/UEL
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Anexo 2 — Questionario

AMBULATORIO DE TABAGISMO — AVALIAGAD CLIMICA

Instrumanta Mamearo: | - Data da primaira avaliag3o: ) )

Etiguata de ldentificacio

Caracterizacio Socio-demografica

Mome:

2. Dala de Nascimento: ) ) S ldade (8m anas): e emeee
4. Maturalidade: 5. Génara: 1. Masculino 2.
Faminino

6. Situacao conjugal: 1. Solteiro 2. Unido estavel 3. Separada/Divorciado 4. Vidwva
T.Cordapela: 1.Branca ZMNegra 3Amarela 4.Mulata 5. Parda 6. Indigena

8. Anos de estuda:

9. Mival da Escolaridada: 01. Analfabele 02, Alfabetizado 03. Fundameantal
incompleto

4. Fundamantal Completo 05, Meédio Incomplaio 06, Madio Completo  0F. Suparior
Incompleto

08. Suparior Complaio 089, Pos-graduacio lalu-sensu 10. Pos-graduagdo sincho-sansu
10. Resida: 1. Sozinho 2. Parceiro 3. Familia 4. Familiares 6. Outros

Enderaga:

Municipia: CEP: Estada:

Talefona Contata: Calular:
Hamal:

Situagao de Trabalho
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13. Local de Trabalho:
Enderegno.
Municipia: CEP: Eslado:
15. Profissao; 186. Dcupaca:
17. Relagdiao com o rabalha: 1. Formal 2. Informal 3. Aulnoma 4. Senddor Pablica
18. Stuagao rabalhista: 1. Desempregada 2. Auxilic-desempregs 3. Alividade rdo
Remunerada
4. Alidade Remunerada 6. Auxilioedoenca 6. Estudante 7. Apasentado 8. Cutro

19. Possui doenca que o afasle do trabalhe: 1. sim 2. ndo
20. Cual & a doenga?
21. Esla doenga lorma-o incapaz para o rabalhe? 1. sim 2. ndo
24. No illimo ana, quanios das icow afasiade das suas atividades [aborais?
25. Qual fai o mativeddoenga?
26. Efla doenga o incapacilou para as alividades domésticas? 1. sim 2. ndo
27. Teve alquma inlemacio peral recente: 1. im 2. ndo
28. Por qmml:as vEres fai inlermadeT
29. Cuanios dias durararm cada internacia?

ABORDAGEM E TRATAMENTD DO TABAGISTA

Histéria Pregressa da Doenga
33.01) Veek tem ou leve reglenements afas, lesfes (leridas) efou sangramento na boca?

= - - T —

33.1. Esté em ratamento? 1. Sim 2 NBO.oooeee o] |
34.(02) Voo lem dabeles melIus? 1. Sim 20 NBO oo ceeeereereereereeee B
34.1. Esld em rataments? 1 Sim 2 NSO |
35.(03) Vock tem hiperiensBa artenal? 1. 5im 2 MBO oo ]
35.1. Esid em ralamenio? 1. Sim 2 MBO..ooooooo o ]
36. (04) Voo tam ou leve algumn problema cardisce? 1. Sim 2. NSO .. |
36.1. Qual? o
36.2 Esid em ratamenio? 1 Sim 2 MBO..ooooo D

37J05) Voo lem ou leve freqlenterments queimacia, aza, dor no esldmago, dicera ou

gastrite? D
LGN 2 NBO oo
371, EstA am ratamentc? 1. Sem 2 NBO.o_ooooooo H
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38.1. Qual?

382 EStE om FAEMEMET 1T SIM 2 B .

39.(07) Vock tem slergia respiraléda? 1. Sim 2 NS0 oo I

39,1 E£ta om bAAMeME? 1. SiM 2 NBOoeeeeeee .

40.{0B) Vock usa medicacdn para dislpicernia 7 1. Sim 2 MBS . i

40.1. ES13 om WAAMEME? 1T SiM 2 MEO. oo A

41.{08) Voo tem ou leve slguma lesdo ou lumor maligno? 1. Sim 2. NSO ... |

41.1. Onde (local]?

412 Estd em balamenio? 1. Sim 2 NSO []

42 [10) Voo tam ou leve crise convulsiva, convulsdo febrl na infancia ou epilepsia?
T - S —

42.1_ Esld em alamenio? 1o Sim 2 NS0 oo

43. [11)Vocs tem sindrome metabolica 7 1. Sim 2. ME0 oo

43.1_Esth am ratamendo?  1.S8im 2 M8

44. [12) Vock cosluma Ler crises de depressio ou ansiecade? 1. Sim 2. Mo .

44_1. Esth e tratamentn? 1. Sim 2. MEO. oo

45 [13) Voee faz ou fez slum ratamento psicoldgicn ou pesquishen?

1 Eim R M s |:I

45, 1. Estd em tratamento? 1 SiMm 2 MEO e |:|
45.2. Qual a medicacia’?
45.3_ Vook jA tentou suickdio?  1.5im 2 NBO. oo N
A58 CIUBMERS VEEEET ... oot e e cas e e s s smen e . |
A5.5 MAOAOSE A8 LenLativa 08 SUIEIEI.. ..o eeereereermereeree
1. Ingestdo de medicamente 5. Amma de fogo o
2. Ingesido de arganofosforado 6. Gas
3. Enforcamento 7. Precipiar-ge de alluras
4. Arma branca 8 F'I'E'dpllﬂl"ﬂ' de CAMMD & movimenis
9. Culros

a7 . Voo lemm ou ieve algum oulro problema sério de sabde que ndo foi clado?

