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RESUMO

O uso da cocaina afeta varios sistemas e 6rgaos e estudos tém mostrado que o consumo
da substancia leva a um aumento da producdo de espécies reativas de oxigénio, e uma
reducdo das defesas antioxidantes. O objetivo deste estudo foi avaliar os parametros de
estresse oxidativo (EO), bioquimicos e hematologicos e associa-los a terapia
medicamentosa realizada por pacientes internados para tratamento da dependéncia por
cocaina, comparando 0s niveis séricos no momento da admissdo e na alta hospitalar.
Quarenta pacientes foram incluidos no estudo. O EO foi verificado através da catalase
(CAT), superdxido dismutase (SOD), glutationa redutase (GPx), poder antioxidante total
(FRAP), niveis de malodialdeido (MDA) e grupamento sulfidrila (GS). Os medicamentos
utilizados durante a internacdo foram registrados e sua influéncia sobre os parametros de
EO analisada. Apo6s o periodo de internacéo, observou-se um aumento nos niveis de GGT,
reducdo na atividade da SOD e aumento na atividade de GPx e nos niveis de FRAP.
Usuarios de carbamazepina apresentaram valores mais altos de SOD e menores de FRAP
na alta hospitalar. O uso da clorpromazina provocou diferenca nos parametros de
creatinina e gama-glutamiltransferase (GGT), e o0s niveis de transaminase glutdmico
oxalacética (TGO), MDA e FRAP ficaram aumentados na alta hospitalar. O haloperidol
e a tiamina durante a internacdo interferiram nos niveis de fosfatase alcalina. A utilizacéo
de risperidona provocou aumento na dosagem de SOD, e o acido félico niveis menores
de GPx e maiores de transaminase glutamico-pirtvica (TGP) e fosfatase alcalina. Neste
estudo pode-se perceber que os parametros relacionados com danos hepaticos tiveram
melhorias durante a internagdo, mas ndo se pode excluir a interferéncia do uso de
multiplos medicamentos concomitantemente. Os resultados sugerem que o tratamento de

reabilitacdo medicamentosa foi eficaz na diminuigéo do dano oxidativo.

Palavras-chave: cocaina, estresse oxidativo, dependéncia quimica, bioquimica, terapia

medicamentosa.
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ABSTRACT

The use of cocaine affects several systems and organs and studies have shown that
consumption of the substance leads to an increase in the production of reactive oxygen
species, and a reduction in antioxidant defenses. The objective of this study was to
evaluate the oxidative stress (OE), biochemical and hematological parameters and
associate them with drug therapy performed by inpatients for the treatment of cocaine
addiction, comparing serum levels at admission and at discharge. Forty patients were
included in the study. EO was verified through catalase (CAT), superoxide dismutase
(SOD), glutathione reductase (GPx), total antioxidant power (FRAP), levels of
malodialdenyde (MDA) and sulfhydryl group (GS). The drugs used during
hospitalization were registered and their influence on the parameters of EO analyzed.
After the hospitalization period, there was an increase in gamma-glutamyltransferase
(GGT) levels, a reduction in SOD activity and an increase in GPx activity and FRAP
levels. Carbamazepine users evaluate higher SOD values and lower FRAP values at
hospital discharge. The use of chlorpromazine caused a difference in the parameters of
creatinine and GGT, and the levels of glutamic oxalacetic transaminase (TGO), MDA
and FRAP considered increased at hospital discharge. Haloperidol and thiamine during
hospitalization interfered with alkaline phosphatase levels. The use of risperidone caused
an increase in the dosage of SOD, and the folic acid lower levels of GPx and higher levels
of glutamic-pyruvic transaminase (TGP) and alkaline phosphatase. In this study, it can be
seen that the parameters related to liver damage improve during hospitalization, but the
interference from the use of multiple concomitant drugs cannot be excluded. The results
obtained that the drug rehabilitation treatment was effective in reducing oxidative
damage.

Keywords: cocaine, oxidative stress, chemical dependence, biochemistry, drug therapy.
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1 APRESENTACAO GERAL

O presente trabalho teve como objetivo geral avaliar pardmetros de estresse
oxidativo em pacientes internados para tratamento da dependéncia por cocaina/crack,
além de avaliar o perfil biogquimico e hematolégico dos mesmos e a prevaléncia do uso

de farmacos durante o periodo de desintoxicacao.

Essa dissertagdo inicia com uma breve revisdo bibliografica sobre a temética
desenvolvida, seguida da apresentacdo de um capitulo composto de artigo cientifico

encaminhados para publicacdo em revista, como abaixo citado:

CAPITULO 1: Artigo sera encaminhado para a Drug and Chemical Toxicology (Taylor
& Francis online), intitulado “Evaluation of oxidative stress in patients hospitalized for

treatment of cocaine and crack addiction”.

Em adigéo ao artigo submetido, durante a realizagdo desta pesquisa os trabalhos

abaixo foram apresentados em eventos cientificos, a saber:

e “Estresse oxidativo em UsUarios internados para tratamento por dependéncia de
cocaina/crack”. Apresentado na forma de resumo expandido no Seminario de Pos-
Graduagéo - Inovamundi 2019, da Universidade Feevale, realizado entre os dias
21 a 26 de outubro de 2019.

e “Avaliagdo dos parametros de estresse oxidativo em pacientes internados para
tratamento por dependéncia de cocaina/crack”. Apresentado na forma de resumo
expandido no Seminério de Pés-Graduacgdo- Inovamundi 2020, da Universidade
Feevale, realizado entre os dias 17 a 24 de outubro de 2020.

e “Avaliacdo do perfil bioquimico e hematoldgico em pacientes internados para
tratamento de dependéncia cocaina e crack”. Apresentado na forma de resumo
expandido no Seminério de Pds-Graduacéo - Inovamundi 2020, da Universidade
Feevale, realizado entre os dias 17 a 24 de outubro de 2020.

e Co-autora na publicagdo “Efeito da desintoxicacdo no estresse oxidativo de

usudrios de etanol”. Apresentado na forma de resumo pela graduanda Leticia

10
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Moraes na Feira de Iniciacdo Cientifica (FIC) - INOVAMUNDI, 2020, da
Universidade Feevale, realizado entre os dias 17 a 24 de outubro de 2020.
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2 INTRODUCAO GERAL

O uso cronico de cocaina é um problema de saude puablica aparentemente
intratdvel em todo o mundo. Ao ser utilizada seja aspirada, injetada ou humana na forma
de crack, os usuarios costumam sofrer consequéncias negativas para a saude, relacdes
sociais e econdmicas (HANLON et al. 2013).

Segundo 1l Levantamento Nacional sobre o Uso de Drogas pela Populacéo
Brasileira (Il LNUC, 2018), aproximadamente 800 mil individuos com idade
compreendida entre 0s 12 e 18 anos, realizaram o primeiro consumo de alguma substéncia
ilicita entre os 13 anos. Estima-se também que a mistura de tabaco com cocaina seja
utilizada por cerca de 250 mil brasileiros, e que a mistura de tabaco com crack e/ou

similares, tenha sido consumida por 205 mil pessoas.

O uso da cocaina associa-se a um alto risco de problemas somaticos, sociais e
psicologicos, que incluem toxicidade, psicose, transtornos de humor e ansiedade
(GAWIN E KLEBER, 1986; KILBEY et al., 1992; KLONER & HALE, 1993; MARAJ
et al., 2010). Dentre os prejuizos também estdo a dependéncia, a sindrome de abstinéncia
e os distdrbios comportamentais (CALDAS, 1999; NASCIMENTO, 2003). Mesmo com
diversos esforgos buscando desenvolver tratamentos eficazes, seja através de farmacos
ou tratamentos cognitivos e comportamentais, as taxas de recaida costumam ser altas
(VOCCI, 2007).

2.1 COCAINA
A cocaina é um dos alcaloides encontrados nas folhas de duas espécies de
Erythroxylum, planta originéria das regiGes dos Andes, sendo a Erythroxylum coca a
principal fonte de producdo ilicita (CRUZ & GUEDES, 2013). Suas propriedades
estimulantes ja eram conhecidas hd mais de 4.000 anos na histdria da humanidade, quando
as pessoas mascavam suas folhas. Nas culturas indigenas das regides da Bolivia e do Peru,
esse habito é praticado hé 1.200 anos (YONAMIBE, 2004).

