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RESUMO

O crack é uma substancia derivada da cocaina que age como estimulante do sistema
nervoso central. E caracterizado pelo baixo custo, rdpida acdo e alto poder de
dependéncia. Pouco se sabe sobre os efeitos a nivel celular causados pelo crack e sobre a
capacidade de recuperacdo do organismo no periodo de abstinéncia. Estudos tem
demonstrado uma elevacdo da producdo de espécies reativas de oxigénio (EROS) apos a
administracdo da cocaina. O estresse oxidativo ocorre quando ha um desequilibrio entre
a producdo de EROS e a capacidade do sistema de defesa antioxidante em combater ou
prevenir sua ac¢do. Essa condicdo pode ser nociva para as células, causando danos a
biomoléculas como DNA, lipideos e proteinas. Com o objetivo de melhor compreender a
acao do crack e da abstinéncia no sistema de defesa antioxidante e no dano oxidativo,
esse estudo recrutou trinta voluntarias pacientes de um programa para desintoxicacao e
trinta voluntarias que nao faziam uso de drogas tidas como grupo controle. Amostras de
sangue foram coletadas apds o 42 e o 189 dia de tratamento e o plasma foi utilizado para
as andlises bioquimicas. Foram realizadas quantificagdes de marcadores oxidantes,
como proteinas carboniladas e tidis proteicos, ambos demonstram modificacdes
proteicas feitas por EROS e marcadores antioxidantes, tanto enzimaticos como
glutationa peroxidase e superéxido dismutase quanto ndo enzimatico como glutationa
reduzida (GSH) e o potencial antioxidante reativo total (TRAP). As variaveis psicoldgicas
foram avaliadas através dos escores obtidos nos questionarios: Cocaine Selective
Severity Assessment, Questiondrio de Tolerancia de Fagerstrom, Inventario de
Depressao de Beck versdo II (BDI-II) e o Addiction Severity Index. Apds o 42 dia de
abstinéncia observamos um aumento dos marcadores oxidantes em comparagao ao fim
do tratamento. Apés dezoito dias de abstinéncia ha uma recuperacdo das defesas
antioxidantes. Também evidenciamos uma correlagdo positiva entre as proteinas
carboniladas e variaveis psicolégicas e uma correlacdo negativa entre os niveis de TRAP
e as variaveis psicoldgicas. Dessa forma, nossos resultados sugerem que o periodo de
abstinéncia pode propiciar uma recuperacdo das defesas antioxidantes, diminuindo
assim, a propensao ao dano oxidativo.

Palavras-chave: Estresse oxidativo; Cocaina, Abstinéncia; Antioxidantes.



ABSTRACT

Crack is a cocaine-derived substance that acts as a stimulant of the central nervous
system. It is characterized by low cost, quick action and high power dependency. Little is
known about effects at the cellular level caused by the crack and body resilience of body
during period of abstinence. Studies have shown an increased production of reactive
oxygen species (ROS) after administration of cocaine. Oxidative stress occurs when
there is an imbalance between the production of ROS and the ability of the antioxidant
defense in combat or prevent its action. This condition can be harmful to cells, causing
damage to biomolecules such as DNA, lipids and proteins. Aiming to better understand
the action of crack and abstinence in redox state, this study enrolled thirty patients of
program for detoxification and thirty volunteers who did not use drugs taken as control
group. Blood samples were collected after 4th and the 18th day of treatment and plasma
was used for biochemical analysis. Quantifications were performed oxidants markers
such as protein carbonyl and protein thiols, both demonstrate protein modifications by
ROS, and antioxidant markers such as glutathione peroxidase and superoxide dismutase
and non-enzymatic markers such reduced glutathione (GSH) and total reactive
antioxidant potential (TRAP). Psychological variables were assessed through the scores
obtained Cocaine Selective Severity Assessment, Fagerstrom Tolerance Questionnaire,
Beck Depression Inventory version II (BDI-II) and Addiction Severity Index. After four
days of abstinence we observe observed an increase in oxidative markers compared to
end of the treatment. After eighteen days of abstinence there is a recovery of antioxidant
defenses. Also, we observed e a positive correlation between protein carbonyls and
psychological variables and a negative correlation between the levels of TRAP levels and
psychological variables. Thus, our results suggest that abstinence period may provide a
recovery of antioxidant defenses, thereby reducing propensity for oxidative damage.

Keywords: Oxidative stress; Cocaine; Abstinence; Antioxidants.
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1. CAPITULO 1



1.INTRODUCAO

1.1 Drogas de Abuso: crack

A cocaina é classificada como um estimulante do sistema nervoso central (SNC).
Seus efeitos sdo centrais e periféricos incluindo: euforia, falta de apetite, autoconfianca,
inso6nia, aumento da energia seguida por ansiedade, depressdo e fadiga (1). O crack é
uma forma potente da cocaina, que quando fumado gera pequenas particulas que sao
rapidamente absorvidas nos pulmdes Essa droga tem alto potencial estimulante e seus

efeitos psicoativos aparecem em poucos segundos apds o consumo (2).

Drogas de abuso sdo conhecidas por afetar a estrutura neuronal e fungdes de
regides cerebrais especificas, o que resulta em mudancas estaveis e persistentes a niveis
celular e comportamental (3, 4) . O mecanismo primdrio de a¢do da cocaina ocorre pela
inibicdo da recaptacdo de monoaminas como a norepinefrina, serotonina e dopamina
(DA), pelos seus transportadores na fenda pré-sinaptica (5). Os efeitos fisicos e
psicolégicos da cocaina estdo relacionados com o rompimento dos mecanismos de
recompensa, tolerdncia, abstinéncia, desejo e recaida no sistema limbico do sistema

nervoso central (6).

A prolongacdo dos efeitos das monoaminas ocorre no sistema
mesocorticolimbico, o qual envolve a area ventral tegmental (VTA), ndcleo accumbens e
cortex frontal, sendo responsavel pelas vias de recompensa, reforgo e fungdes cognitivas
superiores. Embora a cocaina tenha afinidade por esses trés neurotransmissores,
acredita-se que as propriedades de reforco e recompensa da cocaina sdo causadas pela

elevacdo indireta de DA no canal pré-sinaptico da VTA (7).

A Figura 1 representa a inibicao da recaptagdo de DA pelos seus transportadores
(7). Ainda que o crack alcance o cérebro rapidamente, os seus efeitos tem curta duragao,
fazendo com que os usuarios fumem com maior frequéncia, o que leva ao rapido

desenvolvimento de dependéncia (8).
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Figura 1: Bloqueio da recaptacdo de Dopamina na regido mesocorticolimbica

(figura adaptada) (7).

O uso de crack no Brasil vem sendo difundido desde o inicio de 1990, hoje estima-
se que existam mais 1 milhdo usuarios ativos, o baixo custo e a facilidade do acesso sao
fatores facilitadores para o consumo, segundo a Secretaria Nacional de Politicas sobre
Drogas (Senad) em parceria com a Fundagdo Oswaldo Cruz (FIOCRUZ) que realizaram
levantamentos nacionais no ano de 2012 nas 27 capitais brasileiras, Distrito Federal e
regides metropolitanas. Esse levantamento recrutou 21 mil usudrios das cenas de crack
e demonstrou que a idade média desses individuos é de 30,28 anos, o sexo masculino é o
predominante (78,68%) e 40% dos usuarios eram moradores de rua (9). Atualmente é a
dependéncia de crack é considerada um problema de satde publica, sendo alvo de

pesquisas e debates politicos.