1.8im 2. MNda 571 Cual? I:I
57.2. Esld em atamento? 1. Sim 2 MBO_.__ ... I:I
57.3. Cual?

58. Algum medicamento em usa alual? 1.5 2 NSO e I:l

S8.1. Cual?




Ag perguntas 60 @ 681 deverdo ser respondidas por lodos o8 pacienfes do sexo
feminino. Se NAQ ir para a questio 62,

60. Esta gravida?  1.5im ZNBO e
1. Quanios messs?

2. Nomere gestagies
B1.Esth amamentando? 1. Sim 2 NSO oo

Histdria Tabagistica

62. (01) Com quantos SNOS VOO COMBCEU A TUMAF T .o et 1

B2, [02) DAL SOEE FUFEL . ooo.ooeomeoceec oo oo moees e ees s meree e smeom e seeoms

B2. (03) QuBAIOS Sgarmos TUME Por Bi8T ... oo ee e seereseerme
B2. (04) Anoel Maga. (F° cgamos x anos IumAndar20).. .. ..., I

B5. (04) Quantas veres vocd lenlou parar de Iemar? ... .
1.De 1 a3 veres 7. Mais de 3 vezss
3. Nunca lenlou (Seguir para 8 guesiio 63)

B6. (05) Quantas veres voed fieou sam fumar por pelo menos wn dia? ...

1. Uma weaz 2. Duas vazes
3. Trés vapes d. Mais de indg vazes 5. Menhuma vez

67. (06) Disais foram os molives que bevaram vocd a voltar a furnar?{Mdllipla escolha)

BEBRE e [] Estressor de Perda.............. -
L Briga — FAIVAL oo [(Festa. oo, [
I T [ stegrian. oo - [
BT T o O conssenamenta. ... ]
. Meado ganhar pesa.. ..o . . I —— ]
. Bem maliva apaneme. ... [ DU e ]
B68. (0T) Algurna vez na vida ulilizou algum recurss pars deicar de fumar? ...
1. Nenhum 2. Apoio de profissional de sadde

3. Leitura em folhelos, revisias, jomais & oulros
4. Medicarnenio

4.1, Cual?

5. Cutros
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69. (08) Vook paricipou de algum grupo de apoio para abordagem e lralamento do

tabagismo em algum kgar? []
1SN 2 MBO oo reeseeeeer e
70. Fez usa de trataments para parar de fumar {pode escoher varias) |
BUBFEEIONE oo []. reposicao com adesive ..., -
BT R [] . acupuntura. ..o ]
B [ . prupo terapeutics................. ]
. apoie de profissionais de sapse ] . oulros mescamentos ......... S
. Qual?
T1. A (lima vez que ficou abstinente foi por quanto lempo (em meses) 1] |

T2 [09) Por que vors quer deixar de fumar agora? (Pode assinalar varias alemalivas)
. Por tue estd aletanso manha sabde ...
. Dulras pesspas el me Pressionanen.. ... ... )
. Pedo bem-estar de ranha TAmiTa. ..o,
. Estou preocupada cam srinha sadde no Tuluro.. ..............
. Porgue meus TIBOS PEdBm.. .o .
. Porgue rfo goslo de Ser dependeme. ...
. FUMMAR & SATSOEAL . ..ooom.cooooeeeces oo eeeesceeeemeeseeeeseereeseeseer e .
. Porgue Gasio muitt SRers eom EKANG ...,
. Fumar & um mal exemplo para 88 erangas. ... ..o.o..cooeeeeeee.. .
. Por conta dasg resticles de fumnar em ambienles Techados. ...
B T .
T3. (10) ook convive com fumantes na sus casa? 1. Sim 2. NBO ... ) |:|
T3.1. Qual o grau de parentescn?
T4 [11) Voos se preocupa em ganhar peso a0 deixar de fumar?

1 i . MO _I:I

Escala de Tolerancia de Fagersirom = Grawvidade & Dependéncia de Moolina

Ooooooooooo

TS, [01) Cuants lempo depais de soardar Tuma o piimsine sgama? ... . I:l

0. Apde 60 minulos
1. Entre 31 a 60 minutos
2. Enfre 06 a 30 minulos

3. Mas primesras 3 manulas

76. (02) Vocd acha dificil ndo fumar em Lgares once & proibido, oMo &m ignejas,
bibkobecas, local de irabalho, shoppings, ele? 1.5im 2 Mo ... D
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77. (03) Cual o Ggarms do dia [FAz Mais SEESTACA0T ... ceece oo receses D
1.0 primeiro da manha 0. Cutros
TH. (04) Quanios cigarms vocs Tuma por did?.. ..o ]:I
0. Menos de 10
1.De 11a 20
2. De 21a 30
3. Mais de 31
79. (05) Vock fuma mais peta manhd? 1. Sim 2 NS0 .o I:l

B0. (06) Voo fuma mesmo doenle quando precisa fear na cama a maior parte do lempa?
B T . T -

B PORMUIGED oo oeeoeeomeeseeses o semermssesems s e smssessmssmsseseesemss s s se s e rereees E[:l
]

Histdria Familiar de Tabagismo em Primeiro Grau

B1. Beu pal Tuma ou g lumod? 1. Sim P L

B2. Bua mae Tuma ou ji lumou? 1. Sim L D
B3. Mimero de irmiosT 84. Quanios irmdos furmam?

