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RESUMO

A exposicdo repetida a cocaina causa neurotoxieidad pode resultar no
desenvolvimento de dependéncia. O desenvolvimeatdegpendéncia, por sua vez, implica
numa convergéncia de fatores, que podem ser tamieatais como individuais. Do porto de
vista ambiental, a criagcdo de ratos em um ambmmiguecido (AE) tem revelado um papel
neuroprotetor, o que poderia diminuir o risco dgaal Possibilitar a animais de laboradrio
realizar uma escolha entre uma injecdo de cocainbeber uma solugdo doce tem sido
estudada para entender o papel das influénciagidodis na escolha pelo efeito da droga. O
objetivo geral deste estudo é verificar se 1) o &AE& presenca de sacarina alteram o
comportamento de condicionamento a cocaina em satosetidos a um protocolo adaptado
de condicionamento de preferéncia de lugar (CPRinda, determinar o papel neuroprotetor
do AE no hipocampo e no cortex pré-frontal dos amsnapds exposicao a cocaina. 2) Testar
se existe mudancas na predicdo dos ratos por isagaricocaina, apos injecdes passivas de
cocaina em modelo de autoadministracdo e escolra. responder aos objetivos, foram
realizados dois experimentos: 1) Cinquenta ratostAVimachos foram divididos em grupos
padréo (ST) ou AE do dia 21 pds-natal (PND) ao®BED. Os animais foram entéo testados
em um protocolo de condicionamento de preferéneiugar (CPP) padrdo e outro adaptado
para medir a preferéncia por cocait8 (hg/kg; i.p.) ou sacarina [0,2%]. Apds, 0s animais
foram decaptados e o hipocampo e cortex pré-fréotain dissecados para posterior andlise
de neurotoxicidade. No experimento 2) foram redBgacirurgias para implantacdo de canula
na veia jugular de ratos Wistar machos (n=14) pasderior autoadministracdo endovenosa
de cocaina. Foi conduzida entdo uma série de expetds: autoadministracao prolongada a
cocaina (0,25 mg por injecdo durante 4,2s); segd@am esquema de escolha entre obter
uma injecdo de cocaina ou poder beber uma solugdsachrina [0.2%] e;, por fim; um
regime de escolha na autoadminitracdo, intercatemoinjecdes passivas de cocaina (0,75
mg) para testar a preferéncia do animal estandefeito da droga. Os resultados obtidos nos
experimentos 1) foram que os animais do grupo AEesgmtaram menor interesse pelo
compartimento pareado com a cocaina no CPP. Aiodas os animais, para os quais foi
dada a opcao de escolha, foram menos propensosteanmreferéncia pelo lado pareado com
cocaina. Nas analises de neurotoxicidade, o AEndiinio estresse oxidativo e o dano ao
DNA induzido por cocaina no hipocampo e cortexfppétal dos animais. Importantemente,
demonstramos que os efeitos da cocaina, tanto ctanpntais quanto de neurotoxicidade,
podem ser diferentes, dependendo dos fatores ataisieenvolvidos. No estudo 2)
encontramos evidéncias que apoiam nossa hipotegeedestar sob efeito de cocaina leva a
optar por continuar intoxicado. No entanto, houeenliém uma variacdo individual
interessante, onde mesmo sob efeito da cocainmsalnimais foram capazes de aumentar
ainda mais sua preferéncia por sacarina. Analisaosconjunto, 0s nossos resultados
demonstram que tanto o ambiente enriquecido copresenca de solucdo adocicada podem
favorecer escolhas outras que ndo o uso de uma dftagnente “viciante’como a cocaina,
mas que isso pode depender de fatores individDaisnaneira geral, confiando nos modelos
animais de dependéncia como fundamentais para w¢c@vdo conhecimento acerca dos
efeitos comportamentais e neuroquimicos das dratgsabuso sobre os individuos,
entendemos que pesquisas futuras devem ser desliead@elhor explorar modelos que
considerem cada vez mais a mulfatoriedade envohad#ependéncia quimica.



ABSTRACT

Repeated cocaine exposure causes neurotoxicitymand result in the addiction
development. The dependence, in turn, implies aergence of factors, which can be both
environmental and individuals. From the port of iemvmental view, the environmental
enrichment (EE) has revealed a neuroprotective, mldch could attentuate the risk of
addition. To offer for laboratory rats a possibity make a choice between cocaine and
another reward has been studied to better under#t@nrole of individual influences in drug
choice. The general objective of this study is @ify if 1) the EE and the presence of
saccharin can to alter the behavior of cocaine itiomihg in rats submitted to an adapted
protocol of conditioning preference place (CPP) afsb to determine the neuroprotective
role of EE on the hippocampus the pre-frontal codieanimals exposed to cocaine. 2) To test
if there are changes in the prediction of ratsdmyckarin or cocaine, after passive injections of
cocaine in a model of self-administration and choin order to respond to the objectives,
two experiments were performed: 1) Fifty male natse divided on the 21st day postnatal
(PND) in a standard (ST) or AE group. They weregdan EE until 50 PND. Then, the
animals were tested in a standard or an adapteditcmng preference place (CPP) protocol
to measure a preference for cocaine (15 mg / g9, 0r saccharin [0.2%]. After, the animals
were decapitated and hippocampus and prefrontecarere dissected for later neurotoxicity
analysis. In the experiment 2) surgeries were ped for a cannula implantation in the
jugular vein of male Wistar rats (n = 14) for sulpsent intravenous cocaine self-
administration (0.25 mg per injection for 4.2 sed®)n A series of experiments were then
conducted, in sequence: prolonged cocaine self+fadtration - Scheme to choose between a
cocaine injection or to drink a saccharin solut{ghoice self-administration) - Schem of
choice self-administration, interspersed by passijextions of cocaine to test the choice of
animal under the effect of the drug. The resuttimed in the experiments 1) were that the
animals of group EE presented less interest irctimpartment paired with cocaine in CPP.
Still, all animals which the choice procedure onPCRas made were less likely to show
preference for the side paired with cocaine. Inroxicity analyzes, the EE group decreased
oxidative stress and cocaine-induced DNA damagherhippocampus and prefrontal cortex
of the animals. Summarizing, we have demonstrated the effects of cocaine, both
behavioral and neurotoxicity, may be different, eleging on the environmental factors
involved. In second study we found evidence th@psus our hypothesis that being under
cocaine effects leads to opting to remain intox@daHowever, there was also an interesting
individual variation, where even under the effettcocaine, some animals were able to
further increase their preference for saccharirkemaogether, our results demonstrate that
both the enriched environment and the presenceveétened solution may favor choices
other than using a highly "addictive” drug suchcasaine, but that this may depend on
individual factors. In general, relying on animabadels of dependence as fundamental for
advancing knowledge about the behavioral and néeraccal effects of drugs of abuse on
individuals, we understand that future researctulkshbe devoted to better explore models
that increasingly consider the multifariousnes®ined in the addiction development.
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1 INTRODUCAO

1.1 Dependéncia: conceito e prevaléncia

O uso de substancias psicotropicas para modifip@r@epcdo, o humor, os sentidos e
0 comportamento sempre foi presente na sociedadepéndente do tempo. Drogas como
alcool, cafeina, nicotina, cocaina, maconha, opgeeoutras substancias tem sido usadas em
uma variedade de culturas no mundo para sociabzaefimonias, rituais ou como um breve
escape para uma existéncia dificil (NATHAN; CONRAEKINSTAD, 2016). Os conceitos
com relagdo ao uso de drogas, da mesma maneiraret#o/os ao contexto e ao
conhecimento prevalente em cada época. Acerca, aisstas questdes derivam da tentativa
de entender a complexidade que permeia 0 uso dmgjrdesde a antiguidade até os dias

atuais.

“A complexa etiologia da dependéncia quimica estietida nas frequentes
oscilagBes entre atitudes opostas pra temas gaémaite seguem sendo
debatidos, como: se a dependéncia € pecado ouajaan¢ratamento deve
ser moral ou médico; se o vicio é causado pelatéutia, pela
vulnerabilidade do individuo, pela sua psique oufptores sociais; e se as
substéncias devem ser regulamentadas ou devem é&gtamente
disponiveis” (CROCQ, 2007).

E de fato impressionante observar que muitas dasnase questbes continuam a ser
debatidas desde os tempos antigos até hoje (NATHZONRAD; SKINSTAD, 2016). No
entanto, entender o conceito de dependéncia com® dmsordem psiquiatrica € uma
preocupacao central para o estabelecimento de udelm@nimal de adicdo. Assim, a
primeira parte da introdugdo sera usada para defintonceito de doenca psiquiatrica,

colocando-a em um breve contexto histoérico.

1.1.1 A evolugédo de conceitos: do julgamento mamiddenca crénica

A histoéria do tratamento de desordens mentais psaptases de ndo assimilacdo de
insanidade ou culpa, doenca ou impureza, maniféssagda mente ou pecado. Entre os

hebreus, na Babil6nia, durante muitos anos ant€xid® (A.C.), a doenca, fisica ou mental,
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era entendida como uma manifestacdo do pecadose @aipeniténcias manifestava uma
ideia de purificagdo. No mundo grego e romano,(alesara uma funcdo do equilibrio dos
humores e as patologias, incluindo a psiquica,r@aorem funcdo de mudancas no ambiente
interno do individuo. A teoria humoral é estabelacpor Hipdcrates, na Grécia, cerca de
qguatro séculos A.C.. Ainda, durante o longo periedtre o fim do Império Romano do
Ocidente (476 dC) e a queda de Constantinopla j1458eia predominante na sociedade é
que a loucura era um castigo divino, quando naauerasinal de possessao demoniaca. O
tratamento, a partir deste entendimento, combimewacismo, ritos sagrados e oracfes. O
inicio do Renascimento € marcado por tragédias/ésr onde vitimas de doencas mentais,
bem como um grande numero de pessoas saudaveis, vistEs como praticantes de
bruxarias. Alguns médicos, protestando contra Hcprdacreditavam que eles devessem ser
tratados com cuidado, embora ndo houvesse espereatale tratamento e recuperacéo
(CROCQ, 2007; NATHAN et al., 2016).

No final do século XVIII (1806), o psiquiatra frae Philippe Pinel propés uma
taxonomia dos transtornos. A nosologia de Pinelaf@rimeira tentativa de classificar as
doencas mentais. Pinel aventurou, por exemplo,agqoeelancolia, uma de suas classes de
transtorno mental era por vezes provocada pelooatr@sico do alcool (PINEL, 1962), uma
conexao feita ainda até os dias de hoje.

Benjamin Rush (1745-1813) era outro defensor peead® uma concepcédo mais
meédica da dependéncia. Enquanto a pratica comurseantempo era a puni¢cao dos crimes
causados por usuarios, Rush viu esses crimes comsinioma de uma doenca subjacente.
Entre outras realizagbes, ele fundou a primeirditingdo dedicada exclusivamente ao
tratamento de alcoolistas em Boston, nos Estada@oB(NATHAN et al., 2016).

Apoés progressdes discretas acerca do estabeleocinckrd da dependéncia como
doenca e ainda refletindo a influéncia das teq&sanaliticas da etiologia dos transtornos
mentais, apés a Segunda Guerra Mundial, em 1958¢ s primeira edicdo do Manual
Diagnostico e Estatistico de Transtornos MentaiSM) publicada pela Associacdo de
Psiquiatria Americana (APA). A segunda versao (DiBMei publicada em 1968 e estendeu
a classificacdo para um numero maior de doencastadleluas edicdes nao havia distingéo
clara entre normalidade e anormalidade e todasoascds mentais identificadas foram
consideradas reagdes a eventos ambientais. Nestaversoes preliminares do DSM havia a
distincdo apenas entre duas formas de transtosiqgifitricos: psicoses e neuroses (MACK
et al., 1994).
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1.1.2 Concepcgdes modernas da dependéncia

Muitos psiquiatras e historiadores na area da sangigal acreditam que o psiquiatra
alemao Emil Kraepelin (1856-1926) fundou a psiqgiaatientifica moderna por seus esforcos
para desenvolver a psicofarmacologia, a genéticmipsica, a classificacdo e o diagnostico
das doencgas mentais. Para este fim, o DSM-III 8 secessores sdo algumas vezes referidos
como neo-Kraepelinianos porque exigem observacddadosa do comportamento do
paciente e completa identificacdo de sinais e siasoda desordem para o diagnéstico. A
definicdo moderna de dependéncia como um transfsiguiatrico foi introduzida no DSM-

[Il. O lado clinico € bem caracterizado por um asmpulsivo de drogas, que o individuo nao
pode controlar. Tolerancia e sintomas de abstiagmaidem estar presentes, mas ndo indicam
necessariamente uma dependéncia. Os tracos cestambderda dependéncia sdo a presenca de
comportamentos persistentes e recorrentes de udogia em detrimento de outras atividades
habituais e prazerosas. Esta definicdo pressupgmmmainda sem total esclarecimento, que a
dependéncia é uma neuropatologia, comum a muitagslr mesmo que farmacologicamente
diferentes (WILSON, 1993).

O DSM-IV e o DSM-V ratificam e aprimoram essa vid@iologica do processo da
dependéncia; O DSM-V é bastante explicito ao apoptra crescentes descobertas
envolvendo mecanismos cerebrais especificos noegsoc de dependéncia. Hoje, a
dependéncia a drogas psicoativas, também chamddaoa@d considerada uma doenca
psiquiatrica crénica associada a um elevado rigcoedaida pel&merican Psychological
Association que publica o DSM (APA, 2014). Embora consciemtesque ainda ha debate
sobre o uso adequado de termos como adicdo ou cepma (AHMED, S. H., 2010;
MADDUX; DESMOND, 2000), e mesmo o termo adi¢cdo s&vdo muito usado no Brasil,
podendo ser traduzido como vicio, usaremos ao lolegta tese os termos igualmente para
descrever o mesmo fendmeno.

Nos dias atuais pode-se considerar que existencippaimente duas concepcdes da
dependéncia: de um lado, caracterizando como umiacdoe de outro, como uma desordem
de escolha. Na primeira, a toxicodependéncia ¢ idem&la uma doenca crbnica
(AMERSON; SMITH, 2001; HYMAN, 2005;2007), que aealtom a capacidade do
individuo de agir livremente, de forma voluntarieaeional. Ela poderia ser caracterizada por
uma diminui¢do na capacidade de controlar o usdrogas, mesmo com o reconhecimento

de fatores que deveriam motivar a parada do us®AlY, 2007). Como descrito acima, este
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conceito de dependéncia € defendido pela APA narsswal de classificacdo das doencgas
mentais.

Por outro lado, ha um segundo ponto de vista, deferpor outros pesquisadores, que
definem a dependéncia como uma escolha voluntdiaYMAN, GENE M., 2009;
HEYMAN, G. M., 2013), mas n&o no sentido de umaisder racional de sua vida, como
algumas teorias da dependéncia racional (SCHALHERQR Neste caso, o usuario ndo
escolhe antecipadamente e racionalmente tornaggendente. A transicdo do uso recreativo
a dependéncia acontece de forma inesperada e coracansequéncia ndo intencional de
uma soma de escolhas diérias, ndo necessarian&ids,sembora consideradas "normais".
Por exemplo, tomar decisdes impulsivas (isto é&rfda a escolha da melhor opcao imediata,
sem considerar as consequéncias em longo praig) éansiderado comum entre as pessoas
(sejam jovens ou adultos). No entanto, este cormpanto pode, em algumas circunstancias,
levar a dependéncia quando, por exemplo, existeawmento da disponibilidade da droga
combinada com uma falta de oportunidades e opdfeaativas. De acordo com esta teoria,
nao haveria perda patolégica de controle ou deqgealdisfuncéo cerebral que privaria o
individuo de sua capacidade de fazer uma escalteadi voluntaria. Mesmo no auge de sua
dependéncia, o individuo dependente continuaridotem capacidade de exercer controle
sobre seu uso de drogas e seria até mesmo cappdratede usar, com ou sem ajuda
profissional, se as circunstancias forem favorayg¢iEYMAN, GENE M., 2009). A
dependéncia, sendo conceituada como uma escoltatéah, mas impulsiva, sustentada por
uma série de escolhas ruins, € suportada pelastakas de cura espontanea observada entre
dependentes e tem boa compatibilidade com a dicéle terapias, tais como as
comportamentais utilizadas em dependentes de @aamo aqueles que defendem o uso de
vouchersou prémios em troca da manutencdo da abstin@AETMNIAN, GENE M., 2009).

No entanto, parece surpreendente que, apés maim déculo de debate e pesquisa, a
comunidade cientifica ainda n&o tenha encontrado comsenso sobre a natureza da
dependéncia e que os dois conceitos melhor detshaté hoje, possam coexistir. Em
verdade, os argumentos cientificos sdo solidos nsistentes em ambos os lados e, na
auséncia de evidéncia clara da natureza da nealogat nos seres humanos, é dificil
favorecer um ou outro destes modelos. Entendemes apima de tudo, existem também
fatores anteriores que predispde um individuo am &stes fatores vdo desde questdes
individuais, como a resiliéncia, a toxicocinéti@aalroga no organismo e, ainda, tamanho do

valor do efeito da droga, que pode ser mensurgdotat de um repertério comparativo muito



17

particular; até, justamente, de qual repertériesté falando. E um repertério que representa
um fator de protecdo ou de risco para o uso deadrog

De maneira geral, ndo se pode negar que existaragnvisdo consensual, a de que a
dependéncia quimica seja determinada a partir téeagéio de multiplos fatores (Figura 1).
Estes fatores estdo sempre presentes influenci@@a®sd o aparecimento, mas também os
processos de abstinéncia e recaida, que perme@rouio de uso — abuso — dependéncia —
abstinéncia e recaida da adicdo. Considera-se,e neshceito multifatorial, muito
importantemente, o fato de que uma grande porcemiaz populacdo experimenta os efeitos
das drogas de abuso e apenas uma pequena partevadessea sindrome patoldgica
compulsiva tipica da dependéncia quimica (KOOB; XOM/, 2016; KREEK et al., 2005;
PIAZZA; LE MOAL, 1996).

’ Efeito Reforgador Agudo/”Uso Social” I

V

“Escalonamento”/ Uso Compulsivo/ }

Binge Drinking
| Dependéncia | Variabilidades Individuais
Fatlores ambientais

Efeitos de
condicionamento

| Abstinéncia | Estresse

¢ | | Drogausada
| Abstinéncia Prolongada ]

| Recuperagao? l

Figura 1: Estagios de dependéncia a drogas. O uso compusiveca invariavelmente a partir de
um uso “social” e em seguida, mas ndo exclusivaeesgt movem para um padrdo de uso problematico, com
aumento das doses e frequéncia até a dependéntsedtiida, seguem estagios de abstinéncia atédiaésiota
prolongada. A recaida promove entdo uma nova g&metilo ciclo. Fatores genéticos, ambientais estress
condicionamento contribuem para a variabilidadeviddal para iniciar o ciclo de abuso e dependénaéam
como para recair dentro dele (Figura adaptadaitiddule Koob & Le Moal, 2007).

Por outro lado, estdo os fatores neurobiologicosatendéncia, que estdo baseados
nas propriedades reforcadoras das drogas psiceative ocorrem em grande parte, pela
ativacdo do sistema dopaminérgico mesocorticolimi€ALIVAS; VOLKOW, 2005).

Neste contexto, a dependéncia pode ser explicadaéta em parte, pela habilidade das
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drogas de abuso em reorganizar regides cerebramvetas no reforco e na motivagéo de
repetir o uso (ROBINSON; BERRIDGE, 2008). Nestetisler) a habilidade de uma droga em
relacdo a chance de se tornar um individuo depéadéminui, seguindo esta ordem: tabaco
> heroina > cocaina > alcool > maconha (VSEVOLOZHASK; ANTHONY, 2016).

Mas antes de abordar as questdes relativas adzatglida cocaina em reorganizar
regibes cerebrais de maneira a tornar o individepeddente, foco deste trabalho, é
importante lembrar algumas figuras-chave para ntansu problema de saude que 0 uso

dessa substancia representa.

1.1.3 Dados Epidemioldgicos

O consumo de drogas € uma das principais preocepag® saude publica em
todo o mundo. De acordo com as ultimas estimafivasecidas pelo Escritorio das Nacdes
Unidas contra a Droga e o Crime (UNODC), cerca4lé railhGes de pessoas, com 15 anos
ou mais, usaram uma droga ilicita em 2014 (UNODL62 Destes, um em cada dez, ou
seja, quase 29,5 milhdes de pessoas em todo o muweddo considerados usuarios
problematicos de drogas (UNODC, 2016) (Figura 2feEgrupo particular de usuarios, em
que os efeitos nocivos do consumo de droga tendpragaedir para um estado mais grave,
também conduzirdo aos mais elevados custos hunfsaade, violéncia, etc.) e econdmicos
para a sociedade.