A utilizacdo da droga estd mais concentrada entre individuos jovens e atinge
todas as classes sociais. Algumas caracteristicas sdo comuns entre os dependentes, tais
como: morbidade mental, problemas de saide e consumo de outras substancias de
abuso (10). Além dos danos fisicos causados pela dependéncia ainda existe o impacto
social, os usudrios geralmente preferem o isolamento, abandonam emprego, suas casas e

muitas vezes entram para a criminalidade, vivendo nas ruas e nas “cracolandias”.

Estudos recentes demonstram que a dependéncia de crack causa multiplos danos
cognitivos, prejudicando principalmente as habilidades executoras (11, 12). Usudrios de

drogas apresentam varios prejuizos neurolégicos. Ao que diz respeito a cocaina, os



dependentes sofrem com convulsdes, isquemia cerebral, hemorragia cerebral, infarto,
neuropatias Opticas, atrofia cerebral, danos cognitivos, distirbios de humor e

equilibrio(13).

Frequentemente o uso dessa droga encontra-se relacionado com o uso de outras
substancias como: alcool, tabaco, anfetamina, maconha e outros alucinégenos. Quando
os usudrios sdo submetidos a tratamentos de desintoxicagdo, hA um aumento da
ansiedade, depressao e do desejo pelo consumo da droga, que estao relacionados com

mudangas de humor, emoc¢ao e cognicao (14).

1.2 Estresse Oxidativo

Estresse oxidativo (EO) é definido como uma perturbacao do equilibrio entre
componentes pro-oxidantes e antioxidantes em favor dos primeiros, gerando dano
potencial. O EO é resultado de trés fatores, que podem estar associados ou nao: (1)
aumento na geracdo de espécies reativas de oxigénio (EROS) e/ou de nitrogénio (ERN),
através da acumulacao de intermediarios reativos; (2) prejuizo do sistema de defesa
antioxidante (inibicdo de enzimas antioxidantes, deplecdo de antioxidantes nao-

enzimaticos); (3) incapacidade para reparar dano oxidativo (15).

As espécies reativas de oxigénio sdo assim classificadas, por possuirem
elétrons desemparelhados na dltima camada eletrdénica e spins antiparalelos, possuindo
desta forma, alto potencial reativo. Elas em altas concentracdes podem ser deletérias
para as células, no entanto, quando estdo em equilibrio com o sistema antioxidante,
participam da sinalizacdo celular, fagocitose, inflamacdo, respiracdo celular e
vasodilatacdo, no caso do Oxido Nitrico (espécie reativa de nitrogénio), suas funcoes

benéficas estdo representadas na Figura 2 (16).
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Figura 2: Funcoes benéficas das EROS (14).

Os sistemas biolégicos oferecem condi¢des favoraveis para ocorréncia de reagdes
de carater oxidativo, devido a existéncia de lipidios insaturados, nas membranas
celulares, e pela abundancia de reagdes oxidativas que ocorrem durante o metabolismo
basal (17). A suscetibilidade de uma célula ou de um tecido ao estresse oxidativo
depende da disponibilidade de antioxidantes e a capacidade de inativagdo ou eliminac¢ao

dos produtos oxidados formados.

1.3 Parametros Oxidantes

A formacdo endégena de EROS é uma caracteristica do metabolismo de
organismos aerdbicos. De 3 a 10% do oxigénio utilizado por tecidos sdo convertidos em
intermediarios reativos que podem ser prejudiciais para as células e tecidos (18). No
entanto, a producdo excessiva de EROS foi associado com injurias teciduais e inimeras
patologias, tais como artrite reumatoide, diabetes, cancer, Alzheimer, Parkinson e
obesidade, sendo também relacionado com o envelhecimento precoce (16). A condig¢ao
de estresse oxidativo pode relacionar-se tanto com o desenvolvimento de patologias
quanto como uma consequéncia das mesmas, refletindo em uma produgdo anormal e/ou

uma deficiéncia na remocdo de EROS, que tem sido relacionada como o mecanismo



chave que contribui para o dano tecidual e déficits funcionais em situacdes de
hipéxia/isquemia cerebral e também esta intimamente associada com os danos

causados pelas inflamagdes agudas e crénicas (19, 20).

Devido a cadeia de transporte de elétrons, a mitocondria é considerada um dos
principais sitios de geracdao de EROS via reacdo de Fenton, na qual é formado o radical
hidroxil (HOe) (21). Sendo esse radical o mais nocivo para as células e o mais

relacionado com os danos oxidativos referentes as espécies reativas de oxigénio (22).

O estresse oxidativo pode ocorrer no organismo a partir de um aumento na
producdo de EROS e uma resposta insuficiente ou ineficaz do sistema de defesa
antioxidante, enzimatico ou ndo, ocorrendo devido a caréncia de vitaminas e minerais,
processos inflamatérios exacerbados, deficiéncias do sistema imune, situacdes de
exercicio intenso e condigdes exdgenas (23-25). As principais fontes externas
compreendem: exposicdo ao o0zobnio, radiagdo gama e ultravioleta, tabaco,
medicamentos, consumo de substancias toxicas presentes em alimentos (aditivos
quimicos, hormonios, aflatoxinas) alto consumo de gorduras saturadas e consumo de

bebidas alcodlicas (23, 26).

Existem evidéncias que o estresse oxidativo esta relacionado com os processos
patolégicos e fisiolégicos associados com a senescéncia (27). Havendo teorias que o
estresse oxidativo decorrente do desacoplamento de reacdes de transporte de elétrons e
do acimulo dos niveis de metais, causam um aumento da produgdo de espécies reativas,
oxidacdo de proteinas, elevacao de proteinas inativas que associadas com a deficiéncia
do sistema de degradagdo proteica, acumulam-se no organismo, levando a um
desequilibrio da homeostase (28). Além disso, ocorrem reacdes de auto-oxidacdo de
substancias enddgenas, tais como catecolaminas e xenobioticos, e ainda ha oxidacdo de
metabolitos reduzidos, que também acabam por ser uma fonte de geragdo de EROS (29).
As espécies reativas mais frequentes em metabolismos aerébicos estdo relacionadas na

Tabela 1 (30).



Tabela 1: Caracterizagao das principais Espécies Reativas formadas in vivo (30).

Intermediario Comentario Meia-vida Sitios de formagéo

Radical superéxido Formado a partir da redugdo Decomposig¢do enzimética na Reag¢des de autoxidagdo
parcial do oxigénio molecular por  velocidade aproximada de 5 x envolvendo flavoproteinas e
1 elétron. 10° M"'sec ' em pH 7,0. ciclos redox.

Peré6xido de hidrogénio Formado a partir da redugdo Decomposigdo enzimdtica. Vias catalisadas por oxidases, e
parcial do oxigénio molecular por pela superéxido dismutase.

2 elétrons.

Radical hidroxil Formado a partir da redugdo do 10-? segundos Locais adjacentes a formagdo de
oxigénio molecular, por 3 anion supero6xido/peréxido de
elétrons nas reagdes de Fenton hidrogénio na presenga de
e Haber-Weiss, catalisada por metais, principalmente ferro;
metais. produto de reagdo do éxido

nitrico com o radical superdxido.

Radical alcoxil Radical orgéanico centrado no 10° segundos Intermedidrio na peroxidagdo de
oxigénio. lipidios de membrana.

Radical peroxil Formado a partir de 7 segundos Intermedaério na peroxidagdo de
hidroperéxidos orgénicos lipidios de membrana.

Oxigénio molecular Primeiro estado excitado do 10-*segundos Sem sitios metabdlicos

Simpleto. (‘ASO:) Oxigénio Molecular com nivel de definidos.

energia de 22 keal/moL acima do
estado fundamental ou oxigénio
tripleto GO ).