A partir de 1855, 0s constituintes quimicos da cocaina foram isolados,
aumentando drasticamente o0 seu uso. Em 1884, surgiram diversas aplicacdes terapéuticas

para a cocaina, incluindo tratamentos para a asma, depressao e alivio da fadiga cronica

12
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(JOHANSON & FISHMAN, 1989). No final do século XIX, aumentaram os interesses
sobre a toxicidade da cocaina devido as altas taxas de morte e intoxicacdo relacionadas
ao uso da droga (SIQUEIRA et al. 2011).

O uso da cocaina era principalmente pela via intranasal ou intravenosa, no comego
dos anos 90, a forma fumada da cocaina ganhou popularidade pela sua facilidade de uso,
maior disponibilidade e efeito imediato (YONAMIBE, 2004). Ao alterar o sal de cocaina
para a sua forma livre, obteve-se a formagdo de pedras, conhecida como “crack”
(JULIEN, 1997).

Na América do Sul, o consumo e o trafico da cocaina tornaram-se mais relevantes,
particularmente no Brasil, devido a fatores como a localizacdo geografica e a grande
populacdo urbana (UNODC, 2014). Nesse contexto, segundo Ribeiro (2015), torna-se
evidente a crescente utilizacdo da cocaina no cenério brasileiro, merecendo atencdo

especial de politicas voltadas a satde publica.

Segundo dados da United Nations Office on Drugs and Crime (UNODC, 2018),
mostra-se uma expansao dos mercados de drogas ilicitas, com a producdo de cocaina e de
Opio atingindo recordes altissimos. De 2016 a 2017, a produgéo global de épio aumentou
65%, atingindo 10.500 toneladas, a mais alta estimativa ja registrada pelo UNODC desde
gue comegou a monitorar a producdo de opio global, no inicio do século 21. O Relatério
Mundial sobre Drogas de 2019, aponta que 35 milhdes de pessoas em todo o mundo
sofrem de transtornos causados pelo uso de drogas e apenas uma em cada sete pessoas
recebe tratamento adequado (UNODC, 2019).

A substancia potencializa as a¢Ges da dopamina, noradrenalina e serotonina,
bloqueando a captura de neurotransmissores nos terminais nervosos pré-sinapticos
(YONAMIBE, 2004). A agdo do transporte de dopamina é a mais importante, pois leva a
dependéncia através dos efeitos da cocaina no organismo (CRUZ & GUEDES 2013).
Uma vez que o prazer é ocasionado pela droga, deve-se principalmente ao fato de a
substancia inibir a receptacdo neural da dopamina, consequentemente deixando muita
dopamina livre na fenda sinaptica (CARVALHO, 2006).

13
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Kessler (2003) aborda os efeitos causados pela cocaina nos diversos sistemas do
organismo. Os efeitos citados ocorrem nos sistemas cardiovascular, gastrointestinal,
respiratério e no geniturinario. Apds cessados os efeitos euforizantes causados pelo uso
da cocaina, os efeitos depressivos sdo identificados. Assim, durante a abstinéncia, o
desejo intenso pelo consumo da droga, associado aos sintomas da abstinéncia,

caracterizam a sindrome de dependéncia, caracterizada por um conjunto de sintomas

cognitivos, comportamentais e fisioldgicos.

Conforme descrito no Manual de Diagndstico e Estatistica dos Transtornos
Mentais - Quarta Edicdo (DSM-1V) incluem fadiga, sonhos desagradaveis, aumento do
apetite, aumento da agitacdo, retardo psicomotor, insonia ou hipersonia (KESSLER,
2003). Estudos apresentados por Zaleski (2016) demonstram que a abstinéncia causa uma
reducdo nos transportadores de dopamina e também no nimero de células de liberacéo

dopaminérgica espontanea.

Segundo a Associacdo Médica Brasileira (2002), a dependéncia da cocaina se
caracteriza pelo consumo compulsivo da substancia, geralmente pela necessidade de
aliviar ou evitar os sintomas provocados pela falta do consumo da droga. A severidade da
crise de abstinéncia de cocaina depende da intensidade do consumo e da presenca de
transtornos psiquiatricos. A sindrome de abstinéncia tem trés fases: crash (agitacéo,
depressdo, anorexia e craving intenso), sindrome de abstinéncia (disforia, anedonia, falta
de motivacdo e fissura intensa) e fase de extin¢do (fissuras frequentes e duracdo

indefinida).

2.2 ESTRESSE OXIDATIVO
O estresse oxidativo (EO) define-se como um desequilibrio entre os componentes
antioxidantes e pro-oxidantes do organismo, gerando potenciais danos ao metabolismo.
Segundo Zaparte et al. (2014), o EO esta relacionado a fatores como, 0 aumento na
geracdo de espécies reativas de nitrogénio (ERN) e/ou oxigénio (ERQOS), através da
acumulacdo dos seus intermediarios reativos; os danos causados no sistema de defesa
antioxidante, incluem a deplecdo de antioxidantes enzimaticos e a inibicdo de enzimas

antioxidantes; e a incapacidade em reparar os danos oxidativos.

14



W FEEVALE
/4

As EROS possuem elétrons desemparelhados que podem ser deletérios as células
em alta concentracdo, em contrapartida, quando em equilibrio com o sistema
antioxidante, participam na fagocitose, respirac¢do celular, vasodilatacdo, inflamagdes e
na sinalizacdo celular. O déxido nitroso, das ERN, é benéfico na formacdo de moléculas
primordiais, como na eficiéncia do metabolismo energético, na plasticidade do genoma e

variabilidade de espécies e na apoptose de células danificadas (ZAPARTE et al. 2014;
GEORGE & KOOB, 2010).

Achados na literatura evidenciam a participacao de estresse oxidativo em diversas
patogenias de desordem psiquiatricas, definido como um distarbio no equilibrio entre a
producéo de radicais livres e as defesas antioxidantes (SCHERER, 2014; BARBOSA et
al. 2010). Marcadores de estresse oxidativo estdo aumentados em usuarios de &lcool,
cocaina, e outras drogas de abuso e desta forma, 0s prejuizos causados pelo uso crénico

dessas substancias, ocasionam danos e apoptose as células cerebrais (SCHERER, 2014).

Segundo Pomierny-Chamiolo, et al. (2013), estudos retratam que apds a
administragdo da cocaina, os niveis de antioxidantes aumentam como uma tentativa de
compensar a exacerbacdo da producdo de EROS evitando danos celulares. As EROS
também podem agravar doencas neurodegenerativas, portanto, estudos que abordem
terapias antioxidantes que possam atenuar o0 EO podem ser benéficas no controle das

condicBes neurodegenerativas dos usuarios de cocaina (GRASBON-FROFL, 1999).
2.2.1 BIOMARCADORES DE ESTRESSE OXIDATIVO

O sistema de defesa antioxidante tem como funcéo inibir ou reduzir os danos
causados pela acdo dos radicais livres e usualmente é dividido em enzimatico e nao
enzimatico. O sistema de defesa enzimatico inclui enzimas como SOD, CAT e GPx, que
agem por meio de mecanismos de prevencdo e impedem ou controlam a formacdo de
espécies reativas e nao reativas. As enzimas CAT e GPx agem impedindo o acimulo de
peréxido de hidrogénio, enquanto a SOD atua na defesa do organismo contra ERO
removendo o radical superdxido. O sistema de defesa ndo enzimatico inclui antioxidantes
de origem dietética, como vitaminas, minerais e compostos fendlicos (BARBOSA et al,
2010).

15
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Todos os componentes celulares sdo suscetiveis a acdo das espécies reativas do
metabolismo do oxigénio, porém a membrana € um dos mais atingidos em decorréncia
da peroxidacdo lipidica, que acarreta alteracGes na estrutura e na permeabilidade das
membranas celulares (MELLO et al, 1983). Consequentemente, ha perda da seletividade
na troca iénica e liberacdo do contetdo de organelas, como as enzimas hidroliticas dos
lisossomas, e formacdo de produtos citotoxicos, como 0 MDA, culminando com a morte
celular (HERSHKO, 1989). A lipoperoxidacdo também pode estar associada aos

mecanismos de envelhecimento, de cancer e a exacerbagéo da toxicidade de xenobioticos
(SHAN & JONES, 1990).

A quantificacdo do MDA tem sido utilizada para avaliar a extensdo do dano
oxidativo. Esta quantificacdo pode ser feita pela reacdo de substancias que reagem com o
acido tiobarbiturico (TBA) a qual tem sido usada como uma medida de lipoperoxidacéo
(ANSCHAU, 2011).