A cocaina é utilizada por cerca de 17 milhdes desgees em todo o mundo, o que
corresponde a aproximadamente 0,4 por cento ddggdmuglobal com idade entre 15 a 64
anos (UNODC, 2015). O uso € mais prevalente na isméio Norte (5,3 milhdes de pessoas;
1,7 por cento da populacdo) e América Central &ulo(3,5 milhdes de pessoas; 1,2 por
cento) e na Europa Ocidental e Central (3,2 milhdes pessoas; 1,0 por cento).
Aproximadamente um quinto dos 4,2 milhdes de ussarbs EUA que relataram ter feito
uso da droga no ultimo ano atendiam aos critériagndsticos do DSM-V para abuso ou
dependéncia de cocaina. O consumo de cocaina & menkfrica Ocidental e Central, no
Leste e Sudeste Asiatico e na Europa Oriental eSeadUNODC, 2015). Esse padrao pode
ser devido a fatores de oferta e ndo de demandiaod® dificuldade em obter cocaina de sua
Gnica fonte na América do Sul e a pronta dispodiie de estimulantes sintéticos
alternativos, como anfetaminas ou seus derivadBSENHARDT et al., 2008).
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Tendénciasglobaisdo numero estimado
de pessoas usuarias de drogas, 2006-2014
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Figura 2: Estimativa do nimero de usudrios/usuarios profiiem de drogas. As estimativas séo para
adultos (15-64 anos) com base no uso do ano pasBadte: respostas ao questionario do relatérialanu
(UNODC, 2016).

No Brasil, estima-se que haja 0,9 milh6es de ussiale cocaina. O uso no pais
aumentou significativamente nos ultimos anos, tecidéesta que néo é observada nos EUA e
Europa, onde ha uma estabilizacdo e até queda msurmm e apreensbes da droga. O
levantamento domiciliar feito em 2005, que incldi939 pessoas com idade superior a 15
anos, moradores de cidades com mais de 200 milanés, o uso relatado de cocaina ao
longo da vida foi de 2,9% e de crack de 0,7% (GAHQZ et al., 2005).

1.2 Fatores envolvidos no desenvolvimento da dederid quimica

A vulnerabilidade individual & dependéncia advénmtleracbes complexas entre a
droga, o individuo e um ambiente, o qual optanmyscpamar aqui, de vulnerabilizante, ou
seja, capaz de predispor o individuo ao uso deadr(lfREEK et al., 2005).

1.2.1 Influéncias ambientais
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O termo “ambiente” inclui uma ampla variedade derts que vao desde as
condi¢cdes socioecondmicas da familia, relacionamsenbm seus pares e compreende a
totalidade das experiéncias de vida pré e pos-img@lpodem influenciar o cérebro e as
respostas comportamentais. Uma revisao feita ppfade@t al (2003) demonstrou alguns dos
fatores ndo genéticos que influenciariam na susbd#de individual as drogas. O contexto
social e ambiental afeta a vulnerabilidade ao allésdrogas de pelo menos duas maneiras.
Primeiro, o0 contexto social associado ao desenwenio da infancia (por exemplo, o
contexto da familia, os relacionamentos entre panéaencia a vulnerabilidade do abuso de
drogas. Em segundo lugar, o contexto em que oocouso de drogas também influencia os
efeitos funcionais das drogas de abuso, impactaddetamente a aquisicdo de
comportamentos de consumo de drogas e, portantdnerabilidade ao abuso e dependéncia.

Os fatores ambientais, como acesso a atividadegciadses e sociais € um ambiente
rico em estimulos serviriam como fatores de pratex@ uso e abuso de drogas bem como
aumentariam as chances de sucesso durante a abistied adolescentes e adultos. Até certo
ponto, experiéncias de vida positivas podem seretimadas no laboratorio por meio do
enriguecimento ambiental (EA). Experimentos usagtiquecimento ambiental sédo capazes
de alterar circuitos mesocorticolimbicos, sugeriqde essas experiéncias prévias inibem a

ativacao cerebral que motiva o comportamento deabpsr cocaina (FRITZ et al., 2011).

1.2.2 Fatores individuais

E bem evidenciado que humanos dispde de vastasertjfes individuais na
suscetibilidade a dependéncia as drogas. Algumesogs ficam dependentes a partir de uma
Gnica exposi¢cdo, enquanto outras podem ser re®siemesmo apos varias exposicdes
repetidas a altas doses de uma determinada subsfal@HTI et al., 2014).

Estudos que examinam a vulnerabilidade ao abusdrogas a partir de uma
concepcdo baseada na diferenca genética entréduds/ (isto €, estudos de herdabilidade)
estabeleceram um papel importante no entendimemtdegendéncia (KOOB; LE MOAL,
2008). A vulnerabilidade ao desenvolvimento da ddpacia de drogas e alcool varia com o
grau de heranca compartilhada (isto é, gémeosicd8riEm taxas de concordancia mais altas
gue os gémeos fraternos, mesmo quando as inflgémerdbientais compartilhadas sao
controladas) (BARDO; NEISEWANDER; KELLY, 2013). Lsios recentes de biologia
molecular comecaram a identificar quais genes ib@m para a vulnerabilidade ao abuso de

drogas, bem como seus mecanismos de acdo (KOOBJQEL, 2008), estabelecendo as
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influéncias genéticas sobre 0s processos neurgfiok) que medeiam a sensibilidade as
drogas e, portanto, desempenhando um papel cndi@guisicdo do comportamento e abuso
de drogas (COMER et al., 2010). No entanto, € igaate importante reconhecer o papel
independente e interativo das influéncias ambiendabre a vulnerabilidade ao abuso de
drogas (SWENDSEN; LE MOAL, 2011). Desenvolvimentesentes na epigenética, por

exemplo, estabeleceram mecanismos pelos quaisai@xpa ambiental pode modificar a

expressao genética (GODINO; JAYANTHI; CADET, 201dAZE; NESTLER, 2011).

Um dos fatores de diferenca individual mais critme prediz o uso de drogas entre
0s seres humanos, € a busca por novidades ou a poaissensacdes (BARDO et al., 2013;
KOSTEN; BALL; ROUNSAVILLE, 1994). A busca de sendag pode ser definida como um
traco determinado pela busca por experiéncias dasjanovas, complexas e intensas e a
disposicdo em assumir riscos fisicos, sociais,degdinanceiros em prol dessas experiéncias
(ZUCKERMAN, 1994). Estudos neurobioldgicos indicajune o neurocircuito subjacente
associado a busca por sensacdes envolve, pelo menparte, o nicleo accumbens (BARDO
et al.,, 2013; HOLMES et al., 2016). A anfetamimaduz uma maior liberacdo de DA no
nacleo accumbens entre os individuos que possusm @gacteristica (LEYTON et al.,
2002). Ao visualizar imagens altamente excitantssjndividuos com “alta sensibilidade”
mostram ativagdo aumentada em regides envolvidaadugdo e recompensa emocional,
bem como na reducédo da ativacao de regides enaslwa regulacdo emocional (JOSEPH et
al., 2009). Assim, os sistemas cerebrais altergula exposicdo a estimulos salientes
compartilham uma ligacdo comum com o sistema danwpensa a drogas, o que pode mediar

a associacao entre a procura por sensacoes ede dsogas.

Outro fator de diferenca individual que pode proweruso de drogas é a
impulsividade, definida amplamente como a tendépeaia@ engajar-se em comportamento
prematuro, inapropriado ou desadaptado sem antg@o®ALLEY; EVERITT; ROBBINS,
2011). Embora a impulsividade seja um traco de badégica amplamente definida, que
aparece na maioria das principais teorias da palidade, pode ser analisado em diferentes
facetas (LYNAM; WIDIGER, 2001). Os individuos impidos, determinados usando
critérios baseados na personalidade ou no desemgentiestes especifico, iniciam o uso de
drogas em idades mais precoces, progridem parapesado e transitam para abuso e
dependéncia mais rapidamente, sendo também menpsngs a permanecerem abstinentes
apos o tratamento comparados com individuos naalginps (DALLEY et al., 2011; DICK

et al., 2010). Assim, individuos com alto grau mi@ulsividade provavelmente se envolverao
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em uma variedade de comportamentos de risco, miub uso de drogas, e sdo mais
sensiveis ao reforco e outros efeitos farmacodic@snidas drogas apdés o0 uso inicial,

tornando-os mais propensos a permanecer usandga @ARDO et al., 2013).

Paralelamente a alguns dos trabalhos descrito e#s8 Bamanos, ndo ha duvida de
qgue o uso de drogas em animais de laboratério tanmdrd/olve fatores individuais. As
técnicas de reproducao seletiva, linhagens recantss, knock-out e silenciamento de genes
sao poderosas ferramentas para examinar a heddalalgenética das diferencas individuais
no uso de drogas (BARDO et al., 2013). Por exenfptam utilizados ratos para demonstrar
que as diferencas individuais em resposta a nogidadousca por novidade estdo associadas
a diferencas individuais na autoadministracdo denakntes (CUMMINGS et al., 2011,
MEYER et al.,, 2010). No entanto, este trabalho @r@po cenario para o estudo dos
mecanismos neurocomportamentais envolvidos nascipais diferencas individuais e
influéncias sociais subjacentes a vulnerabilidaglealauso de drogas. Coletivamente, esses
resultados sugerem sobreposi¢do dos mecanismasbi@agicos subjacentes.

2 NEUROBIOLOGIA DA DEPENDENCIA A COCAINA

Farmacologicamente, a cocaina € classificada com@aiente psicoestimulante,
supressor do apetite e bloqueador de canais de s0ui voltagem nao especifica, o que, por
sua vez, faz com que produza anestesia em doses BAWSON; MOFFATT, 2012). Esta
droga geralmente ocorre em forma de um pé branes,pude ser encontrado como cristais
sélidos chamados “crack”. O crack é a forma matsmie da cocaina, que € processada para
formar um cristal ou “pedra” (também chamadfleébasé) que pode ser fumado. Os cristais
sdo aquecidos para produzir vapores que sao atbgsraa corrente sanguinea através dos
pulmdes (ESTROFF, 2001; PEREIRA; ANDRADE; VALENTAQO015). Uma vez
presente na corrente circulatoria, ao atingir celmér, a cocaina é capaz de bloguear a
recaptacdo de monoaminas no cérebro, principalmeotadrenalina e dopamina. Os
primeiros sinais clinicos de toxicidade da cocaséa geralmente palpitacdes, sudorese,
ansiedade, tremores, espasmo muscular e hipeagadi(NNADI et al., 2005). A facilitacao
da neurotransmissdo noradrenérgica periférica pradu efeitos simpatomiméticos, como
vasoconstricdo, aumento da presséo arterial, eXdadtade cardiaca, hipertermia, arritmias e
até convulsbes. Pode-se seguir depressdo bulbar pamada respiratoria e colapso
cardiovascular (WEINSHENKER; SCHROEDER, 2007). @dyo de euforia e o desejo por
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novas experiéncias de uso podem ser atribuidodads;cocaina no bloqueio da recaptacéo
de dopamina no sistema de recompensa do cérebiOBK@OOLKOW, 2016).

1.1 Efeito inicial: acumulo de dopamina no sistema de recompensa

Em geral, os psicoestimulantes sdo uma classeod@slabusadas pelas sensacdes de
euforia e bem-estar que produzem. A via dopamicerg o substrato fundamental do
sistema de incentivo que produz saliéncia compaméah para estimulos reforcadores
relevantes (VOLKOW et al., 2014).

A dopamina (DA) é sintetizada a partir do aminodditlosina, através da acao da
tirosina hidroxilase. Este primeiro passo conduforinacdo de 3,4-di-hidroxifenilalanina
(DOPA). DA tem a sua origem na descarboxilacdo @®B. Depois disso, ele é armazenado
nas vesiculas de terminais pré-sindpticas pardilsmado na fenda sinaptica apés um
estimulo neuronal. A DA é inativada por oxidacdatdtisada pela enzima monoamina
oxidase-MAO) e metilacdo (catalisada por catecoh@itransferase-COMT), dando dois
metabolitos principais, acido 3,4-dihidroxifenilicé (DOPAC) e acido homovanilico,
respectivamente (figura 3). O uso cronico de ca@caarece levar a desregulagdo do sistema
dopaminérgico cerebral (HOU et al.,, 2014). Embor&oaaina seja capaz de inibir a
reabsorcdo de DA, de noradrenalina e serotonimadidé@-se que seu efeito poderoso resulte
de suas ac¢bes no transportador de dopamina (DA Yarminais neuronais, causando um
aumento da concentracdo e da intensidade de ac@vAdaos receptores poéds-sinapticos
(GOWRISHANKAR; HAHN; BLAKELY, 2014; MARTIN et al.,2011). Além da acdo em
DAT a cocaina também interage com o transportadandnoamina vesicular 2 (VMAT-2)
(Fig. 1), favorecendo o armazenamento de catecodmmdentro de vesiculas sinapticas
(FLECKENSTEIN; VOLZ; HANSON, 2009). Esta acdo desmieia um aumento da
quantidade de DA em cada vesicula antes da sueadé® levando a uma alteragdo na
proporcdo de DA citoplasmatica para vesicular. Ef#o sobre o VMAT-2 contribui para
um aumento adicional da DA sinaptica, sobre ummesti despolarizante (FLECKENSTEIN
et al., 2009). Estes efeitos s&do decorrentes da&ngatizacdo da neurotransmissao
dopaminérgica no circuito mesocorticolimbico. Seuscanismos envolvem interacdes

complexas entre estruturas telencefalicas cortiea@ibcorticais e projecdes oriundas do
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tronco encefalico. Tais estruturas estdo envolvitas as respostas reforcadoras naturais
(BERRIDGE, 20086).

O ndcleo accumbens ou especificamente, corpo @strizentral, tem papel
fundamental nos circuitos responsaveis por compamios orientados por objetivos
(ROBINSON & BERRIDGE, 1993; DAFNY & YANG, 2006; EERJO, 2006). Esses
comportamentos sédo gerados por projecfes glutagicsrque se originam na amigdala
basolateal, no hipocampo e no cortex pré-fronteyviando os neurénios do estriado. A
amigdala basolateral e o hipocampo seriam imp@&dapara estabelecer associacdao entre
estimulo, ambiente e o efeito reforcador da dréd¢@KANO, 2000). O cortex pre-frontal
relacionado com o controle executivo do comportdamenm base na avaliacdo da relagéo
entre o valor do estimulo e o efeito esperado.sksteuitos glutamatérgicos sao regulados
pela dopamina para determinar a intensidade ddae&oi dos neurdénios GABAérgicos de
projecdo do nucleo accumbens (ROBSINSON & BERRIDGE)3; DAFNY & YANG,
2006; ESPEJO, 2006). Um dos principais alvos ddstaa projecdo € o globo pélido ventral
que, junto com outros nucleos, cerebelo e cortem participacdo na coordenacdo dos
movimentos (KALIVAS & HU, 2006). Desta forma, o néie accumbens funciona como uma
interface entre os sistemas limbico e motor (GRAEEIO8). Este efeito sobre o sistema
mesocorticolimbico, ainda que o efeito proemines¢ga no sistema monoaminérgico,
psicoestimulates, bem como a cocaina, sdo capa&zesolilizar também outros sistemas
neurotransmissores, como o sistema GABAérgico e &ontece independente do sexo
(FREESE et al., 2012; SOUZA et al., 2014). A padisso, poder-se-ia inferir que a

neurotoxicidade da cocaina implica em diversogsias neurotransmissores.

1.2 A neurotoxicidade da cocaina

O mecanismo pelo qual a cocaina causa danos nguagdé complexo e envolve
interacbes da droga com varios sistemas neurotiss@®s, mas principalmente pelo
aumento dos niveis extracelulares de dopaminaieaiadivres e modulacdo de fatores de
transcricdo. Assim, pode-se dizer que os efeitasob@icos da cocaina estdo fortemente
ligados as concentracfes excessivas de dopamimaniso esse tém sido associado cada
vez mais a inducdo de danos de DNA nas células NI PEREIRA et al., 2015).
Concentragfes excessivas de DA podem ser neuraogi@s catecolaminas demonstraram

causar morte neuronal em culturas de tecidos (GAN&H., 2012). Em estudo prévio de
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nosso laboratério (DE SOUZA et al., 2014), mostrarmgoe a cocaina aumentou o dano do
DNA em diferentes areas cerebrais de ratas. Al&@sodiAlvarenga et al demonstraram que
uma unica exposicao a cocaina pode induzir danusiges em multiplos érgdos de roedores
(ALVARENGA et al., 2010; ALVARENGA et al., 2011).

A toxicidade DA é devida a formacdo de espéciesiveesa de oxigénio (ROS)
resultantes do seu metabolismo (por auto-oxidagdacéo da MAO), que, por sua vez, leva
ao estresse oxidativo (BANERJEE et al., 2014) daepmsmente, a apoptose. Conforme
referido acima, a MAO catalisa a conversdo de DABDPAC e peroxido de hidrogénio
(H20,), o qual, através da reacdo de Haber-Weiss/Feptatg reagir com ions de transicao,
originando o radical hidroxila altamente téxico JCAUDLE et al., 2007). Por outro lado,

a auto-oxidacdo da DA pode ocorrer no meio extudaellevando a geracdo de superoxido
(O ) e quinonas toxicas (BANERJEE et al., 2014). Aldisso, G, reage com o 0Oxido

nitrico, um produto da oxidagdo da arginina, fordwaro peroxinitrito altamente toxico
(CADET; BRANNOCK, 1998; MURIACH et al., 2010) ndpgocampo apdés uma injecao
intraperitoneal diaria de cocaina (15 mg/kg), died&0 dias, desencadeando a formagéo de
mais produtos de oxidacdo. Estes produtos podenficdanlipidios, proteinas e DNA,
afetando a sobrevivéncia celular (SURENDRAN; RAJABAR, 2010). Outros estudos
também demonstraram que a exposicdo a cocainaiunduzalteragbes nas enzimas
antioxidantes, como diminuicéo da atividade dalas¢a(CAT) (MACEDO et al., 2005) bem
como um aumento das atividades de superéxido dismuiSOD) e glutationa peroxidase
(DIETRICH et al., 2005) no coértex e no estriadop&ovxido dismutase (SOD) e catalase
(CAT) séo enzimas importantes para a protecéo adaeerebral do estresse oxidativo. O

O, é um ROS primario formado nas células e € conwedittimaticamente em peroxido de

hidrogénio (HO,) por SOD, que pode reagir com ions livres paraymo radicais hidroxila
altamente reativos e toxicos. Subsequentementerdxido reativo (HO,) pode ser destruido
por reacOes de CAT ou glutationa peroxidase (JAN&b. €2015).

Além disso, a neurotoxicidade induzida pela cocaimde também ser mediada pela
libertacdo descontrolada de glutamato (Glu) (PEREIR15). Isso desencadeia uma sobre-
ativacéo de receptores Glu, levando a uma excitexéessiva de neurbnios e a um aumento
de C&" intracelular, que estimula o estresse do retiemdoplasmatico, podendo induzir
morte neuronal (LAU; TYMIANSKI, 2010).

Outra via possivel para a apoptose induzida pelaica foi demonstrada por Ahn et

al. (2007), que observaram que a administracdoaagudrepetida de cocaina aumentou a
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expressdo de caspase-12, um mediador critico dee roelular, no estriado dorsal de rato.
Sabe-se também que o estresse no reticulo enddplesraumenta a expressao de caspase-
12 em neurdnios e células gliais (SHIMOKE et aDp4#). Em conjunto, estes achados
sugerem que a cocaina esta intimamente relaciacmdao aumento da libertacdo de Glu,
levando a inducdo de proteinas de stress no metandoplasmético, contribuindo para a

apoptose das células neuronais (PEREIRA, 2015).
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v Dopamina
6-hidroxidopamina

Receptor dopamina
OZ-— radical superodxido
HZO2 — Perdxido de hidrogénio

aL

Auto-oxidagao
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Figura 3: Mecanismo de inducdo ao estresse oxidativo damacai sistema dopaminérgico.MAO=
monoaminaoxidase; COC= cocaina; DAT= Transportddatopamina; DOPAC= 3,4-dihidroxifenilacético.

