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Compostos anfetaminicos e seus derivados sdo amplamente utilizados na clinica
médica, porém podem provocar quadros de dependéncia, tolerancia e abstinéncia. Além disso,
estas drogas sdo capazes de afetar as funcdes e 0 metabolismo de neurotransmissores do sistema
nervoso central (SNC) provocando desequilibrios oxidativos. Neste sentido, ja é documentado
que o exercicio fisico melhora as condicdes de bem estar e auto-estima, favorecendo a
plasticidade e, consequentemente, a protecdo neuronal. Nesse contexto, o presente estudo visou
avaliar a influéncia do exercicio fisico regular e continuo sobre parametros comportamentais e de
ansiedade relacionados a recaida ao uso de anfetamina em modelo animal de preferéncia
condicionada de lugar (PCL). Ratos Wistar adultos foram condicionados com anfetamina no
protocolo de PCL ou veiculo por 14 dias e, na sequéncia, metade de cada grupo foi submetida a
atividade fisica aerdbica regular e continua por 5 semanas, enquanto os demais ndo foram
exercitados. Ao término da Ultima sessdo de exercicio fisico, os animais foram re-condicionados
ao uso de anfetamina ou veiculo por mais 3 dias. Apos esta fase, 0s animais foram submetidos
aos testes comportamentais de PCL para avaliar sintomas de recaida pela preferéncia a droga,
sendo também avaliados parametros de ansiedade em labirinto em cruz elevado. O status
oxidativo na regido do hipocampo foi avaliado através da geracdo de espécies reativas (RS), dos
niveis de proteina carbonilada (PC) e atividade das enzimas catalase (CAT) e Na'K'-ATPase.
Observou-se que a anfetamina per se foi capaz de desenvolver a PCL nos animais. Entretanto,

apos 5 semanas de exercicio fisico aerdbico regular e continuo, os animais expostos a anfetamina



mostraram menor PCL pela droga quando comparados ao grupo sedentério, indicando menor
indice de recaida & anfetamina. Além disso, o exercicio fisico regular e continuo exerceu
influéncia favoravel ao reduzir o nivel de ansiedade e os danos oxidativos cerebrais, 0s quais
foram associados ao condicionamento com anfetamina. Desse modo, o exercicio fisico regular e
continuo é uma ferramenta promissora no tratamento de dependéncia e recaida ao uso abusivo de

drogas.

Palavras-chave: Preferéncia condicionada de lugar. Recaida. Anfetamina. Exercicio fisico
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Amphetamine compounds and its derivatives are widely used in clinical medicine, but
it is known that frames can cause dependence, tolerance and withdrawal. Furthermore, these
drugs can alter metabolism and the functions of central neurotransmitters causing oxidative
imbalances. In this sense it is already documented that exercise improves the conditions of
well-being and self-esteem, and improve the plasticity and thus neuronal protection. In this
context, the present study aimed to evaluate the influence of regular and continuous exercise
on anxiety and behavioral parameters related to relapse to the use of amphetamine in an
animal model of conditioned place preference (CPP). Male Wistar rats were conditioned to
the use of AMPH or vehicle for 14 days and then half of each group was subjected to aerobic,
regular and continuous physical activity for 5 weeks, while the others were not exercised. At
the end of the last exercise session, the animals were re-conditioned to the use of
AMPH/vehicle for more 3 days. After this phase, the animals were subjected to behavioral
testing CPP to evaluate relapse to drug use, and the elevated plus maze to measure anxiety
parameters. Hippocampal oxidative status was evaluated by levels of generation of reactive
species (RS), carbonyl protein (CP), and activity levels of catalase (CAT) and Na“K*-ATPase,
respectively. It was observed that the per amphetamine was able to develop is the CPP in the
animals, however after the completion of 5 weeks of aerobic exercise, there was a reduction in

the rate preferably compared to sedentary rats indicating a lower rate of relapse to



amphetamine. In addition, exercise was shown to be beneficial to reduce the degree of anxiety
and oxidative damage in these animals by amphetamine. Thus, regular and continuous
exercise is a promising tool in the treatment of dependence and relapse to the indiscriminate
use of drugs.

Keywords: Conditioned place preference. Relapse. Amphetamine. Physical exercise
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APRESENTACAO

Esta dissertacdo esta estruturada em secBes dispostas em: Introducdo, Obijetivos,
Artigo Cientifico, Conclusdes, Perspectivas e Referéncias.

Os itens Materiais e Métodos, Resultados, Discussdo dos resultados e Referéncias
encontram-se inseridos no artigo contido na secio ARTIGO CIENTIFICO, representando a
integra deste estudo.

As REFERENCIAS (ITEM 6) referem-se somente as citagdes que aparecem no item
INTRODUGCAO desta dissertacio.



1.  INTRODUCAO

1.1  Dependéncia e psicoestimulantes

Antes do século XIX o uso de drogas psicoativas era considerada um comportamento
depravado, em que 0s usuarios tinham “livre arbitrio de decidir” se consumiam ou ndo a
droga, e quando “optavam” por consumi-la, acabavam por gerar comportamentos “indecentes
e pecaminosos” (McKIM, 2004). No entanto, este conceito de conduta comportamental
opcional ao uso de drogas é obsoleto desde 2001, quando a Organizacdo Mundial da Salde
(OMS, 2001) definiu que a dependéncia quimica deve ser tratada simultaneamente como
doenca cronica, podendo ser considerada também um problema social.

A dependéncia ¢ um quadro caracterizado pelo conjunto de sintomas que indicam o
uso compulsivo de uma ou mais substancias aditivas, ou seja, € um comportamento que foge
do controle do individuo, o qual manifesta sintomas de disforia, ansiedade e irritabilidade
quando é impedido de utilizar tais substancias (KOOB; Le MOAL, 1997, 2008). Além disso,
a incidéncia a recaida ao uso abusivo de drogas é muito frequente em individuos previamente
dependentes, sendo geralmente, acompanhada de prejuizos neuropsiquiatricos que envolvem
instabilidade emocional, depressdo, anedonia, impulsividade, agressividade, déficit de
atencdo, entre outros (MAJEWSKA, 1996). Por envolver elevados custos médico-
hospitalares, marginalizacdo e criminalidade, a dependéncia a drogas torna-se uma das
doencas psiquiatricas mais caras (UHL; GROW, 2004), e consequentemente, um gravissimo
problema de saude publica (POTENZA et al., 2011). Além disso, afeta diretamente os
individuos usuarios e indiretamente seus familiares, bem como a sociedade em geral (UHL;
GROW, 2004; VOLKOW et al., 2011).

Recentes estudos permitiram avancos na compreensdo da neurobiologia da
dependéncia ao observar que os jogos de azar e a alimentacdo compulsiva também causam
quadros aditivos. Estes estudos mostraram a semelhanca entre dependéncia de drogas,
compulsdo alimentar/obesidade e 0 jogo patoldgico e, por este motivo, tais comportamentos
mesmo ndo sendo drogas de abuso, foram recentemente incluidos dentro do quadro de adi¢éo.
(FRASCELLA et al., 2010; GRANT et al., 2010).
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As anfetaminas foram a classe de substancias psicoativas sintetizadas pela primeira
vez no século XIX, quando sua prescricdo médica tinha por finalidade a estimulagdo do
sistema nervoso central (SNC), o alivio da fadiga, como também a facilitacdo da passagem de
ar através das vias aéreas superiores. A partir de 1945, as anfetaminas foram amplamente
utilizadas na segunda Guerra Mundial por soldados aliados, alemées e japoneses em vista do
aumento da coragem, reducédo da fadiga e da fome. Tais efeitos eram realmente percebidos
por seus usuarios que suportavam mais tempo em combates (SILVA, 2002).