A membrana do glébulo vermelho contém grande nimero de grupos sulfidrila, e
0s agentes oxidantes podem converter estes grupos tidéis em componentes dissulfeto,
levando a desnaturacdo das proteinas da membrana (GILBERT & MC LEAN, 1990).
Neste processo, pode ocorrer leséo intracelular, com oxidagéo da hemoglobina em meta-
hemoblogina, que precipita e forma os corpusculos de Heinz (RICE-EVANS &
BAYSAL, 1987; WINTERBOURN, 1990; FERREIRA & MATSUBARA, 1997).

O componente lipidico da membrana eritrocitaria esta também sujeito a agressao
oxidativa. Os produtos desta lipoperoxidacdo podem induzir o estresse oxidativo
intracelular (RICE-EVANS et al, 1986). Os lipidios e as proteinas que constituem a
membrana eritrocitaria podem sofrer com a acéo dos radicais livres ocorrendo oxidagado
de grupos sulfidrila das proteinas de membrana, formacéo de ligacGes ou aglomerados
entre proteinas oxidadas, além de inibicdo de enzimas e sistemas de transporte de
membrana, alteracdo da morfologia da célula (CIMEN, 2008) e também hemdlise (ZOU
et al., 2001).

N&o ha consenso nos estudos sobre aumento da peroxidacdo lipidica em

dependentes de cocaina, os quais tém mostrado resultados conflitantes. Narvaez et al.
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(2013) nao apresentam em seu estudo alteragcdes entre pacientes dependentes da
substancia e o grupo controle.

Estudos realizados por Zaparte, et al. (2014), demonstraram niveis elevados de
proteina carbonilada e contetido total de tidis nas pacientes apos quatro dias de internagao,
e niveis significativamente mais baixos de superoxido dismutase (SOD), glutationa
peroxidase (GPx), glutationa reduzida (GSH) e potencial reativo antioxidante total
(FRAP), quando comparadas a controles. Apds 18 dias de abstinéncia, elevaram-se os
niveis de SOD, GPx, GSH e FRAP nas pacientes, enquanto os niveis de proteina

carbonilada e conteddo proteico de tiois ficaram diminuidos.
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3 OBJETIVOS

Apresentam-se, a seguir, 0s objetivos propostos para o estudo.

3.1 OBJETIVO GERAL

Avaliar os parametros de estresse oxidativo, bioquimicos e hematolédgicos e associa-
los a terapia medicamentosa realizada por pacientes internados para tratamento da
dependéncia por cocaina, comparando 0s niveis séricos no momento da admissdo e na

alta hospitalar.

3.2 OBJETIVOS ESPECIFICOS

Os objetivos especificos que nortearam este trabalho foram:

a) Awvaliar o estresse oxidativo de usuarios de cocaina, através dos niveis de CAT, SOD,
GPx, MDA e FRAP, no momento da internacdo hospitalar e apds a alta hospitalar.

b) Avaliar pardmetros bioquimicos e perfil hematoldgico dos pacientes no momento da
internacdo e apos a alta hospitalar.

c) Avaliar os niveis de grupamentos sulfidrilas (GS) de usuarios de cocaina no momento
da internacéo e apo0s a alta hospitalar;

d) Awvaliar a prevaléncia do uso de farmacos durante a internagdo e comparar com 0S

parametros estudados.
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Evaluation of oxidative stress and its association with drug therapy in internal
patients to treatment of cocaine dependence.

The use of cocaine affects several systems and organs and the consumption of this
substance leads to an increase in the production of reactive species oxygen, and a
reduction in antioxidant defenses. The aim of this study was to evaluate the oxidative
stress (EO), biochemical and hematological parameters in patients hospitalized for
treatment of cocaine addiction, comparing serum levels at admission and at hospital
discharge. Forty patients were included in the study. EO was evaluated using catalase
(CAT), superoxide dismutase (SOD), glutathione reductase (GPx), total antioxidant
power (FRAP), malondialdehyde (MDA) and sulfhydryl group (GS). The medications
used during hospitalization were registered and their influence on the parameters of EO
analyzed. After the hospitalization period, there was an increase in GGT levels, a
reduction in SOD activity and an increase in GPx activity and FRAP levels.
Carbamazepine users had higher SOD values and lower FRAP values at hospital
discharge. The use of chlorpromazine caused differences in the parameters of creatinine
and gamma-glutamyltransferase (GGT), and the levels of glutamic oxalacetic
transaminase (TGO), MDA and FRAP are increased at hospital discharge. Haloperidol
and thiamine during hospitalization interfered with alkaline phosphatase levels. The use
of risperidone caused an increase in the dosage of SOD, and the acid folic reached levels
lower of GPx and higher levels of glutamic-pyruvic transaminase (TGP) and alkaline
phosphatase. Drug rehabilitation treatment was effective in decreasing oxidative damage
represented by the reduction of biological markers, which are closely related to the

severity of withdrawal symptoms.

Keywords: cocaine, oxidative stress, chemical dependence, biochemistry, drug therapy.
Funding: This research was funded by Feevale University.

Disclosure statement: No potential conflict of interest was reported by the author

(s).
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1 Introduction

Data released by the World Drug Report (UNODC, 2020) show that around 269
million people used drugs worldwide in 2018. In addition, more than 35 million people
suffer from disorders associated with drug use. Sccordingthe European Report on Drugs
(EMCDDA, 2019) cocaine has been used at least once in a lifetime by 5.4% of the

population, aged between 15 and 64 years.

In Brazil, according to home-based epidemiological surveys in 2018, about 3.9%
of respondents describe the use of cocaine during their lives and 1.7% used it in 2017.
With regard to crack, 1.5% of respondents reported lifetime use and 0.8% in the last year.
Among respondents who reported using cocaine in the last year, 40% met the criteria for
substance use disorder (ABDALLA et al. 2014). It is also estimated that there are about
370 thousand cocaine users who live without a fixed home and have not been registered
in household surveys (BASTOS & BERTONI, 2014).

Chemical dependency is characterized as a chronic disease, responsible for
individual, family and social disorders that favor family stress and the misery of
thousands of people (UNODC, 2018; SOCCOLL et al., 2014). Among the damages
attributed to this substance, frequent consumption, active search for drugs, dysfunctional
behavior and symptoms of tolerance and withdrawal stand out directly (OLIVEIRA JR et
al., 2018).

After use, usually by inhalation, the use of cocaine is associated with constriction
of blood vessels, increased heart rate and blood pressure and increased body temperature
(OLIVEIRA JR et al., 2018). The substance also presents cardiovascular damage such as
myocardial ischemia, cardiac arrhythmias and cardiomyopathies (WEBER et al. 2000;
KANANI et al. 1998; FRUSTACI et al. 2015). Other pathologies associated with
consumption are related to lung injuries, such as pneumonia, pneumothorax, diffuse
alveolar hemorrhage and pulmonary emphysema (McCORMICK & NELSON, 2007;
SOLAINI et al., 2008; DUSHAY et al., 2016; ALMEIDA et al., 2014).

Cocaine users also become wvulnerable to infectious diseases, increasing

vulnerability to immunity. The nature of the substance's effects produces euphoria,
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decreased judgment and inhibition of impulse control (OLIVEIRA JR et al., 2018;
PARIKH et al., 2012). The central nervous system (CNS) is particularly vulnerable,

which can cause strokes and biochemical and molecular changes in the CNS are also
described (CHENG et al., 2016; OLIVEIRA JR et al., 2018).

Treatment for these conditions requires interdisciplinary approaches based on
psychotherapeutic and social interventions, aiming at the rehabilitation of drug addicts.
However, treatment for detoxification shows repeated episodes of relapse and high rates
of abandonment (MONTEIRO et al., 2011)

Despite the progressive increase in the use of cocaine in different countries, the
factors related to better clinical outcomes are still unknown (KESSLER &
PECHANSKY, 2008). A study carried out with 227 drug addicts, in a psychosocial care
center for alcohol and other drugs (CAPS) in Brazil, showed 56.8% of treatment
abandonment (MONTEIRO et al., 2011). A study carried out in Spain, showed a dropout
rate of 52.9% in a period of up to six months and 67.8% in one year (CASARES-LOPEZ
etal., 2013).