3 MODELOS ANIMAIS

Durante as ultimas cinco décadas, os estudos dobgas em modelos animais por
meio de modelos de autoadministracdo, condiciontimeée preferéncia de lugar e auto-
estimulacdo intracraniana resultaram em uma gramdmtidade de dados acerca dos
substratos neurais do sistema de recompensa €adfgados ao uso de drogas (KOOB,
2009; KOOB; LE MOAL, 2005; LYNCH et al., 2006; '@ONNOR et al., 2011). O
reconhecimento desse fato tem inspirado o surgondatainda mais pesquisas na ultima
década ou duas, em que o0s pesquisadores tentaragon® desejamos argumentar,
conseguiram um grau consideravel) capturar aspegémaiinos do comportamento da
dependéncia usando animais de laboratério (AHMED, I$; KOOB, 2005;
VANDERSCHUREN; EVERITT, 2004).



27

3.1 Modelos animais em dependéncia quimica

Por muito tempo, a comunidade cientifica pensou auwependéncia a drogas era
exclusivamente um fendmeno humano que nao podi@geduzido e modelado em animais
(SPRAGG, 1940). Contudo, as limitacdes inerentest@gens em seres humanos levaram ao
desenvolvimento de modelos animais de dependéncia.

Como vamos ver em detalhe, os primeiros modelosnasi concentraram-se

essencialmente em medir os efeitos de recompessirogas.

3.1.1 Autoadministracéo

O modelo de autoadministracdo de drogas € apresectano um dos melhores para
representar, em laboratorio, os mecanismos reforeadda dependéncia quimica. Sem
davida, este modelo possui boa aplicacdo e valdaoieditivas aceitaveis para o
entendimento de aspectos comportamentais e nelégicims do uso de drogas em seres

humanos.

Este modelo consiste em expor o animal a possdiéidle se autoadministrar uma
dose da droga, controlando a frequéncia e quarticgerida (oral) ou injetada (intravenosa).
Na Autoadministracdo por Condicionamento Operatitizatse uma caixa com duas barras,
uma das quais libera a droga e esta pareada cam &stimulo luminoso ou sonoro (Figura
4). A outra barra deve estar pareada com um estidfdrente da barra “correta’. Para a fase
de condicionamento, pode-se usar algum alimentigadl ou deixar os animais em restricao
de alimento ou agua antes do condicionamento, didwedoo alimento ou agua em troca do
bater na barra correta. Existem ainda protocdi@snados dautoshapingonde o animal é
condicionado com a prépria droga ao invés do usalideentos. Esta bem estabelecido na
literatura que animais se autoadministram psicoedtintes como cocaina, anfetaminicos e
nicotina, etanol, opiaceos, benzodiazepinicos,eentrtras substancias. Quanto maior o
potencial de refor¢o da substancia, mais o anirddtiabalhar”, batendo na barra, para obter
a dose da droga.
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Figura 4. Equipamento de autoadministrac&8aixa: Disposi¢do da barra de pressao, das luzes de &stimu
do compartimento para solugdo oral e da bombafdsé&a para controle e velocidade de infusdo dassdos
intravenosas. Monitoramento e controle por meicsaféware acoplado ao sistema Adaptado de Cryan e
cols. (CRYAN et al., 2003).

Quanto as vias de administragdo, no inicio, a @atgdstracdo de drogas em
animais era feita exclusivamente por meio da vé @esenvolvido principalmente para
0 estudo da dependéncia do alcool, esta via den&tragédo foi estendido para muitas
substancias de abuso, tais como benzodiazepimipasdes, estimulantes, barbituricos e
anestésicos dissociativos. No entanto, quando rdistante dos modos de administracées
encontrados em humanos, a via oral ndo é provanéneemodelo mais adequado para o
estudo de todas as drogas. Foi neste contexto delagdo melhorada da adicdo humana
que a autoadministracdo i.v. foi considerada e rdede@da. A técnica, no entanto,
implica na realizacdo de uma delicada cirurgiaateitacdo do animal, onde uma canula é
inserida da veia jugular e atravessando, sob a pata sair nas costas ou na cabeca do

animal, onde ele n&o tenha como acessar e roargfy.
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Figura 5: Sequéncia da cirurgia de canulagcdo da veia jugplara experimento de
autoadministracdo. (Fotos provenientes de arquigos Instituto de doencas neurodegenerativas -

Universidade Victor Segalen, Bordeaux- Franca).

No inicio dos anos 1960, os investigadores demeamasir pela primeira vez que o
rato de laboratorio (WEEKS, 1962) e macacos (THOMRSSCHUSTER, 1964) eram
capazes de se autoadministrar morfina, uma sulstalbamente viciante em seres humanos,
por via intravenosa. Subsequentemente, numerofiagdoesdemonstraram que 0s animais de
laboratorio podem autoadministrar drogas mais coidas em seres humanos, e, em geral, as
drogas mais autoadministradas sdo aquelas que témelevado potencial de abuso
(SCHUSTER; THOMPSON, 1969). Esta relacdo é tdcefguie a autoadministracdo de
drogas foi considerada um modelo preditivo da pmééaditiva de uma substancia de abuso
(COLLINS et al., 1984) e foi sugerido que os ensgie-clinicos poderiam ser usados para a
deteccédo do potencial de causar dependéncia de solkatancias (JOHANSON; BALSTER,
1978).

O procedimento de autoadministracdo pode ser aglalizom diferentes regimes de
reforcos. No procedimento de razéo fixa (FR), quenérocedimento de refor¢co continuo, o
farmaco € administrado apds o animal ter completado nimero fixo de respostas
necessarias estipuladas pelo experimentador. Ron@®, se 0 animal precisar pressionar
duas vezes a barra ou colocar o nariz duas vezdmnago para uma infusdo de drogas,
falamos de FR2. Portanto, o numero de infusbesraigadobtido pelo animal é diretamente
proporcional ao numero de acbes que o animal egadimm outras palavras, o quanto ele
trabalha pra receber a droga. Os resultados obtimimseste plano de construgdo mostra que
0s animais desenvolvem uma frequéncia muito estivelomportamento, obtendo injeces
regulares de uma sessao para outra (JOHANSON; STHRS1975; LYNCH; CARROLL,
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2001; YOKEL; PICKENS, 1973). Além disso, a taxaimjecdo (numero de infusGes obtidas
por hora) é fortemente influenciada pela conceétrada droga, com injecdes menos
frequentes conforme a concentracdo € elevada (GRRBEISE, 1989). Resultados
semelhantes foram também mais recentemente obssnead individuos dependentes de
cocaina (LYNCH et al., 2006; SUGHONDHABIROM et, &005), indicando que o animal,
tal como o homem, regula a sua ingestdo, para masets efeitos de recompensa em um

nivel ideal.

3.1.2 Condicionamento de preferéncia de lugar

Em 1954, Olds e Milner estiveram entre os primesatores que demonstraram a
existéncia do fendbmeno de preferéncia de lugarnmoa, quando observaram que os ratos
estimulados por um eletrodo intracraniano voltavaonlugar onde haviam recebido esta
estimulacdo (OLDS; MILNER, 1954). O condicionantede preferéncia de lugar (CPP) foi
extensivamente utilizado para demonstrar a exigtédos efeitos recompensadores (bem
como dos efeitos aversivos) das drogas de abusdCP® é um procedimento de
condicionamento essencialmente do tipo Pavlovianom(um componente Skinneriano) que
permite avaliar a intensidade da lembranca do vhkmbnico que os efeitos de uma

substancia deixam ao animal.

Classicamente, os animais s&do colocados em umaa age comporta dois
compartimentos principais, que devem distinguiessie si pela textura do solo e pelas cores
e motivos das paredes; e mais um compartimentoaenénor, também com cor e textura do
solo diferente das demais (Figura 6). A experiémi@aenrola-se em trés fases: 1) Pré-
condicionamento; fase durante a qual o animal potl@r cada um dos ambientes e explora-
los a sua vontade. Esta fase serve de controle aldi verificar se existe uma preferéncia
espontanea do animal para o um dos dois compattsgmincipais. 2) Condicionamento;
onde o animal é confinado s6 um em compartimerdandneira alternada, no qual recebe
uma injecéo passiva de droga em um lado e uma&oiatina para o outro. Esta fase permite
assim associar os efeitos da droga a um ambierpeciéso. 3) Teste ou pos-
condicionamento; fase onde o animal é reintroduzidocaixa acesso livre a todos o0s
compartimentos (e sem receber nenhuma injecaod. &emal passa entdo mais tempo no
compartimento associado a injecdo passiva de de@gxprime assim, uma preferéncia de
lugar condicionada), a droga é considerada como n@c@mpensa para o animal (reforco
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positivo). Pelo contrario, a substancia sera avar& o animal exprimirA uma aversao de

lugar condicionada) quando h& uma evitacdo ao caimasnto associado a droga.
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Figura 6. Esquema representativo do equipamento de CPP. GBéhdicionamento de Preferéncia de Lugar.
Laboratorio de Neuropsicopedagogia — UFCSPA.

Este protocolo experimental € amplamente utilizaglo, especial, devido as suas
numerosas vantagens praticas. Em primeiro lugarnedessita um equipamento complexo e
dispendioso, contrariamente autoadministracdo. Adéseo, a auséncia de cirurgia permite
manter os animais em boa saude por longos periatas) tempo e assim testa-los muito
tempo apos a fase de condicionamento, permitingionagbservar se os animais continuam
preferindo o compartimento associados a droga vameses ap0s a sua administracao,

revelando a intensidade dos efeitos de memdériadescpela droga.

No entanto, este modelo apresenta limitacbes emcapacidade de modelar o
fendbmeno da adicdo. O modo de administracdo pasdsiwiroga faz que o animal ndo seja
livre, distanciando-se assim, da fenomenologia mamalém disso, este teste constitui em
certa maneira um teste “do tudo ou nada” na meeldajue n&o permite uma avaliacdo do
consumo bem como mensurar um efeito individual seddo entanto, parece eficaz para

mostrar um efeito de meméoria.

3.1.3 Enriquecimento ambiental



32

A fim de melhorar o0 modelo de adicdo em animaisa gias primeiras questdes que
se levanta é se as condi¢fes de vida utilizaddabwoatorio ndo sdo muito diferentes das da
vida real. Em outras palavras, o rato de labomt&ob condicbes muito restritas, € realmente
representante do rato em geral? Sera que nossdis@esde vida, tdo particulares, tanto no
gue se refere aos aspectos positivos quanto aasivesgda diversidade que nos acompanha
em nossas cidades e contextos, conseguem ser @@iasid por pesquisadores que buscam

justamente explicar e melhorar a condicdo humana?

Em verdade, a atmosfera utilizada no laboratoriondto limitada. O rato de
laboratério € confinado em uma gaiola de tamankaiivamente pequeno, sem distragées
disponiveis e, muitas vezes, também socialmentadie® de seus pares, sendo ele um animal
muito sociavel e explorador. Sob essas condic@esestaria o investigador afastado antes de
iniciar a sua experiéncia do seu objetivo inic@l, seja, de modelar o fendmeno humano,

tanto quanto possivel?

Uma forma de mimetizar em laboratério experiéngiasitivas de vida é o estimulo
social, cognitivo e fisico, usando para tanto malaigbes ambientais. A sinergia entre
elementos interacdo social, pratica de atividadiedie acesso continuo a elementos que
possibilitem exploracdo e aprendizagem é definidiaac enriqguecimento ambiental (EA)
(ROSENZWEIG et al., 1978). Para os roedores, cé&siste na criacdo de animais em uma
gaiola grande com a disposicdo de varios objetssaflas, casas abrigo, canos, rampas) e
objetos para interagcdo com diferentes texturasg aedca de 6 a 10 animais séo alojados em
conjunto. Estes objetos devem ser constantemegitecaglos para possibilitar que a memdéria
dos animais seja estimulada, bem como a curiosidagloracdo (LAVIOLA et al., 2008;
NITHIANANTHARAJAH; HANNAN, 2006; VAN PRAAG; KEMPERMANN; GAGE,
2000) (Figura 7). Na maioria dos casos, essas gbesliambientais sdo fornecidas como
condicbes de habitacdo, ou seja, animais vivenesi@shbientes a maioria ou a totalidade do
seu tempo diario (LAVIOLA et al., 2008).
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Figura 7. Modelo de enriquecimento ambient@londicdes de moradia dos animais do grupo AE.
Caixa de ambiente enriquecido com disposi¢do detabjpara estimulo visual, exploratério e de
atividade (adaptado de DOBROSSY & DUNNET, 2001).

Os primeiros trabalhos sobre o efeito do AE nagdaa cognitivas de ratos se volta
ao inicio dos anos cinquenta (BINGHAM; GRIFFITHR52; FORGAYS; FORGAYS,
1952). Os resultados favoreciam a ideia de quentseates “estimulantes” diferenciavam os
animais com relacdo as capacidades cognitivas egergados em ambiente padrdo, com um
alto grau de significancia estatistica. As difeeen@ram interpretadas como sendo a
oportunidade de aprendizagem durante os primeinos ae vida determinante para as
respostas comportamentais do individuo na vidaadul

Entre outros estudos pioneiros, David Krech, Mark R®senzweig e Edward L.
Bennet foram provavelmente os primeiros a estabelem protocolo de AE experimental
semelhante ao usado hoje, onde os resultados estal@cionados as mudancas cerebrais
induzidas por este modelo (KRECH; ROSENZWEIG; BENNE1960; ROSENZWEIG,
1966; ROSENZWEIG et al., 1962). Nestes estudosaromais eram divididos em trés
grandes grupos; um grupo IC (condicdo de isolameatial) que vivia em condi¢cbes de
empobrecimento e isolamento social e um grupo Aliqeecimento ambiental). Estes
trabalhos levaram a descoberta de que o enriguetinanbiental era capaz de aumentar o
volume do cortex cerebral e, em seguida, verifisewue este aumento era devido ao maior
espessamento do cortex cerebral, maior numero mEpsEs e de células gliais. Em

continuidade aos achados, os autores continuaramrdgrando que os animais criados em
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EA apresentavam maior peso, mais atividade enzim&i maior volume em diversas
estruturas cerebrais (ROSENZWEIG, 1966).

As sdlidas constatacdes acerca dos beneficios dadvida criacdo em um ambiente
rico em estimulos tiveram um de seus pontos alto$imal dos anos de 1970 quando se
realizou uma ligacao destes beneficios ao o uslratgs. Um artigo, publicado em 1981 pelo
pesquisador Bruce K. Alexander apresentou resudta@goexperimentos onde os cientistas
criaram o que foi chamado de “park rat”, um aml@ezdm dimensdes grandes e com ratos
vivendo no que se poderia chamar de uma comunidadeplexa. Na idade adulta,
ofereceram morfina a estes animais, comparandonguomo ao de animais criados em
isolamento. Os ratos criados nas colbnias consomsignificativamente menos morfina que
0s controles. Estes resultados foram vistos comdgrantusiasmo e o motivo foi no sentido
de que o uso de drogas estaria mais intimamerdddi@ questdes sociais que individuais
(ALEXANDER; COAMBS; HADAWAY, 1978). No entanto, ostudo que foi recusado
previamente por revistas como Nature e Neuroscjgraise havia duvidas metodolégicas que
invalidavam suas descobertas. Os resultados dabho nunca conseguiu ser reproduzido

por outros grupos.

Numerosos estudos continuam demonstrando uma d&redeitos positivos do AE
sobre varias doencas neurologicas e psiquiatrieARES et al., 2013; LAVIOLA et al.,
2008; VAN PRAAG et al.,, 2000). Postula-se que o &t uma reserva cognitiva que
neutraliza ou compensa os déficits associados acepsos neurodegenerativos
(NITHIANANTHARAJAH & HANNAN, 2009). O ambiente enquecido é capaz de induzir
mudancas bioquimicas, morfologicas e funcionaisc@ebro, fazendo com que haja uma
melhor resposta ao estresse na vida adulta (DE GARND et al, 2001; PAMPLONA et al,
2009; VAN PRAAG et al, 2000).

Relativo a adicdo, um acumulo consideravel de eed8, conforme revisado por
SOLINAS e cols. (2010) indica que experiéncias tp@s de vida serviriam como um
importante fator de protecdo para o uso de drdgeste atualmente a concepgdo de que o
AE funcionaria como um estressor funcional, podardaizir a for¢ca dos efeitos reforcadores
das drogas (SOLINAS et al.,, 2010). Por outro laglagxposicdo a formas negativas de
estresse predispde a uma maior vulnerabilidadegpandéncia quimica (AMBROGGI et al.,
2009; GOEDERS, 2002; MAHONEY et al., 2013; SINIdAal., 2000). Assim, antes de se
chegar a resultados mais conclusivos, primeiropfeciso questionar a comparacdo com

animais em isolamento, que poderia significar umsvimportante nos achados, pois o
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isolamento em animais sociais pode ser considetadofator significativo de estresse
(VALZELLI, 1973; YORGASON et al.,, 2016). Com a pdslidade da realizacdo de
avaliacdes neuroendocrinas foi possivel constatartgnto as ondas eletroencefalograficas
quanto a secrecao de hormdnios indicadores dessstestavam modificados em condigfes
de isolamento (IERACI; MALLEI, POPOLI, 2016; MUCNAT-CARETTA et al., 2014;
YAMADA et al., 2015). Ainda, Cheeta et al. (200®glizaram avaliacdo farmacologica da
acdo da nicotina em ratos submetidos ao isolamentyificaram elevacdo nas respostas de
ansiedade, demonstrando potencializacdo da ac&dcai@na nos animais pertencentes aos

grupos de privagéo social.

Uma forma mais eficaz de entender a influéncia @& sdbre a vulnerabilidade a
dependéncia seria a comparagdo com um grupo deaignamados em grupo, ou seja, em
ambiente padrdo, mas sem estimulos. Basicamenarsos estudos apoiam a ideia de que
um AS seria uma situacéo intermediaria entre @isehto social e o ambiente enriquecido
(BARDO et al., 2001; GREEN et al., 2010; MELENDIEEZal., 2004; SOLINAS et al.,
2010; THIEL et al., 2009). Em um estudo realizadm ratos criados em ambiente social
(AS) e outro em AE verificou que os animais do selgugrupo autoadministravam cocaina
significativamente menos que o grupo AS (RANALDIadt 2011). Em consonancia com
estas observacgles, Zakharova et al. demonstraramutlizando um ambiente de controle
padrdo como controle, os ratos criados num ambenriguecido eram menos sensiveis aos
efeitos psicomotores da cocaina (ie, a sua atigittztbmotora apos a injecdo de cocaina era
mais baixa) (ZAKHAROVA et al., 2012). Todos estesultados indicam que o AE pode ter
um efeito preventivo no desenvolvimento da depetidéde um farmaco sem o viés do

isolamento social.

Além de interferir no processo de aquisicdo da wd@ecia, também tem sido
demonstrado que o AE auxilia nos processos reladms a comportamentos de busca pela
droga, reduzindo os riscos de recaida em estudos penutencdo da abstinéncia
(HAJHEIDARI; MILADI-GORJI; BIGDELI, 2015; PECK efl., 2015; SOLINAS et al.,
2008; STAIRS; BARDO, 2009). Estes efeitos prewatie até benéficos do AE estdo
associados com importantes mudancas plasticas meroéde varias areas do sistema
mesocorticolimbico, tais como o hipocampo, cérters&iado, que também tem ligacao
importante com o estabelecimento da dependéncragasl (VAN PRAAG et al., 2000). O
AE altera sistemas neurotransmissores, produzentdbém alteracdes na expressao de genes

e fatores de transcricao e, por fim, estimulandewogénese (KUZUMAKI et al., 2010).
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Os efeitos neuroprotetores do AE entendem ainda gaapacidade de melhorar a as
respostas frente a processos relacionados ao sestesdativo ROS, por exemplo,
diminuindo a formacao de espécies reativas ao dmbarbitlrico (TBARS) no hipocampo
(CECHETTI et al.,, 2012) e cortex de ratos (MARMOL &., 2015). Curiosamente, um
estudo recente mostrou que quando comparado agrag®l, um antioxidante reconhecido, o
AE promove uma diminuicdo mais proeminente na caingedo de malondialdeido, outro
marcador para o estresse oxidativo (MUHAMMAD et 2016). A diminuicdo nos niveis de
ROS sugere que os radicais livres foram removidos) sucesso por antioxidantes
enddgenos, que sao estimulados pela AE (MARMOL g2@15). Estudos demonstram que o
AE aumenta as células neurais recém-geradas ndroéslulto, sugerindo que essa
estimulacdo pode aumentar a capacidade de plastecide auto-reparacdo cerebral
(MUHAMMAD et al., 2016; VAN PRAAG et al., 2000). AE também parece possuir
propriedades antioxidantes atenuando a peroxidggd@oca (MUHAMMAD et al., 2016) e
ativando e regulando enzimas antioxidantes (MATTS®DAI., 2001).