Na década de 60, houve uma explosdo no consumo de anfetaminas, ocasionando uma
“epidemia anfetaminica”, o que levou as organizacfes de saude publica a criarem normas que
procurassem reduzir seu emprego. Iniciou-se, a partir de entdo, o controle da comercializacdo,
uma vez que as anfetaminas passaram a ser consideradas drogas psicotropicas, sendo,
portanto, ilegal seu uso sem acompanhamento médico adequado (RIBEIRO; MARQUES,
2002).

O termo anfetamina é utilizado para designar um grupo de substancias estimulantes do
SNC pertencentes a classe das feniletilaminas, com uma substituicdo de um grupo metila na
posicdo do carbono alfa (Figura 1). Diversas substituicdes na estrutura quimica da
feniletilamina foram realizadas, dando origem a outras substancias simpaticomiméticas de
acao central (GRAEFF, 1972; YONAMINE, 2004). Apesar destas drogas serem capazes de
reduzir o sono, a fadiga e o apetite, sdo também capazes de aumentar auto-confianca e a
capacidade de concentracdo. Neste sentido, seu uso clinico € altamente restrito, uma vez que
tém o poder de desenvolver quadros de grave dependéncia (KUMAR, 2008; BOUTREL,
2004; QU, 2008; VOLKOW, 2009; GRAEFF, 1989). Mesmo assim, muitos atletas,
estudantes, médicos, motoristas e pilotos fazem o uso indiscriminado dessas drogas
(CENTRE FOR ADDICTION AND MENTAL HEALTH, 2004). Eles as utilizam em
decorréncia da propriedade da droga em aumentar a vigilia e o estado de alerta por maior
periodo de tempo, otimizando a concentracédo e o raciocinio (YONAMINE, 2004). Fica claro
que os efeitos indesejaveis decorrentes do uso de psicoestimulantes anfetaminicos sdo
desconsiderados por estes grupos, incluindo a elevacdo da temperatura corporal, da frequéncia
cardiaca e respiratoria, a inibicdo do apetite e consequentemente a reducdo do peso corporal e,
em um periodo mais longo de tempo, sintomas de ansiedade e insdnia (MATSUMOTO et al.,
2002).

Paradoxalmente, anfetaminas como o metilfenidato s&o muito utilizadas no
tratamento clinico de criangas portadoras da sindrome de hiperatividade e déficit de atengdo
(THDA) (RITZ et al., 1987; BERMAN et al., 2009). Além disso, outras drogas anfetaminicas
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tais como sibutramina, anfepramona, mazindol e femproporex tém sido utilizadas na clinica
médica com a finalidade de inibir o apetite e promover o emagrecimento (BELLAVER, et al.,
2001; BARONEZA et al., 2007). Estas drogas sacietogenas foram banidas da
comercializacdo através da Resolucdo da Diretoria Colegiada (RDC) n° 52/2011, publicada
pela Agéncia Nacional de Vigilancia Sanitaria em outubro de 2011. No entanto, em 2014 a
RDC 52/2011 foi invalidado pela RDC 50/2014, a qual permite novamente o0 a
comercializagdo controlada dos medicamentos anorexigenos acima citados (DIARIO
OFICIAL DA UNIAO. 2014).

Contudo, drogas como a metilenodioximetanfetamina (MDMA), um derivado
anfetaminico popularmente conhecido como “esctasy”, a dextroanfetamina e a metanfetamina
séo frequentemente utilizadas ilicita e indiscriminadamente (LILE et al., 2005; WESTOVER
et al., 2008). Estas drogas sdo frequentemente utilizadas por jovens e adultos com finalidade
recreacional devido as suas propriedades psicoestimulantes (GREEN et al., 2003;
SCHIFANO, 2004). No entanto, ap0s doses elevadas ou uso prolongado, os psicoestimulantes
podem produzir sintomas que incluem aumento psicomotor e potencial de reforco positivo, e
em alguns casos, delirios, alucinacgdes, crises de panico, agressividade intensa, sintomas muito
semelhantes aos da esquizofrenia e que podem requerer tratamento psiquiatrico (BELLOT et
al., 1997; GRAEFF, 1989; ROTHMAN; BAUMANN, 2003).

As anfetaminas sdo rapidamente absorvidas no trato gastrointestinal e penetram
livremente pela barreira hematoencefalica, o que explica os efeitos pronunciados sobre o
SNC. Além disso, sdo rapidamente absorvidas pela mucosa nasal, sendo distribuidas na maior
parte dos tecidos. Essas substancias sdo excretadas principalmente de modo inalterado na
urina, havendo aumento na taxa de excrecdo quando a urina torna-se mais acida. A meia vida
plasmatica da anfetamina varia de cinco até trinta horas, o0 que varia com o fluxo urinario e o
pH (RANG et al., 2001).

CHsy

NH,

Figura 1: Estrutura quimica basica da anfetamina. Fonte:

<http://quimicaintriganteedu.blogspot.com.br/2011/10/presenca-das-aminas-em-nossa-vida.html>
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Hooks et al. (1993) e Robinson; Berridge (1993) relatam que o uso de anfetaminas
pode afetar a neuroplasticidade no sistema de recompensa como O meso-acumbens
dopaminérgico, contribuindo para a dependéncia. Além disso, ja é descrito na literatura que as
anfetaminas exercem sua ac¢ao estimulante por: 1) aumentarem a liberacdo de monoaminas no
SNC, pois atuam como substratos para o transportador de monoaminas e desse modo agem
como agonistas indiretos (SULZER et al.,1995); IlI) impedir a recaptacdo de
neurotransmissores monoaminérgicos e Ill) inibir a monoaminoxidase (MAO), enzima
responsavel por degradar as monoaminas. Através destes mecanismos, ocorre um aumento
nos niveis de dopamina (DA), serotonina (5-HT) e norepinefrina (NE) na fenda sinaptica
(HOLMES; RUTLEDGE, 1976). Estas substancias atuam direta ou indiretamente no sistema
neurotransmissor dopaminergico, o qual desempenha um importante papel no sistema
mesocortico-limbico, e que esta relacionado com mecanismos de recompensa, motivacao e
excitacdo (PETTENUZZO et al., 2008; ACQUAS et al., 2002). Tal sistema origina-se na area
tegmental ventral (ATV), situada na extremidade do tronco cerebral projetando-se para o
nucleus acumbens (NAc), amigdala, cértex pré-frontal, e hipocampo (Figura 2) (GRAEFF;
GUIMARAES, 2012). Os neurbnios dopaminérgicos cumprem a maior parte desta
neurotransmissao, estando, consequentemente, muito envolvidos no sistema de recompensa
(KATZUNG, 2010).

’;/'—/)// [ i

= ATV

5
, Cortex
[ frontal

NA(‘/
H

Wmc}l-\m g/di)/ \ /\

Figura 2: Esquema das vias dopaminérgicas mesocortico-limbico no cérebro de rato. Adaptado de GRAEFF;
GUIMARAES, 2012.
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O uso abusivo de anfetaminas cresce a uma taxa alarmante e apresenta elevado indice
em paises que cumprem regras rigorosas contra o uso de drogas ilicitas, como os Estados
Unidos (SAMHSA, 2004). Um levantamento realizado pelo Centro Brasileiro de Informagdes
sobre Drogas Psicotropicas (CEBRID, 2010), mostrou que 30% dos estudantes do ensino
fundamental e médio consumiram algum tipo de entorpecente entre 0s meses de agosto a
dezembro de 2010, incluindo anfetaminas, MDMA, cocaina e crack. Outro estudo realizado
pelo Grupo Interdisciplinar de Estudos de Alcool e Drogas da Faculdade de Medicina da
Universidade de Sdo Paulo (GREAFMUSP) mostrou que 89% dos estudantes universitarios
das 27 capitais brasileiras experimentaram pelo menos uma substancia psicotropica. Dentre as
drogas mais relatadas, as anfetaminas aparecem em 3° lugar (12,9%), seguida da cocaina,
citada em 7° lugar (CEBRID, 2010).