Considered one of the main causes of several chronic disorders and a determining
factor in several pathophysiology, oxidative stress (OE) occurs due to an imbalance
between the production of reactive oxygen species (ROS) and / or nitrogen (RNA), also
called free radicals and endogenous antioxidant capacity. This imbalance causes damage
to the antioxidant defense system, which includes depletion in enzymatic antioxidants,
inhibition of antioxidant enzymes, inability to repair oxidative damage and cell death
(KHANSARI, et al, 2009; PERNAMBUCO, 2014; PICKERING et al., 2018; ZAPARTE
et al. 2014).

Cocaine consumption results in a decrease in antioxidant defenses, such as
catalase (CAT), and superoxide dismutase (SOD) and glutathione reductase (GPx) (DEVI
& CHAN, 1999; FRUSTACI et al., 2015). In addition, evidence proves the reduction of
biological markers for OE, related to the severity of withdrawal symptoms in patients in
rehabilitation (ZAPARTE et al, 2015).
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Thus, this study aims to assess oxidative stress parameters in hospitalized patients
for the treatment of cocaine addiction, associating the dosages of these biomarkers, the

biochemical parameters and hematological profile, at the time of hospitalization and after

hospital discharge, with assessing the prevalence of drug use during treatment.

2 Methods

2.1 Sample

The present study is a prospective cohort study. Seventy patients were admitted
to a mental health unit for the treatment of cocaine addiction and were selected to
participate in the follow-up period from June 2017 to December 2019, signing a consent
form (ICF). Of these, thirty abandoned treatment against medical advice and were
excluded from the research. This study was approved by the Research Ethics Committee
of Feevale University (CAAE: 81406617.6.0000.5348). Thus, the study was conducted
with 40 patients aged between 18 and 57 years. For all patients, cocaine consumption was
stopped completely during treatment, and only three cigarettes were made available to

smokers during the day.
2.2 Data collection

Patients' clinical information, such as: physiological parameters (blood pressure,
weight, height, heart rate, respiratory rate); comorbidities; and use of medications; were

collected through medical records.

The history of use of alcohol, tobacco and drugs of abuse was collected during the
interview and data such as the average amount of consumption and the time since the last
dose were included. For the patients who used alcohol concomitantly with cocaine, the
Alcohol Use Disorders Identification Test (AUDIT) questionnaire was conducted.
Sociodemographic information and on the use of antioxidant drugs were also collected at

this time, no patient participating in this study, use of antioxidants.

For the measurement of biochemical parameters and EO, four tubes of venous
blood were collected, containing approximately 4mL each: three containing anticoagulant
EDTA and one containing heparin. Two tubes containing anticoagulant EDTA were used
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to measure the biochemical parameters, the third was centrifuged to separate the plasma,
the same was reserved and stored at a temperature of -80 ° C for later dosing of the other

EO parameters. The tube containing anticoagulant heparin, used for the measurement of

catalase.
2.3 Laboratory tests

For laboratory tests, samples of venous blood were collected at the time of the
patient's admission and before hospital discharge, an average of 23 days of treatment.
Hematological profile, oxaloacetic glutamic transaminase (TGO), glutamic-pyruvic
transaminase (TGP), gamma-glutamyltransferase (GGT), alkaline phosphatase, urea and
creatinine were measured at the Biomedicine Laboratory of the Feevale University. For
the oxidative stress biomarkers, analyzes of SOD, GPX, FRAP, MDA and total sulfhydryl
(GS) groups were performed. The samples were centrifuged at 2500 rpm for 10 min and
the plasma aliquots were stored at -80 ° C for further analysis. The erythrocytes collected

in a heparin tube were used to determine CAT.
Oxidative stress biomarkers

To determine SOD activity, the Fluka 19160 kit (Steinheim, Germany) was used,
based on the indirect nitrotetrazolium blue (NBT) method. This assay uses xanthine and
xanthine oxidase to generate superoxide radicals that react with 2- (4-iodophenyl) -3- (4-
nitrophenol) -5-triphenyltetrazolium chloride to produce a compound that absorbs light
at 450 nm. The inhibition of chromogen production is proportional to the SOD activity
present in the sample. The reading was performed on a spectrophotometer and the results
are expressed as% of SOD inhibition.

CAT was measured using the method described by Aebi (1984). The tubes
containing blood (heparin) were centrifuged at 2500 rpm for 10 min and the plasma and
leukocytes were discarded. Afterwards, the red cells were washed with 0.9% NaCl
solution for 3 times. A 1 ml aliquot of red blood cells must be transferred to another tube,
where 4 ml of water (diluted 1) were added. To 20 pL of dilute 1, 9980 uL of a pH 7.0
phosphate buffer solution (dilute 2) were added. The reading was performed on a Varian
spectrophotometer, model Dig Varian Cary (50 NSEL03127475) at 240 nm at times 0
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and 15s. A white tube was made for each sample read. The white tube was composed of
0.5 mL buffer + 1 mL diluted 2, and the 0.5 mL sample of a 30 mM hydrogen peroxide

solution + 1 mL diluted 2. The results were expressed in s corrected by hemoglobin from

patients.

The enzymatic activity of GPx was measured using the method described by
Pleban; Munyani and Beachum (1982). First, the working reaction was prepared with: 50
mmol / | of Tris buffer at pH 7.6, containing per liter, 1 mmol of Na;EDTA, 2 mmol of
reduced glutathione, 0.2 nmol of NADPH, 4 mmol of sodium azide and 1000 U of
glutathione reductase. The mixture was incubated for 5 min at 37 ° C. To determine the
enzymatic activity in the plasma, 50 puL of undiluted plasma was added to 950 pL of the
working reaction. GPx activity was expressed in plasma U / L. After a period of 30 s, the
decrease in absorbance was linear with time. To start the reaction, 10 pL of Hwas
added,>0, 8.8 mmol / Lfollowed by a decrease in NADPH in absorbance of 340 nm for

3 min. The white tube was made, and instead of plasma, water was added.

O FRAP it was determined through the method described by Benzie and Strain
(1996) which is based on the reducing power of iron. The plasma was placed in contact
with the FRAP (TPTZ - 2,4,6-tripyridyl-s-triazine 10 mM in 40 mM HCI; acetate buffer
300 mM pH 3,6; FeCI3 6H20 20 mM), which is below pH and with the presence of
antioxidants is reduced, forming an intense blue color, which was monitored by
measuring the change in absorption at 593 nm. The change in absorbance is directly
related to the combination of “total” reducing power of electron donating antioxidants
present in the reaction mixture. The FRAP was calculated using ascorbic acid and a

ferrous sulfate solution as a standard.

The MDA was determined by HPLC-DAD (Antunes et al, 2008), through an
alkaline hydrolysis of 200 pL of plasma, using 1.5 M NaOH with incubation in a dry bath
of 60 ° C for 30 min, to release the fraction bound to proteins, which were precipitated by
the addition ofHCIO4 15%. The sample was centrifuged at 4 ° C for 10 min at 12000 rpm.
To 250 puL of the supernatant, 25 pL of the DNPH derivative were added, and incubated
at room temperature, protected from light for 30 min. The chromatographic run was
performed with 50 pL of the prepared sample, in HPLC-DAD in a high-performance
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liquid chromatograph Shimadzu Class VP with a Lichrospher Merck RP-18 ec column

(250 x 4 mm, di 5 um), with the mobile phase constituted 0.2% (w / v) acetic acid:
acetonitrile (62:38), with a flow rate of 1 mL / min, and controlled at 310 nm.

The GS was dosed through a colorimetric method (AKSENOV &
MARKESBERY, 2001), where the reduction of DTNB to TNB can be read in a
spectrophotometer, at 412nm. In this method, 5,5'-dithio-bis 2-nitrobenzoic acid (DTNB)
reacts with the sulfhydryl groups of proteins, forming thio nitrobenzoic acid (TNB). The
technique uses PBS buffer in 1nM EDTA with PH 7.4 and 0.2M potassium phosphate
solution with pH 8.0, containing 10mM DTNB. It used 50 pL of the plasma sample, 980
uL of PBS buffer in EDTA and 30 pL of 10mM DTNB dissolved in potassium phosphate
solution. A sample blank (BA) containing 50 pL of plasma sample and 1.01 mL of PBS
buffer with EDTA was performed. A reagent blank (BR) containing 1.03 mL of PBS
buffer in EDTA and 30 pL of 10mM DTNB dissolved in potassium phosphate solution
was also performed. After 30 min of incubation, at room temperature and in the dark,
absorbance was performed using a 412nm spectrophotometer, with plastic cuvettes,
zeroing the equipment with distilled water.