3.1.4 Modelos de Escolha

Um dos aspectos mais intrigantes da dependéngize és individuos dependentes
tendem a se comportar contra 0s seus maioressage melhores julgamentos anteriores ao
uso da droga (BECHARA, 2005; HEYMAN, GENE M., 200PAULUS, 2007). Eles
procuram usar a droga em detrimento de outrasdaties ou ocupacdes que antes lhes
pareciam gratificantes e prazerosas (APA, 20133irdsa dependéncia a cocaina € uma das
gue mais rapidamente leva a uma negligéncia preigeede comportamentos alternativos em
favor da busca e consumo da droga, o que resulteustos altos (por exemplo, problemas
escolares/académicos, ocupacionais, nas relagbdgfas e conjugais, sancdes legais, etc.).
Normalmente, estes custos deveriam motivar a @pstia do uso. Desta forma, entende-se
gue este comportamento reflete uma possivel perdaaplacidade em fazer escolhas livres,
racionais e voluntarias. Um dos desafios maiscodtipara a o estudo dos aspectos
neurobiolégicos da dependéncia a cocaina € ideartifistas disfuncdes que levam a aparente
perda de capacidade de julgamento de acbes (AHMELDH., 2012; AHMED, S. H,
LENOIR; GUILLEM, 2013; KOOB, 2006).

A extensdo da validade do modelo de autoadmig@&trando € completamente
extrapolada porque o ambiente em que os ratos esiadbs é desprovido de outras

oportunidades, 0 que contrasta com a rigueza dgbplatades do mundo real (AHMED, S.



37

H. et al.,, 2013). Em outras palavras, embora néo, o grau de liberdade dos animais em
uma caixa de autoadministracédo é bastante redbidnte desse um baixo grau de liberdade,
talvez, ndo seja de se admirar que a maioria dos & autoadministrem as drogas que 0s
seres humanos abusam. O grande desafio para aigzesyyerimental em dependéncia
guimica é determinar, entre os ratos que se auionedram cocaina, por exemplo, quais e
guantos podem ser considerados dependentes eeqiadstos usam cocaina apenas pela sua
disponibilidade num ambiente que nédo oferece nenbwino estimulo instigante (AHMED,

S. H., 2010).

Assim sendo, existem sérias duvidas sobre a netaigfio de uso de drogas em
animais. E sintomatico de um estado de depend&nbjacente ou meramente uma resposta
previsivel a falta de escolha? Esta incerteza,sparvez, lanca uma sombra sobre muitas
mudancas comportamentais e neurobioldgicas docanentaté entdo. Sera que eles refletem
disfungcdes patoldégicas ou adaptagbes neurobiokgicarmais para experiéncias e

comportamentos gratificantes?

Amplas evidéncias demonstram que o ajuste de lesqmde influenciar de forma
dramética o uso de drogas, tanto em humanos comenamnais ndao humanos (AHMED, S.
H., 2010; AHMED, S. H.; KOOB, 2005; ALEXANDER; HAAWAY, 1982; BADIANI et
al., 2011). Esta influéncia é particularmente bemneplificada em ratos de laboratério que
tém acesso a autoadministragcdo intravenosa deneoesri diferentes contextos. Um série de
evidéncias demonstram que, quando surge uma dit@rnateressanté'nondrug” (por
exemplo, agua potavel adocada), a grande maiosaalos imediatamente cessa 0 consumo
de cocaina (AHMED, S. H.; KOOB, 2005; AHMED, S.éi.al., 2013; LENOIR; AHMED,
2007; LENOIR et al., 2007; VANDAELE et al., 201& ndo importa o quao forte e quao
longo € o consumo, apenas uma minoria dos anint@scg de 10%) continua a se
autoadministrar cocaina quando tem a oportunidadezer outra escolha valiosa (AHMED,
S. H., 2012).

Em uma ordem cronoldgica de saberes, é notérioggaedo os ratos tém acesso a
cocaina, sem outra escolha, a maioria deles apmodéamente a autoadministrar a droga e,
na grande maioria das vezes, aumentam a sua iogestdacesso estendido (de 6 horas ou
mais dentro da caixa de autoadministracdo) (AHMBBRGE H., 2011; OLMSTEAD,
2011). Em contraste, quando estes mesmo animaisiténescolha entre a cocaina e uma
solucéo de sacarina, por exemplo, a maioria queEaduatinistrava a droga e aumentava a sua

ingestdo em um ambiente de ndo-escolha diminué en@smo cessa completamente o0 uso
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droga em favor da opcédo dendrug (CANTIN et al.,, 2010; LENOIR et al.,, 2007;
TUNSTALL; KEARNS, 2014). Este comportamento, tigusinéncia, também foi observado
com outras drogas de abuso, incluindo metanfetanirexoina e nicotina (CAPRIOLI et al.,
2015; HUYNH et al., 2015; LENOIR et al., 2013)g&ralmente robusto para uma variedade
de condi¢Bes experimentais diferentes (por exengmees da droga) e histdria prévia de
exposicao a drogas (AUGIER; VOUILLAC; AHMED, 201RADSEN; AHMED, 2015).

Na versao padrao do procedimento de escolha, os datvem enfrentar uma escolha
diaria entre dois comportamentos ou a¢fes graiiisa pressionar uma alavanca para receber
uma dose de cocaina i.v. ou pressionar uma seduarda para ter acesso a uma alternativa
“nondrug” potente (AHMED, 2005; LENOIR et al, 200{rigura 8). Embora se possa
vislumbrar uma variedade de possiveis recompermadrugpara ratos, optou-se pelo acesso
a agua doce (ou seja, adocado com uma concentr@ip@a de sacarose [0,2 %])
(VENDRUSCOLDO et al., 2010).

O acucar, bem como os alimentos doces, também gloetar a atividade cerebral
atraves da estimulacéo de células especializadpazes de reconhecer o sabor doce na boca
e no intestino e através de mecanismos poés-als®rterebrais envolvendo sinalizacdo de
glicose (GRAYSON; SEELEY; SANDOVAL, 2013). Evidéasidemonstram que o aglcar e
recompensas doces sdo muito menos potentes docgeaiaa para aumentar a sinalizacao de
dopamina cerebral. No entanto, esta aparenteegicscia com relagdo A escolha dos
animais entre estas duas recompensas também pgelé sjue a dopamina provavelmente
nao é suficiente para conduzir a preferéncia eogaeuicar a preferéncia por agucar envolve
mais do que a elevacao da dopamina cerebral (LENDHR, 2007; (DILEONE; TAYLOR,;
PICCIOTTO, 2012) Esta interpretagcdo € apoiada mmqpisas recentes usando meétodos
optogenéticos em camundongos. Os ratos foram aatims a escolher entre dois lados: de
um lado, lambendo um bebedor onde era entregue éaguaa estimulacdo optogenética de
neurénios dopaminérgicos; do outro lado, quanddiam o outro bebedor era entregue agua
adocada com sacarose. Quando as concentracoesidra@antemente altas, os camundongos
preferiam a sacarose a estimulagao optogenéticaedménios dopaminérgicos (DOMINGOS
et al., 2011). Importantemente, os substratos reearaolvidos com a recompensa a sacarose
envolvem rotas muito mais naturais do que as dgagrde abuso e sdo claramente néo tao
comportamental, psicologicamente e / ou neurog@méente toxicas (AHMED et al., 2013;
PEREIRA et al., 2015).

Inicialmente, o protocolo de escolha era compostio duas sessdes sucessivas: a)

Amostragem — quatro ensaios alternando cocainacaos®, onde apenas as respectivas
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barras eram disponibilizadas, uma de cada vez. dgplka — As duas barras ficavam
disponiveis. Era realizado no minimo oito ensamsgessao (maximo de 90 minutos). Todos
0S ensaios eram separados por um intervalo insaieerfixo (ITl, do inglés -inter trial
interval, geralmente 10 minutos). Em geral, as laténciagsj@osta sdo curtas (menores que 5
minutos) (LENOIR et al., 2007).

As sequencias de estudos que surgiram apoOs estesirps trabalhos procuraram
demonstrar o efeito da escolha quando o rato jéalsdo exposto a cocaina e apresentava
tolerancia ao efeito, demonstrado pelo escalonameatnimero de injecdes de cocaina.
Surpreendentemente, mesmo apos a pré exposicaisecidrtocaina, sendo ofertada outra
opcao, os ratos cessavam 0 uso da cocaina imediggntomo explicado anteriormente
(AHMED, S. H., 2010; VENDRUSCOLDO et al., 2010).

Sacarose Cocaina
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Figura 8: Equipamento de autoadministracdo e escolha. @ntlesexperimental de autoadministracéo
por escolha prevé a disponibilidade de duas sofugiima solucdo de sacarose para administracdaenai
lado da caixa, e do outro, uma solugdo de cocarmgiministracdo endovenosa. Cada solugdo é pamaada
barra ativa. Adaptado de Ahmed et al, 2013.

A pergunta que vem asseguir destas descobertasfénedo de que existem algumas
excecdes neste ambiente de escolha, em que ogoatosuam a usar a droga, pressionando a
barra relativa a cocaina, negligenciando a opcaonatedrug, normalmente altamente
preferida (BOZARTH; WISE, 1985). Um estudo bastaetente mostra que isso ocorre em
ambientes onde ndo ha ou intervalos de tempo eurgstvalo € muito curto entre escolhas
sucessivas (VANDAELE et al., 2016). Por exemploersggs 0 encurtamento do intervalo
inter-escolha de 10 para 1 min ou menos foi sufteipara induzir ratos a mudar sua escolha
de 4gua doce para cocaina quase que exclusivafleRMDERSTEIN et al., 2016). Esta
mudanca ocorreu em uma unica sessao e foi reveeghds o intervalo inter-escolha ser
retornado para 10 min (VANDAELE et al., 2016). Unaaacteristica importante de um ajuste

com intervalo curto € que os efeitos farmacolégidimstos de uma escolha pela droga na
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escolha anterior podem influenciar as escolhasposts (Figura 9). Dito de forma diferente,
nesses contextos, a escolha por mais droga ésfdita influéncia do efeito da droga. Nos
seres humanos também existem evidéncias de quexécatdo por cocaina no momento da
escolha também pode promover escolhas de cocaidatemento de outras op¢cdesndrug
(DONNY; BIGELOW; WALSH, 2004; VOSBURG et al., 20110
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4 JUSTIFICATIVA

O abuso e dependéncia de cocaina €, cada vez omas, das maiores
preocupacdes de saude publica mundial (UNODOC, )2(dr seu mecanismo de acéo,
drogas psicoestimulantes estdo comumente assoceédas alto potencial de abuso e
dependéncia (BERRIDGE, 2006; BRADY et al, 2005; BRT, 2008). O desenvolvimento
da dependéncia quimica, por sua vez, é relaciorradoma complexa interacdo entre
vulnerabilidades individuais e influéncias sociaisambientais (PIAZZA & LE MOAL,
1996).

Apesar dos avancos consideraveis no conhecimentibasmduvidas sobre o porqué
alguns individuos tornam-se dependentes, dentréosnwiaqueles que experimentam o0s
efeitos da droga, permanecem obscuras. Neste geasitiidar modelos animais que possam
responder melhor a estas questdes, ou seja, daagajae existe entre diferentes ambientes e
fatores que determinam a escolha em favor do uswdoupode contribuir para um melhor

entendimento do processo da dependéncia.

Mais recentemente, uma nova metodologia foi aptadara comunidade cientifica,
como significativos avangos em relacdo a estudogutieadministracdo i.v. de cocaina. A
oferta de escolha entre o0 consumo de uma solugd® efo ratos que jA eram submetidos a
autoadministragcdo prévia e de longa duracdo der@gca que diminuiram o consumo apos
ter duas opc¢oes, revolucionou o conhecimento rea B outro lado, outros pesquisadores ja
vinham colocando animais de laboratorio em ambsemtais agradaveis / desagradaveis para

verificar a influéncia dos ambientes no uso de asog

A hipétese conceitual que se desenvolve no preseitalho € a de que individuos
sem alternativas “agradaveis”, pra passar os dasmites, tendem a, impulsivamente, usar
drogas quando estas sdo apresentadas. Além digestregse de um ambiente sem ofertas
interessantes poderia aumentar a pré-disposicdourda sensibilizagdo aos efeitos
psicoestimulantes da cocaina. Ao contrario, um antéi enriquecido, com opg¢des mais
variadas de atividades, bem como a presenca deasoladocicada, poderiam favorecer

escolhas outras que ndo o uso de drogas.
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5 OBJETIVOS

5.1 Objetivo geral

O objetivo geral deste estudo é verificar se o Altl @ presenca de sacarina alteram o
comportamento de condicionamento a cocaina em satosetidos a um protocolo adaptado
de CPP e, ainda, determinar o papel neuroprotetohEl no hipocampo e no cértex pre-
frontal dos animais. Também, estimar a duracadale saciantes e anoréxicos da cocaina,
medindo as laténcias de escolha e resposta a @ @pos administracdo passiva de

cocaina em modelo de autoadministracao e escolha.

5.2 Objetivos especificos

3.2.1 Testar o modelo adaptado de escolha no CPP terdadali para determinar a

preferéncia dos aninais quando existe uma opgadrug

3.2.2 Descrever o efeito do AE sobre a atividade dasnmiantioxidantes (catalase e

superoxido dismutase) no CPF e hipocampo de ratmsexposicao a cocaina;

3.2.3 Investigar o efeito do AE sobre o dano de DNA indazpela cocaina no CPF e
hipocampo de ratos;

3.2.4 Trabalhos anteriores mostraram claramente que arimalos animais se afasta da
injecdo de cocaina em beneficio da solu¢cdo adatidaabtamos o0 que acontece com

esse comportamento de escolha do rato apds ungaargassiva de cocaina;

3.2.5 Medir as laténcias de escolha e resposta a cad® @pgs a administracdo passiva de

cocaina para estimar a influéncia de seus efeaitiartes e anoréxicos.
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Abstract

Rationale-€hronic cocaine exposure causes neurotoxicity aannesult in drug
addiction. In rats, enriched environment (EE) hagaroprotective role and prevents
the development of addiction. Furthermore, whes aa¢ allowed to choose between
cocaine injection and a nondrug reward (e.g. seeletion) in and EE, most prefer the
nondrug option. Surprisingly, studies exploring to@vergence of cocaine toxicity in

differentiated behavioral contexts remain uncommon.

ObjectivesThe aim of this study is to explore the capacitgazcharin (SAC) to
change cocaine reward value in conditioned plaetepgnce (CPP). It will also
investigate whether rats in an EE are better pteteitom cocaine-induced change in

redox profile and DNA damage.

Methods-EE or standard-housed (ST) male Wistar rats wierdadl into a
classical CPP cocaine vs. saline (COC/Saline) gemgCPP choice setting
(COC/SAC) group, where cocaine (15mg/kg; i.p.) vested along with a saccharin
solution [0.2%]. ROS, enzymes and the comet eseag performed on prefrontal

cortex (PFC) and hippocampus.
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ResultsAs expected, our EE rats presented less interéseicocaine-paired
chamber. All animals, given the choice, were lessi@ to show cocaine-place
preference. Importantly, EE decreased oxidativesstand cocaine-induced DNA

damage in all brain structures.

ConclusionsAltogether, our results demonstrate that EE |¢adiswer
neurotoxicity in important regions linked to addyct Also, the model o€PP choice
seems to be effective for evaluating changes iaioeeconditioning behavior. These
results show that the effects of cocaine in ragsrsdiffer based on the environmental

context.

Introduction

Studies have been attempting to elucidate the-metated nature of the
compulsive pathological syndrome of dependenceagbrg forth the idea that
individual biological factors, such as genetic andironmental influences, can interact
to have a positive or negative influence on adalictevelopment (Crofton et al. 2015;
Ouzir and Errami 2016; Wall et al. 2016). It is knmothat some people use substances
recreationally without ever becoming addicted (8oim-Sapyta et al. 2007). The
evidence indicates that the progression from erpantation to the development of
drug use disorder and dependence is the result@iglex interaction between
repeated exposure, biological factors and envirartaheontext (Goeders 2002; Kreek

et al. 2005; Sinha 2001).

The EE mimics some kinds of positive life experenand has been used as a
model for the study of positive stimuli in humaiMafmol et al. 2015). The evidence
suggests that EE facilitates recovery from brajarias (Will et al. 2004) and reduces

the impacts of psychiatric disorders such as dddiciion (Nithianantharajah and
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Hannan 2006). Environmental factors directly afber value of rewards (Simpson and
Kelly 2011) and increase resistance to the effeictbugs such as cocaine (Bezard et al.

2003; Solinas et al. 2008) and amphetamines (Betrdb 2001).

Until now, rats have been the most frequently usathuman animal species in
experimental research on drug addiction. They hedelrn to self-administer most
drugs that lead to addiction in humans, and wheargaccess to cocaine, most readily
learn to self-administer the drug and usually egeaheir intake with extended access
(Ahmed 2011). Previous research has shown thawolly extended access to cocaine
self-administration, rats are more likely to estatheir consumption of cocaine
(Ahmed and Koob 1998), working harder (PatersonMarkou 2003) and taking more
risk to seek and/or to obtain cocaine (Vanderscharal Everitt 2004). Surprisingly,
when offered a mutually-exclusive choice, most fmrd-deprived rats readily give up
cocaine use to drink water sweetened with a noorcadweetener (i.e., saccharin) — an
otherwise biologically inessential rewarding beloagCantin et al. 2010; Lenoir and
Ahmed 2007; Tunstall and Kearns 201i#)the other words, no matter how large the
increase in drug value, it is apparently not sighitto replace preference for the
nondrug option and promote cocaine preferencedrattimals (Lenoir et al. 2007).
However, these results have not been confirmedherdess invasive models such as
the place-conditioning paradigm (CPP), which is patible with classical Pavlovian

conditioning and is similar to learned reward asgams (Itzhak and Martin 2002).

Cocaine-induced neurochemical alterations in baaéas such as the prefrontal
cortex and hippocampus may also contribute to obmimgdecision-making and
memory formation related to drugs of abuse (Pual.&007; Pum et al. 2008). The
neurochemical effects of cocaine in the visualeo(Muller et al. 2007; Muller and

Huston 2007) may also be of importance, given thstntial role of cocaine-
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associated stimuli in the maintenance and reinsité of addictive behavior (Di Ciano
and Everitt 2004; See 2005). These cocaine efégetstrongly linked with excessive
concentrations of dopamine, which have in turn kessociated with the mechanism
that leads to cocaine toxicity (Pereira et al. 30Ckidative stress is an imbalance
between the reactive oxygen species (ROS) genesatkthe antioxidant defense
system. In brain tissue, the accumulation of R@8ddo persistent neurochemical
abnormalities and loss of synaptic integrity (Dadtret al. 2005; Pereira et al. 2015;
Sajja et al. 2016). In contrast, free radicals Hasen successfully removed by
endogenous antioxidants, which are stimulated byNE&mol et al. 2015; Mattson et
al. 2001). The EE also leads to an increase inyngauherated neural cells in the adult
brain, suggesting that this stimulation can incegag capacity of the brain for

plasticity and self-repair (Muhammad et al. 201#&n ¥raag et al. 2000).

The current animal models are somewhat limited va#ipect to construct
knowledge about addiction, face validity and prédecvalidity. Based on observations
of the models that can increase this validity, eswinental enrichment and choice
studies attempt to approximate the laboratory rebeta the greatest diversity found in
human drug addiction. In addition, the protectiffects of EE in relation to the

neurotoxicity caused by cocaine have not yet beeestigated.

Thus, the aim of the present study was to pressmat@h the use of an
alternative model to evaluate the rewarding valueooaine along another non-drug
option, saccharine, in an adapted CPP protocol sty also assesses the protective
effect of EE in terms of ROS formation, antioxidenzyme activity and DNA damage

in the prefrontal cortex and hippocampus in rafsosed to cocaine.
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Experimental procedures

Subjects

Fifty male Wistar rats were divided into standa®d) or EE groups from
weaning (post-natal day (PND) 21) to PND 50. Theyengroup-housed in accordance
with guidelines on a 12-h light/dark cycle, wittotband water availabkd libitum All
experimentation was conducted between 09:00 a.ch02190 p.m, during the light
phase of the cycle. The Institutional Animal Cand &se Committee of the UFCSPA
approved all animal procedures (Ethics Committe&d#3). All efforts were made to

use only the number of animals necessary to prodiliedle scientific data.