85. Mimero de flhos? BE. Cuanios ihos furmam?

B7. Hisldria famikal: 1. Positiva 2. Megaliva 3. Desconbecs

BA. Hisldria familkar de transiomo mental:  1.5m 2. Man

BA1. Cual Tamilizar?
B8.2. Cual Iransloms menlal?

TABELA
118. Sessdes Terapéuticas - (Marcar na Tabela)
{1). Situagio Paciente

1. Fusrmanbe 2. Mo fumanie 3. Mao compareceu
4. Lapso recaida 3. Lapso abslingndia G. Abandont

(2). Tratamento
. Grupo @2, Grupo+adesivo 3. Grupoc=goma
4. Grupo-+adesivo+goma 08. Grupo+twpropriona 8. Grupo+bupropriona+adesivo
07F. Grupo-+bupropriona+adesivo+-goma 0&. (Srupo+bupropriona+pama
04, Grupo-+HSRE 10. Grupo+|ERS+adesiva 11, Grupo=I5RS+goma

12, Grpo+i5RE+goma+adesive 13, Ouwro

{3). Em uso de NAC ou placeba? 1. Sim 2. Nao



(4). Monoxide de Carbono exalado (CO exal) - PPM e %

i) iz i3) CO exalado

SHuaglo do | Tratamento | MAC/ % ppm
Pacienis plﬂ'."..l‘.'bﬂ

Fase 0 (Semana 1)

Sedmana 2

Sedmana 3

Fase 1 [Semana 4)

Sedmana 8

Fase 2 [Sernana B)

Fase 3 (Sernana 12)

FASE D

AVALIACAD — SENMANA 1

120. 1. Data de retirada do medicamentonatamacia | | [ [ |4 ] |

120.2. Data da priima retirada de medicamentona farmacia | | o | | ] | |

122. Exame Fisico

1221, Alwra do paciente: [ | | | em 1222 pese: [ [ [ ke[ T [ o
IMC — Inice de Massa Comorea (pesol shura[ | |.[ |

wzzara [ | |« [ [ ] 1zesrc:[ [ ] |

1226 Cireunferéneia Abdominal]_| | Jem 1227 Circunfersneia Quadrit[_ | | |

126. Incapacidade de Sheehan (0 — 10) — Fase 0

01. Trabalhe [T
02. Vida social |:|:|
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03, Vida fEamiliar
i pescicos ou smerosusves ks [ ]

Marear 1 {gim) ou 2 (n3o)

0= ginomas Bm causado lallas no rabalho, escsla ou intapacidade em brabalkbae
i casaT

Mesmo gue lenha ido ao rabalho ouw escola, of sinlomas Bm dminuido swa
produlividade?

17T Harmithodt = FRSE Do it s ED

EXAMES (SEMANA 1) - Fase 0
129.21 Hemograma Anemia — Fase 0 1- Mommal — 2- Alerade |':|
129.22 Hemograma Infectdo — Fase 0: 1- Normal — 2- Alerado |:|

129.23 VHS - Fase 0: EI:D

129.24 Hepalite B — Fase 0: 1- Reagente  2- Mo Reagenls |:|

L]
L]

129.25 Hepalite C - Fase 0: 1- Reagente  2- Nao Reagente

129.26 HIV - Fase I: 1- Reagenle  2- N30 Reagente

128.27 TGO - Fase 0: EI:]:|
129.28 TGP — Fase 0 |:|:|:|

129.20 Creatining - Fase 0: | | | |
1241 Gheemia: || | |
1242 Colesterol Totat | | || 124.3- Colesterai HoL: ||| |

124.4- Colesteral LDL: EI:I:l 1245 Trghiesriceos: [ [ T T ]

FASE 1

AVALIACAD 4" SEMANA - FASE 1

150, 1. Dafa de retirada do medicamentonatamacia || L | | [ ] Sem
ana

IEﬂ.E.DﬂiﬂdﬂpﬁﬂnﬂrElﬁHﬂﬁEMlmrﬂ:mhmﬁﬁﬂl I II'[ | |F| | ]

150.3. IniEou ratarments medicamentose?  1-gim Evﬁhlj

150.4 Siluagho do Patenls (TABELA) 150.5. Tratamentes [TABELA)
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152. Exame Fisico — Fase 1

1521, Altwra do paciente: | | [ | em 1522 pesec [ [ [ Jka[ T T Ja
152.3.4C - Indice de Massa Corpérea fpesof alurs™: [ ][]

1szapa: [ | | = [ | | 1sesrc:[ [ | |
152.6 Circunfersncia Abdomranal]_| | Jem 1527 Cireunteréneia Quadrit[_| | |

155.Efeitos Colaterais - Fase 1

1. Mo 2. Sirn, leve. 3. Sim, maderadso., 4. Sim, grave.
157.1. Nauseas &/ ou vbﬁﬂmﬂ 157 2 Diarréia |:|
157.3. Alergia de pele | | 157 4. Alergia respiraldria | |
157.5. Oulros)? [_] Cuisig?