Outro fator agravante ao uso de drogas psicotropicas, como as anfetaminas, cocaina e
alcool é que, além de serem capazes de provocar dependéncia, € muito comum que 0s
usuarios, uma vez dependentes, retornem a utiliza-las apdés um periodo de desintoxicacéo e
abstinéncia, provocando um quadro denominado recaida. Apesar de ser um fendmeno
complexo, diferentes procedimentos experimentais tém sido desenvolvidos a nivel
laboratorial a fim de reproduzir, em modelos animais, parametros que avaliem a recaida ao
uso de drogas (GALESI, 2009). Dessa forma, as drogas anfetaminicas constituem uma
entidade terapéutica, porém, também séo substancias de abuso, dependendo do contexto do
seu emprego (LILE et al. ,2005; WESTOVER et al. 2008).

1.2 Estresse oxidativo, defesas antioxidantes e drogas psicoestimulantes

Espécies reativas (ER) podem ser definidas como atomos, moléculas organicas ou
inorganicas capazes de existir sob formas independentes, e que contém um ou mais elétrons
desemparelhados na camada de valéncia (HALLIWELL, 1994; HALLIWELL;
GUTTERIDGE, 1999). Podem ser gerados no citoplasma, na mitocdndria ou na membrana
celular e, de acordo com o sitio de formacédo, danificar proteinas, lipidios, carboidratos e DNA
(ANDERSON, 1996; YU; ANDERSON, 1997).

As ER mais importantes sdo derivadas do oxigénio, conhecidas como espécies reativas
de oxigénio (EROSs) e incluem o oxigénio singlete ("O,), o anion superdxido (O), o radical

hidroxil (OH’), o &cido hipocloroso (HOCI), o peréxido de hidrogénio (H.O;), o radical
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alcoxil (LO") e o radical peroxil (LOO) (HARMAN, 1999; KRISTAL; YU, 1992). Também
merecem destaque as espécies reativas de nitrogénio (ERNS), representadas por radicais
como o 6xido nitrico(NO"), o didoxido de nitrogénio (NO,), 0 peroxinitrito (ONOO") e o
Oxido nitroso (HNO;) (HALLIWELL,2009). As EROs e as ERNs sdo subprodutos do
metabolismo celular e contribuem para 0s mecanismos pro-oxidantes e danos celulares
quando produzidas em excesso (HUANG et al., 2000).

No entanto, o organismo conta com um elaborado sistema antioxidante para
metabolizar as ER. Tal sistema é constituido por antioxidantes enziméticos e ndo enzimaticos
(BRIGANTI; PICARDO., 2003; LOPEZ-TORRES et al., 1994). Entre os antioxidantes
enzimaticos, a glutationa peroxidase (GPXx), a catalase (CAT) e a superoxido dismutase (SOD)
desempenham um papel central. A GPx remove H,0, e forma agua, convertendo a glutationa
reduzida (GSH) em oxidada (GSSG). A SOD catalisa a remoc¢do do radical superoxido
atraves da conversdo a H,O,, enquanto a enzima CAT remove o H,0O, convertendo-o em agua
e O, (LOHR et al., 2003) (Figura 3). Entre 0s ndo-enzimaticos, podemos citar 0S compostos
sintetizados pelos seres vivos como bilirrubina, ceruloplasmina, melatonina, coenzima Q e
acido urico; além de outros compostos presentes na dieta como acido ascorbico, tocoferois,
carotenoides e flavonoides (SCHNEIDER; OLIVEIRA., 2004).

Quando a producdo de ER excede a capacidade antioxidante do organismo, resultando
no desequilibrio entre os fenbmenos pro-oxidantes e as defesas antioxidantes celulares, gera
um quadro denominado estresse oxidativo (EO), que € uma manifestacdo bioquimica de
agressdo a biomoléculas e esta associado a diversas complicacdes cardiovasculares,
neuroldgicas, endocrinas e musculares, entre varias outras (VAZIRI, 2004). Tal fenbmeno
pode levar a degradacdo da membrana, disfuncao celular, danos ao DNA e apoptose (FREY et
al. 2006; HALIWELL, 2006). Além disso, o cérebro, devido a sua alta taxa metabdlica,
associada a concentracdo elevada de acidos graxos e metais de transicdo é especialmente
vulneravel aos efeitos nocivos das ER (REYNOLDS et al., 2007). Adicionalmente, o SNC
apresenta baixas concentracbes de antioxidantes e capacidade reduzida de regeneracao,
reforcando sua suceptibilidade ao ataque de ER (REYNOLDS et al., 2007; LOHR et al.,
2003; FLOYD, 1999).

Os perdxidos lipidicos e seus produtos de metabolismo, como o malondialdeido,
podem afetar direta ou indiretamente muitas fungdes essenciais para a homeostase das células
e dos tecidos. Como consequéncia, 0 aumento da peroxidacdo da membrana lipidica pode
evocar uma resposta imune e inflamatdria, ativar a expressao génica, a proliferacéo celular ou

iniciar a apoptose. Consequentemente, hd uma estreita relagdo entre a producdo de EROs, o
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prejuizo da defesa antioxidante, o dano peroxidativo da membrana celular e os processos
inflamatorios ou patologicos degenerativos (BRIGANTI; PICARDO, 2003).

Neste sentido, Sulzer et al. (2005) observaram que a anfetamina, por ser uma droga
simpaticomimética indireta, aumentaria significativamente a concentracdo de DA a partir dos
transportadores neuronais de DA (DAT) pré-sinapticos. O DAT é o principal responsavel pelo
término da transmissdo dopaminérgica, pois faz a recaptacdo da DA novamente ao terminal
neuronal. Este aumento de DA elevaria consequentemente a desaminagdo oxidativa,
catalisada pela MAO, bem como sua auto-oxidagdo. Tal metabolismo leva a formacéo de
H,0, e dopamino-quinonas, que ao reagir com metais de transicdo, podem ser convertidos a
radical hidroxil, via reagdo de Fenton (GRAHAM, 1978), radicais capazes de iniciar
processos oxidativos em lipidios e proteinas, culminando em dano celulares (FINKEL;
HOLBROOK, 2000; VALKO et al., 2007).