Housing Conditions

The EE rats were housed 7-10 per cage in a lagge (@&*x60%80 cm) with 3
floors connected by a ladder, to force them toycaunt a physical activity to access the
food and water provided on the third floor. Eachechad 5-6 toys of different shapes, a
running wheel, a small house, and several cardiioareels for the entertainment of the

rats. The objects were changed and repl8ciuies per week.

The ST rats were housed (2-3 per cage) in starmdydarbonate cages

(40x33x18 cm) under standard conditions.

Solutions

Saccharin (SAC) (Sigma-Aldrich, Brazil) was dissa\vn tap water at room

temperature (22+2°C). The saccharin solution wapamed fresh each day.
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Cocaine hydrochloride (COC) (Merck, Germany) wasdived in 250mL
sterile bags of 0.9% NaCl to a concentration ofrfiddml and stored at 4-8°C. Before

use in behavior tests, the solution was kept anrtemperature (22+2°C).

Experimental procedure
Conditioned place preference

Six identical CPP equipment setups were used fdresilavioral testing
(Insigh®, Brazil). The boxes (40 x 60 x 38 cm) had threstinict chambers: two larger
conditioning chambers (40 x 23 x 38 cm) connected bmaller neutral chamber (40 x
14 x 38 cm). The chambers were separated by dadrbad distinct visual (vertical or
horizontal lines on the walls) and tactile (barsdg or aluminum plate on the floor)
characteristics. The boxes were equipped with gieatms and the horizontal
movements of the animals were automatically moaddyy software coupled to the
boxes. The apparatus was cleaned with ethanoli@ol(#0%) and dried immediately to
remove the ethanol's smell between trials. The raxeats were conducted in an

exclusively dimly lit room (red light).

The ST and EE rats were divided into two experimlegitoups, according to
CPP conditions: COC/Saline (n=15) and COC/SAC (n=8be CPP protocol consisted
of an 11-day schedule divided into 3 different @sapre-conditioning (2 days),
conditioning (8 days), and post-conditioning (1 d&uring pre-conditioning, the rats
were allowed to freely explore the three compartsiéor 15 minutes each day. The
time spent by each animal with all four paws inteatthe three compartments was

recorded on the second day.
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The second conditioning phase consisted of eighhB0sessions once daily.
Immediately after i.p. cocaine administration (1§/kg), the animals were confined in
the less preferred compartment from the pre-camditg phase and, on alternate days,
received vehicle (saline 1 mL/kg; i.p.) and werefaoted in the opposite compartment.
After the end of the tests, the rats were repldoetheir respective home cages (ST or

EE).

In the post-conditioning phase, each animal, inug-dree state, was placed in
the neutral compartment and had free access tora# compartments. The time spent

in each compartment was recorded for 20 min.

For the COC/SAC group, we developed an adaptedpZ&tBcol, where a sweet
drinking solution (saccharine 2%) was offered iadtef saline in the conditioning
phases. Into the CPP boxes was placed a drinkéainorg the saccharin solution glued
to the middle of the floor. One important notehattthe COC/SAC group was first pre-
exposed to the saccharine solution one week prithved CPP experiment to prevent bias
from a new factor. During the conditioning phasetlwe saccharine day, the animals

received an aversive stimulus (injection) withsal{1 mL/kg i.p.).

In CPP, drug is typically paired with the less pre¢d compartment in the pre-
conditioning phase. Since the COC/SAC group weesgmted two rewards (i.p.
cocaine or oral saccharin), the less preferredrenments were randomly distributed
between the two rewards. Therefore, we had tworsuipg, the group of rats whose
least preferred compartment was paired with sagthad another group whose least

preferred compartment was paired with cocaine (feidy.

Sample collection and preparation
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At the end of the CPP test, the animals were d&tapiand the PFCs and
hippocampi were dissected according to the PaxandsWatson coordinates (Paxinos
and Watson 2007) and frozen in liquid nitrogen. Bhan tissue was stored at —80 °C

until analysis.

Comet assay

The comet assay for evaluation of genotoxicity wagormed as described by
Hartmann et al. (Hartmann et al. 2003). Briefly(P&nd hippocampus were placed in
separate microtubes with 400 uL PBS cold solutigth 20 mmol/L EDTA and 10%
dimethylsulphoxide (DMSO) and were mixed with ategr The brain regions were
allowed to settle and the supernatant containinglsicells was collected. The isolated
cells were counted in a Count&§tvitrogen, by Life Technologies) to determindi ce
concentration and survival by trypan blue exclusissay. An aliquot of cell suspension
(20 pL) was dissolved in 0.75% low-melting poinaewse and immediately spread onto
a glass microscope slide pre-coated with a lay@ehormal melting point agarose.
The slides were incubated in ice-cold lysis solu{i.5 M NaCl, 100 mM EDTA, 10
mM, 1% Triton X-100 and 10% DMSO, pH 10.0). Aftgsis, the slides were washed
three times for 24 h at 4°C in enzyme buffer (40 mbpes, 100 mM KCI, 0.5 Mm
Na2EDTA, 0.2 mg/mL BSA, pH 8.0), and incubated WiG (30 min at 37°C). The
slides were then incubated with electrophoresistgnl (300 mM NaOH and 1 mM
EDTA, pH 13.0) for 20 min to unwind the DNA. Elegprhoresis was conducted at 4°C
for 20 min at 0.94 V/cm. The slides were then redizted with Tris buffer (0.4 M Tris,
pH 7.5) and stained with silver. For the evaluattb®NA damage, 100 cells per slide

were analyzed by optical microscopy. The cells weseally scored by measuring the
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DNA migration distance and the amount of DNA in thi was separated into five
classes, from undamaged (0) to maximally damaged e damage index (DI) value
was calculated for each sample and ranged frono @afh 100 cells x 0) to 400 (with

maximum migration: 100 cells x 4) (Burlinson et2007).

Protein extract

To determine levels of dichlorofluorescein (DCFH-DANd activity of
superoxide dismutase (SOD) and catalase (CAT)jdhees were homogenized in Tris-
HCI buffer (pH 7.4). After 30 min, the tissues wertéjected to 6 cycles of 30 seconds
at ice cold temperature in the vortex mixer. Eadbtgon was centrifuged for 10 min at
16,000 rpm to separate the tissue debris froméhextracts. Protein concentration

was determined by the Lowry method with minor micdiions.

DCFH-DA assay

The DCFH-DA assay, a reliable method for measuntrgcellular ROS such as
hydrogen peroxide (#D.), hydroxyl radical (OHe), and hydroperoxides (ROQttas
used to estimate the generation of reactive speciesell-free assay according to (Ko
et al. 2005; Yin et al. 2013). The DCFH-DA assaylisis method is based on the
deacetylation of the DCFH-DA probe, and its subsagoxidation by reactive oxygen
species into a highly fluorescent compound (2’,i¢htbrofluorescein; DCF). For the
DCHF-DA assay, phosphate-buffered saline (PBS; g 300 uM DCFH-DA and 5
uL of tissue suspension (total volume 200 pL) wecebated in 96-well dark-plates at

37 °C for 30 min. Fluorescence was measured usBgeatraMax M2e Microplate
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Reader (Molecular Devices, Sunnyvale, CA, USA). €keitation and emission
wavelengths were 490 nm and 525 nm, respectivélyexderiments were carrying out
in a dark room to prevent oxidation of the DCHF-OResults were expressed as

fluorescence units normalized to protein conteil (fg protein).

Determination of SOD and CAT activity

SOD activity was assayed by measuring the inhibitibsuperoxide dependent
autoxidation of adrenaline, according to the mettiescribed by Misra and Fridovich
(Misra and Fridovich 1972). Firstly, sample aligaiof protein extract were added into
50 mM glycine buffer (pH 10.2) and 10 mM catala&drenaline was then added and
absorbance was immediately recorded every 36 sedond5 minutes at 32 °C and
480 nm with a SpectraMax M2e Microplate Reader @dalar Devices, Sunnyvale,
CA, USA). The results were calculated as the amotiahe unit of SOD required to
inhibit 50% of the adrenaline autoxidation, andgpecific activity is described in SOD
U/mg protein. CAT activity was assessed throughdibappearance of B, at 240 nm,
according to the method described by Aebi (Aebi4)9Briefly, 50 mM phosphate
buffer (pH 7.0; KHPQO, and NaHPO, in the proportion 1:1.5 (v/v) were added into an
aliquot of protein extract. Subsequently, 25 mMDkFwas added and the absorbance
was immediately recorded every 36 seconds for 5an#0 nm in the SpectraMax M2
Microplate Reader (Molecular Devices, Sunnyvale, O8A). Based on the definition
of one CAT unit as one umol of,8, consumed per minute, the results were calculated

as specific activity and are described by CAT Ufmagtein.

Statistical analysis
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Statistical analyses were performed using Sigma\RIb (Stystat Software, CA,
U.S.A)). The Kolmogorov-Smirnov test was used tofyghe normality of all variables
and was followed by an equal variance test. For @RR, the results were analyzed
using two-way repeated measures analysis of vaigh@V-RM-ANOVA) on the
percentage of time spent in the drug/reward-patmdpartment during the pre and
post-conditioning test according to the followirggrhula:

(timedrug pairedcompartmetr)

x100 for COC/Saline and
(timedrug— pairedcompartmenttimesaline pairedcompartmetr)

(timerewardlpairedcompartmeﬁ) 4100 for COC/SAC. where

(timerewarol— pairedcompartmenttimereward2 pairedcompartmetr)

if rewardlis cocainereward2is saccharine and vice versa. For DNA damage, the
arbitrary units’ data were analyzed using two-wayG\VA comparing the housing
inside each CPP group (COC/Saline and COC/SAC).saéhee was performed for
oxidative stress. All analyses were followed by 8yik post-ha@ test when appropriate.
All results are presented as mean + S.E.M. Faralyses, significance was set at

P<0.05.

Results
Conditioned place preference

In order to determine the effect of EE, rats reameal ST or EE environment
were subjected to CPP (COC/Saline). Our resultfirooed the protective effect of EE.
Two-way ANOVA repeated measures performed on thegmtage of time spent in the
cocaine compartment (% time pre vs. post) shows&draficant effect of drug

increasing the time only in the ST rakg[s) - 7.765,P= 0.024] (Fig. 1a). The EE rats
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did not show conditioning to CPF | 7)-0.439,P= 0.532]. Interestingly, independently
of the housing conditions, the rats from the COCQZISfoup did not show cocaine
conditioning (ST =f1,17)-1.808,P= 0.199 and EE = F(1,14)-1.704,P= 0.213 ) (Fig.
1b). However, when the EE group was divided acogrtie baseline place preference,
the data shows different results (Figs. 2a and@bl)hen saccharine was paired with
the less preferred side, the EE rats were con@itida saccharind=[; g)-8.268 ,P=

0.024 (Fig. 2a), while the ST rats were not conditiofied,7)-0.147,P= 0.714; and b)
when cocaine was paired with the less preferregl sidne of the groups were
conditioned, probably because of the presenceeobtier reward competing with
cocaine (ST =H,0)=3.497P= 0.094; EE = [F(1,7)-0.556,P= 0.484 ). It is important

to note that the ST rats, which are understoodsbgsuthe most prone to conditioning to

cocaine, also did not develop cocaine-conditiornsthlior.

EE housing decreases DNA damage after cocaine-CPP

Using the comet essay technique, it was obsenatdathmals housed in EE
displayed much less cocaine-induced cell damagfeeiPFC [k 40)= 13.403,P<0.001]
and hippocampus [Fa0)= 22.922,P<0.001] (Fig. 4). The protection from cocaine-
induced DNA damage to the PFC and hippocampus evasifin both CPP groups,

COC/SAC P=0.001;P<0.001) and COC/Salin®£0.045;P=0.019).

EE housing decreases ROS production in cocainaisesgccharine CPP

Our results demonstrate decreased formation of D@fre PFC [k 37)= 4.848,

P=0.034] and hippocampus ks = 2.201,P=0.009] of EE-housed rats compared to
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ST rats in the cocaine versus saccharine (COC/Sdtip (Fig. 5a). Analysis of the
COC/Saline group showed no significant respong®tsing conditionsR=0.399 and
P=0.961). In the PFC, catalase was less expresgbe BE group, with a statistically
significant decrease seen in rats in the COC/SADmtR1 32 = 6.491,P=0.016] (Fig.
5b) but no statistical difference for the COC/Salgroup P= 0.094). In the
hippocampus, EE decreased CAT activity for bothGKREC/SAC and COC/Saline
groups [ku,34)= 14.656 P=0.006; P=0.015 respectively]. Fig. 5¢c shows the SOD
results, with no significant results for PFG4[k)= 1.229,P=0.274] or hippocampus

[F,42=1.971,P=0.168].

Discussion

In our study, EE prevented cocaine CPP in rats.dtready known that
environmental stimulation during the early stageld§® protects against abuse-related
drug reward (Bardo et al. 2001; Cain et al. 201Ze@ et al. 2002; Hopfer et al. 2003;
Solinas et al. 2009; Stairs and Bardo 2009). Reteed in an enriched environment
show decreased intravenous self-administratiorarh@hetamine across repeated
sessions compared to rats reared in a sociallgtesticondition (Bardo et al. 2001;
Green et al. 2002). In cocaine sensitization, Eiskd rats show less motor activation
in response to repeated administration of cocaijgetions and reduced responses to
cocaine and amphetamine challenges (Bardo et @h; Xmith et al. 1997; Solinas et al.
2009).0ur results are also in line with most recent staidmat showing that mice
housed in EE display less acute cocaine effectdemsdCPP (Nader et al. 2014; Solinas
et al. 2008; Solinas et al. 2010; Solinas et @0920Moreover, our results add to our

knowledge of EE protective effects, in that thegreego become less relevant when
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saccharine is offered as an alternative rewardgahath cocaine. When one side of the
CPP compartment is paired with an alternative rdye rats become less conditioned
to cocaine; this effect is also seen in rats rearedstandard environment, which are
clearly affected by cocaine in the COC/Saline CRiig. In the last years,
experimental protocols giving the choice betweerao®e and a sweet solution have
brought a new outlook on animal models of depeneleAdong series of experiments
were conducted in which rats were given the chbeteeen cocaine self-administration
and a nondrug alternative reward (Ahmed 2005; @agttal. 2010; Lenoir et al. 2007,
Tunstall and Kearns 2014). According to this liméhmught, if rats prefer cocaine
despite the opportunity to make a different chotee can speculate that there exists a
state of addiction, respecting the idea that theag still be unknown individual
differences between animals raised in very sintitarditions (Ahmed 2010; Cantin et
al. 2010; Lenoir and Ahmed 2007). Unquestionablyemwalternative choice is not
present, it is difficult to determine whether ritke cocaine by compulsion or for lack
of other rewarding options (Ahmed 2010; Cantinle2@10). However, if animals have
a choice between the drug and another reward,aftey prefer rewards such as food
over the drug (Ahmed 2010; Cantin et al. 2010; bathd Negus 1996; Nader and
Woolverton 1991)Thus far, no studies have explored other modelagsessing the

value of the rewarding effect caused by cocainais.

Interestingly, in this study, using an adapted CR&lce protocol, the rats raised
in an EE condition preferred the side paired wabcharin. In other words, the rats
were more conditioned to the sweet taste over nec&tecent findings show that a
sweet taste can induce rewards and cravings teatoanparable to those induced by
drugs (see Ahmed et al. 2013 for a review), but begonsidered less toxic. Drugs

such as cocaine impair normal brain function amdtdgger problematic behaviors.
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Sweet foods can also change brain activity viasthreulation of specialized sweet taste
cells in the mouth and gut (Brown and Rother 20d&molinsky et al. 2009) and via
post absorptive brain mechanisms involving glugealing (Grayson et al. 2013);
these are much more natural routes than thoseugbaif abuse and are clearly not as
behaviorally, psychologically and/or neurochemig#tixic (Ahmed et al. 2013; Pereira

et al. 2015).

An interesting finding of the present work is thatis raised in EE showed less
cocaine-induced DNA damage than the ST group. Busviindings indicate that
cocaine induces a potent genotoxic effect and DBEdale, interfering in an important
chain of events that ensure genomic stability Remira 2015 for a review). In primary
cultures, cocaine causes apoptotic cell deatlrigtatand mesencephalic cell cultures
(Lepsch et al. 2015). A previous study from oumlabory (de Souza et al. 2014)
showed that repeated cocaine administration ineseeB®&NA damage in distinct brain
areas in ovariectomized female rats and the madmiofi cocaine-induced DNA
damage in the PFC and hippocampus was very sitoilaur findings in ST-housed rats
(around 300 until 340 DNA damage index units) . ldger, EE did not reduce the
damage to control (without cocaine) levels, whigdrevess than 200 DNA damage
index units. In the hippocampus of the COC/SAC grdwwever, EE did reduce DNA
damage to indices very similar to the control grolipus, depending on the brain
region, EE does not seem to be able to compleli@iynate the damage caused by
repeated exposure to cocaine. Finally, taken teggethe previous results and the

present data may demonstrate that cocaine toxectgmparable between genders.

DNA damage is generally caused by an increase i8 R@els in cells (Polidori
et al. 2000). Overproduction of ROS induces oxigasitress, which plays a significant

role in the harmful effect of cocaine in brain tissinducing cell apoptosis (Alvarenga
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et al. 2010; Alvarenga et al. 2011, Pereira e2@L5). Our animals housed in EE
presented less DCF fluorescence production, a mafleellular oxidative stress. This
finding is consistent with the results from Cechetial. (2012) obtained in an ischemic
group of rats, where EE significantly decreased [Pp@&ieuction in the hippocampus. In
previous studies, EE also decreased thiobarbiauiit reactive species (TBARS) in the
hippocampus (Cechetti et al. 2012) and cortex tsf(fdarmol et al. 2015).

Interestingly, a recent study showed that when @mepto resveratrol, a recognized
anti-oxidant, EE promotes a prominent decreaskdrconcentration of malondialdeyde,
another marker for oxidative stress (Muhammad.e2@l6). The decrease in ROS
levels suggests that free radicals have been sfallgsemoved by endogenous
antioxidants, which are stimulated by EE (Marmahle015). Is agreement that EE
increases newly generated neural cells in the &daib, suggesting that this stimulation
can increase the capacity of the brain for plagtend self-repair (Muhammad et al.
2016; van Praag et al. 2000). EE seems to als@g®ssitioxidant properties by
attenuating lipid peroxidation (Muhammad et al. @04nd up-regulating and activating
antioxidant enzymes (Mattson et al. 2001). In asttircocaine might increase oxidative
stress via metabolic activation because of theraatation of dopamine. Dopamine
toxicity is believed to be due to the formatiorR®DS resulting from dopamine
metabolism (by auto-oxidation or MAO action), leaglto apoptosis of the cells. On the

one hand, auto-oxidation may occur in the extratalimedium, leading to the
generation of @ and toxic quinones (Banerjee €2Gil4). On the other hand, the

dopamine is inactivated by oxidation (catalyzedh®/enzyme monoamine oxidase,
MAOQ), converting dopamine to 3,4-dihydroxyphenylacacid (DOPAC). HO, seems

to be generated from the metabolism of excess doeany MAO (Pereira et al. 2015).
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Superoxide dismutase (SOD) and catalase (CAT)ragnees that protect brain
tissue from oxidative stress. Superoxide (O ) isim@ry ROS formed in cells and is

enzymatically converted toJ8, by SOD, which itself can react with free ions to
produce highly reactive and toxic hydroxyl radic&sbsequently, $#D, can be
destroyed by catalase or glutathione peroxidasgioss (Yang et al. 2016). Our results
show no difference in SOD activity between standardsing and EE. Vitcheva et al.
(2015) showed that cocaine increases SOD in theraat. Similarly, Dietrish et al.
(2005) showed that after chronic cocaine exposs@4) levels in the prefrontal cortex
were increased after 24 hours compared to coimkever, after 48 hours the SOD
levels returned to normal. In our study, the bstmictures were collected 48 hours after
the final administration of cocaine (see the CRRqmol). This finding may be due to
the transience of the cocaine effect on SOD madkkg influence. The stimulation of
SOD occurred at a time when a significant enhanoewfeROS production has also
been observed (Dietrich et al. 2005). Taken togethese findings suggest that the
activation of antioxidant enzymes represents a mr@sin whereby brain cells can get

rid of some radicals generated by cocaine.