2.4 Statistical analysis

All collected data were stored in a database using the SPSS 25.0 program.
Descriptive analysis of the data were carried out and these expressed as percentage, or
mean and standard deviation. The comparison between variables at the beginning and at
the end of hospitalization was performed using the paired t test. The comparison of the
parameters of oxidative stress and biochemical levels among users and nonusers of the
medicines during hospitalization was performed using the test. t Student for
nonparametric data, Wilcoxon U test was performed, using median (P25 - P75). A p-

value of less than 0.05 was considered significant.

3 Results

Forty patients were included in this study, whose clinical and sociodemographic
characteristics are shown in table 1. The patients showed a significant increase in body

weight and BMI after the hospitalization period to detoxify the effects of cocaine in the
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body. The use of alcohol concomitant with illicit drugs was also mentioned by the

patients.

Table 1. General clinical characteristics and socio-demographic profile of inpatients

to treat cocaine addiction during hospitalization and discharge.

Characterization Admission Discharge P
Weight (kg) 68.12 + 16.88 70.05 £ 15.70 0.005
BMI (kg / m?) 23.07 £ 4.40 24.02 £ 3.59 0.004
PAD (mm Hg) 70.85+10.94 72.28 £ 8.07 0.500
PAS (mm Hg) 114.28 + 16.85 115.71 +10.92 0.682
FC (bpm) 18.36 81.70 £81.97 £ 12.17 0.928
FR (rpm) 19.85+0.42 19.97 £ 0.45 0.292
Temperature (° C) 36.08 + 0.45 35.91+0.61 0.059
Males 34 (85%)
Females 6 (15%)
Schooling
Elementary incomplete 15 (37.5%)
Basic complete 6 (15%)
High school incomplete 12 (30%)
High school complete 5 (12.5%)
Incomplete superior 2 (5%)
Family Income
<1 minimum wage 9 (22.5%)
> 1 minimum wage <3 minimum wages 25 (62.5%)
> 3 minimum wages 6 (15%)
Smokers
No 5 (12.5%)
Yes 34 (85%)
Ex-smoker 1 (2.5%)

Characteristics expressed as Mean + Standard Deviation. Statistical test: paired t-test.
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When evaluating the patients’ blood count results, there were no significant
differences between the values obtained at the time of admission and after the detox

period (table 2). Table 2 also shows the results of the patient's biochemical dosage, which

showed no significant difference between GGT dosages.

Table 2. Results of the blood count and biochemical profile of hospitalized patients
to treat cocaine dependence at admission and at hospital discharge.

Characterization Admission Discharge P

Reference value

Leukocytes (nL) 4000 a 11000 7497.05 £+ 1656.67 9250.94 + 9765.98 0.312
Erythrocytes (millions / pL) 42a5.9 4.89 £ 0.62 4,72 £0.63 0.258
Hemoglobin (g / dL) 13.0a18.0 14.72 +1.30 14.42 +1.29 0.189
Hematocrit (%) 38a52 42.42 + 3.30 31.37+3.94 0.112
VCM (fL) 80.0 a 100.0 89.65 + 4.32 89.94 + 4, 56 0.781
HCM (pg) 27.0a32.0 30.88 £1.97 31.32+1.89 0.366
CHCM (g /dL) 31.0a36.0 34.35+1.06 34.80+1.56 0.071
RDW (%) 10a 16 13.08 £ 0.75 13.03 £ 0.84 0.786
Platelets (10° / pL) 140000 a 450000 255 121.21 +91320.77 259424.24 + 74467.28 0,839
Creatinine (mg/ dL) 0,7al13 1.03+£0.23 0.98 £0.17 0.232
Urea (mg/dL) 16 a 40 33.41 +10.18 32.91 +£10.40 0.822
TGO (U/L) 5a40 24 (18 - 33) 31 (15 - 35) 0.887
TGP (U/L) 7e56 26 (13 - 30) 31 (17 -41) 0.123
GGT (U/L) 10a 50 19 (16 - 35) 38 (20 - 50) 0.003
Alkaline Phosphatase (U /L) 46 a 120 69.32 + 16.25 72.85 +14.99 0.277

Mean corpuscular volume (VCM), mean corpuscular hemoglobin (HCM), mean
corpuscular hemoglobin concentration (CHCM), red cell distribution width (RDW),
oxalacetic glutamic transaminase (TGO), glutamic-pyruvic transaminase (TGP), gamma-
glutamyltransferase (GGT). Characteristics expressed as Mean + Standard Deviation or
median (P25 - P75). Statistical test: paired t-test and Wilcoxon (for TGO, TGP and GGT).

Regarding the oxidative stress biomarkers table 4, when performing the statistical
analysis, we found a significant difference in serum S levels OD, GPx and FRAP of

inpatients for the treatment of cocaine addiction. A reduction in SOD activity and an
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increase in GPx activity and FRAP levels were observed. As for the sulfhydryl group

levels, there were no significant differences between the values obtained at the time of

admission and after hospital discharge.

Table 3. Parameters of oxidative stress and sulfhydryl group of hospitalized

patients to treat cocaine dependence at admission and at hospital discharge.

Biomarkers Admission Discharge P
SOD (U/L) 202 (80 - 571) 183 (76 - 326) 0.039
CAT (K/5s) 0.93 (0.14 - 3.39) 1.10(0.32 - 2, 87) 0.248
GPx (U/L) 23.4 (2.33-101.3) 71.8 (33.4-173.0) 0.017
FRAP (uM) 1433.49 + 436.04 1763.93 + 644.61 0.002
MDA (uM) 1.89 +£0.88 1.70£0.29 0.170
GS (uM) 90.9 £59.7 72.2+39.4 0.256

Superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GPx), total
antioxidant power (FRAP), levels of malondialdehyde (MDA) and sulfhydryl group (GS).
Characteristics expressed as mean + standard deviation or median (P25 - P75). Statistical
test: paired t-test and Wilcoxon (for SOD, catalase and GPXx).

a. Prevalence of drug use

With the help of the questionnaire applied to the patient and the hospital record,
information was collected on the use of medications during the hospitalization period of
the 40 patients studied. The drugs that had a prevalence of use greater than 20% were:
carbamazepine (n = 26); clonazepam (n = 8); chlorpromazine (n = 32); diazepam (n =
25); haloperidol (n = 15); risperidone (n = 14); thiamine (n = 11) and folic acid (n = 8).

Other drugs used, but with a low prevalence of use, were: fluoxetine (n = 6),
biperiden (n = 5), cytoneurin (n = 5), lithium carbonate (n = 4), valproic acid (n = 4) ,
haldol decanoate (n = 4), ampricile (n = 4), omeprazole (n = 4), neozine (n = 3), rivotril
(n = 3), levomepromazine (n = 2), lorazepam (n = 2) , olanzapine (n = 2), quetiapine (n =
2), depakene (n = 2), venlafaxine (n = 1), propranolol (n = 1), ketoprofen (n = 1) and

nimesulide (n = 1).
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Table 4. Influence of drugs used during hospitalization in oxidative stress