2GSH + H,0, __GPr _, GSSG + 2H,0

SCMR

2 0, + 2H- » H,0,

H,O, + H,0, _EL_, O, + 2H,0

Figura 3. Acdo das enzimas antioxidantes no processo de combate a ER. Adaptado de SCHNEIDER;
OLIVEIRA., 2004

1.3 A atividade fisica como um adjuvante na prevencao e tratamento da adicéo a
psicoestimulantes

A eficécia da atividade fisica regular na prevencao de doengas cronicas é bem descrita.
Diversos estudos relatam os beneficios do exercicio fisico a longo prazo na prevencéo e
tratamento de doencas cardiovasculares, diabetes melito, hipertensdo, cancer, obesidade,
artrite e depressdo (MORA et al., 2007; OMS, 1994; BARBANTI, 1990). Especialmente em
jovens, a prética de exercicios fisicos gera resultados positivos como adogdo de uma dieta
saudavel, desestimula o uso de tabaco, alcool e outras drogas, além reduzir a violéncia e

promover integragdo social (OMS, 1994).
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A pratica de exercicio fisico regular, em casos de ex-usuarios e usuérios de drogas,
pode criar uma rede de cooperagdo proporcionando 0 encontro para praticar esportes e manter
a unido entre os pares (MIALICK, 2008). Este tipo de atividade favorece o melhoramento das
habilidades psicoldgicas, fisicas e sociais e tem sido considerado um método alternativo
relacionado com a reducdo do consumo de drogas (COSGROVE et al., 2002). Segundo
Campersen et al. (1985), a atividade fisica é difinida como qualquer movimento corporal
realizado pela musculatura esquelética, que leve a um gasto energético acimado repouso.
Além disso, é reconhecida como um importante componente de um estilo de vida saudavel,
sendo recomendada por médicos e especialistas (DONALDSON, 2000). Neste sentido, 0s
efeitos de uma atividade fisica moderada e regular se mostram promissores em diversas
desordens neuroldgicas,cuja fisiopatologia esta relacionada ao EO (SALIM et al., 2010).

A atividade fisica regular tem a capacidade de aumentar a auto-estima (MORGAN,
1982; WAADE, 2004) , bem-estar (NORRIS et al., 1990, 1992; MULLER et al., 2006) e
diminuir incidéncia de depressdo (VEALE et al., 1992; DUNN et al., 2005) e ansiedade
(ANTUNES et al., 2005; MANGER e MOTTA, 2005). Além disso, o exercicio fisico exerce
efeitos neuroprotetores, principalmente pela reducdo de lesbes cerebrais e por retardar o
aparecimento de diversas doencas neurodegenerativas (HOWELLS et al., 2005; KIRALY;
KIRALY, 2005; SUTOO; AKIYAMA, 2003).

Estudos apontam que as ER tém sido relacionadas a doencgas neuroldgicas e ao
declinio cognitivo observado no envelhecimento, o que sugere seu importante papel nas
funcbes cerebrais (AHLEMEYER; KRIEGLESTEIN, 2000; CADET; BRANNOCK, 1998).
A atividade fisica regular parece estimular o estado redox do cérebro e aumentar a atividade
de enzimas antioxidantes, atenuando a formacdo de ER e melhorando, assim, as funcdes
fisiologicas e a resisténcia ao EO (RADAK et al., 2001; RADAK; CHUNG; GOTO, 2005),
mesmo se realizado de forma intensa (OGONOVSKY et al., 2005). Além disso, evidéncias
mostram que o exercicio fisico espontaneo pode aumentar os niveis de Fator Neurotréfico
Derivado do Cérebro (BDNF, do inglés, Brain Derived Neutrophic Factor), uma neutrofina
responsavel pela diferenciacdo, crescimento e sobrevivéncia de neurdnios dopaminérgicos,
colinérgicos e noradrenérgicos durante a vida adulta (MATTSON, 2004; SCHUMAN, 1999;
NEEPER, 1996) e sinapsina I, cujo papel é auxiliar a liberacdo de vesiculas sindpticas
(VAYNMAN, 2004) no hipocampo (HICKS, et al., 1998;GRIESBACH et al., 2007).

O hipocampo é uma regido cerebral pertencente ao sistema meso-limbico e como
citado anteriormente, esta regido estd estreitamente relacionada a dependéncia (GRAEFF;

GUIMARAES, 2012) e conseqilentemente geracdo de ER provocadas pelo uso de
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psicotrépicos. Ha alguns anos acreditava-se que regides cerebrais como o hipocampo nédo
possuiam capacidade de regeneracdo (Van PRAAG, et al., 1999). J& se sabe que algumas
regides do cérebro, como a zona sub-granular do giro denteado desta regido sdo passiveis de
neurogénese (ZHAO, et al., 2008). Ainda, estes processos que geram novos neurdnios bem
como a complexidade dendritica e a sinaptogénese estdo aumentados apOs sessdes de
atividade fisica no giro denteado hipocampal (CHRISTIE, 2006; REDILA et al., 2006).

Nesse sentido, o exercicio fisico apromove um aumento da plasticidade e melhora a
funcionalidade cerebral normal e comprometida (COTMAN; BERCHTOLD, 2002; SUTOO;
AKIYAMA, 2003). Ademais, um recente estudo realizado com ratos em nosso laboratério
mostrou que o exercicio fisico aerdbico regular e sistematico € capaz de modular o sistema de
recaptacdo pré-sinapticode DA em situacOes de desequilibrio causado por drogas e/ou
patologias (TEIXEIRA et al., 2011).

Lima et al. (2009) mostraram a capacidade do exercicio fisico em prevenir a
peroxidacdo lipidica e a carbonilagdo de proteinas, e reduzir a inibicdo da enzima Na'K'-
ATPase na regido do cortex, induzidas por modelo experimental de trauma cerebral. A enzima
Na'K'-ATPase, nas membranas cerebrais, é responsavel pela manutencio do gradiente
eletroquimico transmembrana, podendo afetar diretamente a liberacdo de neurotransmissores
e atividade neural (LI; STYS, 2001).

Desse modo, ja € bem estabelecido que o exercicio fisico tem a capacidade de
aumentar a autoestima, bem-estar e diminuir indices de depressdo, além de exercer efeitos
neuroprotetores. Entretanto, poucos relatos mencionam a influéncia do exercicio fisico sobre a
reincidéncia ao uso de drogas anfetaminicas ap6s um periodo de abstinéncia com posterior
exposicdo a droga. Tendo em vista o crescente indice de abuso de psicoestimulantes, este
estudo torna-se de fundamental importancia, pois ira avaliar a influéncia do exercicio fisico
sobre a recaida ao abuso destas drogas em modelo de preferéncia condicionada de lugar

induzido por anfetamina.

1.4  Preferéncia condicionada de lugar a psicoestimulantes

Experimentalmente, os psicoestimulantes aumentam a atividade locomotora e

exploratoria e sdo facilmente auto-administrados pelo seu potente efeito aditivo ou de reforgo
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(GRAEFF, 1989). A exposicao repetida a anfetamina tem sido experimentalmente empregada
como um modelo animal de altera¢cbes comportamentais e neuroquimicas induzidas por
psicoestimulantes em ratos (CAMP; De JONGHE; ROBINSON, 1997; FREY et al., 2006;
KAUER-SANTANNA et al, 2007). Tal exposicdo causa sensibilizacdo comportamental
(PELEG-RABSTEIN et al., 2009), além de promover modificacbes neuroquimicas e
estruturais em diferentes regides cerebrais (ROBINSON; KOLB, 2004).

Os efeitos de recompensa induzidos por drogas de abuso tém sido avaliados através da
preferéncia condicionada de lugar (PCL) (CRUZ et al., 2008), que consiste em um aparato
utilizado para promover condicionamento através de pistas. Esse paradigma é baseado na
habilidade do animal em encontrar pistas associadas com a droga para descobrir o local de
preferéncia e possui importantes implicagdes na busca de drogas e recaidas em humanos
(NEISEWANDER; PIERCE; BARDO, 1990). A PCL envolve o pareamento repetido de um
compartimento com um estimulo especifico (droga), enquanto o compartimento oposto é
pareado com um estimulo neutro (veiculo da droga). O dia do teste ocorre apds o
condicionamento e na auséncia dos estimulos, € permitido ao animal acesso livre aos
compartimentos. Um maior tempo de permanéncia no compartimento pareado anteriormente
com a droga indica a preferéncia do animal pela droga, enquanto o menor tempo indica
aversdo (TZCHENTKE, 1998; 2007).