EE was seen to decrease ROS formation, as deseaoker. As the increase in
anti-oxidant enzyme activity might be directly fteld to the ROS level (Benzi and
Moretti 1995), the high CAT activity in the presetidy was paralleled by an increase
in total ROS, as evidenced in the standard envisnimats. In other words, our EE
animals produced less ROS, which would imply a ceduneed to produce CAT. These
results corroborate those of others, who have tegaonw-regulation of antioxidant
enzymes by EE in brain tissue (Cechetti et al. 2@b2 hippocampus (Muhammad et

al. 2016).
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In short, two main conclusions can be drawn fromm $tudy. First, the current
data are consistent with the hypothesis that thane value of cocaine as well as the
cocaine toxicity are linked to environmental infhees from the lifestyle. Accordingly,
the choice in CPP abolished the cocaine-inducedi@RP groups of rats, even those
understood by us as being more susceptible to tonitig, the rats from the
impoverished environment. The second conclusiomghnis no less important,
concerns the DNA damage and ROS formation causeddaine, which was
consistently shown to be reduced by environmemitalsgation, but not completely

abolished.

It is possible that we are in accordance with athezins of thought, which state
that animal research has not paid sufficient atiarto the specific individual aspects of
drug addiction, contributing to the present deaftbffective treatments. For the future,
focusing on the differences in external influendesng the early stages of life could
create opportunities for integration of the muttitarial framework of drug addiction

into laboratory research.
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Figure captions

Fig. 1 Diagram of the design of the conditioned placegrexice (CPP) protocol
implemented on cocaine vs. saccharine (COC/SAQ)moad rats. The protocol was
constituted of 3 successive phases, performedgla@rdays: basal preference (day 1 -
20 minutes); conditioning phase (day 2 to day 20 minutes per day); followed by test

(day 12 - 20 minutes). S=saccharin; C=cocaine

Fig. 2 Percentage of time spent on the cocaine compattf#gna. COC/Saline
- Rats from enriched-housing (EE) condition presess interest for the cocaine-paired
chamber on cocaine vs. saline (COC/Saline) groaps Bepresent the percentage of the
time spent in the cocaine-paired compartment duhegre and post-conditioning
phase of CPP. Mean = SEM. *Different from the poaditioning(P < 0.05 Tukey’s
post hoc analysis following a 2-way RMANOVA). COC/SAC- The percentage of
time spent (%) on cocaine compartment of the rats ftocaine vs. saccharine
(COC/SAC) group. Bars represent of the time spiEntig the cocaine-paired

compartment during the pre and post-conditioningsels of CPP. Mean + SEM

Fig. 3 Represent the break-up of the group COC/SAC (Eigix) according the
less preferred side distributi@n Time-spent (%) in the saccharine side when less
preferred side of the basal preference was pairtdsaccharine. The EE rats were
conditioned to saccharine. Mean £+ SEM. *Differ&otm the pre-conditioning phage
< 0.05 Tukey’s post hoc analysis following a 2-way RMAMA). b. Time-spent in the

cocaine side when less preferred side in the Ipmstdrence was paired with cocaine.
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Bars represent the time spent (%) in the cocaimegaompartment during the pre and

post-conditioning phases of CPP. Mean = SEM

Fig. 4. Protective effect of environmental enrichment (BR)cocaine-induced
DNA damage in comparison to standard housing &I3. (*Different from ST on
cocaine vs. saccharine (COC/SAC) and cocaine ieeq&€OC/Saline) groups. Bars
represent the means + SEN?.< 0.05 Tukey’s post hoc analysis following a two-way

ANOVA)

Fig 5. a. DCFH fluorescence production on PFC and hippocanpuats from
the cocaine vs. saccharine (COC/SAC) and cocaingaline (COC/Saline) groups.
Comparison of rats housed in enriched environnmeg) énd standard (ST). *Different
from ST on COC/SACh. The catalase (CAT) activity on PFC and hippocanguats.
*Different from ST of COC/SAC and COC/Saline groupsSuperoxide dismutase
(SOD) activity on PFC and hippocampus of the l&ss represent the means + SEM.

(P <0.05 Tukey’s post hoc analysis following a two-way AM®)
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Running title: Cocaine-induced shift of preference

ABSTRACT

Being under the influence during choice between drug and nondrug options can have a
dramatic effect on choice outcomes in both animals and humans. We previously showed that
when rats are not under the influence, they largely prefer sweet water over intravenous
cocaine. In contrast, when they are under the influence of cocaine, they shift their choice to
cocaine nearly exclusively. The drug influence was causal because when it was induced
before each choice trial by passive administration of cocaine, it caused sweet water-
preferring rats to shift their choice to the drug. Here we sought to better characterize the
behavioral mechanisms underlying the drug influence on choice. In theory, rats under the
influence of cocaine should be in a mixed motivational state, at least temporarily, with both
their motivation for cocaine and their motivation for the nondrug option suppressed by the
drug satiating and anorexic effects of cocaine, respectively. For this mixed state to shift
choice to cocaine, the suppressed motivation for cocaine should recover before that for the
preferred nondrug option. The goal of the present study was to test this prediction in rats that
expressed a preference for sweet water after extended access to cocaine self-administration.
We measured their choice and response latencies to each option after passive administration
of cocaine to estimate the duration of its drug satiating and anorexic effects. Overall, we
found evidence that partially supports our hypothesis, with some revealing individual
variation. Specifically and as predicted, individuals in whom the drug satiating effects of

cocaine dissipated before its anorexic effects — representing the majority of rats — shifted
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their choice to cocaine when under the influence. Inversely, individuals in whom the drug
satiating effects of cocaine dissipated after its anorexic effects — representing a minority —

further increased their initial preference for the nondrug option when under the influence.

Key-words: choice; addiction; cocaine; drug influence; anorexic effects.

Introduction

Ample evidence shows that the choice setting can dramatically influence drug use in both
humans and nonhuman animals (Ahmed, 2005, 2010; Alexander and Hadaway, 1982;
Badiani, 2013; Faupel, 1987; Zinberg, 1984). This influence is particularly well exemplified in
laboratory rats that have access to cocaine for intravenous self-administration in different
settings. When rats have access to cocaine with no other choice, most of them readily learn
to self-administer the drug and eventually escalate their intake with extended access
(Ahmed, 2011; Ahmed, 2012). In contrast, when rats are given a choice between cocaine
and a potent nondrug reward (e.g., water sweetened with saccharin or sucrose), most that
self-administered the drug and escalated their intake in a no-choice setting reduce and even
quit drug use in favor of the nondrug option (Cantin et al, 2010; Lenoir et al, 2007; Tunstall
and Kearns, 2013). This abstinence-like behavior was also observed with other drugs of
abuse, including methamphetamine, heroin, oxycodone, and nicotine (Caprioli et al, 2015b;
Huynh et al, 2015; Lenoir et al, 2013b; Panlilio et al, 2015; Secci et al, 2016). It is generally
robust to a variety of different experimental conditions (e.g., drug doses) and drug exposure
histories (Augier et al, 2012; Cantin et al, 2010; Lenoir et al, 2007; Madsen and Ahmed,

2015).

There are, however, some choice settings where rats continue to use the drug to the

exclusion of a normally highly preferred nondrug option (Bozarth and Wise, 1985; Thomsen
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et al, 2013; Vandaele et al, 2016). We and others recently found that this occurs in settings
where there is no or short time intervals between successive choices. For instance, merely
shortening the inter-choice interval from 10 to 1 min or less was sufficient to induce rats to
shift their choice from sweet water to cocaine almost exclusively (Kerstetter et al, 2012;
Vandaele et al, 2016). This shift occurred in one single session and was reversible after the
inter-choice interval was returned to 10 min (Vandaele et al, 2016). One important feature of
a setting with no or short inter-choice interval is that the direct pharmacological effects of a
prior drug choice can be carried over to subsequent choices to influence them. Put
differently, in such settings, choice can be made under the drug influence. The causal role of
this drug influence in rats’ preference shift was confirmed in a study where this influence was
induced artificially before each choice trial by non-contingent administration of cocaine in a
setting where the inter-choice interval was set to 10 min. All else equal, pre-trial
administration of cocaine caused rats to shift their choice to cocaine. In humans too, there is
some evidence that cocaine intoxication at the moment of choice can also promote cocaine
choices over other nondrug options (Donny et al, 2004; Vosburg et al, 2010). Overall, this
research indicates that patterns of exclusive cocaine choices are more likely to occur in
settings where the carry-over effects of prior cocaine choices can influence future choices

(Vandaele et al, 2016).

The mechanisms underlying this drug influence have yet to be fully elucidated. Though
several mechanisms are possible, recent evidence suggests that pre-trial administration of
cocaine promotes cocaine choices mainly by acutely suppressing responding for the nondrug
option rather than by enhancing responding for the drug option itself (Vandaele et al, 2016).
First, cocaine, like other stimulant drugs, is well known to induce powerful anorexic effects
that suppress both intake of and operant responding for sweet food/drink in rats (Balopole et
al, 1979; Cooper and van der Hoek, 1993; Vandaele et al, 2016; Wolgin and Hertz, 1995;
Woolverton et al, 1978). Second, we observed a strong dose correlation between cocaine-

induced suppression of responding for sweet water and cocaine-induced shift of preference
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from sweet water to cocaine (Vandaele et al, 2016). Finally, no shift of preference between
heroin and sweet water was observed when rats were tested with pre-choice administration
of heroin. On the contrary, pre-trial heroin further increased sweet water choices (Vandaele
et al, 2016). Unlike cocaine, heroin does not suppress but instead enhances responding and
intake of sweet water (Cooper, 1982; Parker et al, 1992; Rideout and Parker, 1996;

Vandaele et al, 2016).

The goal of the present study was to better understand the effects of pre-trial administration
of cocaine on choice between cocaine and sweet water in rats. In our previous experiments,
we noted that the shift of choice from sweet water to cocaine induced by pre-trial cocaine
was accompanied by a dramatic increase in choice latency, from few seconds to several
hundreds. This increased latency indicates that though rats eventually chose cocaine on
each trial after pre-trial cocaine, they were apparently not eager to make this choice. This
increased choice latency is likely due to the transient reward satiating effects of pre-trial
cocaine which is known to suppress transiently responding for the drug (Ahmed and Koob,
1998, 2005; Wise, 1987; Yokel, 1987). Thus, after pre-trial cocaine, rats would be transiently
in a mixed motivational state, with both their motivation for cocaine and their motivation for
the nondrug option suppressed by the drug satiating and anorexic effects of cocaine,
respectively. For this mixed state to shift choice to cocaine, the suppressed motivation for
cocaine should recover before that for the preferred nondrug option (Figure 1a), so that the
latter remains suppressed when rats are ready to respond again for cocaine. If it was the
opposite, pre-trial cocaine would not be expected to cause rats to change their initial
preference but instead to maintain it or even to enhance it. The present study was designed

to test this prediction.

Materials and Methods

Animals and Housing
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A total of 14 adult male Wistar rats (225-250 g at the beginning of experiments, Charles
River, Lyon, France) were used. Rats were housed in groups of 2 and were maintained in a
light- (reverse light-dark cycle), humidity- (60 + 20%) and temperature-controlled vivarium (21
+ 2°C). All behavioral testing occurred during the dark phase of the light-dark cycle. Food
and water were freely available in the home cages throughout the duration of the
experiments. Home cages were enriched with a nylon gnawing bone and a cardboard tunnel
(Plexx BV, The Netherlands). One rat did not complete the experiment because of loss of

catheter patency, thereby leaving 13 rats for final analysis.

All experiments were carried out in accordance with institutional and international standards
of care and use of laboratory animals [UK Animals (Scientific Procedures) Act, 1986; and
associated guidelines; the European Communities Council Directive (2010/63/UE, 22
September 2010) and the French Directives concerning the use of laboratory animals (décret
2013-118, 1 February 2013)]. The animal facility has been approved by the Committee of the

Veterinary Services Gironde, agreement number A33-063-922.

Surgery

Rats were surgically prepared with an indwelling silastic catheter in the right jugular vein
under deep anesthesia. Behavioral testing commenced at least 7 days after surgery.
Additional information about surgery and post-operative care can be found elsewhere (Lenoir

et al, 2013a).

Extended access to cocaine self-administration
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One week after intravenous surgery, rats were trained to self-administer intravenous cocaine
(0.25 mg per injection over approximately 4.2 s) during 18 daily sessions on a fixed-ratio
(FR) 1 time-out 20s schedule of reinforcement, as described elsewhere (Ahmed and Cador,
2006; Ahmed and Koob, 1998). Except for the first 2-h session, each subsequent daily self-
administration session lasted 6 h. The aim of the first, short 2-h session was to allow drug
naive rats to have a first experience with cocaine before extended access. This limits the risk
of overdose that may occur in naive rats when tested immediately with extended access to
the drug. All self-administration sessions began with extension of one lever (lever C for
Cocaine); the other lever (lever S, to be associated with sweet water) remained retracted.
Responding on lever C was rewarded by 0.25-mg cocaine and was signhaled by illumination
of the cue-light above lever C for 20 s. No non-contingent injections of cocaine were given,
except on rare occasions when a subject failed to respond within the first 30 min in which

case it received two passive injections approximately 20 s apatrt.

Alternate operant training

After the 17" session of extended access to cocaine self-administration, rats were trained to
respond for cocaine (as described above) or sweet water on 6 alternate FR1 sessions. On
sweet water sessions, the lever not associated with cocaine (i.e., lever S) was extended to
mark the onset of the session and to signal sweet water availability; lever C remained
retracted. Responding on lever S was rewarded by a 20-s access to water sweetened with
0.2% saccharin delivered in the adjacent drinking cup and was signaled by illumination of the
cue-light above lever S for 20 s. The maximum volume that a rat could drink per 20-s access
period was 0.32 ml of sweet water. The session ended after rats had earned a maximum of

20 sweet rewards. We previously showed that an extended operant training with sweet water
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is not required to observe a preference for sweet water over cocaine during subsequent
choice, even in rats with a history of extended access to cocaine (Cantin et al, 2010; Lenoir

et al, 2007) (see also, (Caprioli et al, 2015a; Caprioli et al, 2015b)).

Discrete-trials choice procedure

After operant training, rats were tested for choice for a total of 5 daily sessions until
stabilization of choice behavior (i.e., 3 consecutive sessions with no increasing or decrease
trend). Each choice session consisted of 20 discrete choice trials spaced 10 min apart
(Figure 1b). A 10-min inter-trial interval was used to prevent any carry-over effect of prior
drug choices (Kerstetter et al, 2012; Vandaele et al, 2016). Each trial commenced with the
simultaneous presentation of both levers S and C. Rats were free to respond to either of
these two levers to self-administer the corresponding reward (i.e., 0.25 mg of cocaine or 20-s
access to 0.2% saccharin as described above). Reward delivery was signaled by retraction
of both levers and illumination of the cue-light above the selected lever. Thus, for the
duration of each single trial, choice of one reward excluded the other. If rats failed to respond
to either lever within 10 min, both levers were retracted and no reward was delivered. The
operant response requirement was set to two consecutive responses to avoid accidental
choice. The choice latency was measured as the time elapsed between trial onset and

delivery of the chosen reward.

Effects of pre-trial administration of cocaine on choice behavior

After stable baseline choice performance, we insured that, like in our previous study, pre-trial

cocaine caused rats to shift their choice to cocaine exclusively and that this shift was also
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associated with a large increase in choice latency. This was done in one choice session
using a procedure identical to that described above, except that each choice trial was
preceded 5 min before by a non-contingent and non-signaled i.v. injection of cocaine (0.75
mg) (Figure 1b). This pre-trial dose of cocaine was shown previously to induce near maximal
effects on choice behavior (Vandaele et al, 2016). The dose of cocaine available for self-
administration during each choice trial remained identical to that used during baseline choice

(i.e., 0.25 mq).

Effects of pre-trial administration of cocaine on discrete-trials responding for cocaine

or sweet water

As explained in the Introduction, pre-trial cocaine is hypothesized to cause rats to shift their
choice to cocaine because the suppressing anorexic effects of cocaine would last longer
than its drug satiating effects. To estimate the duration of these two effects, we measured the
effects of pre-trial cocaine on the latency to respond for cocaine or sweet water in two no-
choice sessions where only one option was available (Figure 1b). These no-choice sessions
were strictly identical to a choice session, except that rats had only access to one lever (i.e.,
lever S or C) and its corresponding reward (i.e., sweet water or cocaine). We assume that
the latency to respond for cocaine when it is the sole option available (i.e., no-choice latency
for cocaine) should mainly reflect the duration of the drug satiating effects of pre-trial
cocaine. Similarly, the latency to respond for sweet water when it is the only option available
(i.e., no-choice latency for sweet water) should mainly reflect the duration of the anorexic
effects of cocaine. In both cases, the no-choice latency was measured as the time elapsed

between trial onset and delivery of the reward available.
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Substances

Cocaine hydrochloride (Coopération Pharmaceutique Frangaise, Melun, France) was
dissolved in 0.9% NacCl, filtered through a syringe filter (0.22 um) and stored at room
temperature. Sodium saccharin or sucrose (Sigma-Aldrich, St Quentin-Fallavier, France) was
dissolved in tap water at room temperature (21 + 2°C). Sweet solutions were renewed each

day.

Statistics

All data were subjected to relevant repeated measures ANOVAs, followed by Tukey post hoc
tests where relevant. Comparisons with a fixed theoretical level (e.g., 0 or 50%) were
conducted using one sample t-tests. Proportions were compared using the two-proportion z-
test. Statistical analyses were run using Statistica, version 7.1 (Statsoft Inc., Maisons-Alfort,

France).

Results

As expected, with extended access to cocaine for self-administration, rats gradually
increased their drug intake from about 50 to 80 injections per 6-h session (F18,216 = 23.45,
p < 0.01) (Figure 2a). Once escalated cocaine intake began to stabilize (i.e., around session
17), rats were trained during 3 sessions that alternated with sessions of cocaine self-
administration to respond for saccharin on an alternative lever, lever S. Lever C and cocaine

were not available during these sessions. All rats obtained the maximum number of
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saccharin rewards (i.e., 20) as early as the first training session. The time required to obtain
this maximum number of rewards decreased considerably with repeated session, suggesting
rapid learning (F2,24 = 28.22, p < 0.01) (Figure 2b). On the third session, rats drank a
volume of 5.6 = 0.2 ml of sweet water which was close to the maximum allowed (i.e., 20 x
0.32 ml = 6.4 ml). On average, rats received a total of 1411.3 + 71.8 cocaine rewards and

60.0 £ 0.0 sweet water rewards before choice testing.

During choice testing, all rats completed nearly all choice trials available (maximum = 20)
during all sessions (i.e., > 95%). As expected from previous research, they clearly expressed
a preference for saccharin over cocaine from the first choice session onward (F1,12 = 35.57,
p < 0.01) (Figure 3a,b). This was indicated by a % of cocaine choices systematically lower
than the indifference level of 50% (ts12 < -2.64, ps < 0.021). Preference for saccharin tended
to further increase with repeated session (F4,48 = 2.42, p = 0.060). During the last 3
sessions, % cocaine choices leveled off at around 20 % (i.e., less than 4 cocaine choices
versus about 16 saccharin choices). The volume of sweet water that rats drank per trial was
very close to the maximum possible (0.31 £ 00 versus 0.32 ml). The development of
saccharin preference was also accompanied by a decrease in the choice latency which
baselined over the last 3 choice sessions (F4,48 = 2.47, p = 0.056) (Figure 3c). Note that
since rats made very few cocaine choices, baseline choice latency predominantly reflects the
choice latency for sweet water. However, in rats (n = 9) that chose cocaine on a sufficient
number of trials for analysis (i.e., at least 5 over the last 3 sessions), there was no significant
difference in latency between cocaine or sweet water choices (i.e., 17.1 + 6.7 versus 10.7 +

3.55s).

As expected, non-contingent administration of cocaine before each choice trial caused rats to
shift their choice from sweet water to cocaine nearly exclusively (F1,12 = 39.45, p < 0.01)

(Figure 4a). An analysis of individual behavior revealed, however, that pre-trial administration
of cocaine did not induce a shift of preference in 2 rats out of 13 (called thereafter NS rats for

Non-Shifters). These rats were temporarily ignored in the following analysis of response
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latencies, their small number (< 3) precluding any meaningful comparisons with the
remaining majority of rats (called S rats for Shifters, n = 11). As expected, pre-trial cocaine-
induced shift to exclusive cocaine choices in S rats (F1,10 = 162.15, p < 0.01) (Figure 4b)
was associated with a considerable increase in choice latencies compared to baseline (F1,10
=124.18, p < 0.01) (Figure 4c). These latencies predominantly reflected cocaine choices. It
was not possible to parse the latency data as a function of the chosen reward (i.e., cocaine
or saccharin) because many S rats made no more than 2 sweet water choices (n = 9). A
within-session, trial-by-trial analysis revealed that pre-trial cocaine caused most S rats to
choose cocaine (Zs10 < -2.9, ps < 0.05) with increased latency from the second trial onward

(Trial x Pre-trial treatment: F19,190 = 3.95, p < 0.01) (Figure 4d,e).

