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RESUMO

Uma das condicfes de saude ainda ndo bem elucidadas é o transtorno de uso de
substancias (TUS). Nem todos os individuos que usam drogas adquirem um
transtorno de uso, o que indica que o TUS é caracterizado pela complexa
interacdo de multiplos fatores. Um potente psicoestimulante com grande potencial
de gerar TUS é a cocaina. Existem evidéncias do envolvimento do sistema
serotoninérgico na modulacdo de comportamentos relacionados com o uso de
drogas. O aumento cronico de serotonina ou 5-hidroxitriptamina (5-HT), uma
indolalquilamina, pode facilitar comportamentos relacionados com recompensa
associada a drogas pelas interacfes entre serotonina e dopamina (DA). Alguns
exemplos de moléculas semelhantes a 5-HT que modulam a DA s&o agonistas e
antagonistas de receptores 5-HT usados na clinica, que mostraram efeitos sobre
comportamentos relacionados ao uso e consumo de drogas, e novas substancias
psicoativas que possuem o0 sistema serotoninérgico como alvo, e que séo
bastante usadas concomitantemente com outros estimulantes, como a cocaina.
Outra questdo bastante intrigante é a susceptibilidade de fémeas aos efeitos de
drogas de abuso, principalmente por cocaina, devido a influéncias dos horménios
sexuais. Considerando as consequéncias danosas que 0 uso destas novas
substancias e de cocaina implicam no ser humano, o estudo de moléculas com
estrutura semelhante a da serotonina se torna relevante, afim de avaliar potencial
de abuso ou antiaditivo das mesmas. Assim, 0 objetivo deste estudo foi avaliar a
potencial acdo sobre o sistema nervoso central (SNC), de moléculas com nudcleos
inddlicos que atuem sobre receptores 5-HT, sobre os efeitos da cocaina em ratos
machos e fémeas. Para tanto, foram usados ratos Wistar albinos machos e
fémeas mantidos em ambiente padrao (PD, n= 3 por caixa). Foram subdivididos
em trés grupos de tratamento: 1) veiculo (VEI, ou solucao fisioldgica); 2) Molécula
serotoninérgica SM7; 3) Molécula serotoninérgica SM12. A partir do dia 35 foi
feita lavagem vaginal das fémeas para identificar o ciclo estral. Apds 50 dias, foi
iniciado o protocolo de Condicionamento de Preferéncia de Lugar (CPL). O
tratamento com moléculas SS7 ou SS12 ou VEI foi administrado no dia de teste
do CPL e no ultimo dia do protocolo, no qual foi realizado teste comportamental
em campo aberto. Nenhuma das duas moléculas mostrou efeitos na locomocéao e
defecacéo, mas frequéncias de levantar nos machos expostos a COC do grupo
SM7 foi significativamente maior quando comparado ao grupo nao-exposto a
cocaina. Nenhuma das moléculas mostrou potencializar ou reduzir as
propriedades reforcadoras da cocaina, ainda que o numero de entradas tenha
sido mais elevado para as fémeas que receberam SM12 comparadas as que
receberam veiculo. O perfil de citotoxicidade revelou menor viabilidade das
células em concentracdes mais altas de SM12. Estes resultados indicam poucos
efeitos negativos da SM7 e da SM12 sobre SNC, porém, parece haver uma
influéncia na emocionalidade considerando o comportamento de levantar no
campo aberto promovido pela administracdo da molécula SM7 nos machos
expostos a cocaina, o que poderia indicar efeito cumulativo desta molécula nos
machos. A SM12, em fémeas, aumentou o numero de entradas no CPL, o que é
similar a outros resultados, mostrando que a modulacdo do sistema
serotoninérgico pode mudar parametros de locomocdo em fémeas. Em geral,
SM12 mostrou maior citotoxicidade e efeitos comportamentais. Mais estudos



devem ser realizados para avaliar se esta molécula poderia influenciar outros
aspectos do comportamento in vivo.