156. Escala de Adesio Terapéutica - Fase 1 1. Sim 2. Mao

AAlgurmna wez se esguacey de lomar & sua medicagaoT

2. Por vezes & descuidado a omar a sua medcacio?

3. Quando g2 senbe melhor, deixa, por vezes, de lomar & sua medicagio?
A. Par veres, ge genle pior guando loma a medscaco, deixa da lomar?

5. 3d tormd & medicagdt quanda me sinbt dosnba?

JB. MBS0 & nalural para minha menlbe @ meu corpo sar contralada pela medicacao?

T. 0= meus pensamentos sdo mais clans com a medcacio?

.B. Por usar & medisacio posso prevenic de ficar doenle?

8. Sinle-me eslranho com a medicscbe?

A0 A medicagdo TaE com que eu me sinla cansado & lema?

153, Escala de abstinéncia de nicotina de Minnesota (MNWS): 0,1,2, 3 ed —Fase 1
1. Raiva, rilabiidade « frustrecie

2. Ansisdade & nervosisma

3. Hurnor deprimido & iristeza

4. Degajn & istura para fumar

HiE .
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5. Dificuld ade de concenradcio

E. Auments do apetite, fome e ganho de pess__ ||
7. nshnia, FII'l:NE'I'I'I-H de sond & Acordar a I'H:I".E_

B. Incapacidade de relaxar

0. knpaciéncia

10. Obstipagio

11. Toniwra

12. Tosss

13. Pesadedo, sonhos

14. Mausea

OOOoOoO Joo

15. N6 na gargants

AVALIACAD &' SEMAMA - FASE 2

170. 1. Data de retirada do medicamentonatarmacia || [/l 1 1/] | | $*Semana
170.2. Data da préxima relireda de medicaments rna rarma:ﬁ| | L el ]

170.4 Situacio do Paciente 1705 Trataments  170.6. Montxide

(TABELA)

172. Exame Fisico - Fase 2

1721, Altura do paciente: || | | em 1722 Pesec [ | | Jka[ | | o
172.3.04C - Indice de Massa Corpérea fpeselaturs™): [ | [

imzara: [ [ [ |« T T ] tresrc:[ T 1]

172.6 Circunferncia Abdominal] | | Jem 1727 Circunfergncia Quadril [TT1

&m

177 .Efeitos Colaterais — Fase 2
1. Mo 2. 3irn, leve. 3. Sim, moderado. d. Bim, grave.

177.1. Néuseas & ou mramﬂ 177.2.Diaméia |:|

177.3. Mlargia de pele | | 1774, Alergian res piraltiia | |




177.5. Oulra(s)? Cuaia?

178. Excala de Adesdo Terapéulica — Fase 2 1. Sim Z. M&o

178.1 Algurna vez se asqueceu de lomar a sua medicacaoT

178.2. Por vepes & descuidado a lomar & sua medcaiio?

178.3. Cuando s& senbe malhor, deixa, por vezes, de lomar a sua medicacio?
178.4. Por vezes, se senle pior quanda loma a medicaclo, deixa da tomar?

178.5. B4 lomd a medicagdo quando me @nko doenie?

178.6. N&s & nabural para minha menle & mau corpd ser conbralado pela medicacao?

178.7. Os meus pensamentos sio mais daros com a medicagio?

178.8. Por usar a medcacio posso pravanir de ficar doenba?

178.9. Sinlo-me estranho com a medicasdo?

178.10. A medicacdo faz com que eu me sina cansado & lenlo?

179 . Escala de abstinéncia de nicotina de Minnesota (MNWS): 0,1, 2, 3e 4 (FASEZ2)
1. Raiva, irilabiidade & frustraclo
2. Arsisdads & nervosisma

3. Hurmar degrimico & inslazs

4. Desajo & fissura para furmar
5. Dilfsculdade de concaniracio

E. Aumento do apalile, fome & ganho de peso__
7. Insdnia, problemas de sono & acordar & noile_

B. Incapacidade de relaxar

B, krpaci&ncia

10. Dbatipagso

11. Toniwra

12. Tosa=

13. Pasadels, sonhos

14. Nausea

OOOoO booooobo
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15. N& na garganta ]

FASE 3

AVALIACAD 12* SEMANA

180. 1. Data de refirada do medicamentona tarmacia | | | ¢ | o] | 3*Més
180.2. Dala da préxirna reliada de medicamento na fammaeia | [ | o] | |
180.4 SHuacio do Paciente 180.5. Tratamento 180.6. Monéxida

[TABELA)

182. Exame Fisico — Fase 3

182.1. Altura do paciente: [ || | em 1822.Pesec [ | | Jva[ | | Ja
182.3.4C — Indice de Massa Corpérea (pesof ature®: [ | [ ]

wzarn: [ [ [ J«[ T T ] tsesr: [T
182.6 Circunferéncia Abdominal] | | Jem 1827 Circunfergncia Quadril [TT1T1