As previously explained (see Introduction), pre-trial administration of cocaine is hypothesized
to cause S rats to shift their choice to cocaine because the devaluation of sweet water by the
anorexic effects of cocaine would take more time to dissipate than the devaluation of cocaine
by its drug satiating effects (Figure 1a). This difference was assessed in two no-choice
sessions in which rats could only respond for cocaine or sweet water after pre-trial cocaine.
Overall, behavioral latencies varied as a function of the option available after pre-trial cocaine
(F2,20 =14.82, p < 0.01). Contrary to our prediction, however, the resulting no-choice
latency for sweet water was not higher but instead lower than the no-choice latency for
cocaine (Figure 5a). By comparison, the latter did not differ from the choice latency, a lack of
difference that was expected because the choice latency predominantly reflects cocaine
choices. Importantly, though pre-trial administration of cocaine considerably slowed behavior
(from about 20 s to more than 200 s), rats nevertheless completed nearly all choice or no-
choice trials to obtain the corresponding reward and there was no difference as a function of
the available option (F2,20 = 2.18) (Figure 5b). Finally, though rats completed most trials on
the no-choice session where they had only access to sweet water, they nevertheless drank
less of it than during baseline sweet water choices (0.31 + 00 versus 0.23 + 0.02 ml per

rewarded trial; F1,10 = 12.19, p < 0.01). The latter outcome suggests that rats initiated
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responding for sweet water while they were still partially under the anorexic effects of pre-trial

cocaine.

In the previous experiment, the effects of pre-trial cocaine on choice or no-choice latencies
were tested over 3 consecutive sessions in that order: one session of choice followed by one
cocaine no-choice session and then by one sweet water no-choice session. It is thus
possible that the counterintuitive pattern of behavioral latencies described above is due, at
least partly, to a between-session adaption to repeated pre-trial cocaine. To test this
possibility, all rats were given additional choice sessions with pre-trial cocaine until evidence
for stable choice latency (i.e., 6 in total including the first choice session with pre-trial
cocaine). After that, they were retested with pre-trial cocaine during one cocaine no-choice
session and one sweet water no-choice session, as described above (see Methods and
Figure 1b). With repeated testing, the 2 previously identified NS rats continued to not shift
their choice to cocaine in response to pre-trial cocaine (Figure 6a). Similarly, most S rats also
continued to shift their choice to cocaine. However, among previously identified S rats, 2 rats
eventually stopped to shift their choice to cocaine in response to pre-trial cocaine from the
second session onward (Figure 6a). As a result, they were added to the other NS rats to form
a separate group of sufficient size for subsequent analysis. Another previously identified S
rat also stopped to respond to pre-trial cocaine on session 2 but it began to respond again on

session 6. Since its behavior was instable, this rat was not included in subsequent analysis.

The average behavior of S (n = 8) and NS (n = 4) rats is shown in Figure 6b. These two
groups were indistinguishable during baseline choice. They both largely preferred sweet
water over cocaine and each drank the maximum volume possible of sweet water (i.e., 0.31
+0.00 and 0.31 + 0.01 ml per rewarded trial). However, they responded oppositely to pre-trial
cocaine (Group x Session: F6,60 = 14.97, p < 0.01). Pre-trial cocaine shifted choice to
cocaine almost exclusively in S rats while it had no effect or even tended to further increase
choice of sweet water in NS rats compared to baseline (Figure 6b). After choosing sweet

water, NS rats drank the same volume of it per trial than during baseline (0.30 £ 0.01 versus
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0.31 £ 0.00 ml). Despite this opposite choice, however, pre-trial cocaine increased choice
latencies to the same extent in both groups (Figure 6¢). In addition, with repeated testing,
there was a similar and parallel decrease in choice latencies in both groups, suggesting a
comparable between-session adaptation to the effects of pre-trial cocaine (Session: F6,60 =

30.91, p < 0.01; Group x Session: F6,60 = 0.63).

Then, both S and NS rats were subsequently retested with pre-trial cocaine during one
cocaine no-choice session and one sweet water no-choice session, and their behavior was
compared to that recorded during the last 3 choice sessions with pre-trial cocaine. The profile
of behavioral latencies varied as a function of the group of rats (F2,20 = 9.66, p < 0.01).
Contrary to our prediction, in S rats which shifted their choice to cocaine after pre-trial
cocaine, all latencies were virtually indistinguishable (Figure 6d): their no-choice latency for
sweet water was not longer than but equal to their no-choice latency for cocaine, suggesting
a similar duration between the anorexic and drug satiating effects of cocaine. The lack of
difference between their no-choice latency for cocaine and their choice latency was expected
because the latter nearly exclusively reflects cocaine choices in S rats (Figure 6b).
Interestingly, however, though S rats completed virtually all sweet water trials after pre-trial
cocaine, they drank less per trial than during baseline sweet water choices (0.26 + 0.02
versus 0.031 + 0.01 ml per rewarded trial; F1,7 = 9.91, p < 0.01). This decreased intake
shows that S rats responded for sweet water while they were still partially under the anorexic

effects of cocaine.

In contrast, in NS rats, the profile of behavioral latencies was in line with their continued
choice of sweet water despite pre-trial cocaine. Their no-choice latency for cocaine was
much longer than their no-choice latency for sweet water which was similar to their choice
latency (Figure 6d). The lack of difference between their no-choice latency for sweet water
and their choice latency was expected because the latter nearly exclusively reflects sweet

water choices in NS rats (Figure 6b).
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Apart from their opposite choice response to pre-trial cocaine, the only other significant
difference found between S and NS rats was in the no-choice latency for cocaine. This
latency was much longer in NS rats than in S rats, suggesting longer drug satiating effects in
NS rats than in S rats (Figure 6d). This interpretation was consistent with longer mean post-
loading inter-injection pauses in NS rats than in S rats (318.1 + 45.6 versus 237.0 + 13.6)
during the last 5 sessions of cocaine self-administration that preceded choice testing (F1,10
=4.87, p = 0.051). Inter-injection pauses mainly reflect the duration of cocaine satiation in
rats (Ahmed and Koob, 2005; Tsibulsky and Norman, 1999; Wise, 1987). Though both
groups had the same initial body weight before behavioral training and testing (300.1 + 10.1
versus 305.1 +2.8 g; F1,10 = 0.39), NS rats gained slightly less weight over time than S rats
(19.6 £+ 8.9 versus 41.9 +3.9g; F1,10 = 7.25, p < 0.01). As a result, at the end of the choice
experiment, NS rats were slightly lighter than S rats (319.8 £ 6.5 versus 346.9 +5.0 g; F1,10
=10.39, p < 0.01). Though significant, this difference in body weight is nevertheless relatively
small and only results in a marginal difference (i.e., less than 9%) in the relative dose of pre-

trial cocaine between the two groups (i.e., 2.34 versus 2.16 mg/kg).
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Discussion

All rats rapidly developed a preference for sweet water over cocaine when given the choice
between the two options after extended access to and escalation of cocaine self-
administration, as shown previously (Cantin et al, 2010; Caprioli et al, 2015a; Caprioli et al,
2015b; Lenoir et al, 2007). This preference was manifest on the first choice session after only
60 lever-sweet reward pairings compared to more than 1400 lever-cocaine reward pairings.
All else being equal, however, non-contingent administration of cocaine before each trial
caused most rats to shift their choice away from their preferred nondrug option to cocaine
almost exclusively. This drug-induced shift in choice behavior was also accompanied by a
large increase in choice latency, confirming that rats were under the drug influence during
choice. In addition, this shift occurred very rapidly, as it was already manifest on the 2™
choice trial and maximal on the 3" one. These findings strongly suggest that cocaine-
induced shift in choice is mainly caused by the direct pharmacological effects of cocaine at
the time of choice. This interpretation is also consistent with previous research showing that
rats quasi-immediately return to their initial preferred option after cessation of pre-trial
cocaine (Vandaele et al, 2016). Finally, the present study also shows that though pre-trial
cocaine induced most rats to shift their choice to cocaine (S rats), few rats apparently
resisted this drug influence and, in fact, tended instead to increase their choice of sweet

water (NS rats).

S rats did not behave exactly as expected after pre-trial cocaine. The resulting no-choice
latencies for sweet water were not longer than those for cocaine. One can interpret this
negative finding as suggesting that contrary to our prediction, the suppressing anorexic
effects of pre-trial cocaine on responding for sweet water do not last longer than its drug
satiating effects (see Figure 1a). However, it is more likely that though strongly indicative, no-

choice latencies alone do not completely reflect the durations of the different effects induced
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by pre-trial cocaine. In support of this view, we found evidence during no-choice session of
sweet water that the anorexic effects of pre-trial cocaine were still present after S rats had
responded for sweet water, as they drank less of it once obtained than normally. Why S rats
respond for sweet water before complete dissipation of the anorexic effects of cocaine is not
clear. One can suggest that once the drug satiating effects of cocaine have dissipated and
there is no opportunity to respond for cocaine, S rats would be somehow compelled to
respond for the only nondrug option available, even if intake of the latter, once obtained, is
still partially suppressed by the anorexic effects of cocaine. There is evidence that under
some circumstances, some dopaminergic drugs can indeed cause drug-experienced rats to
respond for food when it is the only option available and even if they do not eat the earned
food (Collins and Woods, 2008). The relative insensitivity of responding to the current value
of the nondrug option may also indicate that after dissipation of the drug satiating effects of
cocaine, responding would not be goal-directed but instead habitual or perseverative. This
interpretation is generally consistent with other research showing that exposure to cocaine or
other stimulant drugs can promote habitual responding for sweet food or liquid in rats (Corbit
et al, 2014; Nelson and Killcross, 2006; Nordquist et al, 2007). Overall, this analysis suggests
that after dissipation of the drug satiating effects of pre-trial cocaine, there is a transient
period when S rats are both ready to respond for cocaine and still partially under the anorexic
effects of cocaine. This mixed behavioral state would explain why responding is biased
toward cocaine if this option is available for choice or, if not, toward the uniquely available,

albeit partially suppressed, nondrug option.

Paradoxically, the no-choice latencies of NS rats receiving pre-trial cocaine better conformed
to our model (Figure 1a). Overall, the latency profile of NS rats was identical to that of S rats,
except that they had much longer no-choice latencies for cocaine suggesting longer drug
satiating effects. This interpretation was confirmed by longer satiety pauses during escalated
levels of cocaine self-administration in NS rats than in S rats. As a result, the drug satiating

effects of pre-trial cocaine lasted longer than its anorexic effects in NS rats, thereby
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explaining why, unlike S rats, they did not shift their choice to cocaine but instead continued
to choose sweet water — their normally preferred option. Of particular note, some NS rats
(i.e., 2 rats out of 4) were not resistant to pre-trial cocaine on the first day of testing but
acquired their resistance on the second testing day onward. The mechanisms underlying this
abrupt change in drug-induced behavior is unknown at present and deserve to be studied in

future research.

Overall, our data generally support the view that what a given individual will actually choose
between cocaine and a normally preferred nondrug option after pre-trial cocaine is mainly
determined by the difference in duration between the drug satiating and anorexic effects of
cocaine. Individuals in whom the former effects are shorter than the latter effects will be
induced to shift their choice to cocaine nearly exclusively, as was observed here in S rats.
Inversely, individuals in whom the former effects are longer than the latter effects will instead
continue to choose the preferred nondrug option, as in NS rats. What are the factors that
explain this individual variation in the relative duration of the drug satiating and anorexic
effects of cocaine remain to be elucidated. However, since the duration of these two effects
varied independently across different individuals, this suggests that their underlying
mechanisms are dissociable. A possible neurobiological mechanism involves differential
cocaine-induced dopamine stimulation of D1R-expressing neurons in different subregions of
the nucleus accumbens. There is some evidence that depending on their exact location
within the nucleus accumbens, D1R-expressing cells can mediate cocaine reward (Lobo et
al, 2010) and/or suppress responding for sweet food (Cui and Lutter, 2013; O'Connor et al,
2015), perhaps by inducing an aversive state (Al-Hasani et al, 2015). Regardless of the
underlying neurobiological mechanisms, however, the present study raises the question of
how individual variation in response to the effects of passive, pre-trial cocaine will translate in
choice settings where these effects result from prior cocaine choices and can thus be self-
cumulated. In a recent study, we found that virtually all rats rapidly develop a pattern of

exclusive cocaine choices in such settings (Vandaele et al, 2016). If this outcome can be
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extrapolated to the present study, then even NS rats should eventually develop, albeit
perhaps more slowly, a pattern of exclusive cocaine choices in similar settings. If true, this
would suggest that despite individual variation in the duration of the different carry-over
effects of cocaine, the transition to exclusive cocaine choices would nevertheless remain
guasi-inevitable in some settings despite access to a preferred nondrug option. Future
research should be devoted to better define this apparent inevitability and its implications for

animal models of addiction.
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FIGURE LEGENDS

Figure 1 Schematic representation of the hypothesis and the experimental procedure. (a)
The two biphasic curves represent the hypothetical time course of the drug satiating (dark
grey) and anorexic effects (light grey) of a pre-trial administration of cocaine (0.75 mg). The
vertical dotted lines indicate from left to right: the time of pre-trial cocaine 5 min before the
next trial; the time of trial onset (set to 0); and the time of choice per se. Behavioral latencies
correspond to the time elapsed between trial onset and choice. It is expected that the latency
to respond for cocaine when it is the only option available (white horizontal rectangle) should
be shorter than that for sweet water (black horizontal rectangle). (b) Each panel represents a
distinctive discrete-trials choice or no-choice procedure with a 10-min inter-trial interval. The
two top panels represent the choice procedure without (baseline condition) or with non-
contingent administration of cocaine (0.75 mg) before each choice trial (indicated by
downward vertical arrows). During choice, rats were presented with levers C and S and could
choose between them to obtain the corresponding reward. The bottom panels represent the
no-choice procedure with non-contingent administration of cocaine before each trial. Rats
were presented with only one lever (S or C) and could obtain the associated reward by

pressing on it.

Figure 2 Escalation of cocaine self-administration and initial operant training for sweet water.
(a) Mean number of self-administered cocaine injections (+ s.e.m.) across 6-h sessions. The
last 3 sessions alternated with sessions of access to sweet water. *, different from the first 6-

h session (p<0.05, Tukey post hoc). (b) Mean time (+ s.e.m.) to obtain the maximum possible
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number of sweet water rewards (i.e., 20) across sessions. *, different from the first session

(p<0.05, Tukey post hoc).

Figure 3 Choice between cocaine and sweet water. (a) Mean number (+ s.e.m.) of cocaine
and sweet water choices across sessions. There was a maximum of 20 choice trials. *,
different from cocaine choices (p<0.05, Tukey post hoc). (b) Percent cocaine choices (+
s.e.m.) across sessions. The horizontal dotted line represents the indifference level. *,
different from the indifference level (p < 0.05, t-test). (c) Mean choice latency (+ s.e.m.)

across sessions. *, different from the first session (p < 0.05, Tukey post hoc).

Figure 4 Effects of pre-trial administration of cocaine on choice between cocaine and sweet
water. (a) Mean % cocaine choices (+ s.e.m.) during baseline (BL) or after pre-trial
administration of cocaine (PTC). Each circle represents one rat. Pre-trial cocaine caused 11
rats to shift their choice to cocaine (open circle, rats S for Shifters) but had no effect on 2 rats
(closed circles). (b) Mean % cocaine choices (+ s.e.m.) in rats S during baseline or after pre-
trial administration of cocaine. (c) Mean choice latency (x s.e.m.) in rats S during baseline or
after pre-trial administration of cocaine. *, different from baseline (p < 0.01, Tukey post hoc).
(d) % rats that choose cocaine on each successive trial (20 in total) during baseline or after
pre-trial administration of cocaine. *, different from baseline (ps < 0.05, two-proportion z-test).
(e) Mean choice latency (£ s.e.m.) on each successive trial. *, different from baseline (p <

0.01, Tukey post hoc).
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Figure 5 Duration of the drug satiating versus anorexic effects of pre-trial cocaine. (a) Mean
latencies (+ s.e.m) as a function of the option(s) available after pre-trial cocaine (i.e., cocaine
and sweet water [choice]; cocaine only; sweet water only). *, different from the other
condition (p < 0.01, Tukey post hoc). (b) Mean completed trials (£ s.e.m.) as a function of the

option(s) available. In each case, there were a maximum of 20 trials available per session.

Figure 6 Individual variation in response to pre-trial administration of cocaine. (a) Individual
choice behavior in response to pre-trial cocaine across repeated sessions. Each circle
represents one individual. All rats preferred sweet water during baseline (BL). A total of 8 rats
were induced after pre-trial cocaine to shift their choice to cocaine during 6 consecutive
sessions (S rats for Shifters, open circles). Four rats were not or only transiently influenced
by pre-trial cocaine (NS rats for Non-Shifters, closed circles). One rat responded
inconsistently to pre-trial cocaine (grey circle). (b) Mean % cocaine choices (+ s.e.m.) and (c)
mean choice latencies (x s.e.m.) in S and NS rats across repeated sessions with pre-trial
cocaine. *, different from baseline (p < 0.01, Tukey post hoc); #, different from the first
session with pre-trial cocaine. (d) Mean latencies (+ s.e.m) in S and NS rats as a function of
the option(s) available after pre-trial cocaine (i.e., cocaine and sweet water [choice]; cocaine

only; sweet water only). *, different from baseline (p < 0.01, Tukey post hoc).
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8 CONCLUSOES

Os estudos realizados no presente trabalho foranejaldos para obter respostas
acerca da influéncia de fatores como o ambientescalha na busca pelo efeito da cocaina,
bem como no comportamento para aquisicdo de uma esaolha por obter o efeito. Além
disso, avaliou-se também o efeito neuroprotetoABem relagcdo ao dano oxidativo sobre o

hipocampo e o CPF dos animais. Dessa forma, faiipelsconcluir que:

* O modelo adaptado de CPP foi eficaz para altenan@danca do comportamento
de condicionamento a cocaina pela sacarina;

* A presenca de sacarina diminuiu o condicionamerdocaina no CPP, mesmo
entre 0s animais mais vulneraveis (criados em ante@adrao);

« O ambiente enriquecido diminuiu dano de DNA e preemouma menor
formacao de ROS no hipocampo e CPF dos animaistoga cocaina,;

* A escolha entre uma injecdo de cocaina e uma opgadrug foi derminada
pela duracdo do efeito da droga, ou seja, a pemoan&e um estado de
intoxicacao determina a escolha por mais cocaina;

» Infere-se que a escolha por cocaina ou pela solu@te pode estar

condicionada a duracéo do efeito de saciedadeséedto anorético da cocaina.

Ante o0 exposto, é possivel evidenciar que exista weracdo direta entre a oferta de
um ambiente diverso e a escolha entre a droga eopg@&nondrug Ainda que os efeitos da
cocaina, tanto comportamentais quanto de neurddexie, podem ser diferntes, dependendo

dos fatores ambientais implicados.

Ainda, encontramos uma variagdo individual inteaess no tempo de efeito da
cocaina, onde os fatores que explicam essa variaig&a precisam ser elucidados. De
maneira geral, pesquisas futuras devem ser dedicadanelhor definir a aparente
inevitabilidade da escolha por cocaina em funcadutacédo do seu efeito, bem como criar
uma maior diversidade de modelos experimentais graiender as implicagbes destes fatores
em estudos de dependéncia usando animais de fmrat
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where you can sign the Copyright Transfer Stateroelite and indicate whether you wish to order Opei€sh offprints,
or printing of figures in color.

Once the Author Query Application has been comglegeur article will be processed and you will igeethe proofs.

Copyright transfer

Authors will be asked to transfer copyright of #iréicle to the Publisher (or grant the Publisherlesive publication and
dissemination rights). This will ensure the widgsssible protection and dissemination of informatimder copyright laws.
Creative Commons Attribution-NonCommercial 4.0 Int¢ioreal License

Oftprints

Offprints can be ordered by the corresponding autho

Color illustrations

Online publication of color illustrations is freéaharge. For color in the print version, authoit e expected to make a
contribution towards the extra costs.
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Proof reading

The purpose of the proof is to check for typesgttnconversion errors and the completeness andamcof the text, tables
and figures. Substantial changes in content, eegv,results, corrected values, title and authorshipnot allowed without
the approval of the Editor.

After online publication, further changes can opéymade in the form of an Erratum, which will bgéslinked to the
article.