ABSTRACT

One of the not well elucidated health conditions to date is the substance use
disorder (SUD). Not all individuals who use drugs acquire a use disorder,
indicating SUD is characterized by the complex interaction of multiple factors. A
heavy psychostimulant with great potential to cause SUD is cocaine (COC). There
are evidences of serotonergic system’s involvement in modulation of drug-related
behaviors. Chronic increase in serotonin or 5-hidroxitriptamine (5-HT), an indole
alkylamine, can facilitate behaviors related to reward associated with drugs,
caused by interactions between serotonin and dopamine (DA). Some examples of
DA modulating 5-HT-like molecules are 5-HT agonists and antagonists used in the
clinic, which show effects upon drug use and intake-related behaviors, as well as
new psychoactive substances that target the serotonergic system, which are also
much used concurrently with other stimulants, as cocaine. Another very intriguing
guestion is female susceptibility to effects of drugs of abuse, mainly by cocaine,
due to influences of sex hormones. Considering the harmful consequences of the
use of 5-HT-like molecules becomes relevant, aiming to evaluate its abuse or
antiaddictive potential. Therefore, the main goal of this study was to evaluate the
potential effects on SNC of molecules with indole nuclei which act as antagonists
or partial agonists of 5-HT receptors upon cocaine’s effects on male and female
rats. For that, male and female Wistar albino rats were received on post-natal day
(PDN) 21, in standard housing (SH, n = 3 per box). These groups were subdivided
in three treatment groups: 1) vehicle (VEH, or physiological saline solution); 3)
serotonergic molecule SM7; 3) serotonergic molecule SM12. Food and water were
provided ad libitum. Vaginal smear was done on females starting from PND 35 to
verify hormonal activity. Around PND 50, conditioned place preference (CPP) was
initiated. Treatment with SM7 or SM12 molecules or VEH was administered in
CPP’s test day and on the last day of life, when it was performed behavioral
testing in an open field. Neither of the two molecules has shown effects on
locomotion or defecation, however, rearing counts were greater for SM12 group
when comparing cocaine exposed to cocaine-naive males. None of the molecules
showed to potentiate or reduce cocaine’s reinforcing properties, although number
of entries was higher for SM12 females than for females who received vehicle.
The cytotoxicity profile has revealed reduced viability for SM12 in higher
concentrations. These results indicate there is little evidence of a toxicity of SM7
and SM12 to the central nervous system (CNS), although there seems to be an
influence on emotionality, considering rearing counts for SM12 cocaine exposed
males, which could be meaning there is a possibility of a cumulative effect of this
molecule in males. SM12 on females increased the number of entries, which is
similar to other results, showing the modulation of serotonergic system can
change locomotion parameters in females. Overall, SM12 demonstrated more
cytotoxicity and toxicity to the CNS. More studies should be performed to evaluate
if this molecule could influence other aspects of behavior in vivo.
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1 INTRODUCAO

1.1 Compostos inddlicos

Compostos heterociclicos apresentam grande importancia em multiplas
atividades bioldgicas, por apresentarem semelhanca com moléculas circulantes,
como peptideos, e mostrarem afinidade por proteinas. Também apresentam alta
variedade de férmulas moleculares, e, deste modo, € possivel combind-los
facilmente, de forma a criar novas estruturas com alta probabilidade de aplicacéo
(FRANZEN, 2000; KAUSHIK et al., 2013).