parameters.
Drug Admission Discharge P
SOD (U/L) Risperidone use 154.07 (313.08) 160.85 (120.87) 0.019
No risperidone use 877.12 (2197.68) 344.85 (336.04)
Carbamazepine use 937.47 (2176.53) 330.95 (330.16) 0.049
No carbamazepine use 42.00 (283.87) 174.49 (149.08)
GPx (U /L) Carbamazepine use 71, 85 (109.37) 80.62 (643.35) 0.038
No carbamazepine use 75.92 (231.68) 130.05 (124.61)
Folic acid use 79.03 (234.86) 45,92 (43.64) 0.002
No folic acid use 44.92 (151.46) 131.03 (113.08)
FRAP (LM) Carbamazepine use 167.19 (588.30) 1551.21 (540.14)  0.002
No carbamazepine use 535.14 (747.05) 2189.35 (643.35)
Chlorpromazine use 237.03 (691.65) 1641.78 (608.33)  0.018
No chlorpromazine use 531.75 (500.58) 2237.25 (589.56)
MDA (uM) Chlorpromazine use 0.14 (0.96) 1.68 (0.27) 0.034
No chlorpromazine use 0.96 (0.82) 1,79 (0.34)
Creatinine (mg/dL)  Chlorpromazine use 0,10 (0,34) 0,98 (0,18) 0,040
No chlorpromazine use 0,41 (0,46) 0,92 (0,09)
GGT (U/L) Chlorpromazine use 11,68 (27,10) 44,30 (24,96) 0,022
No chlorpromazine use 13,85 (27,12) 35,05 (12,82)
TGO (U/L) Chlorpromazine use 3,43 (22,74) 28,46 (10,2) 0,001
No chlorpromazine use 13,75 (15,04) 19,75 (0,50)
TGP (U/L) Folic acid use 17,62 (24,41) 45,28 (18,47) 0,045
No folic acid use 1,90 (26,77) 29,70 (17,39)
A phosphatase (U/L) Haloperidol use 13,53 (18,43) 73,92 (10,11) 0,001
No haloperidol use 14,04 (27,29) 72,10 (17,86)
Tiamine use 5,63 (30,53) 84,40 (18,70) 0,024
No tiamine use 7,24 (26,13) 68,04 (10,18)
Folic acid use 4,75 (36,13) 86,57 (20,34) 0,005
No folic acid use 5,81 (25,34) 69,29 (11,23)
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Superoxide dismutase (SOD). Glutathione peroxidase (GPx). Ferric Reducing
Antioxidant Power (FRAP). Malondialdehyde (MDA) Alkaline phosphatase (A.
Phosphatase). Results expressed as mean (standard deviation). The difference refers to
discharge values minus admission values. The p value refers to the value of the difference
between users and non-users of each drug. Statistical test: paired t test.

The most frequently prescribed drugs were: chlorpromazine (n = 32),
carbamazepine (n = 26), diazepam (n = 25), haloperidol (n = 15), risperidone (n = 14),
thiamine (n = 11) clonazepam (n = 8) and folic acid (n = 8). Clonazepan and diazepam

did not present significant interference in any analyzed parameter.

In carbamazepine users, significant differences were found between the difference
in values (discharge - hospitalization) in the parameters SOD (p = 0.049) and GPx (p =
0.038) and urea (p = 0.025). SOD and FRAP gave a difference at the time of discharge in
patients who used the drug, with higher SOD values and lower FRAP values (p = 0.002).
The use of carbamazepine did not interfere with the biochemical levels at hospital
discharge.

The use of chlorpromazine showed a significant difference between the difference
in values (discharge) in the parameters of creatinine (p = 0.040) and GGT (p = 0.022).
TGO levels are increased at hospital discharge compared to dosages at admission. As for
EO parameters, the use of chlorpromazine interfered with MDA parameters (p = 0.034).

Haloperidol during hospitalization interfered with alkaline phosphatase levels (p
= 0.001) at the patient's admission. The use of thiamine also caused changes in alkaline
phosphatase, but causing higher levels during hospitalization (p = 0.024). Both drugs did
not interfere with the other biochemical and EO parameters.

The use of risperidone during hospitalization caused higher levels of SOD (p =
0.019), without interfering with the biochemical parameters of the patients. Folic acid on
admission, in turn, caused lower levels of GPx (p = 0.002) and higher levels of TGP (p =
0.045) and alkaline phosphatase (p = 0.005).

4 Discussion of results

The weight gain observed in patients during hospitalization for detoxification, was
reported in studies by Willhelm et al. (2013), who verified changes in body composition
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and anthropometric parameters of crack addicts hospitalized for treatment. According to

their findings, the increase in weight of patients may be associated with the drugs used

during treatment, which would have side effects of increased appetite.

According to Zimmermann et al. (2003), other factors that can influence patients'
body weight are the quality of the hospital meal and neuroendocrine normalization during
treatment. Dopaminergic, histamine, neuroendocrine, anticonvulsant medications such as
carbamazepine and antipsychotics, such as chlorpromazine, risperidone and haloperidol
that have been used by the patients evaluated in this study, can also influence the increase
in body weight.

When measuring the EO parameters, significant changes were observed in three
markers, SOD, GPx and FRAP, showing improvements in the antioxidant defenses of
hospitalized patients for the treatment of cocaine addiction. The improvement in patients'
EO can be explained by the reduction in SOD levels, suggesting a reduction in the
formation of reactive oxygen species. The studies by Zaparte, et al. (2014) also showed
a decrease in SOD activity, comparing the 4th day of abstinence with the 18th day,
pointing out in their studies a negative correlation between the levels of SOD with the

severity of the withdrawal symptoms.

These results indicate that the recovery of antioxidant defense enzymes during the
detoxification process of users, becomes extremely important, as the loss of these
enzymes is associated with the development of endothelial diseases that can cause cardiac
changes. It is suggested that the improvement observed in the oxidative state may
contribute positively to the rehabilitation process by improving the patient's antioxidant
defenses and preventing further cell damage (HIRSCH et al., 2018).

GPx is the main antioxidant enzyme in the brain (PAVLEK et al., 2020). Animal
studies have shown the overexpression of the enzyme against cocaine-induced
neurotoxicity (MAI et al., 2019a; MAI et al., 2019b). Horn et al. (2015) performed GPx
measurements in smoking patients, finding high levels of the enzyme in relation to the
control group. Janior et al. (2005) state that exposure to cigarette smoke can cause this

situation oxidative due to the increase in ROSs and / or NRAs. The dosages performed in
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our study show an increase in GPx activity, corroborating the authors' findings, since

patients continue to use cigarettes during hospitalization.

The increase in serum FRAP levels after hospitalization found in our study, may
indicate a reversal of the substance's effects on oxidative factors (DRIES et al. 2020).
FRAP levels have also been reported in studies by Zaparte, et al. (2014) related to the
drug dependence score. Thus, his research showed that in the first moment (4th day of
hospitalization) patients are more prone to oxidative damage, due to depletion of the
antioxidant system and an increase in damage caused by reactive oxygen species. On the
other hand, at the end of the treatment, there was an improvement in the antioxidant

system since the oxidative damage markers are reduced.

Studies carried out by Oliveira (2017) showed no changes in the users' blood count
and blood glucose, a result similar to the study by Massardo et al. (2015) in which
abstinence cocaine users also did not show changes in these biochemical parameters,

corroborating our findings.

GGT is an induction enzyme microsomal that catalyzes the transfer of the y —
glutamyl group in peptides and amino acids. It is present in many tissues through chronic
alcohol intake, often associated with the use of drugs of abuse, can cause changes in your
serum levels (ALIEN, 2003). From the analysis of the results of this study, it was found
that the dosage of GGT showed a significant increase among those in some patients, so it
can be assumed that the period of abstinence from the substances has caused this change,
along with the drug therapy used by patients. Changes in the dosages of this enzyme,
suggest that it is an indicator of intake of recent illegal substances, significantly
decreasing its enzyme levels after treatment and abstinence (REIS & COPLE, 1998;
SHARPE, 2001; VIEIRA, et al. 2010).

4.1 Influence of drugs used during hospitalization on oxidative stress parameters

Studies carried out comparing the use of antipsychotics and EO parameters
showed reduced levels of antioxidant enzymes, such as SOD, CAT and GPx (OTHMEN
et al., 2007; LI et al., 2006; RANJEKAR et al., 2003), others showed unchanged levels
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of these enzymes (SRIVASTAVA et al., 2001). Evans et al. (2003) conducted a study for
6 months showing normalization of antioxidant enzymes with the treatment of

antipsychotics. Changes in the biomarker were correlated with symptomatic

improvements between oxidative damage and psychotic symptoms.

According to Correll et al. (2015), the use of psychotropic substances is linked to
the development of physical diseases, such as liver damage. Marwick et al. (2012)
reported that continued treatment with these drugs does not worsen in the clinical case of
liver abnormalities and some cases may even disappear, justifying its long-term benefit
for patients using this pharmacotherapy to control withdrawal symptoms.

In his studies Kropp et al. (2005) found significantly higher levels of lipid
peroxidation in patients treated with first generation antipsychotics, compared to most
second-generation antipsychotics. There is also evidence that psychotic disorders can
impair antioxidant defense and increase lipid peroxidation, since antipsychotic treatment
itself increases oxidative stress and induces irreversible neuropathological changes in
animal models (MARADIK, et al. 1998; MURTHY, et al. 1989; CADET & PERUMAL,
1990; JESTE et al. 1992).