1.4 Estresse Oxidativo, Cocaina e Crack

Estudos indicam que o alvo biolégico principal da cocaina sdo os transportadores
de dopamina (DAT), ao ligar-se a estes transportadores a cocaina interfere na
recaptacdo deste neurotransmissor (31). O bloqueio da recaptacio da dopamina na
fenda sindptica faz com que seus niveis extracelulares aumentem de forma indireta,
assim, a dopamina acaba por desempenhar um importante papel nos efeitos causados
pela cocaina (32). Os efeitos fisicos e psicolégicos da cocaina ocorrem quando ha o
rompimento dos mecanismos de recompensa, abstinéncia, tolerdncia, desejo e recaida

no sistema limbico do CNS (6).

A dopamina é removida da fenda via auto-oxidacdo ou por acdo da enzima
monoamina oxidase (33) que leva a producdo de espécies reativas de oxigénio. Assim, a
producdo de EROS pode ter funcdo relevante no metabolismo da dopamina quando a
cocaina é administrada (34). Consistente com o mecanismo demonstrado através de um

estudo da autoadministracdo de cocaina em ratos, onde foi verificado um aumento da



concentracdo de dopamina e também um aumento da oxidacao deste neurotransmissor
(35). Também existem estudos que relatam um aumento dos niveis de antioxidantes
ap6s a administracdo de cocaina, como uma tentativa de equilibrar a exacerbagdo da
producdo de EROS e evitar danos celulares (36). No entanto, no realizado por Muriach et
al. (37) foi evidenciada uma deplecao nas concentracdes de glutationa reduzida (GSH) e
uma diminuicdo da atividade enzimatica da glutationa peroxidase (GPx) no hipocampo
de camundongos expostos a cocaina. Tal reducao nos niveis de GSH contribui para a
perda da eficiéncia do sistema GABAérgico em atenuar os sinais neuronais excitatorios

(38, 39).

O uso da cocaina também estd relacionado com a supressio de células T
citotdxicas, devido essa substancia induzir o estresse oxidativo, uma vez que alteracdes
de linfécitos T e citocinas vem acompanhadas da diminui¢do das defesas antioxidantes
(40). Ja foi demonstrado em modelos in vitro que a exposi¢cdo aguda a cocaina de células
neuronais progenitoras humanas eleva alguns biomarcadores de dano oxidativo (29, 32,
41). A intoxicacdo por cocaina leva ao aumento da peroxidacdo lipidica em varias

estruturas cerebrais ligadas a sintese e liberacao de dopamina (42).

As espécies reativas podem ter uma importante funcao no SNC durante situacdes
patolégicas nessa regido, como elas produzem danos teciduais através de diferentes
mecanismos, as EROS podem ser capazes de agravar doengas neurodegenerativas.
Assim, o estudo acerca de terapias antioxidantes que possam atenuar o estresse
oxidativo pode ser wuma alternativa benéfica para controlar condigdes

neurodegenerativas (43).

Recentemente, processos que envolvem transferéncia de elétrons, espécies
reativas de oxigénio e estresse oxidativo estdo sendo estudados para um melhor
entendimento dos mecanismos que envolvem a toxicidade e a dependéncia de drogas de
abuso (41). Esses estudos fundamentam o papel do estresse oxidativo como resultado
da administragdo da cocaina, ficando evidente que o EO induz a morte celular no SNC
(44-47) e a cocaina induz apoptose nos neurénios corticais (48). A lipoperoxidagao,
oxidacdo proteica, danos ao DNA e a inativacdo de enzimas podem ser responsaveis por

alterar a fun¢do neuronal e causar injurias que levam a diferentes patologias do sistema



nervoso (49). Tais evidéncias ressaltam a importancia de mais estudos abrangendo o
estado redox com o uso de drogas, principalmente entre dependentes do sexo feminino,

visto que a maioria dos estudos sao realizados com homens (50, 51).

1.5 Defesa Antioxidante

O balanco entre as espécies reativas e a prevenc¢do do dano oxidativo é realizado
pelo sistema de defesa antioxidante, que pode ser enzimatico ou ndo enzimatico e ainda
através de respostas adaptativas (52). Antioxidantes sdo substancias capazes de
prevenir os efeitos deletérios da oxidagdo, inibindo o inicio da lipoperoxidacao,
sequestrando radicais livres e/ou quelando ions metalicos (53). Esse sistema age por
meio de trés mecanismos principais: prevenc¢ao da formacao de ROS, eliminacao de ROS
ja formadas e reparo de moléculas ja modificadas pelas espécies reativas (52, 54).

Os mecanismos de defesa antioxidante enzimatico compreendem as enzimas:
(1) Superédxido Dismutase (SOD): A qual é responsavel pela dismutacdo do anion
superoxido (SO) em Peroxido de Hidrogénio (H202). Tal enzima existe sob a forma de
trés isoenzimas: SOD 1 (contém Cobre e Zinco como cofatores metalicos, localizada no
citosol), SOD2 (contém Manganés presente nas mitocéndrias) e SOD 3 (contém Cobre e
Zinco como cofatores, extracelular) (55). (2) Glutationa: familia de enzimas que inclui
Glutationa Peroxidase (GPx 1, 2, 3 e 4), Glutationa Transferase (GST) e Glutationa
Redutase (GR). O sistema GSH tem funcdo antioxidante essencial, sua deple¢do resulta
em dano ao DNA e acimulo de H20; . Durante a reducdo de H202 em H;0 e Oz, a GSH é
oxidada em GSSG pela GPx (56-58). (3) A enzima catalase tem como fung¢do principal
eliminar per6xidos formados no peroxissoma, evitando assim a formac¢do do radical
hidroxil e ainda detoxificar diferentes substratos como fendis e alcoois. (4) O sistema
tioredoxina (Trx) compreende: Trx-1 (citosdlica ou nuclear), Trx-2 (mitocondrial), Trx
redutase (TrxR) e NADPH (59). Esse sistema esta envolvido na protecdo de diferentes
tecidos contra danos oxidativos, manuten¢do da homeostase celular tiol-redox, controle
do enovelamento de proteinas, regulacao do crescimento celular e apoptose e ainda esta

relacionado com a regulacdo do sistema imune (60-62).



1.5.1 Superoéxido Dismutase

A SOD 1 (Cu-Zn), assim chamada por ser a primeira descoberta, tem como funcdo
catalisar a reacdo do desproporcionamento do radical super6xido em oxigénio e
perdxido de hidrogénio, aumentando em até 104 a velocidade da reacdo em comparagdo

com a reacdo que acontece em pH fisiolégico(25, 63).

Apesar da Mn-SOD ser uma isoforma mitocondrial, seu gene (SOD2) é codificado
pelo DNA nuclear. O gene da SOD 2 possui um mecanismo regulatério, o qual pode ser
induzido sob condi¢cdes de inflamacdo e estresse oxidativo (64). A SOD 3 que codifica a
forma extracelular (EC-SOD) é altamente expressa nos vasos sanguineos, coracao,
pulmao, rins e placenta (65). A EC-SOD possui uma importante funcdo biolégica, ela é a
Unica enzima responsavel pela conversao do anion superéxido no meio extracelular,
protegendo os tecidos de possiveis injarias causadas por essa espécie reativa. A
atividade enzimatica da EC-SOD foi detectada em linfécitos, plasma e liquido sinovial, o

que a torna distinta das outas isoformas de superéxido dismutase (66).