EXAMES - FASE 3
185.21 Hemograma Anemia — Fase 3 1- Nommal — 2- Allerade |:|

185.22 Hemograma Infecgdo - Fase 3: 1-Nomal  2- Allerado [ |

sz Feses [ [ ] ]

185.27 TGO — Fase 3 D:]j
185.28 TGP — Fass 3: EDj

185.20 Crealinina — Fase 3: [:[:]j

186. Escala de abslinEncia de nicolina de Minnesota (MNWS): 0,1, 2, J e 4 - Fase 3

1. Raiva, irilablidade & frusiracSa D
Z. Ansiedade & nervosisme I:I

3. Hurnar depAmito @ irstaza D




4. Desajo & lssura para fumar

5. Diculd ade de concemracino

B. Aumento do apelile, fome & ganho de pesd
7. Insfnia, problemas de sono & acordar 8 noile_

B. capacidade de rela

0. krpacenca

10. Dbstipacko

11. Toniwra

12. Tosss

13. Pesadeds, sonhos

14, Maus=es

OO0O0O00 uoooo

15. Né na garganta

187. Efeitos Colaterais - Fase 3:

1. Mo 2. Sirn, leve. 3. Sim, moderado. 4. Sim, grave.
187.1. Nduseas &f ou mﬂ 187 2. Diaméia ]
187.3. Alergia de pele | | 187 4. Alergia respiralbria | |
187.5. Outrofs)? [[] cuais?

188. Escala de Adesdo Terapéutica - Fase 3: 1. Sam 2. Mo

188.1 Algurna vez se esqueseu de lomar a sua medicagso?

188.2. Por vezes & deasmuidado a bomar a sua medcaiio?

188.3. Cuando 2= sanbe melhor, deixa, por vezes, de lomar & sua medicacdo?

188.4. Por vazes, se senle pior quando toma a medicagdo, deixa da tomar?

188.5. 5& lomd a medicagdo quanda me snlo dosnie?

188.6. N&0 & natural para minha menle @ meu corpd Ser conbrolado pela medicagao?
188.7. 0= meus pensamentos s850 mais daros com a medicagio?

188.8. Por usar a medcacio posso presenir de ficar dosnlbe?

188.9_ Sinlo-me eslranho com a medicaghn?
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188.10. A medicagho far com que su me sinla cansado & lenlo?

189.1. Ponlusco — Hamilon[Fase 3] oo eercermeeeseeseesrese e I:l:l

189.2. Escala de Tolerfincia de Fagersirdm (Fase ). Dj

189.3.Escala de Incapacidade de Sheehan (D - 10) - Fase 3

01. Trabalho [T
02. Vida social T1
D3. Vida amiliar (1]

189.4. Dias perddos ou improdulivas por mes: ED
Marcar 5 {sim) ou M (ndo)

189.5.05 snbomas d&m causado faltas no l.ral:ﬂm, easoka ou B causado In::ap&dm&e BT
traballar @ casa’? |:|

189.E6Mesmo gue tenha ido ao rabalhe & escola ou irabalho em casa | 09 sinlomas Bm
dirminuids sua produlividade? l:l

300. SCID - Transtomo de HUMOR. oo ED

0- Sem alleracho de Husmor
1- Tranzlorme Bipalar, tipa Maniacs

2- Trarsiorme Bipolar, lipa Hipomaniacs

3- Transiorme Bipolar, lipa Depressio

4- Trarslorme Biplar, tipa Misto

5~ Tramslormo Depressive Maior, unipokar

B- Translorne Depressive Maior, e Remissdo

7- Transiorme Distimico

8- Translorne de Humer, devide a uma Condicio Médca Geral
- Translorme de Humeor, Induzise por Substinca

10- Transterne Bipolas em Remissio

A0, SCID - Tramsiomo de ANSIEDADE . . e D

0- Sem aleracio de Ansiedade
1- Tranglorms de Arsiedade Generalizada
2- Transiome do Paaico

3- Agaralobia

4- Fabia Sodial

5- Translorme de Eslresss Pos Traumdlico
B- Translorme Obsessive Compulgio

7- Oufre
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Anexo 3 — Determinacédo do Malondialdeido

MDA (MALONALDEIDO) - TBARS - Colorimétrico

(JENTZSCH, M. A.; BACHMANN, H.; FURST, P. Improved analysis of malondialdehide in human body fluids.
Free Radic. Bio. Med., Tarrytown, v. 20, p. 251-256, 1996.)

REAGENTES

- Todos os reagentes podem ficar a temperatura ambiente, apenas sao guardados
em isopor.