Como mencionado anteriormente, as drogas psicoestimulantes como a anfetamina
induzem a dependéncia, recaida e também a formacdo de ER. Por outro lado, a pratica de
exercicio fisico regular e continuo é importante para manter a funcGes cerebrais saudaveis,
pois reduz os danos oxidativos nessas regides, conforme demonstrado em estudos anteriores
do nosso grupo de pesquisa. Neste sentido, a realizacdo deste estudo torna-se relevante, uma
vez que poderd determinar se o exercicio fisico exerce influéncia comportamental e

bioguimica sobre a recaida em individuos previamente condicionados ao uso de anfetamina.
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2 OBJETIVOS

2.1  Objetivo geral

Avaliar a influéncia do exercicio fisico aerdbico, regular e continuo sobre parametros
comportamentais de preferéncia e recaida, sintomas de ansiedade e status oxidativo da regido

do hipocampo em ratos condicionados com anfetamina.

2.2 Objetivos especificos

v Expor ratos a anfetamina em paradigma de PCL a droga;

v Verificar a influéncia do exercicio aerobico, fisico regular e continuo sobre a

recaida apos re-exposicdo a anfetamina;

v Verificar a influéncia do exercicio fisico aerdébico, regular e continuo sobre

comportamentos de ansiedade em ratos previamente expostos a anfetamina;

v Determinar marcadores de status oxidativo cerebral, na regido do hipocampo,
em ratos expostos a anfetamina e submetidos a atividade fisica aerdbica, regular e continua,

com posterior re-exposicdo a droga;

v Avaliar a relacdo entre as alteragdes comportamentais e o status oxidativo
cerebral em ratos expostos a anfetamina e submetidos a atividade fisica aerdbica, regular e

continua, com posterior re-exposicédo a droga.
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Os resultados inseridos nesta dissertacdo apresentam-se sob a forma de artigo
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Discussao dos Resultados e Referéncias, encontram-se no proprio artigo, o qual esta disposto

na mesma forma em que foi publicado.
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Exercise hasbeen reported to attenuate rewarding symptoms related to addictive drugs mainly by affect-
ing the brain neuroplasticity and neurotransmission. In this study, we investigated the influence of
physical exercise on the behavioral and enzymatic status related to drug relapse in rats. Animals were
primarily treated with amphetamine (AMPH; 4.0 mg/kg, i.p.) or vehicle {(C; NaCl 0.9% solution) in the
conditioned place preference (CPP) paradigm for 14 days. Half of each experimental group was then sub-
mitted to swimming sessions (60 min/day, 5 days/week) for 5 weeks. Animals were re-exposed to AMPH-

’R(:?;WZZQ'S: or vehicle-CPP paradigm for another 3 days, in order to observe drug relapse and anxiety-like symptoms,
Psyczosnmulants which were observed 24 h after AMPH reconditioning in CPP, and elevated plus maze (EPM), respec-
Amphetamine tively, and brain biochemical evaluations were carried out subsequently. While AMPH was related to

place preference and anxiety, indicating drug addiction and abstinence symptoms, respectively, physical
activity was able to prevent relapse symptoms after AMPH reconditioning, as observed through consec-
utive decreased CPP and anxiety-like symptoms. In addition, AMPH exposure increased reactive species
(RS) generation and protein carbonyl (PC) levels together with decreased activity of catalase- and Na™K*-
ATPase in hippocampus. On the other hand, while all AMPH-induced effects were prevented by physical
activity, there was a negative correlation between PC levels (r=0.65; p<0.003) and CAT activity, and
a positive correlation between RS generation and PC levels (r=0.54; r=0.52, p<0.05) with AMPH-CPP
after exercise. These results indicate that exercise has a clear beneficial influence on the prevention of
psychostimulant drug relapse.

Physical exercise

© 2014 Elsevier B.V. All rights reserved.

incidence of anxiety and depression [1]. Together, these factors are
able to retard the progress of degenerative diseases, thus ame-
liorating brain plasticity and the cognitive process [2]. Recently,
studies of our group have shown the beneficial influence of mod-
erate exercise on movement disorders [3], anxiety-like symptoms
and memory acquisition [4], besides modulating the dopamine
transporter (DAT) activity in rat striatum [5]. So far, different stud-

1. Introduction

Physical exercise has been associated with different health ben-
efits, including increased self-esteem and well-being and reduced

* Corresponding author at: Centro de Ciéncias da Satde Programa de Pos-
Graduagdo em Farmacologia 97105-900, Santa Maria, RS, Brazil.
Tel.: +21 55 3220 8342.
E-mail addresses: mariliseeb@yahoo.com.br, marilise.escobar@pg.cnpg.br
(M.E. Burger).

0166-4328/$ - see front matter © 2014 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.bbr.2014.01.005

ies have shown beneficial influences of exercise on the prevention
and reversal of addiction [6], but few studies into relapse and
abstinence symptoms of psychostimulants like AMPH have been
performed.



30

HJ. Segat et al. / Behavioural Brain Research 262 (2014) 94-100 95

Drug dependence is a serious problem of public health for
which treatment options are scarce, making physical exercise
an economical and promising tool. Psychostimulant drugs have
been widely used around the world and their effects include
increased attention, motivation and well-being [7]. In this con-
text, amphetamine-like (AMPH) drugs are psychostimulant agents
clinically used to treat narcolepsy, morbid obesity [8], and atten-
tion deficit hyperactivity disorder (ADHD) [9]. On the other
hand, AMPH-like drugs, represented by methamphetamine and
methyllene-dioxy-methamphetamine (MDMA or “ecstasy”) are
illicit, whose recreational use has increased alarmingly, causing
serious concerns due their association with positive reinforcement,
tolerance and dependence [10].

Biochemically, AMPH is able to increase the neurotransmis-
sion in the central nervous system (CNS), facilitating processes of
monoamine release and re-uptake, leading to increased extracellu-
lar levels of dopamine (DA), serotonin (5-HT) and nor epinephrine
(NE) [11]. High doses or continued administration of AMPH is
related to psychosis-like symptoms such as disordered thinking,
anxiety and restlessness, besides stereotyped behavior [12]. On the
other hand, the withdrawal of this substance is frequently related
to loss of interest or pleasure in common life rewarding stimuli
[13].Experimentally, discontinuation of AMPH administration after
its chronic use is related to anxiety-like and depressive behaviors.
Even after long periods of abstinence, psychostimulant drugs are
associated with high relapse rates upon re-exposure to drug [ 14],
reinforcingits high addictive power. Indeed, relapses to psychosti-
mulant drugs have been related to different factors, including drug
priming, environmental cues and stress, which can be reflected
on specific brain areas, including hippocampus [15], amygdala,
orbit- and pre-frontal cortex, nucleus accumbens and pallidum. All
these brain areas are essentially innervated by dopaminergic pro-
jections, whose changes involve adaptive conditions that occur in
addiction [16]. Of particular importance, the hippocampus is pri-
marily stimulated by monoamines such as dopamine (DA), whose
release may be significantly increased by AMPH. In fact, this drug is
able to partially inhibit monoamine oxidase (MAO) activity, con-
tributing to accumulation of DA and other monoamines in the
synaptic cleft. This excess of monoamines has been described as
pivotal in drug rewarding symptoms, which are related to plea-
sure and euphoria, whereupon dopamine (DA) plays a critical role
[17].