1.5.2 Glutationa

A glutationa reduzida (GSH) é um tripeptideo composto por glicina, acido
glutamico e cisteina. E o tiol ndo proteico mais abundante em células animais, sendo
responsavel pela manutencao das reacdes de reducao-oxidagao (balango redox) e por
atuar nas vias de sinalizacdao envolvidas com o processo de EO, tendo assim grande
importancia nas funcoes fisioloégicas inter e intracelulares (67).(67). A GSH detoxifica
perdxidos e compostos eletrofilicos através das acdes cataliticas das isoformas S-
transferases (GST) e Peroxidase(GPx) (68, 69). A GSH também atua nos processos de
detoxificacdo de xenobidticos e metais pesados (70) regulacao de proteinas e expressao
génica via tiol (reagdes de trocas dissulfidicas), participa do processo enzimatico do

sistema glioxalase e ainda da redugdo de ribonucleotideos a deoxiribonucleotideos (71).

Dentro das células a glutationa pode estar livre ou ligada a proteinas, a forma

livre estd, em sua maioria, sob forma reduzida. A glutationa redutase reverte a forma
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livre em forma oxidada (GSSG) e a proporg¢do entre a glutationa reduzida e oxidada
frequentemente é utilizada como marcador da toxicidade celular (70). Alteracdes na
expressio e na atividade da glutationa reduzida ja foram relacionadas com

envelhecimento e cancer (72).

Quando ha uma diminuicdo da GSH e um aumento da GSSG pode-se dizer que
existe uma propensdo a condicdo de estresse oxidativo devido ao desequilibrio redox
(73, 74). Em condig¢des normais, a razdo GSH:GSSG pode ultrapassar 1:100, no entanto,
em modelos para estresse oxidativo essa taxa pode diminuir para 1:10 ou até mesmo 1:1
(75). A manutencao do equilibrio dessas taxas é essencial para a sobrevivéncia celular,
sendo que uma deficiéncia de GSH deixa as células vulneraveis ao dano oxidativo.
Estudos demonstram que a razdo GSH/GSSG estd diminuida em doengas
neurodegenerativas como Parkinson e Alzheimer (57, 61) onde conforme a evoluc¢do da
doenca hd um decréscimo dos niveis de GSH e um aumento dos niveis da razao

GSH/GSSG.

A glutationa peroxidase (GPx) faz a reducdo do perdxido de hidrogénio (H202) a
agua, usando GSH como doador de elétron, logo a glutationa oxidada é reduzida a GSH
novamente pela glutationa redutase usando NADPH (nicotinamide adenine dinucleotide
phosphate-oxidase) como doador de elétron (76). Dessa forma, a GPx atua juntamente
com a SOD e a catalase para evitar danos oxidativos nas células. Essa enzima pode existir
sob quatro isoenzimas que atuam em diferentes tecidos. A cGPx que é a forma classica
esta presente em todos os tecidos, GI-GPx presente apenas em células gastrointestinais,
pGPx presente no plasma, a PHGPX é a fosfolipideo hidroperéxido protege as

membranas fosfolipidicas (56).

1.5.3 Defesa nao enzimatica

A defesa antioxidante ndo enzimdatica é composta principalmente pelas
vitaminas C (acido ascérbico) e E (a-tocoferol), diferentes compostos do selénio, acido

lipbico, albumina e acido turico (77, 78). Esses compostos podem ser tanto provenientes
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da dieta quanto sintetizados pelo préprio organismo e atuam como “scavengers” de
radicais livres e ainda protegendo as células dos danos causados por substancias toxicas,
como o Cadmio (79, 80). A vitamina E é uma molécula lipossolivel e tende a se
concentrar no interior das membranas, agindo sinergicamente com ascorbato,
estabilizando o processo de lipoperoxidacdo. Os carotenoides também se destacam
como antioxidantes; estudos recentes indicam uma possivel atividade antitumoral do (3-

caroteno, sendo usado como corante e antioxidante em alimentos (24).

1.6 Avaliacoes Clinicas

Além dos danos fisiolégicos causados pela dependéncia do crack, existe uma
relacdo com danos psicologicos e sociais, tendo em vista que os usuarios dependentes
apresentam caracteristicas como depressao, déficit cognitivo, alteracdes na atencao,
isolamento social, comportamentos transgressores e altos indices de desemprego.
Assim, mensurar o grau desses impactos é tarefa fundamental na investigacdo dos

usuarios.

Através da aplicacdo do Cocaine Selective Severity Assessment, o qual avalia os
sintomas de abstinéncia, é possivel mensurar a severidade da dependéncia de cocaina.
Tais sinais sao considerados marcadores importantes para guiar o tratamento dos
usuarios bem como para avaliar a sua efetividade (81-83). Os sintomas comumente
encontrados durante o cessar do uso sdo: disturbios do sono e apetite, depressao,
ansiedade, irritabilidade, diminuicdo da frequéncia cardiaca, fadiga e desejo pelo
consumo da droga. Porém, esses sintomas podem variar de individuo para individuo
(84) e podem estar relacionados com o inicio precoce da dependéncia e também com o

uso concomitante de outras substancias (85).

Usudrios cronicos de crack apresentam grande dificuldade na adaptagao social e
déficits para tomar decisdes, quando jovens apresentam problemas na escola e com a
familia enquanto que usudrios adultos demonstram problemas com o emprego (86, 87).

Além disso, existe a influéncia dos maus tratos na infancia os quais estdo associados com
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uma maior propensdo ao abuso de drogas, relacionadas com prejuizo nas funcodes

executoras (12) e ainda uma elevagdo dos sinais de depressao e abstinéncia (88).

Desse modo, a aplicagdo do Beck Depression Inventory (BDI-II) (89), torna-se
uma importante ferramenta para avaliar os sintomas depressivos, relacionados com a
dependéncia de crack e outros tipos de drogas. Da mesma forma, através do Addiction
Severity Index (ASI-6) (90, 91) pode-se abranger aspectos psiquiatricos, ocupacionais,
sociais e familiares relacionados com a severidade da dependéncia. Ao conciliar essas
abordagens é possivel correlacionar varidveis psicolégicas e bioldgicas, para facilitar o
entendimento dos mecanismos que levam a dependéncia juntamente com as

consequéncias do uso de drogas e os resultados obtidos com o tratamento.
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2. JUSTIFICATIVA

Por ser uma droga com alto potencial estimulante e de menor custo, o crack tem
sido cada vez mais difundido entre os usudrios de drogas. O uso dessa droga leva a
disfungdes psicologicas e neuropsicoldgicas, alterando fungdes cognitivas e executoras,
causando déficit de memdria, atencdo e aprendizado bem como pode afetar a fluéncia
verbal. Além disso, dependéncia dessa droga é caracterizada como sério problema de

saude publica com consequéncias sociais, econdmicas e politicas.

O estresse oxidativo é uma condicdo relacionada com intimeras patologias, morte
celular e danos teciduais e quando relacionado ao abuso de drogas, as respostas sao
contraditérias e as vias com que substdncias como a cocaina induzem o estresse
oxidativo tanto no SNC quando em drgaos periféricos ainda nao esta bem definida. Os
estudos anteriores sobre crack-cocaina avaliaram somente biomarcadores oxidantes,

sem considerar os efeitos da droga sobre mecanismos antioxidantes.

No ambito de ampliar os conhecimentos sobre os danos causados pelo uso de
drogas ilicitas, o presente estudo visa avaliar de forma compreensiva os danos
oxidativos, o potencial antioxidante e correlaciona-los com variaveis clinicas obtidas

através de avaliacdes comportamentais das pacientes.
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3. OBJETIVOS

3.1 Objetivo Geral

Avaliar parametros plasmaticos oxidantes e antioxidantes de usudrias de crack
em processo de desintoxicacdo em diferentes periodos do tratamento, comparando-os

com grupo controle e correlacionar as andlises bioquimicas com as variaveis clinicas.

3.2 Objetivos Especificos

v Verificar a ocorréncia de carbonilagdo proteica.

4 Avaliar os niveis de ti6is reduzidos totais.

v Verificar o potencial antioxidante ndo enzimatico total.

v Analisar a atividade enzimatica da Superéxido Dismutase.