1 - Acido ortofosférico 0,2 mol/L (1,685/ml)

- Em baldo volumétrico pipetar 1,163mL de acido fosférico e completar com
agua destilada

- Transferir para frasco de vidro

- Pode ser estocado por tempo indeterminado, mas sempre verificar se ha a
presenca de fungos

2 -NaOH 0,1 mol/L
- Pesar 4,0 g de NaOH, colocar em baldo volumétrico de 1000mL e completar com
agua destilada
- Preparar a quantidade que for usar
- Pode ser armazenado por tempo indeterminado
3-TBA 0,11 mol/L
- Pesar 800 mg TBA e dissolver em 50 mL de NaOH (0,1 mol/L)
4 - NaCl Saturado

- Adicionar NaCl em agua até ndo dissolver mais (formar corpo de fundo)
- Pode ser armazenado por tempo indeterminado

PADRAO
Soluc¢ao de 0,03 pumol MDA

- PIPETAR 5pl de MDA + 50 ml de H20
- Diluir esta solugdo 1/20 (1mL do padrao + 19mL de 4gua



PROCEDIMENTO

v' - Realizado em tubos de vidro de 8mL

v" -1 tubo - Branco

v -6 tubos para a curva padrido - P1 a P6
v - E os tubos das amostras
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Reagentes |Branco| 01 02 03 04 05 06 Amostra
Agua 0,8 ml
Padrao 0,8 08 [08ml| 0,8ml 0,8 ml 0,8 ml
ml ml
Plasma 0,8 ml
heparina
BHT 01ml| 0,1 0,1 [0,1ml| 0,1ml 0,1 ml 0,1 ml 0,1 ml
ml ml
Ac. Ortofosfo. | 0,8 ml | 0,8 08 {0,8ml| 0,8ml 0,8 ml 0,8 ml 0,8 ml
ml ml
Concentr. 0,0 0,03 {0,015 (0,0075(0,00375|0,001875|0,000937 X

VVVY

reacao)

YVVVVYVYY

Agitar por 10 segundos (mixer)
Adicionar 1,0 ml de TBA - agitar (mixer)

Incubagdo 45 minutos (banho maria a 90° c)
No banho maria, tampar os tubos com bolinhas de vidro (evita a evaporacao da

CURVA DE CALIBRACAO DO MDA

1 MOL - 164,2g - 1.000 ml
1 mmol - 0,1642 g - 1.000 ml
10 mmol - 1,642 g - 1.000 ml

Concentragao do padrdao 0,99 g-1 ml

Resfriar os tubos - em um recipiente com agua fria ou colocar os tubos na geladeira
Adicionar 0,2 ml de NaCl saturado (presenca de corpo de fundo)

Adicionar 2,0 ml de n-butanol (na capela)
Agitar por 40 segundos
Centrifugar 3.000 rpm por 10 minutos
Leitura - ler em 572 nm e ler em 535 nm (ler contra o branco)
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Anexo 4 — Determinacédo do Potencial Antioxidante Total Plasmatico

TRAP SERICO

(Repetto, M. Oxidative stress in blood of HIV infected pacients.
Clin Chim Acta, 107-117, 1996)

REAGENTES

1.

ABAP (azobis, PM = 271,2) 200mM

Pesar 54,24mg de ABAP e dissolver em 1mL H20 destilada em tubo de ensaio de
8mL

Agitar no vortex e preparar no dia de uso.

Proteger o tubo com papel aluminio

Manter no gelo

Luminol (PM = 199,1) - Solu¢dao mae

Pesar 3,98mg de Luminol e dissolver em 10mL H>0 destilada em tudo de ensaio de
8mL

Agitar em vortex

Forma corpo de fundo

Proteger o tubo com papel aluminio

Conservar em geladeira

Luminol - Solucao de trabalho

Preparar no dia do uso

A partir da Solugio Mie, agitar o tubo e pipetar 100uL LUMINOL - SOL. MAE e
diluir com 900uL de H20 destilada

Proteger o tubo com aluminio

Agitar em vortex

TROLOX (PM = 250,29) - Solu¢ao mae (20uM)

Pesar 5mg e dissolver em 10mL Tampao Glicina pH=8,6 em tubo de ensaio de 8mL
Proteger com papel aluminio

Agitar em vortex

Conservar em geladeira

TROLOX - Solugdo de trabalho - PREPARO NO DIA DE USO

Agitar e pipetar 4pL. TROLOX SOL. MAE e diluir com 796uL de Tampio Glicina
pH=8,6

Manter no gelo

Tampao glicina

Pesar 3,75g de glicina dissolver com +400mL H20 destilada em béquer de vidro
Acertar pH em 8,6 com KOH 1M

Transferir o tampao para baldo volumétrico de 500mL e completar o volume
Transferir o tampao para frasco de vidro identificado e conservar em geladeira



PROCEDIMENTO

v Antes de iniciar as reacoes com soro, fazer as curvas ABAP e com TROLOX

Curva ABAP
Tampao Glicina 1,8mL
Luminol 0,1mL
ABAP 0,1mL
¢

1 1 1 1
o H 10 [ m
¥ axis tithe

Curva Trolox

Tampao Glicina_____ 1,8mL
Luminol 0,1mL
Trolox 0,1 mL
ABAP 0,1mL

Tempo da curva Trolox entre 12 e 14 min

1900000 - TROLO®

lanQom -

12000m -

0000 -

Trolox entre 12 e 14 min

X, axis title

Reagdo com Soro

Tampao Glicina_____ 1,8mL
Luminol 0,1mL
Soro diluido 1 :2 ¢ H20__ 5 uL
ABAP 0,1mL
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PROGRAMACAO DO APARELHO

AN

ANIAN

NSANENENRN

Main Menu - sel review and edit user program
Review/Edit - sel luminescencia
Review/Edit - sel counting time:25min
» Edit Other Parameters
Edit Other Parameters - sel data calculation
Data calculation - sel number of data points: 25
» sel count time/data point: 0,10
» sel count sample set: 1
> sel factor: 0,01
Voltar ao menu principal: sel count single rack
Count single rack: sel select user program
User selection: sel luminescencia
Count single rack: sel count with program user: 1
Count single rack: sel [START]