In our studies, users who used haloperidol and thiamine during hospitalization had
a difference in alkaline phosphatase levels. Patients treated with second generation
antipsychotics had lower levels of oxidative stress (KROOP et al. 2005). Oxidative
processes are the main metabolic pathways of haloperidol and their side effects include

increased serum levels of alkaline phosphatase (PERDOMO et al., 2006).

Studies have shown that antipsychotic drugs have high affinity for biological
membranes due to their amphipathic and amphiphilic properties, and this implies that
haloperidol can interact with the organization of membrane lipids, possibly leading to

changes in the receptor response (TESSIER et al., 2008).

Thiamine deficiency is a unique example of a nutritional deficit that leads to
chronic impairment of oxidative metabolism and selective neural loss (CALINGASAN

et al.,, 1999). The interactions of thiamine in oxidative processes can promote

34



& UNIVERSIDADE

V FEEVALE

neurodegeneration and cause oxidative stress. The reversal of the effects of its deficiency
by antioxidants suggests that the drug may act as an antioxidant directed to the site
(GIBSON & ZHANG, 2002). The correlation between alkaline phosphatase activity and
thiamine absorption has been studied in rats by Schaller and Holler (1974) and by Lallés
(2010), where it is suggested that alkaline phosphatase is involved in the active thiamine

absorption process.

The physical identification of alcoholic diseases is based on the search for
indications of damage to organs and systems, through biochemical parameters. Folic acid
is used to treat chronic alcoholism and is associated with increased serum levels of
alkaline phosphatase and TGP, which may indicate liver or bone disease (TELLI et al.
2016). These findings also corroborate the indications already presented for the use of
alcohol associated with illicit drugs and with lower levels of GPx and higher levels of
TGP and alkaline phosphatase during the hospitalization of patients who were part of this

study.

Ojeda et al., (2009) studied supplementation with folate and selenium in alcohol
users, investigating the prevention of oxidative liver disorders. Their findings
demonstrate that GPx activity increases with ethanol, while double supplementation
significantly decreases GPx activity.

Previous studies have shown that antiepileptic drugs cause several changes in the
antioxidant system. However, due to the fact that these studies were not prospective and
the methods were different, the results obtained have been varied (YUKSEL, et al. 2001).

The use of carbamazepine by patients undergoing treatment influenced the serum
levels of GPx, demonstrating greater activity of the enzyme on admission of the patient
and decreased according to the treatment. It also showed a decrease in FRAP levels and

an increase in SOD levels.

Studies by Sobaniec, et al. (2006) with patients receiving monotherapy with
carbamazepine showed increased SOD activity throughout the treatment. Liu et al. (1998)

found a slight increase in SOD in patients receiving monotherapy with carbamazepine.
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Yuksel et al. (2000) compared the influence of valproic acid and carbamazepine therapy
on antioxidant enzyme activities, over two years of study, patients who received

carbamazepine had greater SOD activity.

GPx is the most important antioxidant enzyme in protecting CNS cells. Niketic et
al., (1995) observed that GPx in the erythrocytes of patients receiving carbamazepine was
lower. There is evidence that treatment with poly therapy has the effect of modifying the
oxidant-antioxidant balance (SOBANIEC et al., 2006).

Menon et al. (2014) analyzed the total antioxidant capacity (FRAP) of patients
being treated with carbamazepine and their serum levels were considered significantly
lower in patients compared to the control group. In contrast, epileptic children who
received carbamazepine for 12 weeks experienced a significant increase in serum FRAP
levels (TALARI, et al. 2019). Aghamohammadiet al., (2011) and Shidfaret al. (2009)

also observed improvements in FRAP levels in their studies.

Serum levels of TGO, GGT and creatinine were elevated in patients who used
chlorpromazine during hospitalization, which may indicate liver damage. Barbieri et al.
(2010) reported case studies that relate the use of anticonvulsants to liver damage,
indicating that drugs such as chlorpromazine, used in polytherapy, may be related to the
increase in this enzyme and combined injuries. The patients in this study reported the use

of alcohol concomitant with the use of cocaine, which may explain these findings.

Serum levels of MDA have been altered in patients with chlorpromazine therapy.
MDA is a biomarker byproduct of lipid peroxidation and is involved in kidney damage.
Studies by Tucci Junior, et al. (2008). in animals treated with chlorpromazine, they
showed no inhibition of lipid peroxidation. Renal protection against ischemia injury
produced by chlorpromazine may be associated with drug dosage, since low dosages do
not inhibit lipid peroxidation. Serum MDA levels were found to be altered in patients

with chlorpromazine therapy in our study.

The use of risperidone by the patients in this study caused lower levels of SOD at
hospital discharge. Studies carried out with patients undergoing treatment with

risperidone for 12 weeks, resulted in a significant increase in SOD levels compared to the
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control group. Low blood SOD levels have been correlated with improvement in
symptoms during treatment (ZHANG et al., 2012).

5 Conclusion

Although it was possible to find a significant increase in body weight, a more in-
depth nutritional assessment that quantifies the improvement in the nutritional status of
patients after the hospitalization period was not included in this study. The parameters of
oxidative stress, after the treatment period, showed recovery from oxidative stress

damage and increased antioxidant defenses, evidenced by the levels of SOD and FRAP.

Regarding the influence of the drugs used during the hospitalization period on the
analyzed parameters, it can be seen that the parameters related to liver damage improved
during hospitalization, but the interference of the use of multiple drugs cannot be
excluded concurrently, as patients were not on monotherapy during hospitalization. There
was also the interference of alcohol consumption by patients and the use of cigarettes
during detoxification. Thus, these results suggest that drug rehabilitation treatment was
effective in reducing oxidative damage represented by the reduction of biological

markers, which are closely related to the severity of withdrawal symptoms.
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6 CONSIDERACOES FINAIS

Drogas de abuso estdo sendo frequentemente utilizadas, aumentando o nimero de
estudos investigativos sobre seus mecanismos e a toxicidade associada ao seu consumo.
O uso dessas substancias revela o estresse oxidativo como uma caracteristica comum
dentre seus efeitos adversos. Além disso, a manutengéo do estresse oxidativo associado a

terapia medicamentosa indica um estado redox benéfico a recuperacdo do paciente.

Com base nos dados obtidos por este estudo, apresentados no Capitulo 1, 0s
parametros analisados durante o periodo de tratamento, apresentaram recuperacdo dos
danos do estresse oxidativo e aumento das defesas antioxidantes quando associados a
terapia medicamentosa. Os parametros de EO correlacionados com danos hepéticos

apresentaram melhora durante o tratamento.

Né&o foi possivel excluir a interferéncia do consumo de alcool pelos pacientes e o
uso de cigarro durante a desintoxicacdo, bem como o uso de multiplos medicamentos
durante o tratamento. Contudo, os resultados corroboram com a literatura encontrada e
sugerem que o tratamento de reabilitacdo medicamentosa foi eficaz na diminuicdo do
dano oxidativo representado pela reducdo dos marcadores biologicos, que estdo

intimamente relacionados a gravidade dos sintomas de abstinéncia.

Diante do cenario mundial afetado pela pandemia do coronavirus, durante a
realizacdo deste estudo, aspectos logisticos foram limitantes, dentre eles a disponibilidade
de hospitais em receber estudantes realizadores de pesquisas com paciente internados,
bem como a disponibilidade na entrega de materiais de laboratério e reagentes quimicos.
A pesquisa foi afetada também pela ndo disponibilidade de manutencdo nos
equipamentos necessarios para a realizacdo de dosagens de biomarcadores de perfil

inflamatorio.

Finalmente, o melhor entendimento das vias especificas impactadas por essas
substancias, bem como pesquisas futuras sobre a intervencgéo terapéutica para prevenir ou
tratar a toxicidade, sdo necessarias. Estudos que incluam o perfil inflamatorio destes

pacientes e aqueles que, conforme possivel, excluam interferéncias, precisam ser
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realizados. A pratica do uso de drogas de abuso tornou-se uma realidade da populacao,
por isso a importancia de estudos que visam melhorar os tratamentos para a abstinéncia e

desintoxicagéo.
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ANEXOS

Anexo I: TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

Vocé estd sendo convidado a participar do projeto institucional intitulado:
Avaliacdo do potencial inflamatério em pacientes internados para tratamento de
dependéncia por alcool, cocaina e crack, sob responsabilidade da professora Dra. Magda
Susana Perassolo. Os objetivos deste estudo sdo avaliar o perfil inflamatério,
relacionando seus resultados com as analises de estresse oxidativo, em pacientes antes e
apos a internacdo hospitalar, para tratamento da dependéncia por &lcool e cocaina/crack,

correlacionando com sua evolucao clinica.