4 Analisar a atividade da enzima Glutationa Peroxidase.

v Avaliar os niveis de tidis ndo proteicos (GSH).

v Correlacionar varidveis bioquimicas com as varidveis clinicas relacionadas a

Dependéncia Quimica durante o processo de desintoxicagdo e comparar com grupo

controle sem dependéncia de drogas.
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Abstract

Rationale Preclinical studies have shown that cocaine exposure and withdrawal are
associated with cellular oxidative stress damage. However, the impact of crack-cocaine
dependence on oxidative stress biomarkers remains unclear. Here, we assessed peripheral
oxidative stress and antioxidant defences during two periods of crack-cocaine detoxification
treatment and associated these changes with psychological morbidity. Methods Thirty female
inpatients were recruited and plasma samples were collected at the 4™ and 18" days of
abstinence; thirty healthy controls were also recruited. Plasma levels of protein carbonyl,
protein thiol content, superoxide dismutase (SOD), glutathione peroxidase (GPx), reduced
reduced (GSH) and total reactive antioxidant potential (TRAP) were measured by standard
methods; the questionnaires Cocaine Selective Severity Assessment, Beck Depressive
Inventory and the Addiction Severity Index were applied. Results We report higher oxidative
stress damage after four days of detoxification, as shown by increased total thiol content and
protein carbonylation when compared with control group and after eighteen days of
detoxification. After 18 days of treatment we observed a recovery of the oxidative stress
damage and increase of the antioxidant defences, as shown by higher levels of SOD, GPx,
GSH and TRAP. There was a positive correlation between protein carbonylation and
psychological variables; in contrast, there was a negative correlation between TRAP levels
and clinical assessments. Conclusions Taken together, these results suggest that drug
rehabilitation treatment was effective in decreasing oxidative damage represented by the
reduction in biological markers, which are closely related to the severity of withdrawal

symptoms.

Keywords: Redox state; Cocaine; Drug withdrawal; Oxidative stress; Antioxidants.
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Introduction

Chronic cocaine consumption is one of the most severe forms of addiction, especially
regarding crack-cocaine use. In this case, the substance quickly reaches the brain and causes
rapid dependence (92). This places individuals at high risk for criminal behavior, social
isolation, early mortality and unemployment (93, 94), indicating that crack-cocaine
dependence is an important social and economic problem.

Mounting evidence suggests the role of oxidative stress (OS) in the pathogenesis of
psychiatric disorders, including drug addiction (41, 50, 95). The cocaine short-term effects
leads to increased dopamine levels in the synaptic cleft in the brain reward system, but
accumulation of not recaptured dopamine can cause cellular stress (96). In this context,
dopamine clearance occurs via auto-oxidation or monoamine oxidase, which leads to
increased production of reactive oxygen species (ROS) and cellular damage in various tissues
(34). Preclinical studies have reported increased OS markers due to chronic drug exposure,
including abuse of alcohol, nicotine, cocaine, opioid, and methamphetamine (36, 41, 97).
Daily cocaine consumption leads to OS in the brain, as suggested by increased levels of
superoxide dismutase and lipid peroxidation (42). Thus, OS responses can be an important
mechanism for generating or even intensifying cocaine toxicity in the brain and peripheral
organs, such as heart and liver (37, 98).

The imbalance between the production of ROS and antioxidant defences in favour of
first is known by oxidative stress (OS). The OS responses can cause protein oxidation, DNA
damage, and several enzyme impairments producing detrimental effects at both cellular and
systemic levels (95). ROS is regularly produced during metabolic and physiological
processes, and harmful oxidative reactions can occur in organisms if the antioxidant system is
unable / insufficient to prevent or repair the damages caused by these molecules. Therefore to
better estimate the balance of OS in blood samples both oxidative and antioxidative
biomarkers (enzymatic and non-enzymatic) should be determined. Protein oxidation products
measured by protein carbonylation and protein thiol modifications can estimate the oxidative
damage. Carbonyl groups are formed when protein side chains are oxidised or by oxidative
cleavage of proteins and this modifications are related with several diseases and psychological
stress (99, 100), and protein thiol groups are formed through oxidative modifications in

protein cysteines which may interfere with biological functions (101). Estimation of reduced
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glutathione (GSH) and total reactive antioxidant potential (TRAP) are used to evaluate the
non-enzymatic antioxidant capacity. Reduced glutathione is the most abundant thiol in
mammalian cells and acts in the cellular protection against oxidative damage (67). Kovacic
and colleagues (41) reported that decrease or depletion of glutathione levels occurs in
different tissues after cocaine administration in the mouse. TRAP represents global potential
antioxidant non-enzymatic and has already been linked with depression and nicotine
dependence, showing decreased levels in smokers compared with never smokers (102).
Enzymatic antioxidant capacity is represented here by the activities of superoxide dismutase
(SOD) and glutathione peroxidase (GPx). SOD plays important biological role catalysing the
dismutation of superoxide into oxygen and hydrogen peroxide. GPx converts peroxides and
hydroxyl radicals into non-toxic forms by concomitant oxidation of GSH into the oxidised
form, glutathione disulphide (GSSG)(22). During cocaine exposure, both enzymes show
different results regarding their activities depending on the tissue analysed and treatment
characteristics (36, 37, 40).

There is a scarce literature, however, regarding OS and crack-cocaine dependence, and
discrepancies were reported by recent clinical studies focused on crack-related effects on
oxidant biomarkers (50, 103). To extend previous studies and to provide a comprehensive
assessment of OS response, we evaluated both enzymatic and non-enzymatic antioxidant
markers and markers of oxidative damage in the peripheral blood of women with crack-
cocaine dependence during early drug withdrawal stage, a critical period for cocaine treatment
response (104). We also investigated the relationships between OS response and clinical

variables during early abstinence.

Materials and Methods
Subjects

This follow-up study included a group of crack-cocaine dependent women during
three weeks of early abstinence and a healthy control (HC) group. All parameters investigated
were assessed in two moments, at the first (4™ day) and at third week (18" day) after the
beginning of detoxification treatment, and were compared with HC. The local institutional
review board (IRB) approved the study, which is in accordance with the Helsinki Declaration
of 1975. All volunteers provided their written consent following the explanation about the

procedures involved in the research protocol.
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The HC was recruited by convenience composed of thirty women aged 18 to 45 (mean
age = 29.56+7.20 years), without medication use, acute or chronic diseases. Thirty female
inpatients with crack-cocaine dependence were recruited from a public psychiatric hospital in
Porto Alegre, Brazil. Participants had no access to drugs; alcohol or cigarettes and
benzodiazepines were not prescribed during treatment. The inclusion criteria were as follows:
(1) women aged 18 to 45; (2) primary diagnosis of cocaine dependence according to the
Diagnostic and Statistical Manual of Mental Disorders IV-TR. The exclusion criteria were:
(1) current infectious diseases or history of autoimmune, endocrine or coronary heart disease,
rheumatoid arthritis, or neurological disorders; (2) pregnancy; (3) past or current psychotic

disorders; and (4) the use of corticosteroids, antibiotics or anti-inflammatory drugs..

Clinical assessments
The Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental

Disorders (SCID I) was applied to confirm the diagnosis of cocaine physiological drug
dependence, as well as comorbid psychiatric diagnoses. Cocaine Selective Severity
Assessment (CSSA) assessed withdrawal symptoms severity, which is an 18-item
interviewer-administered questionnaire. Items are measured on a 7-point scale and the
maximum score is 112. Beck Depressive Inventory (BDI) assessed depressive symptoms
severity. Cocaine dependence severity was measured by Addiction Severity Index (ASI-6),
which is a semi-structured interview and clinical/research instrument to assess several
dimensions of the severity of substance use problems and patterns of substance use behavior
(quantity, severity and frequency), resulting in a final score of cocaine drug dependence
severity (90, 105). Expert psychologists and a senior psychiatrist administered all

questionnaires.