Conditioned place preference (CPP) is an animal model com-
monly used to study the reinforcement and relapse of addictive
drugs such as AMPH [18]. In this model, animals are previously con-
ditioned with an abuse drug in the non-preferred compartment of
the apparatus. After some days of conditioning, this stimulusisused
to estimate the preference and relapse for the drug, which may be
related to reinforcement symptoms and dependence reinstatement
[19].For this, CPP paradigm was used to quantify theamphetamine-
preference and relapse, while the elevated plus maze (EPM) was
used to evaluate fear- and anxiety-like symptoms, which have been
related to drug abstinence [ 18]. Thus, the present study was devel-
oped to evaluate the influence of chronic and moderate physical
exercise on withdrawal and relapse symptoms after AMPH condi-
tioning.

2. Methods
2.1. Animals and experimental procedure

Twenty adult male Wistar rats weighing 350g=50g, from the
breeding facility of Universidade Federal de Santa Maria (UFSM),

RS, Brazil, were kept in Plexiglas cages with free access to food
and water in a room with controlled temperature (23 +1°C) and

on a 12h light/dark cycle with lights on at 7:00 a.m., following
international norms of animal care and maintenance.

2.2. Drugs and solutions

p,L-Amphetamine (Merck, Germany) 4 mg/mlL, was used accord-
ing to Kuhn et al. [18].

2.3. Conditioned place preference (CPP) paradigm

CPP is an animal model used to evaluate hedonic reinforce-
ment effects of drug. It uses a three-compartment box separated
by manual guillotine doors: two compartments of equal size
(45cm x 45 cm x 50 cm) with equivalent intensity of light but dif-
ferent visual clues: one with a white floor and striped walls, and
the other with a striped floor and smooth white walls. These two
compartments converge to a third smaller compartment. The appa-
ratus was cleaned with alcohol 20% using wet sponge and paper
towel before the introduction of each animal. On day 1, rats were
kept for 15 min in each compartment for habituation; on day 2 we
performed the pre-test, which consists in letting the animal freely
choose one of the compartments for 15 min. On the next 14 days,
animals were conditioned with p,L-amphetamine (4,0 mg/kg, i.p.)
for 25 min in the non-preferred compartment, and with vehicle in
the preferred compartment, with an interval of 4 h between each
administration. After this conditioning phase, on the testing day,
rats were placed in the common compartment with free access to
both compartments. Time spent in the drug-paired environment
was interpreted as preference, whereas time spent away from that
environment was interpreted as aversion [18]. After 5 weeks of
training (described below), the animals were submitted to more
three days of AMPH reconditioning in CPP, which was followed of
an additional test of drug preference as described above. Relapse
symptoms were quantified by the higher time spent in the drug-
paired environment in this second drug exposure (adapted from
Cruzetal. [19])

2.4. Exercise protocol

After 14 days of drug conditioning, the exercise group were
subjected to a swimming protocol in a plastic container (diam-
eter 180cm x depth 45cm) under continuous supervision, with
water temperature set to 29 +1°C, for 1 h per day (two 30 min ses-
sions with a 10 min rest interval), five times per week for 5 weeks
(adapted from Teixeira et al. [5]). During the interval, the animals
were kept on a platform that allowed them to rest without leaving
the water (adapted from Teixeira et al. [5]).

2.5. Elevated plus maze (EPM)

To evaluate the influence of exercise on anxiety-like symp-
toms, animals were observed in the EPM, which is based on the
innate fear rodents have for open and elevated spaces [20]. The
apparatus consists in a platform elevated 50cm from the floor.
Forty-centimeter (40cm) high walls enclose two opposite arms
(50cm x 10 cm) whereas the other two arms have no walls. All of
the arms have a central intersection (10 cm x 10 cm). At the begin-
ning of the test, the rat was placed in central intersection facing the
open arm. Time spent in the closed arms, head dipping frequency
inthe open arms and entries number in both closed and open arms
(number of total entries) were quantified for 5min in the EPM.

2.6. Biochemical measurements

Twenty-four hours after behavioral evaluations, animals
were anesthetized with sodium thiopental, 50mg/kg, i.p.) and
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Fig. 1. Experimental design: after basal behavioral evaluation (pre-test), animals were treated with AMPH in CPP paradigm for 14 days, when the 1st behavioral evaluation
was performed. Subsequently, animals were submitted to the swimming protocol (1 h per day, 5 days per week) for 5 weeks (n=>5), which was followed by another 3 days
of AMPH conditioning. 24 h after the last AMPH administration, animals were re-exposed to CPP evaluation and EPM, in order to observe relapse and anxiety-like behaviors,
respectively. Behavioral evaluations were followed by biochemical analysis (oxidative status) in hippocampus. Abbreviations: AMPH: amphetamine; CPP: conditioned place

preference; EPM: elevated plus-maze.

euthanized by exsanguinations. Brains were immediately removed
and cut coronally at the caudal border of the olfactory tubercle,
and the hippocampus was dissected out, homogenized in 10
volumes (w/v) of 10mM Tris-HCl buffer (pH 7.4) for biochemical
evaluations.

2.6.1. Reactive species (RS) generation with DCH
(dichlorafluorescein-reactive species, DCH-RS)

RS levels were measured using the oxidant sensing fluores-
cent probe, 2,7’ -dichlorofluorescein diacetate (DCHF-DA) [21]. The
oxidation (DCHF-DA) to fluorescent dichlorofluorescein (DCF) was
determined at 488 nm for excitation and 525 nm for emission. After
homogenization of hippocampus in 10 volumes (w/v) of 10 mM
Tris-HCl buffer pH 7.4 and centrifuged (15 min, 3.500 rpm), 3 mL
of the same buffer was added. After 10s, 10 wuM (DCHF-DA) (pre-
pared in ethanol) was added to the mixture, and the fluorescence
intensity from DCF was measured for 300 s and expressed as a per-
centage of the untreated control group. The protein content was
normalized by quantification according to Lowry et al. [22].

2.6.2. Na”K*-ATPase activity

Na*K"-ATPase activity was determined in hippocampus accord-
ing to the method proposed by Muszbecket et al. [23] with some
modifications. The method for ATPase activity measurement was
based on determination of the inorganic phosphate (Pi) released
to the reaction medium by hydrolysis of the ATP. The reaction
was started with the addition of ATP to the reaction medium and
was finished by the addition of the color reagent (1 mL) containing
ammonium molybdate (2%), Triton X-100 and H,SO4 (10%) after
15 min of incubation at 37 °C. The formed molybdate-Pi complexes
were measured spectrophotometrically at 405 nm. Values were cal-
culated in relation to a standard curve constructed with Pi at known
concentrations and also corrected by the protein content [22].

2.6.3. Catalase (CAT) activity

CAT activity was spectrophotometrically quantified by the
method of Aebi [24], which involves monitoring the disappear-
ance of H203 in the presence of cell homogenate (pH 7 at 25°C)
at 240 nm for 1205s. The enzymatic activity was expressed in p.mol
H203/min/g tissue.

2.6.4. Protein carbonyl determination

The oxidative damage to proteins was assessed in the hippocam-
pus bydetermination of carbonyl groups based on the reaction with
dinitrophenylhydrazine (DNPH) [25]. Briefly, proteins were precip-
itated by the addition of 20% trichloroacetic acid and re-dissolved in
DNPH. The quantification of protein carbonyls in the samples was
determined in the absorbance of 370 nm.

2.7. Statistical analysis
CPP data before exercise protocol were analyzed by Student’s ¢

test. For all other analysis, two-way ANOVA followed by Duncan'’s
tests were used (Software package Statistica 8.0 for Windows).

Values of p<0.05 were considered statistically significant for all
comparisons made. Power analyses sample calculation (Manova-
Two-way; Statistica software) was carried outin order to verify the
balance between the number of subjects, the larger of the observed
effect and the required alpha value (Fig. 1).