Selecionar previamente os passos acima e deixar a tela start até que a rack contendo o
frasco esteja na posigcdo

CALCULO

TRAP =802 x Tempo da amostra = cpm

Tempo de trolox
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Anexo 5 — Determinacédo do Status da Paraoxonoxase 1

Determinac¢ao do PON1status

Ensaio triplo enzimatico - Espectrofotometria

Richter, R.J.; Jarvink, G. P.; Furlong, C. E. Determination of Paraoxonase 1 status Without the Use of Use of
Toxic Organophosphate Substrates. Circulation: cardiovascular genetics (2008) 1:147-152

v" Preparo da Solucio de Estoque de Tampio TRIS-HCI 1M
(C4H11NOs3 - HCl = 157,64)

Pesar 39,41g e diluir em 250mL de H;O (utilizar baldao volumétrico)

CUIDADO: reac¢ao exotérmica!

*Ajustar o pH para 8,0 (antes de acertar o menisco) e armazenar em geladeira
**Corrigir pH todos os dias antes do uso - para o uso, o pH podera variar entre 8,0 e 8,5

v Preparo da Solucio de Estoque de CaCl; 1M

(CaClz- 2H20 = 147,02)
Pesar 7,35g e diluir em 50mL de H2O (utilizar balao volumétrico)
CUIDADO: reacao exotérmica!

*Filtrar a solucdao em papel de filtro apds o preparo e armazenar em geladeira.

¢ Preparo do Tampao A - Preparar no dia do uso
20mM TRIS-HCI (pH=8,0) e 1mM CaCl;
** Tampao para a diluicdo das amostras e preparo do Substrato de CMPA (cloro-metil-
fenil-acetato)
Para 100mL de H20: 2mL Solugao Estoque de TRIS-HCI pH8,0
100uL Solugao Estoque de CaCl»

¢ Preparo do Tampao B - Preparar no dia do uso
20mM TRIS-HCI (pH=8,0), 1mM CaCl; e 2M NaCl
** Tampdo para o preparo do Substrato de PA-High Salt (fenil-acetato em alta
concentragao de sal)
Para 50mL de H20: 1mL Solucao Estoque de TRIS-HCI pH8,0
50uL Solugao Estoque de CaCl;
5,84g de NaCl
% Preparo do Tampao C - Preparar no dia do uso
9,0mM TRIS-HCI (pH=8,0) e 0,9mM CaCl;
** Tampao para o preparo do Substrato de PA-No Salt (fenil-acetato sem a adi¢ao de sal)
Para 50mL de H20: 450pL Solucao Estoque de TRIS-HCI pH8,0
45uL Solucao Estoque de CaCl;
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**Preparo das amostras:
Antes de diluir as amostras, os tubos/criotubos de armazenamento deverdo ser
centrifugados a 10000 RPM, por 5min e refrigerados a 10°C.

» Reacao 1 - Atividade CMPAse

(0]
I (H,0) ﬁ
H,C—C—0 CH,CI —> HO CH,Cl + H,C—C—O0
plasma

paraoxonase

CMPA 4-Chloromethyl phenol Acetate

* Leitura avalia a formacdo do produto de hidrolise do CMPA (o 4-clorometil-
fenol) durante 4 minutos

Diluir a amostra 1:40 - 10uL da amostra e 390uL. do Tampao A
*Utilizar tubos de vidro
As amostras, apds serem diluidas, deverao ser processadas em até 30min.

Preparo do Substrato de CMPA: CsH;0,CH2Cl - PM: 184,62; Conc. final: 3mM

10mL do Tampao A + 4,6puL. do Reagente CMPA

*Esta solucdo de substrato deve ser preparada em Tubo tipo Falcon, ao abrigo de luz, NO
MOMENTO DO USO e nao devera ser utilizada apés 1 hora de seu preparo.

**Agitar vigorosamente por 30 segundos!

PROCEDIMENTO:
Adicionar 20uL da amostra diluida 1:40 nos pocos em que ocorrerdo a reacao. Ao fim,
adicionar 200pL da solugdo do Substrato de CMPA e proceder a leitura.

Parametros de leitura - Utilizar modelo pré-definido no leitor de microplacas
EnSpire®: Protocolo “CMPAse”

Leitura cinética a 25°C - 16 leituras, em 280nm, com intervalo de 15 segundos entre as
leituras; o tempo total da reacdo é de 4min.

Apés as leituras cinéticas, serdo realizadas mais duas leituras (em 900nm e 977nm)
para a correcdo do path length (caminho 6tico);

*ver calculos de correcdo ao final.

> Reacao 2 - Atividade AREase em alta concentracao de sal

o}
Il

0
(H,0) [l
H,C—C—O0 —> HO *+ H,C—C—O
plasma
paraoxonase
Phenyl acetate Phenol Acetate
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* Leitura avalia a formac¢ao do produto de hidroélise do fenil-acetato (fenol)
durante 4 minutos

Diluir a amostra 1:40 - 10pL da amostra e 390uL. do Tampao A
*Utilizar tubos de vidro
As amostras, ap6s serem diluidas, deverao ser processadas em até 30min.