Blood collection and plasma isolation
Two samples of five millilitres of peripheral blood were collected by venepuncture

and stored in EDTA tubes prior to analyses. Since detoxification consisted in 21-day program,
the first sample was collected on the 4™ day of the detoxification period while the second one
at the 18" day. Immediately after blood collection, the samples were centrifuged at 3000g

during five minutes in order to obtain the plasma.
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Biochemical analyses
To estimate the protein content was measured by the modified Lowry protein assay

previously described by Lowry et al. (106). The amount of soluble protein in plasma sample
was measured using the DC Protein Assay Kit according to the manufacturer’s instruction
(Bio-Rad Life Science), to allow expression of the biochemical results taken into account the
protein content of each sample and was expressed in mg. All measures of colorimetric assays
performed in this study were obtained with the SpectraMAX 190 (Molecular devices)

spectrophotometer equipped with software Softmax.

Protein carbonylation
Quantification of carbonyl groups was measured as a parameter of protein oxidative

damage. This technique is based on the reaction with dinitrophenylhidrazine (DNPH), as
previously described (107). Proteins were precipitated by the addition of 20% trichloroacetic
acid (TCA) and re-solubilized in DNPH. Then, the absorbance was read in a

spectrophotometer at 370nm. Results are expressed as nmol carbonyl/mg protein.

Protein thiol content
The main objective of this assay is to analyse oxidative alterations in proteins,

measured as the level of protein thiol content in plasma samples. Briefly, for total SH content
measurement, an aliquot of sample was diluted in PBS 10 and 10 mM 5,5- dithionitrobis-2-
nitrobenzoic acid in ethanol and the yellow color formed was read in a spectrophotometer at

412 nm after 60 min incubation at 25 °C. Results are expressed as mmol SH/mg protein (108).

Estimation of reduced glutathione
Reduced glutathione is most abundant non-protein cellular antioxidant, which together

glutathione disulfide (GSSG) modulates intracellular redox (Townsend et al., 2008). For GSH
content, TCA solution (10% v/v) was added to an aliquot of plasma sample, centrifuged (10
000 g, 10 min), and the supernatants were used to measure the level of SH. The absorbance
was analysed in a spectrophotometer at 412 nm after 60 min of addition of DTNB solution.

The results are expressed as mmol GSH/protein (108).

Total reactive antioxidant potential
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Total reactive antioxidant potential was used as an index of non-enzymatic antioxidant
capacity and represents the total antioxidant capacity of the sample. This assay is based on the
peroxyl radical (generated by AAPH solution, 2,2azobis[2-amidinopropane], with luminol)
and it was used as a free radical source quenching by sample compounds. Luminescence
detection of samples in microplate was counted by MicroBeta® JET. Sample addition
decreases the luminescence proportionately to its antioxidant potential (109). As previously
described by Dresch et al. (110), results were transformed in percentage and the area under
the curve (AUC), which is inversely proportional to antioxidant capacity. Because of this was
the last assay performed, we did not have enough samples for the assessment of control group

subjects.

Antioxidant enzymes activities
We analysed two antioxidant enzymes activities, superoxide dismutase and

glutathione peroxidase, both act as scavengers of ROS. Superoxide dismutase (SOD, EC
1.15.1.1) was assessed by quantifying the inhibition of superoxide-dependent adrenaline auto-
oxidation in spectrophotometer at 480 nm and is expressed as Units SOD/mg protein (Misra
and Fridovich, 1972). Activity of glutathione peroxidase (GPx, EC 1.11.1.9) was determined
according to Wendel (111), using t-butyl hydroperoxide and GSH as substrates with further
colorimetric reaction analysed in at spectrophotometer at 340 nm. Results are expressed as

Units GPx/mg protein.

Statistical analyses

All variables presented normal distribution (tested by the Shapiro-Wilk test). Analyses
of Variance (ANOVA) followed by Tukey’s post-hoc test were performed to compare
biochemical markers between crack-cocaine group at the first and at the third week of
detoxification treatment, as well as control group reference values. Between groups
comparisons for socio-demographic characteristics were performed using t-tests for
independent samples. Paired t-test was also performed to compare TRAP measurements of
clinical subjects between the first (4™ day) and the second assessment (18" day). Specifically
regarding TRAP measures; it was assumed an inverse relationship between raw data from the
area under the curve and TRAP levels, which means that higher raw data represented lower

antioxidant capacity. Exploratory correlation analyses between biochemical markers and
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clinical parameters were performed using Pearson correlation coefficient. The significance
level was set at a = 0.05 (two-tailed). Statistical analyses were performed using SPSS 20.0

(IBM SPSS, Chicago, IL, USA). All values are presented as mean and SD.

Results

Sample characteristics

Socio-demographic characteristics of groups and clinical characteristics of crack-
cocaine group are shown in Table 1. Regarding the clinical group, between-time-point
comparisons of revealed a significant reduction in withdrawal (t = 2.21; p = 0.05) and
depressive symptoms according to CSSA and BDI scores. In addition, there were no
significant effects of use of medications and comorbid psychiatric diagnoses on plasma levels

of biochemical markers (all p > 0.05, data shown in supplementary material table 1).

Effect of detoxification on protein damage

We found significant differences in protein carbonyl levels between groups, F(2,57) =
11.87; p <0.001). Post hoc analyses revealed significant differences between HC and clinical
group at the first week of treatment (p < 0.001) and among the first (4™ day) and second
assessment (18" day) within crack-cocaine group (p = 0.007). No differences were found
between HC and clinical group at 18 days of detoxification (p= 0.45) (Figure 1a). Similarly,
thiol content differed between groups, F(2,87) = 152.11; p<0.001, with significant differences
between HC and crack-cocaine group at the first assessment (p<0.001) and at the second
assessment (p<0.001), as well as within the first assessment and second assessment of crack-
cocaine group (p<0.001) (Figure 1b). These results demonstrate that at the beginning of
detoxification clinical participants exhibited higher levels of protein modifications in
comparison to levels assessed in HC. After 14 days of detoxification treatment, carbonyl
levels were similar among clinical and control participants, suggesting a decrease in protein
carbonylation during crack-cocaine acute abstinence. Thiol content levels also significant
reduced within clinical participants during detoxification, but not reached the lower levels

observed in HC participants.
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Effect of detoxification on antioxidant defences

Figure 2 shows the TRAP kinetics. At the first week of detoxification, crack-cocaine
participants exhibited lower antioxidant capacity. Drug abstinence was associated with
significant increase in the TRAP antioxidant capacity (t =4.61; p = 0.01).

We observed significant differences in SOD levels (F(2,87) = 91.13; p<0.001) and
post hoc analysis indicated significant differences between-time-point comparisons of clinical
group and regarding HC group reference values (all p = 0.01) (Figure 3a). The GPx levels
differed between groups (F(2,73) = 73.96; p<0.001) and post hoc analysis indicated
differences between HC and first assessment of clinical group (p<0.001), as well as HC levels
and second assessment of clinical group (p<0.001), while within clinical group comparisons
no significant differences were found (p=0.27) (Figure 3b). The GSH levels also differed
between groups (F(2,87) = 12.29; p<0.001) and post hoc tests revealed higher levels at the
second assessment compared to first assessment within clinical group (p=0.05), and lower
levels than HC (p<0.001) (Figure 3c). These results suggest an intensification of antioxidant

defences at the end of detoxification treatment (day 18).