Online First

The article will be published online after recegpthe corrected proofs. This is the official fimtblication citable with the
DOI. After release of the printed version, the paga also be cited by issue and page numbers.

OPEN CHOICE

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integif the scientific record. As a member of the Cottesi on Publication
Ethics (COPE) the journal will follow the COPE guidels on how to deal with potential acts of miscaridu
Authors should refrain from misrepresenting redeaesults which could damage the trust in the jalythe professionalism
of scientific authorship, and ultimately the ensigentific endeavour. Maintaining integrity of thesearch and its
presentation can be achieved by following the rafegood scientific practice, which include:

The manuscript has not been submitted to moredharjournal for simultaneous consideration.

The manuscript has not been published previouslstlgpor in full), unless the new work concernseapansion
of previous work (please provide transparency enréiuse of material to avoid the hint of text-@inyg (“self-
plagiarism”)).

A single study is not split up into several paasricrease the quantity of submissions and subadritterarious
journals or to one journal over time (e.g. “salgrablishing”).

No data have been fabricated or manipulated (imoguitnages) to support your conclusions

No data, text, or theories by others are preseseatithey were the author’'s own (“plagiarism”)oper
acknowledgements to other works must be given fiticisides material that is closely copied (neaba&m),
summarized and/or paraphrased), quotation markgsae for verbatim copying of material, and perioiss are
secured for material that is copyrighted.

Important note: the journal may use software to screen for plégiar

Consent to submit has been received explicitly fedinso-authors, as well as from the responsibléatities -
tacitly or explicitly - at the institute/organizati where the work has been carried befpre the work is
submitted.

Authors whose names appear on the submission leenehbrited sufficiently to the scientific work attterefore
share collective responsibility and accountabfiitythe results.

In addition:

Changes in authorship, or in the order of authaesnat acceptedfter the acceptance for publication of a
manuscript.

Requesting to add or delete authors at revisioresfagof stage, or after publication is a serioasten and may be
considered when justifiably warranted. Justificatior changes in authorship must be compellingraag be
considered only after receipt of written approvahi all authors and a convincing, detailed expianaabout the
role/deletion of the new/deleted author. In casehainges at revision stage, a letter must accomgpamevised
manuscript. In case of changes after acceptanqaufdication, the request and documentation musebe via the
Publisher to the Editor-in-Chief. In all cases, gt documentation may be required to support yeguest. The
decision on accepting the change rests with thoEuhi-Chief of the journal and may be turned doWherefore
authors are strongly advised to ensure the coaxgbir group, corresponding author, and order thfcas at
submission.

Upon request authors should be prepared to seenhrgldocumentation or data in order to verifywakdity of the
results. This could be in the form of raw data, ks records, etc.
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If there is a suspicion of misconduct, the jounmdl carry out an investigation following the COPHidelines. If, after
investigation, the allegation seems to raise vadidcerns, the accused author will be contactedyasmah an opportunity to
address the issue. If misconduct has been estadlstyond reasonable doubt, this may result ifeth®r-in-Chief's
implementation of the following measures, includibgt not limited to:

If the article is still under consideration, it mbag rejected and returned to the author.

If the article has already been published onlimgehding on the nature and severity of the infoacteither an

erratum will be placed with the article or in seveases complete retraction of the article willuwc@he reason

must be given in the published erratum or retractiote.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or intesdébat could influence or bias the work. Althoughaaithor may not feel
there are conflicts, disclosure of relationshipd emterests affords a more transparent processinigo an accurate and
objective assessment of the work. Awareness ofargaérceived conflicts of interests is a perspedtd which the readers
are entitled and is not meant to imply that a faiahrelationship with an organization that spoesiothe research or
compensation for consultancy work is inapproprieéeamples of potential conflicts of interegtat are directly or
indirectly related to the researchmay include but are not limited to the following:

Research grants from funding agencies (please lgéveesearch funder and the grant number)

Honoraria for speaking at symposia

Financial support for attending symposia

Financial support for educational programs

Employment or consultation

Support from a project sponsor

Position on advisory board or board of directorsthier type of management relationships
Multiple affiliations

Financial relationships, for example equity owngrsir investment interest

Intellectual property rights (e.g. patents, coplytigand royalties from such rights)
Holdings of spouse and/or children that may hawarfcial interest in the work

In addition, interests that go beyond financiaéiests and compensation (non-financial interelség)may be important to
readers should be disclosed. These may includarbutot limited to personal relationships or conmgginterests directly or
indirectly tied to this research, or professiomaéiests or personal beliefs that may influence yesearch.
The corresponding author collects the conflictmdéiest disclosure forms from all authoRle@se note that each author
should complete a disclosure form).Examples of forms can be found

here:
Please make sure to submit all Conflict of Intecéstlosure forms together with the manuscript.
See below examples of disclosures:
Funding: This study was funded by X (grant number X).
Conflict of Interest: Author A has received research grants from Comparuthor B has received a speaker honorarium
from Company X and owns stock in Company Y. Authas @ member of committee Z.
If no conflict exists, the authors should state:
Conflict of Interest: Author A, Author B, and Auth@rdeclare that they have no conflict of interest.

ENGLISH LANGUAGE SUPPORT

For editors and reviewers to accurately assesadhie presented in your manuscript you need to enthe English language
is of sufficient quality to be understood. If yoeed help with writing in English you should conside

Asking a colleague who is a native English spe&ikeeview your manuscript for clarity.

Visiting the English language tutorial which covéte common mistakes when writing in English.
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e Using a professional language editing service whditrs will improve the English to ensure thatiymeaning is
clear and identify problems that require your rewvig@wo such services are provided by our affilidtiesure
Research Editing Service and American Journal Egpert

e English language tutorial
*  Nature Research Editing Service
*  American Journal Experts

Please note that the use of a language editingceds/not a requirement for publication in thiafjeal and does not imply or
guarantee that the article will be selected forr pegiew or accepted.
If your manuscript is accepted it will be checkgdooir copyeditors for spelling and formal style dref publication.
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AnexoC: - Normas da Revista Addiction Biology -

Addiction Biolog

Author Guidelines

GENERAL

**Effective with the 2012 volume, this journal will be published in an online-only format**

The focus of Addiction Biology is on neuroscience contributions, which aim at advancing our understanding
regarding aspects on the action of drugs of abuse and addictive processes. Papers are accepted whose content
is geared towards behavioral, molecular, genetic, biochemical, neuro-biological and pharmacological fields of
animal experimentation and clinical research.

Please read the instructions below carefully for details on the submission of manuscripts, the journal's
requirements and standards as well as information concerning the procedure after a manuscript has been
accepted for publication in Addiction Biology. Authors are encouraged to visit Wiley-Blackwell Author Services for
further information on the preparation and submission of articles and figures.

The editorial staff would be most grateful for your assistance in relation to the matters listed below. Please follow

these guidelines carefully when preparing a submission.

Manuscripts are examined by the editorial staff and are generally sent to the Reviewing Editors and to outside
reviewers. We encourage authors to suggest the names of possible reviewers but reserve the right of final

selection. Decisions about manuscripts will usually be given within four weeks.

ETHICAL GUIDELINES

Addiction Biology adheres to the below ethical guidelines for publication and research. Submission is a
representation that neither the manuscript nor its data have been previously published (except in abstract) or is
currently under review at another journal or under consideration for publication.

All authors should have been personally and actively involved in substantive work leading to the report, and will

hold themselves jointly and individually responsible for its content.

Procedures involving experiments on human subjects should be in accord with the ethical standards of the
Committee on Human Experimentation of the institution in which the experiments were done and/or in accord with
the Helsinki Declaration of 1975. In particular, authors must ensure that patient confidentiality is in no way

breached, and that a statement of informed consent is made.

The experiments should have been carried out in accordance with the Declaration of Helsinki and/or with the
Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the National Institutes of

Health and the EU. An explicit statement must be provided in the Methods section of the manuscript.

Authorship and Acknowledgements
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Authorship: Authors submitting a paper do so on the understanding that the manuscript has been read and
approved by all authors and that all authors agree to the submission of the manuscript to the Journal. ALL named
authors must have made an active contribution to the conception and design and/or analysis and interpretation of
the data and/or the drafting of the paper and ALL must have critically reviewed its content and have approved the
final version submitted for publication. Participation solely in the acquisition of funding does not justify authorship.
A section on Authors contribution  where each single contribution from each author is listed in detail is required
and should be stated following the discussion. An example for Authors contribution is listed below:

Example for Authors contribution:

PA, JC, and ECN were responsible for the study concept and design. AA and PA contributed to the acquisition of
animal data. JC performed the proteomics analysis. AA, PA, and JC assisted with data analysis and interpretation
of findings. ECN drafted the manuscript. AA, PA, and JC provided critical revision of the manuscript for important

intellectual content. All authors critically reviewed content and approved final version for publication.

It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript.
Contributors who do not qualify as authors should be mentioned under Acknowledgements.

Acknowledgements: Under Acknowledgements please specify contributors to the article other than the authors
accredited. Please also include specifications of the source of funding for the study and any potential conflict of
interests if appropriate including financial disclosures.

Copyright Assignment

If your paper is accepted, the author identified as the formal corresponding author for the paper will receive an
email prompting them to login into Author Services; where via the Wiley Author Licensing Service (WALS) they
will be able to complete the license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreemen t

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright transfer
agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples associated with
the Copyright FAQs below:

CTA Terms and Conditions http://authorservices.wiley.com/bauthor/fags _copyright.asp.

For authors choosing OnlineOpen
If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative
Commons License Open Access Agreements (OAA):

Creative Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA
Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted on

Wiley Author Services http://authorservices.wiley.com/bauthor/fags _copyright.aspand

visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of the
Research Councils UK (RCUK) or the Austrian Science Fund (FWF) you will be given the opportunity to publish
your article under a CC-BY license supporting you in complying with your Funder requirements. For more
information on this policy and the Journal’'s compliant self-archiving policy please

visit: http://www.wiley.com/go/funderstatement.
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Authors are themselves responsible for obtaining permission to reproduce copyright material from other sources.
PAGE CHARGES

With the increasing popularity and impact of the journal, we have experienced a marked increase in submission of
high quality papers. As a result, we now increasingly must base acceptance decisions not only on absolute merit,
but also on relative priority scores. Nevertheless, the pipeline of accepted papers has increased, and with it the
lag time from acceptance to publication.

As a result of this, the journal is instituting a word limit on papers of 5000 words (excluding abstract, references
and figure legends). The maximum number of references is now limited to 50. If necessary, we encourage
authors to provide additional material as online supporting information. Occasionally, when there is need to
exceed this limit, editorial approval to do so can be sought, but page charges for additional pages will have to be
carried by the authors. If, when you receive the PDF proof, your paper exceeds 6 pages you will incur a charge of
£70GBP per extra page. This will take effect for all papers submitted after 1st January 2016.

Page charges quoted in Sterling will be converted into the equivalent US Dollar or Euro rate depending on the
billing area of the author if outside the UK.

SUBMISSION OF MANUSCRIPTS
Addiction Biology has now adopted ScholarOne Manuscripts, for online manuscript submission and peer review.

The new system brings with it a whole host of benefits including:
e Quick and easy submission
e  Administration centralised and reduced
*  Significant decrease in peer review times

All submissions to the journal must be submitted online at http://mc.manuscriptcentral.com/adb. Full instructions

and support are available on the site and a user ID and password can be obtained on the first visit. If you require
assistance then click the Get Help Now link which appears at the top right of every ScholarOne Manuscripts
page. If you cannot submit online, please contact Christine Roggenkamp in the Editorial Office by e-mail
(addiction.biology@zi-mannheim.de).

MANUSCRIPT TYPES ACCEPTED

Original Articles and Reviews: Please be aware that Original Articles and Reviews should be limited to a

maximum of 5,000 words and 50 references. If necessary, additional material can be supplied as online
supporting information. Occasionally, when there is need to exceed this limit, editorial approval to do so can be
sought, but page charges for additional pages will have to be carried by the authors. For more information on
page charges, please see the ‘Page Charges’ section above.

Addiction Biology also publishes invited editorials and invited commentaries on articles.

Layout

Submissions should be double-spaced and clearly legible.

The first sheet should contain the title of the paper, full names of authors, the address where the work was carried
out, and the full postal address including telephone, fax number and Email to whom correspondence and proofs
should be sent.
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The second sheet should contain an abstract of not more than 250 words in one paragraph and keywords (no
more than six, in alphabetical order).

The entire manuscript should be structured into Abstract, Introduction, Materials and methods, Discussion,
Acknowledgements, Authors contribution, References. The manuscript and all references, tables, figures, and any
other material, should be numbered in one sequence from the title page onwards. Figures and tables should not
be inserted in the text but each provided separately and numbered. Footnotes to the text should be avoided
unless absolutely necessary. Supplementary information should be provided as an extra file.

Please submit your manuscript in Microsoft Wprd (.doc or .docx) or rich text (.rtf) format.

TABLES, FIGURES AND FIGURE LEGENDS

Tables: These should be typed on separate sheets. Tables must not duplicate information contained elsewhere in
the manuscript. Each table should include a brief descriptive title and be numbered in order of its mention in the
text with arabic numerals. Only horizontal rules are permissible.

Figures: These should not be inserted in the text but each provided separately and numbered. lllustrations
should be prepared about twice their final size. All photographs, graphs and diagrams should be referred to as
Figures and should be numbered consecutively in the text in Arabic numerals (e.g. Fig. 3). Only high quality
figures and images are accepted. The use of 'three-dimensional' histograms is strongly discouraged when the
addition of the third dimension gives no extra information. Please do not prepare figures using Powerpoint
software, as that is unsuitable for typesetting. Figures should be uploaded separately, ideally in TIFF format (not
EPS), although PDF format is acceptable for line art.

Figure Legends: A list of legends for the figures should be submitted on a separate sheet; this should make
interpretation possible without reference to the text and should include keys to any symbols.

Further information can be obtained at Wiley-Blackwell Publishing’s guidelines for

figures: http://media.wiley.com/assets/7323/92/electronic_artwork guidelines.pdf.

Permissions: If all or parts of previously published illustrations are used, permission must be obtained from the
copyright holder concerned. It is the author's responsibility to obtain these in writing and provide copies to the
Publisher.

Supporting Information (online only)

Additional material such as video clips, lengthy Appendices (e.g. extensive reference lists or mathematical
formulae/calculations), etc, that are relevant to a particular article but not suitable or essential for the print edition
of the Journal, may also be considered for publication. Please refer to all supporting information in the manuscript
using Table S1, Figure S1, etc, and supply such information as separate files (i.e. not embedded within the main
manuscript). Further information on suitable file formats etc may be found here

References

List references alphabetically by author, on a separate page(s), at the end of the article, and cite them in text
parenthetically using authors' name and year of publication. List all authors of papers, books, and chapters in the
references. Periodical abbreviations should follow those used by Index Medicus. References should be styled as

follows:

Journal

Geschwind DH (2000) Mice, microarrays, and the genetic diversity of the brain. Proc Natl Acad Sci

USA 97:10676-10678.

Gaasterland T and Bekiranov S (2000) Making the most of microarray data. Nature Genetics24:204-206.
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Cowan WM, Kopnisky KL, Hyman SE (2002) The human genome project and its impact on psychiatry. Annu Rev
Neurosci 25:1-50.

Book

Cohen J (1988) Statistical power analysis for the behavioral sciences. 2nd ed.

Hillsdale, NJ: Erlbaum. Feldman RS, Meyer JS, Quenzer LF (1997) Principles of Neuropsychopharmacology.
Springer: Heidelberg.

Chapter in Edited Book

Mully AG (1990). Equity and Variability in Modern Health Care. In: The Challenges of Medical Practice
Variations. Andersen TF, Mooney G (eds). Palgrave: New York. pp 145-286.

Faulkenaur E, Marchand A (2002) Clustering microarray data with evolutionary algorithms. In Evolutionary
computation in bioinformatics. Corn D and Fogel G (eds) Taylor and Francis: London. pp. 123-156.

Website address

Department of Health and Human Services (2005) National Survey on Drug Use and Health: National Findings.
Available at: http//webapp.icpsr.umich.edu/cocoon/samhda-study/04596.xml. Accessed 10 January 2009.

The editor and publisher recommend that citation of online published papers and other material should be done
via a DOI (digital object identifier), which all reputable online published material should have - see www.doi.org/
for more information. If an author cites anything which does not have a DOI they run the risk of the cited material
not being traceable.

We recommend the use of a tool such as EndNote or Reference Manager for reference management and

formatting.

EndNote reference styles can be searched for here: http://www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for here:http://www.refman.com/support/rmstyles.asp .
AFTER ACCEPTANCE

Upon acceptance of a paper for publication, the manuscript will be forwarded to the Production Editor who is
responsible for the production of the journal.

The corresponding author will receive an e-mail alert containing a link to a website. A working e-mail address
must therefore be provided for the corresponding author. The proof can be downloaded as a PDF (portable
document format) file from this site. Acrobat Reader will be required in order to read this file. This software can be
downloaded (free of charge) from the following web site: http://www.adobe.com/products/acrobat/readstep2.html.

Proofs are supplied for checking and making essential corrections, not for general revision or alteration. Proofs
should be corrected and returned to the Production Editor within 48 hours of receipt.

Early View

Addiction Biology is covered by Wiley-Blackwell’s Early View service. Early View articles are complete full-text
articles published online in advance of their inclusion in an issue. Articles are therefore available as soon as they
are ready, rather than having to wait for the next scheduled issue. Early View articles are complete and final. They
have been fully reviewed, revised and edited for publication, and the authors’ final corrections have been
incorporated. Because they are in final form, no changes can be made after online publication. The nature of
Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles cannot
be cited in the traditional way. They are therefore given a Digital Object Identifier (DOI), which allows the article to
be cited and tracked before it is allocated to an issue. After print publication, the DOI remains valid and can
continue to be used to cite and access the article.

Online Open
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OnlineOpen s available to authors of primary research articles who wish to make their article available to non-
subscribers on publication, or whose funding agency requires grantees to archive the final version of their article.
With OnlineOpen, the author, the author's funding agency, or the author's institution pays a fee to ensure that the
article is made available to non-subscribers upon publication via Wiley Online Library, as well as deposited in the
funding agency's preferred archive. For the full list of terms and conditions,

see http://olabout.wiley.com/WileyCDA/Section/id-406241.html.

Any authors wishing to send their paper OnlineOpen will be required to complete the payment form available from

our website at: https://authorservices.wiley.com/bauthor/onlineopen_order.asp. Prior to acceptance you

should not inform the editorial office that you intend to publish your paper OnlineOpen. All OnlineOpen articles

are treated in the same way as any other article. They go through the journal's standard peer-review process and
will be accepted or rejected based on their own merit.

Brain and Behavior

This journal works together with Wiley's Open Access Journal, Brain and Behavior, to enable rapid publication of
good quality research that is unable to be accepted for publication by our journal. Authors will be offered the
option of having the paper, along with any related peer reviews, automatically transferred for consideration by the
Editor of Brain and Behavior. Authors will not need to reformat or rewrite their manuscript at this stage, and
publication decisions will be made a short time after the transfer takes place. Brain and Behavior is a Wiley Open

Access journal and article publication fees apply. For more information please do to www.brain-behavior.com/info.

Author Services

Online production tracking is now available for your article through Author Services. Author Services enables
authors to track their article - once it has been accepted - through the production process to publication online.
Authors can check the status of their articles online and choose to receive automated e-mails at key stages of
production. The author will receive an e-mail with a unique link that enables them to register and have their article
automatically added to the system. Please ensure that a complete e-mail address is provided when submitting the
manuscript. Visithttp://authorservices.wiley.com/bauthor/ for more details on online production tracking and for a

wealth of resources including FAQs and tips on article preparation, submission and more. Author Material Archive
Policy Please note that unless specifically requested, Wiley-Blackwell will dispose of all hardcopy or electronic
material submitted two issues after publication. If you require the return of any material submitted, please inform
the editorial office or production editor as soon as possible if you have not yet done so.

Offprints and Extra Copies

Free access to the final PDF offprint of your paper will be available via Author Services only. Please therefore
sign up for Author Services (http://authorservices.wiley.com/bauthor/default.asp) if you would like to access your

article PDF offprint and enjoy the many other benefits the service offers. Additional paper offprints may be
ordered online. Please click on the following link, fill in the necessary details and ensure that you type information
in all of the required fields: http://offprint.cosprinters.com. If you have queries about offprints please e-

mail offprint@cosprinters.com
Note to NIH Grantees

Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of contributions authored by NIH grant-
holders to PubMed Central upon acceptance. This accepted version will be made publicly available 12 months

after publication. For further information, see www.wiley.com/go/nihmandate