Sua participacdo nesta pesquisa serd voluntéria e consistira em responder ao
questionario de avaliacdo das caracteristicas gerais dos pacientes, ao questionario AUDIT
(teste para avaliacdo do consumo de bebidas alcoodlicas), realizar uma coleta de sangue
para avaliacdo de parametros laboratoriais (interleucina, TBARS, proteina carbonilada e
grupamento sulfidrila). Ndo havera riscos relacionados a sua participagdo na pesquisa,

apenas o desconforto da picada de sangue.

O pesquisador responsavel e a Universidade Feevale envolvidas nas diferentes
fases da pesquisa proporcionardo assisténcia imediata e integral aos participantes da
pesquisa no que se refere as possiveis complicagdes e danos decorrentes. Os participantes
da pesquisa que vierem a sofrer qualquer tipo de dano resultante de sua participacdo na
pesquisa, previsto ou ndo neste documento, tém direito a indenizagdo, por parte do
pesquisador, do patrocinador e das instituicdes envolvidas nas diferentes fases da
pesquisa.

A sua participacdo nesta pesquisa estara contribuindo para: melhor conhecer os

efeitos do alcool e da cocaina/crack no organismo, bem como seu perfil inflamatorio.

Garantimos o sigilo de seus dados de identificacdo primando pela privacidade e
por seu anonimato. Manteremos em arquivo, sob nossa guarda, por 5 anos, todos os dados

e documentos da pesquisa. Ap0s transcorrido esse periodo, 0s mesmos serdo destruidos.
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Os dados obtidos a partir desta pesquisa ndo serdo usados para outros fins além dos

previstos neste documento.

Vocé tem a liberdade de optar pela participacdo na pesquisa e retirar o
consentimento a qualquer momento, sem a necessidade de comunicar-se com 0(S)

pesquisador(es).

Este Termo de Consentimento Livre e Esclarecido sera rubricado em todas as
folhas e assinado em duas vias, permanecendo uma com vocé e a outra devera retornar
ao pesquisador. Abaixo, vocé tem acesso ao telefone e endereco eletronico institucional
do pesquisador responsavel, podendo esclarecer suas duvidas sobre o projeto a qualquer

momento no decorrer da pesquisa.

Nome do pesquisador responsavel: Magda Susana Perassolo
Telefone institucional do pesquisador responsavel: 3586-8800 ramal 8938 ou 9040

E-mail institucional do pesquisador responsavel: magdaperassolo@feevale.br

Assinatura do pesquisador responsavel

Local e data: , de 20

Declaro que li o TCLE: concordo com o que me foi exposto e aceito participar da

pesquisa proposta.

Assinatura do participante da pesquisa

APROVADO PELO CEP/FEEVALE - TELEFONE: (51) 3586-8800 Ramal 9000

E-mail: cep@feevale.br
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Anexo 1I: CARACTERISTICAS GERAIS DO PACIENTE

Nome:

Data: / /

Data de nascimento: /[ Idade: anos Sexo:( )M ( )F
Escolaridade: ( )analfabeto ( )fundamental incompl. ( ) fundamental completo
( Ymédio incompl. ( )médio compl. ( )superior incompl. ( )superior compl.

( )pds-grad

Quial a sua renda mensal familiar?

SIM | NAO | Quantidade | Ultima

utilizacdo
Tabagismo ex —fumante ha anos/meses
Alcoolismo ex-alcodlatra ha anos/meses
Crack ex-usuario ha anos/meses
Cocaina ex-usuario ha anos/meses

Outras drogas

Faz uso de vitaminas/antioxidantes ( )sim ( )néo

Se utiliza, qual(is)

Demais patologias Tempo diagndstico

Uso de medicamentos antes da internagao:

NUmero Medicamento Dose Tempo de uso
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Uso de medicamentos durante a internacéo:

Numero Medicamento Dose Tempo de uso

Principal motivo da internag&o:

Data da Internacao: / /

Data da Alta Hospitalar: / /

Numero de dias:

Parametros fisiologicos Internacéo Alta

Peso
Altura
IMC

Pressao arterial sit/ diast.

Frequéncia cardiaca

Frequéncia respiratéria

Temperatura corporal ax.

Funcéo Renal e Hepética Internacéo Alta
TGO

TGP

Fosfatase Alcalina
Gama-GT

Ureia

Creatinina
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Internacéo

Alta

IL-2

IL-4

IL-6

IL-10

IL-17

TBARS

Proteina carbonilada

Grupamento sulfidrila

57




UNIVERSIDADE

FEEVALE

Anexo IlI:

W FEEVALE UNIVERSIDADE

CEEVIASE  FEEVALE/ASSOCIACAO PRO- W
AR ENSIND SUPERIOR EM NOVO

TS - LT

PARECER CONSUBSTANCIADOD DD CEP

DADOS O PROJETO DE PESOLISA

Thulks da Pesquisa: Avallagdo do esiresss oxldatlvo 2 d2 Dlomarcadores de exposicdo em paclentes
Infernados para tralamenio de dependéncla por dicood, cocalna e crack

Pesquisador: MAGDA SUSAMA PERASSOLO

Area Tematica:

Versao: 2

CAAE- 31406617.6.0000.5343

Instiuicao Proponente: ASSOCIACAD PRO EMSING SUPERIOR EM HOVO HAMEURGO

Patrocinador Principal: ASSOCIACAD PRO ENSINDG SUPERIOR EM NOVD HAMBURGD

DADOSE O PARECER

Numero do Parecer: 2.467.042
Apresentacao do Projeto:
D acondo.

Objetivo da Pesquisa:
De acordo.

Avallacao 0os Riscos e Benefichos:

De acordo.

Comentarios & Conskderacoes sobre a Pesquisa:

De acordo.

Consideragtes sobre os Termos de apresentacao obrigatoria:
De acordo.

Recomendacoes:

N30 ha.

Conclusdes ou Pendéncias e Lista de Inadequacoes:

De acordo.

Consideragtes Finals a critério do CEP-

Em confonmidade com a Resolugdo r° 456 de 12 de dezembra de 2012, do Conseiha Maclonal de Salde,
£ COM 35 NoMmas inkernas do Comite de Edca am Pesquisa da Universidade Feevale,

Endaraco: RE 133 p* 7SS

Barra: W3 Mova CEP: s3sisms
UF: R& Bunicipio: MU0 HASMBUROO
Telkelhora: (5125823800 Fax: (51)3E8s-E800 Eqmanl:  ranis eyl o

Fging £+ de 3h

58



Anexo 1V: Certificados

CERTIFICADO

Concedemos ao frabalho
ESTRESSE OXIDATIVO EM USUARIOS INTERNADOS P4ARA TRATAMENTO POR DEPENDENCL4 DE
COCAINA/CRACK,
de autoria de
ISABELA LORINI FRANCISCAITO, BRUNA SCHERER SEIBERT, SAMUEL SELBACH DRIES, RAFAEL IINDEN
e onentagio de
MAGDA SUSANA PERASSOLO, ANA LUIZA ZIULKOSKIL,
este certificado de apresentagio no evento

SEMINARIO DE POS-GRADUACAO (SPG) - INOVAMUNDI 2019,
realizado no periodo de 21 a 26 de outubro de 2019.

Ambito: Internacional
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=
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Concedemos ao trabalho
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LETICL4 MORAES, SAMUEL SELBACH DRIES, ISABEL 4 LORINI FRANCISCATTO, MARILL4 MOTTIN, BRUNA
SCHERER SEIBERT
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FEIRA DE INICIACAO CIENTIFICA (FIC) - INOVAMUNDI 2020,

realizado no periodo de 17 a 24 de cutubro de 2020.

Ambito: Internacional
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Nove Hamburgo, 22 de dezembro de 2020.

P
Dr. Jodio Alcione Sganderla Figueiredo
Pro-Feitor de Pesquisa, Pos-Graduacdo e Extensfo
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Concedemos ao trabalho
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de autoria de
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AVALIACAD DOS PARAMETROS DE ESTRESSE OXIDATIVO EM PACIENTES INTERNADOS PARA
TRATAMENTO POR DEPENDENCIA DE COCAINA/CRACK .
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¢ orientagdo de
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