Correlations between plasma levels of biochemical markers and clinical assessment
Correlation analysis revealed associations between levels of oxidative stress markers
and clinical variables. The SOD levels at the end of treatment period were negatively
associated with depressive symptoms severity (r = -0.46; p = 0.01), withdrawal symptoms
severity (» = -0.39; p < 0.05) and with the ASI score of severity of drug dependence (r = -
0.41; p <0.05). On the other hand, protein thiol content levels at the beginning (» = 0.44; p =
0.01) and at end of detoxification (» = 0.49; p = 0.006) were positively correlated with
depressive symptoms severity. Similarly, protein carbonyl levels were positively associated

with the ASI score of severity of drug dependence (» = 0.56; p < 0.05).

Discussion

This study investigated the redox state and associated it with clinical morbidity during
early abstinence of crack-cocaine dependence. Briefly, women with crack-cocaine

dependence showed higher levels of plasma biomarkers implicated with OS damage at first
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week of abstinence, in comparison to higher levels of antioxidants biomarkers at the third
week of abstinence. These data indicate an increased susceptibility to oxidative stress in the
initial phase of detoxification treatment within women with crack-cocaine addiction. This is
particularly important since recent epidemiological data support important sex differences
regarding crack-cocaine dependence, showing that men are more likely to this drug use, while

female users report higher craving severity and are more vulnerable to develop dependence

(112).

Levels of protein carbonyls of clinical group decreased significantly over the treatment
days, coming closer to levels of the healthy control group, suggesting crack-cocaine use can
cause protein oxidation and over the days of detoxification treatment this condition is
restored. In addition, protein thiol content also decreased significantly following the 3-week
detoxification program when compared crack-cocaine users with HC and after four days of
detoxification treatment. Thiol groups play an important role in stabilization, regulation, cell
signalling and function of protein structures and ROS is already known to modify these
groups (101, 113). Redox changes of several proteins and enzymes were identified in a
variety of conditions, and correlated effects included cellular defence mechanisms for
oxidative stress (58, 67). Taken together, these data suggest that many tissues could be
affected by oxidative modifications in intracellular proteins and drug addiction may
exacerbate these clinical conditions.

Furthermore, our data suggest that detoxification was capable in modifying both
enzymatic and non-enzymatic antioxidant defences, as indicated by the increased GSH levels
after treatment. GSH content could enhance the GSH/GSSG ratio and decrease lipid
peroxidation. Lipton et al. (114) reported that chronic exposure to cocaine in rodents results in
reductions in the level of glutathione and causes an imbalance between ROS and antioxidant
concentrations. Interestingly, these data suggest a correlation between the periods of treatment
with increased levels of this antioxidant. These findings are in accordance to previous
preclinical studies using cell culture and animal models that have demonstrated cocaine-
induced oxidative damage (42, 115). The primary enzymatic antioxidant protecting the body
involves, among others, the enzymes superoxide dismutase and glutathione peroxidase.
Significant increases were found in the SOD and GPx activity compared to the same patients
after 18 days in absence of drugs. These enzymes act synergistically to control ROS actions:

the SOD acts mainly hydrophilic regions while the GPx system protects hydrophobic regions

26



(116). Our study found positive association between increased levels of SOD and GPx with
third week after the beginning of detoxification treatment.

At the same time, the measures of TRAP were found increased at the end of
detoxification period, suggesting a recovery of non-enzymatic antioxidant defences when the
drug is not consumed. This is a measure of global non-enzymatic antioxidant defences and
covers uric acid, bilirubin, ascorbic acid, alpha-tocopherol and remaining antioxidants which
are active free radical scavengers (25). Non-enzymatic antioxidants are considered first line
of defence against lipid peroxides that attack cellular membranes when there is an
exacerbation in ROS production (117). This is a first study that correlated total reactive
antioxidant potential and drug addiction.

Pomierny-Chamiolo et al., (36) showed elevation of SOD activity in several areas in
the brain after cocaine self-administration and the association between OS biomarkers in
motivational process related to voluntary cocaine intake in rats. Recently a case control study
conducted by Narvaez et al., (50) found no significant differences in TBARS when compared
with users of crack-cocaine and healthy control group. However, Dietrich et al., (42)
demonstrated in their study an increase in ROS production in frontal cortex and striatum after
acute and chronic cocaine exposure. Many studies demonstrate that chronic use of different
substances of abuse may increase biomarkers of oxidative stress, and this exacerbation of
ROS may lead to apoptosis and cell damage in the brain (36, 41, 97). In addition, other
researchers have shown a positive correlation between TBARS and severity of crack-cocaine
use and a negative correlation between brain-derived neurotrophic factor (BDNF) and crack-
cocaine use, suggesting these biomarkers may be indicative for severity of drug use (103). We
already showed that crack-cocaine dependence is associated with higher BDNF plasma levels
than healthy subjects during early drug abstinence, and such values remained stable over three
weeks of detoxification treatment (118). High concentrations of ROS can affect processes
closely linked with addiction, such as neuromodulation, transcription and transport of ions.
Antioxidants can act eliminating (antioxidant enzymes) and protecting (antioxidant vitamins)
the brain from the action of ROS (29).

Nevertheless, there are discrepancies between acute and chronic drug administrations
that were reported for enzymatic activities with increased levels in acute administration,
which may indicate a compensatory mechanism against the harm caused by drugs. In

addition, previous findings in crack-cocaine and OS focused basically in oxidant biomarkers
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individually and disregarded the effects of crack-cocaine upon antioxidant biomarkers (50,
103). However, exacerbation of ROS is associated with insufficient response of the
antioxidant system, showing that it is important to evaluate both mechanisms to fully
demonstrate OS (24). Furthermore, such studies drowned conclusions about OS based only on
levels of lipid peroxidation, measured by the thiobarbituric acid reactive substances.
Limitations of TBARS assay are widely known and this test is suggested to have poor
specificity, often leading to overestimation of the levels of malondialdehyde in human fluids
(e.g. plasma and biological tissues) (119, 120).

Here, correlation analyses indicated negative association between SOD activity with
withdrawal symptoms severity and severity of drug dependence in the third week of
treatment, highlighting the importance of this antioxidant enzyme and relating its activity with
psychological factors. Moreover, protein carbonyl levels were positively associated with the
severity of drug dependence. Although potential mechanism underlying this association
remains unclear, these data suggest that crack-cocaine abstinence improves the enzymatic
antioxidant defences and this use might cause oxidative damage in proteins.

One of the limitations of our study is the inclusion of participants who were also
using tobacco and alcohol before detoxification treatment. However, it is known that crack-
cocaine use is intimately linked with the use of other drugs (121). In addition, our data should
be interpreted carefully due to large number of participants that used pharmacotherapeutic
adjuvant treatment, even though no significant effects of medication were found on oxidative
stress markers. Future studies should include both men and women subjects. The differences
between females and males found regarding patterns of substance use, craving and abstinence
symptoms severity, are probably due neurobiological specificities related to drug addiction
(122, 123). For instance, female gonadal hormones seem to selectively influence regional
dopamine neurotransmission, affecting the sensitivity to drug rewarding/aversive effects and
certain aspects of drug-seeking behavior (123). Furthermore, regarding antioxidant defences,
women had higher levels of reduced glutathione, total glutathione and vitamin E than men
before antioxidant supplementation (124). Considering the exploratory nature of this study the
authors acknowledge the relatively small sample size that could impact statistical power of the
findings. Nevertheless, it is difficult to recruit participants to a follow-up study, particularly
drug dependents. In this sense, even though previous investigations on cocaine and oxidative

stress had larger samples, they do not completed repeated clinical and biological assessments
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as herein performed, using only cross-sectional design. These data may help to understand the
way the body recovers from oxidative damage caused by crack-cocaine. Future studies with

longer follow-up and larger sample sizes are necessary to confirm these findings.