3. Results
3.1. Behavioral evaluations

3.1.1. The development of preference for AMPH evaluated in
conditioned place preference (CPP) is shown in Fig. 2

The behavioral evaluation performed before the exercise pro-
tocol showed that AMPH-treated animals remained longer in the
drug-conditioned place than did the vehicle group, which did not
show place preference (p <0.05) (Fig. 2A).

After exercise, two-way ANOVA revealed a significant main
effect of drug and exercise [F(1,16)=25.85 and 20.27; p<0.05],
respectively, and a significant drug x exercise interaction
[F(1,16)=9.001, p<0.05]. Post-hoc test revealed that AMPH con-
ditioning increased the time spent in the drug-conditioned place
of both sedentary and exercise groups; however, exercise was able
to reduce this time in comparison to the sedentary group. In fact,
between vehicle-injected groups, both sedentary and exercised
animals showed no differences in the place preference parameters
(Fig. 2B).

3.1.2. Anxiety-like symptoms evaluated in EPM (Fig. 3)

Two-way ANOVA of time in the closed arms of EPM revealed
a significant main effect of drug and exercise [F(1,16)=78.31 and
6.80; p<0.001], respectively, and a significant drug x exercise inter-
action F(1,16)=43.41, p<0.001].

Duncan's test showed that in sedentary animals, AMPH
increased the time spent in closed arms, while this effect was not
observed in the exercise groups. In fact, exercise was able to reduce
this AMPH-induced anxiety marker as compared to the sedentary
group (Fig. 3A).

Two-way ANOVA of the number of entries intoopen arms of EPM
revealed a significant drug = exercise interaction [F(1,16)=7.21,
p<0.05]. Post-hoc test indicated that AMPH treatment was able to
reduce the number of open arms entries in sedentary rats only. In
fact, between exercised groups, this behavioral parameter was sim-
ilar across AMPH- and vehicle-injected groups, but it was higher in
sedentary animals exposed to AMPH conditioning (Fig. 3B).

Two-way ANOVA of head dipping frequency in EPM revealed a
significant drug x exercise interaction [F(1,16)=6.25, p< 0.05]. Post
hoc test showed that AMPH reduced head dipping frequency in
sedentary rats, but this effect was not observed in the exercised
group (Fig. 3C), where it was higher than in sedentary animals
exposed to AMPH conditioning.

No influence of AMPH or exercise on number of entries in both
open and closed arms of EPM was observed (Fig. 3D).
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Fig. 2. Drug preference behavior induced by amphetamine (AMPH, 4 mg/kg for 14 days), which was observed in CPP paradigm (Fig. 2ZA). Thereafter, rats were submitted
to swimming (1 h per day, five days per week) for 5 weeks, followed by 3 additional days of AMPH exposure in the same (PP paradigm (Fig. 2B). Data are expressed as
mean + S.E.M. (p<0.001) indicates a significant difference from vehicle-injected group in the same physical activity; “~*(p<0.001) indicates a significant difference from

sedentary group in the same treatment.

3.2. Biochemical evaluations

3.2.1. Estimation of reactive species (RS) generation and protein
carbonyl (PC) levels in hippocampus (Fig. 4)

Two-way ANOVA revealed a significant main effect of
drug and exercise [F(1,16)=7.11 and 8.43; p<0.05, respec-
tively] on ROS generation and a significant main effect of
drug [F(1,16)=28.32; P<0.001] and drug x exercise interaction
[F(1,16)=79.13; p<0.001] on PC levels, respectively.

Hippocampal RS generation was increased by AMPH in seden-
tary but not in exercised animals. Indeed, exercise was able to
reduce RS generation in AMPH-treated animals, whose PC levels
were similar to those of the control group (Fig. 4A). AMPH treat-
ment increased PC levels in hippocampus of sedentary animals,
which were lower in exercised animals. Indeed, exercise showed
influence per se on PC levels, as observed by increased PC levels in
hippocampus of the vehicle-injected group and decreased PClevels
in hippocampus of the AMPH-treated group (Fig. 4B).
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3.2.2. Estimation of Na*K*-ATPase activity and catalase (CAT)
activity in hippecampus (Table 1)

Two-way ANOVA revealed a significant main effect of exer-
cise [F(1,16)=11.59; p<0.05] and a significant drug x exercise
interaction [F(1,16)=11.35; p<0.05] on Na"K -ATPase activity. A
significant interaction between drug x exercise was also observed
[F(1,16)=12.98; p< 0.05] in CAT activity.

Duncan’s test indicated that AMPH conditioning decreased
both Na*K™-ATPase and CAT activity in hippocampus when
compared to control group. Exercise restored these activi-
ties, which were similar to those in non-conditioned groups
(Table 1).

Statistical analyses revealed a significant positive correlation
between RS generation (r=0.54, p=0.013, Fig. 5A) and PC levels
in hippocampus (r=0.52, p=0.016, Fig. 5B) with AMPH-CPP after
exercise protocol. On the other hand, regression analyses between
PC levels and CAT activity in hippocampus (r=0.65, p=0.0025,
Fig. 5C) revealed a significant negative correlation.
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Fig. 3. Influence of physical exercise on elevated plus maze (EPM) task, performed 24 h after the last amphetamine (AMPH) injection. Animals were conditioned with AMPH
(4mg/kg, i.p.) for 14 days, and sequentially submitted to swimming (1h per day, five days per week) for 5 weeks, followed by another 3 days of AMPH administration.
Anxiety-like symptoms were evaluated by time spent in the closed arms (A), number of entries in the open arms (B), and head dipping frequency (C). The total number of
entries in both closed and open arms (D) was indicative of the locomotor status. Data are expressed as mean +S.E.M. (p<0.05), =(p <0.001) Indicates a significant difference
from vehicle-injected group in the same physical activity; ~(p<0.05) indicates a significant difference from sedentary group in the same treatment.



33

98 H.J. Segat et al. / Behavioural Brain Research 262 (2014) 94-100
160 2200- )
A B I Vehicle
AMPH

+

1100+

RS (% of control)
8

Protein carbonyl (nmoligtissue)

Sedentary Exercised Sedentary Exercised
Fig. 4. Influence of physical exercise on the oxidative status in hippocampus of rats conditioned with amphetamine (AMPH; 4mg/kg, ip.) for 14 days. Animals were
sequentially submitted to swimming (1 h per day, five days per week) for 5 weeks, followed by another 3 days of AMPH administration. (A) Reactive species (RS) generation;

(B) protein carbonyl (PC) levels. Data are expressed asmean +5.E.M. "(p <0.05), =(p<0.001) indicates a significant difference from vehicle-injected group in the same physical

activity; =(p<0.05), == (p<0.001) indicates a significant difference from sedentary group in the same treatment.

Table 1
Influence of the physical exercise on the catalase (CAT) (mmol H Oz g tissue~! min~—')and Na“K~-ATPase (nmol pi/mg protein/min) activities in the hippocampus of ratsexposed
to AMPH.
Sedentary Exercised
Vehicle AMPH Vehicle AMPH
CAT 150.98 = 7.81 86.43 + 6.04" 122.45 + 899 126.30 = 15.23°
Na“K*-ATPase 124.02 + 3.49 84.49 + 10.25 12437 + 8.42 150.39 = 13.78"™*

Data means =5.E.M.; *(p <0.05); **(p < 0.001) indicates difference between treatments in same physical activity. *(p < 0.05);

activity in the same treatment.