Preparo do Substrato de PA-High Salt: CsH70; - PM: 136,15; Conc. final: 5,52mM
10mL do Tampao B + 10uL do Reagente PA (fenil-acetato)

*Esta solucdo de substrato deve ser preparada em Tubo tipo Falcon, ao abrigo de luz, NO
MOMENTO DO USO e ndo devera ser utilizada apés 2 hora de seu preparo.

**Agitar vigorosamente por 30 segundos!

PROCEDIMENTO:

Adicionar 20uL da amostra diluida 1:40 nos pogos em que ocorrerdo a rea¢do. Ao fim,
adicionar 200pL da solugdo do Substrato de PA-High Salt e proceder a leitura.
*Adicionar o substrato com cuidado, para nao fazer bolhas!

Parametros de leitura - Utilizar modelo pré-definido no leitor de microplacas
EnSpire®: Protocolo “AREase”

Leitura cinética a 25°C - 16 leituras, em 270nm, com intervalo de 15 segundos entre as
leituras; o tempo total da reacdo é de 4min.

Apoés as leituras cinéticas, serdo realizadas mais duas leituras (em 900nm e 977nm)
para a correcdo do path length (caminho 6tico);

*ver calculos de corregao ao final.

» Reacao 3 - Atividade AREase sem adic¢ao de sal

o] 0
l

(H,0) Il
H,C—C—O ——> HO + H,C—C—O
plasma
paraoxonase
Phenyl acetate Phenol Acetate

* Leitura avalia a formac¢ao do produto de hidroélise do fenil-acetato (fenol)
durante 4 minutos

Diluir a amostra 1:80 - 5uL. da amostra e 395uL. do Tampao A
*Utilizar tubos de vidro
As amostras, ap6s serem diluidas, deverao ser processadas em até 30min.

Preparo do Substrato de PA-No Salt: CsH;0; - PM: 136,15; Conc. final: 3,26mM

10mL do Tampao B + 5uL do Reagente PA (fenil-acetato)

*Esta solucdo de substrato deve ser preparada em Tubo tipo Falcon, ao abrigo de luz, NO
MOMENTO DO USO e nao devera ser utilizada apés 2 hora de seu preparo.
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**Agitar vigorosamente por 30 segundos!

PROCEDIMENTO:
Adicionar 20uL da amostra diluida 1:80 nos pogos em que ocorrerdo a reagdo. Ao fim,
adicionar 200uL da solucdo do Substrato de PA-No Salt e proceder a leitura.

Parametros de leitura - Utilizar modelo pré-definido no leitor de microplacas
EnSpire®: Protocolo “AREase”

Leitura cinética a 25°C - 16 leituras, em 270nm, com intervalo de 15 segundos entre as
leituras; o tempo total da reacdo é de 4min.

Apoés as leituras cinéticas, serdo realizadas mais duas leituras (em 900nm e 977nm)
para a correc¢ao do path length (caminho 6tico);

*ver calculos de corregao ao final.

v' ANALISE DOS RESULTADOS

Os resultados das 16 leituras em todas as reacdes deverdo ser corrigidos da mesma
forma;

* A primeira etapa é a corre¢do por base line correction; esta corre¢do devera ser feita
para realizar a comparagao da atividade da cinética enzimatica;

* As amostras cujas replicatas variarem mais de 10% ou que apresentarem um valor de
rZ inferior a 0,99 deverao ser reprocessadas;

* Somente a primeira porg¢ao linear da curva devera ser utilizada na analise final;

* A andlise devera ser feita em mDO, e o valor das médias das leituras devera ser
utilizado na férmula de calculo de atividade (expresso em U/mL).

FORMULA

At = mDO X Vol.total da reacio (mL) X Fator de diluicio
v £ X Volume de amostra (uL)

Onde:

€ = Coeficiente de extingdo molar
Para o produto de hidrélise do CMPA (4-clorometil-fenol) = 1,30mMol/Lcm-?
Para o produto de hidrdlise do fenil-acetato (fenol) = 1,31mMol/Lcm-?

Correcao do caminho 6tico (Path length correction)
Greiner bio-one. Aplication Note: UV/VIS Spectroscopy in Microplates UV-Star®, uClear®, MICROLON® and
CELLSTAR® < http://www.greinerbioone.com/en/row/articles/literatures/application notes/>

a) Correcdo pela geometria da placa - para placas com pocos cilindricos de fundo
chato:
U tilizando as especificacdes do fabricante quanto ao diametro dos pocos, fazer o
seguinte calculo:


http://www.greinerbioone.com/en/row/articles/literatures/application_notes/

b)
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h— 4 =
g xd?
Onde:

h = fator de correcdo para a placa
VV = volume final que sera utilizado
d = média dos diametros especificados

Correcao por volume de agua:

Utilizando as leituras em 900nm e 977nm, é possivel realizar a correcao do path
length para cada pocgo de reacao, utilizando-se a seguinte formula:

B = (‘q?«?? B “leunjamosrm

(“19?? - ‘qﬁﬂl}jicm iguo

** Como referéncia para agua, utilizar o valor padrao de 0,180.