Conclusions

In summary, the present study demonstrates that crack-cocaine users are prone to the
condition of oxidative stress, closely related to the severity of withdrawal symptoms.
Treatment for detoxification may be effective for the partial recovery of oxidative stress, as
well as both enzymatic and non-enzymatic antioxidant defences that despite not reaching the

same levels of HC have a tendency to recovery of antioxidant defences.
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Figure Legends

Fig. 1 Effect of detoxification on protein damage. a Protein carbonyl and b Protein thiol modifications
(SH). After early abstinence exists a decrease of damage on proteins and a tendency to reach the levels
of the healthy control group. Data are shown as mean + SE. Statistical significant group difference are
indicated *p<0.05 and **p<0.01.

Fig. 2 Total reactive antioxidant potential (TRAP) kinetic graph a. A free radical source (AAPH)
generating system produces peroxyl radical at a constant rate and the effect of antioxidants on free
radical induced chemiluminescence that is measured as area under curve for 60 minutes. b The area
under curve of total reactive antioxidant potential (arbitrary units). It was assumed an inverse
relationship between raw data on the area under the curve and its concentration levels, which means
that higher raw data represents a lower antioxidant capacity. Data are shown as mean + SE. Statistical
significant group differences are indicated **p<0.01.

Fig. 3 Effect of detoxification on antioxidants. @ Enzymatic activity of Superoxide Dismutase (SOD).
b Enzymatic activity of glutathione peroxidase (GPx) ¢ Estimation of reduced glutathione (GSH).
After early abstinence an increase of antioxidants biomarkers, suggesting that abstinence may restore
the activity of free radical scavengers. Data are shown as meand + SE. Statistical significant group
differences are indicated *p<0.05, **p<0.01.
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Table 1. Socio-demographic and clinical characteristics of sample.

Socio-demographic
Age
Years of formal education
Pharmacotherapy — n (%)
Mood stabilizers/Anticonvulsants
Antipsychotics
Antidepressants
Psychiatric comorbidities — n (%)
Mood disorders
Anxiety disorders
Age of first drug use
Alcohol
Cocaine
Crack
Cocaine withdrawal
CSSA total score 4° day
CSSA total score 18° day
Depressive symptoms
BDI total score 4° day
BDI total score 18° day
Nicotine dependence severity
Fargestron total score
ASI-6
Drugs

Days of abstinence prior to treatment
enrollment

Crack Cocaine Group

29.17 (8.72)

7.42 (2.69)
19 (63.3)

19 (63.3)
20 (66.7)
1(3.3)

Control Group
29.56 (7.20)
12.26 (2.08)

2(6.7)
6 (20)

16 (4.71)
18.76 (6.26)
22.72 (7.33)

53.68 (20.16)
45.63 (14.93)

27.06 (17.51)
17.40 (13.61)

4.75 (3.99)

62.74 (11.46)

2.4 (5.06)

Statistics
(t=0.19; p=0.849)
t=7.77,p=0.001)

Data shown as mean (SD) or n (%) when indicated. Abbreviations: ASI, The Addiction Severity Index; BDI,
Beck Depression Inventory; CSSA, Cocaine Selective Severity Assessment
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Fig. 1
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Fig. 2
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Fig. 3
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Supplementary material table 1. Effects of medications and comorbid psychiatric
diagnosis on oxidative stress

Anxiety Disorders

Neuroleptics Anticonvulsivants Comorbidity
Carbonyl t=0,013; p=0,99 t=0,016; p=0,98 t=0,064; p=0,95
Total thiol t=-0,015; p=0,98 t=-0,155; p=0,87 t=1,354; p=0,18
TRAP t=-0,994; p=0,32 t=-1,214; p=0,23 t=-0,303; p=0,76
SOD t=1,665; p=0,10 =0,875; p=0,38 t=-0,074; p=0,94
GPx t=0,213; p=0,83 t=0,213; p=0,83 t=1,492; p=0,15
GSH t=-0,214; p=0,83 t=-0,135; p=0,89 t=0,531; p=0,59

T-test for independent samples. Analyses performed with oxidative stress parameters at
the end of detoxification (day 18th).
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3. CAPITULO 3
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3.1 CONSIDERACOES FINAIS

Os resultados apresentados nesse estudo apontam um aumento dos parametros
antioxidantes ao fim do tratamento para desintoxicagdio. Em nosso trabalho
evidenciamos uma diminuicdo do potencial antioxidante total e atividade da SOD
quando comparamos o 42 dia de abstinéncia com o 182 dia, resultados que corroboram
com estudos anteriores que demonstram uma diminuicdo dos niveis de antioxidantes

em animais expostos a cocaina.

Ao analisamos os marcadores de dano oxidativo como as proteinas carboniladas
e as modificagdes nos grupamentos tidis, podemos perceber que ao término do
tratamento, ambos os marcadores apresentam uma diminuicdo significativa de suas
concentracgdes, destacando o fato de os niveis de proteinas carboniladas ao fim do
tratamento estarem muito préximos dos niveis do grupo controle. Esse resultado pode
estar associado com a melhora da efetividade do sistema antioxidante, que por sua vez
age impedindo e prevenindo os danos oxidativos nas biomoléculas, em nosso caso, as

modificagdes proteicas.

O fato que alguns estudos demonstram uma maior acdo dos antioxidantes quando ha
uma exposicdo a cocaina e outros o contrario, nos faz perceber a necessidade de mais
estudos que abordem a relacdo da producdo de EROS e eficacia do sistema de defesa
antioxidante frente ao consumo desta droga. Também existe a necessidade de maior
compreensao sobre o mecanismo em que as EROS sdo formadas. No sistema nervoso
central existem evidéncias que a autoxidacdo das MAO para “limpar” a fenda pré-
sindptica da DA nao recaptada é a responsavel pelo aumento da producdo de EROS. Ja
nos érgaos periféricos, a condicdo de estresse oxidativo pode ser justificada pela acao
dos metabdlitos da cocaina, visto que estudos de nosso grupo demonstraram que o uso
de crack ndo esta relacionado com o aumento da inflamagao, a qual também poderia ser

uma fonte de EROS.

As avaliacbes comportamentais como o BDI e CSSA apresentaram uma
diminuicdo em seus escores quando comparados os periodos de inicio e término de

tratamento. Esses resultados evidenciam uma diminui¢dao dos sintomas de depressao e
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da gravidade de sinais e sintomas de abstinéncia, respectivamente. Dessa forma, temos
uma melhora tanto das varidveis bioquimicas quanto clinicas ao término do tratamento.
Ao correlacionarmos esses dados, percebemos uma correlagdo positiva entre a
quantificacdo de tidis totais ao inicio e ao fim do tratamento com a severidade dos
sintomas de abstinéncia bem e os niveis de proteinas carboniladas. No entanto, houve
uma correlacdo negativa entres os niveis de SOD com a severidade dos sintomas de
abstinéncia e com os sintomas depressivos e entre os niveis de TRAP com o escore de

dependéncia da droga.

Dessa forma, esse estudo demonstra que no primeiro momento (42dia) as
pacientes estdo mais propensas ao dano oxidativo, pois ha uma deplecdo do sistema
antioxidante e um aumento dos danos causados pelas EROS. Em contrapartida, ao
término do tratamento para desintoxicacdo, percebemos uma melhora do sistema
antioxidante enzimdatico e ndo-enzimdatico ao passo que os marcadores de dano
oxidativo encontram-se diminuidos e aproximando-se do grupo controle, como no caso
das proteinas carboniladas. Podemos concluir que com a abstinéncia é possivel
recuperar o balanco redox, evitando assim os danos causados as biomoléculas pelos

oxidantes.
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