4. Discussion

In the present study we observed that: (i) AMPH-conditioning
increased AMPH-CPP of sedentary rats; (ii) Five weeks of physical
activity after AMPH-conditioning with subsequent re-exposure to
AMPH prevented relapse symptoms, as observed by longer time
in the drug-conditioned compartment; (iii) Exercise was also able
to prevent anxiety-like symptoms related to drug abstinence, as
observed by longer time spent in the closed arms and fewer entries
and head dipping in the open arms of EPM. Indeed, these findings

(p<0.001)indicates difference between physical

cannot be considered a locomotor artifact, because the experi-
mental groups showed similar entries number in both closed and
open arms of the EPM [26]. Furthermore, the reduced emotionality
observed in the exercised groups confirms the effectiveness of this
innovative swim protocol [5], whose execution includes rest inter-
vals. We believe that these rest intervals may have contributed to a
smaller development of stress, which can be observed in swimming
protocols continues. While several studies have shown beneficial
influences of exercise on drug addiction, data about drug relapses
are scarce. In this sense, Carroll et al. [27] reported that one year
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Fig. 5. Correlations between amphetamine (AMPH) preference and both reactive species (RS) generation (A) and catalase (CAT) activity (B), as well as between protein
carbonyl (PC) levels and CAT activity (C), which were quantified in the hippocampus. Animals were conditioned with AMPH (4.0 mg/kg for 14 days) followed by 5 weeks of
swimming (1h per day; 5 days per week), and re-exposed to AMPH for another 3 days. (Statistical analysis revealed the following P significance levels for the r-values were
0.54(p=0013); 0.52 (p=0.016) and 0.65 (p =0.002) respectively.)
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after initiating detoxification treatment, 70% of the patients pre-
sented drug relapse, confirming that pharmacotherapy alone is not
sufficient to treat addiction [28]. In this context, the CPP paradigm
may be understood as involving different steps, namely acquisi-
tion, expression, extinction and reinstatement, and therefore can be
considered as a reliable measure of drug reward [19]. In this study,
AMPH induced CPP, causing also reinstatement to this preference
five weeks after its extinction, while exercise could prevent both
CPP and drug relapse. Interestingly, Bannerman et al. [29] observed
that AMPH withdrawal was related to decrease of neurogenesis in
ventral dentate gyrus, which has a major role in fear and anxious
behaviors. Similarly, in this study, re-exposure to AMPH was asso-
ciated with increased fearand anxiety in the animals, while 5 weeks
of exercise prevented such behaviors without interfering with the
locomotor activity, which was unaltered in the EPM paradigm. In
this sense, physical exercise may be considered a neuroprotective
event, since it is able to enhance synaptic plasticity, accelerating
the maturation of dendritic spines in newborn neurons of rodents
[30]. Moreover, changes in synaptic plasticity appear to be specific
to the hippocampus, indicating the importance of neurogenesis in
this brain area [31].

In addition to these behavioral findings, AMPH-conditioning and
AMPH-re-exposure were related to: (i) increased oxidative markers
inthe hippocampus, which were quantified by higher RS generation
and PC levels; (ii) changes in enzymes, such as Na*K*-ATPase and
CAT, whose activities were decreased. On the other hand, exercise
was able to prevent RS generation, thus minimizing the damage
to proteins (PC levels), as also observed in the Na*K*-ATPase and
CAT, whose activities were restored in the hippocampus. Following
these considerations, Na*K*-ATPase has been recognized to play a
criticalrolein cell functions, regulating ion exchanges between cells
and the intercellular space [32]. Furthermore, it is essential in the
maintenance of neuronal and synaptic plasticity [33]. In this study,
exercise exerted no influence per se on the Na*K*-ATPase activity,
but when the hippocampal area showed AMPH-induced oxidative
damage, physical activity was able to protect enzyme activity. In
this sense, we suggested that exercise, by its known property of
increasing membrane plasticity [2] could adjust the pump acti-
vation [34]. We believe this finding is consistent with a recent
study of our group, when exercise presented modulatory effects on
dopamine uptake, especially when this transporter was damaged
by oxidative processes consequent to striatal dopaminergic excess
[5]. With regard to RS generation and the oxidative status, these
are naturally increased by the aerobic cellular metabolism, thus
exerting an important role in modulation of signal transduction
pathways and gene expression [35]. However, when RS produc-
tion is exacerbated by any factor, as AMPH, for example, this excess
may cause damage to macromolecules such as proteins, membrane
lipids and DNA, leading to death of brain neurons [36]. In fact, AMPH
can produce long-term deficits in dopaminergic and serotoninergic
systems, mainly because accumulated DA is susceptible to autox-
idation and generation of DA-quinones, which are able to damage
and inhibit the function of macromolecules [37]. These RS are able
to inhibit mitochondrial functions, thus reducing ATP production
[38]. Interesting for our findings, the positive correlations observed
between RS generation and PC levels with AMPH-CPP indicated a
corresponding interaction of the oxidative processes with reward
mechanisms, while the negative correlation between PC levels and
CAT activity indicated a possible functional impairment in neutral-
izing hydrogen peroxides. In fact, CAT exerts a fundamental role in
RS detoxification [39].

In conclusion, sedentary rats showed AMPH-conditioned place
preference and relapse symptoms after drug extinction, which
were concomitant with oxidative damage to the hippocampus.
Exercise was able to reduce AMPH-induced place preference and
behavioral symptoms of abstinence, preventing relapse symptoms

during drug re-exposure. Exercise was also able to maintain the
physiologic oxidative status in the hippocampus, confirming its
modulatory role in brain areas more susceptible to AMPH damage.
In this sense, regular physical activity can be useful as an adjuvant
therapy to prevent psychostimulant drug relapses, thus minimizing
the harmful effects of addiction.
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4. CONCLUSAO

Com base nos resultados obtidos nesta dissertacdo, podemos concluir e/ou propor que:

v A anfetamina, na dose e periodos em que foi administrada, induziu PCL, tanto
no teste comportamental realizado apds a fase de condicionamento, quando no teste de

recaida, realizado ap6s a re-exposicdo a droga;

v Animais submetidos ao protocolo de exercicio fisico aer6bico ndo mostraram
PCL apds re-exposicao a anfetamina Além disso, esses mesmos animais mostraram menores

parametros de ansiedade quando em abstinéncia da droga;

v Anélises bioquimicas em hipocampo dos animais sedentarios indicaram o

desenvolvimento de danos oxidativos induzidos pela anfetamina.

v Pode-se concluir que pratica regular de atividade fisica aerébica e moderada
pode ser til na prevencdo de recaida ao uso de drogas psicoestimulantes anfetaminicos,
desfavorecendo também o desenvolvimento de processos oxidativos em area cerebral

relacionada a sintomas de recompensa.
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S. PERSPECTIVAS

Os dados apresentados nesta dissertacdo mostram-se promissores, desde que até o
presente, 0s tratamentos empregados nas clinicas de desintoxicacdo ndo sdo padronizados,
mostrando baixa efetividade no controle de recaidas. Deste modo, a busca de novos
tratamentos, mesmo que complementares, podem contribuir nos aspectos comportamentais e
bioquimicos relacionados a dependéncia a psicoestimulantes como mostrado no presente
estudo. Como perspectiva, nds pretendemos avaliar os efeitos benéficos da atividade fisica
regular sobre aspectos moleculares e de neurotransmisséo cerebral relacionados a drogadicao.
De fato, sabe-se que a dependéncia por substancias psicoativas estd inserida em todos os
meios sociais, sendo de extrema importancia a busca e compreensdo de tratamentos
adjuvantes a farmacoterapia, que possam contribuir com o tratamento da adicdo a drogas

psicoativas, reduzindo sua busca, bem como as recaidas, tdo comum entre 0s usuarios.
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