Indois sdo moléculas heterociclicas planas contendo um anel benzénico
(anel aromatico) fusionado a um anel pirrélico (anel de cinco carbonos com um
atomo de nitrogénio na posicao, 1, 2 ou 3) (KAUSHIK et al., 2013; SHAFAKAT
ALl et al., 2013). Os indois sado, provavelmente, os compostos heterociclicos mais
amplamente distribuidos na natureza que possuem relevancia clinica; esta
caracteristica o que explica o extenso uso de alcaloides inddlicos antigamente
como farmacos ou para uso recreativo, mesmo que atualmente estes tenham sido
substituidos por versdes sintéticas (KAUSHIK et al., 2013). Exemplos de indois
comercializados atualmente incluem: a indometacina, um anti-inflamatorio nédo
esteroide que inibe a producdo de prostaglandinas (FERREIRA; MONCADA;
VANE, 1971); a oxipertina, um antipsicético e antidepressivo usado para
esquizofrenia, da classe das fenilpiperazinas (FLAXBART, 1996; PREDESCU et
al., 1969); a pravadolina, um agonista canabinoide com potente efeito analgésico
(HAUBRICH et al., 1990); a ioimbina, usada para tratamento da disfuncéo erétil
(ANDERSSON, 2001). Varias substancias derivadas dos alcaloides Vinca
possuem efeito antineoplasico, como é o caso da vincristina e vimblastina,
compostos de origem natural, e vinorelbina e vindesina, derivados semi-sintéticos
(DUFLOS; KRUCZYNSKI; BARRET, 2002).

A estrutura do indol foi proposta pela primeira vez em 1866 por Baeyer e
Knop quando estudava o corante vermelho isatina, que, reduzida, produzia
dioxindol e oxindol, e, ap6s destilado com p6é de zinco, era reduzido a indol
(BAEYER; KNOP, 1866; PARTINGTON, 1964). Algumas férmulas moleculares
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estdo representadas na Figura 1. A partir disso, nomearam estes compostos de
“‘indol”, nome esse criado a partir do indigo, um corante arroxeado obtido a partir
de plantas, e do 6leum, ou acido sulfdrico fumegante (SINGH; SINGH, 2017). Em
1869, Baeyer e Emmerling propuseram a sintese do indol por meio do &cido orto-
nitrocinamico e p6 de ferro (BAEYER; EMMERLING, 1869). Apés isso, Baeyer
continuou estudos usando a isatina e se inspirou no trabalho de Laurent, que
conseguiu obter isatina da oxidacdo do indigo (LAURENT, 1840), fazendo a
reacdo inversa e convertendo a isatina em um derivado clorado, mais sensivel a
reducbes, e propondo a sintese, pela primeira vez, do indigo (BAEYER;
EMMERLING, 1870).

Figura 1 - Sintese do indol descoberta por Baeyer e Knop

0 OH
L= = C~=00

Isatina Dioxindaol Oxindol Indol

Fonte: Traduzido de Kiran; Sarangapani ([s.d.]).

Dois importantes indois podem ser citados, com relacdo a compostos de
acao no SNC: o triptofano, um aminoacido essencial de ocorréncia natural, e a
serotonina, um neurotransmissor que é produzido a partir do triptofano (COOPER;
BLOOM; ROTH, 2003). O triptofano, além de compor grande gama de proteinas
(KAUSHIK et al., 2013) é usado como suplemento alimentar. Foram feitas
pesquisas verificando sua eficacia em tratar transtornos mentais, mostrando que
pode melhorar a atencdo e a memoéria (JENKINS et al., 2016). A 5-
hidroxitriptamina (5-HT) ou serotonina € uma indolalquilamina, possuindo um
nacleo inddlico (Figura 2), um grupo hidroxila na posicdo 5 e uma amina
nitrogenada primaria. Foi isolada do soro em 1948 (RAPPORT; GREEN; PAGE,
1948) e causa vasoconstricdo por meio de ac¢do sobre o musculo liso de vasos
sanguineos, sendo produzida pelas plaguetas, com o fim de facilitar a agregacéo
plaquetaria sobre vasos danificados (HENSLER, 2012). Por este motivo, foi

nomeada de “serotonina”, o fator tbnico do soro. Também foi encontrada no
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sistema gastrointestinal, promovendo o mesmo efeito de contragdo na
musculatura lisa, no entanto, produzida pelas células enterocromafins e
denominada, dessa forma, “enteramina”. Por ser hidrofilica, ndo passa a barreira
hematoencefélica com facilidade, assim, tem que ser produzida pelos neurénios
para ter acédo central. No entanto, foi apenas no comec¢o dos anos 1950 que os
pesquisadores descobriram, por meio de variados experimentos com o acido
lisérgico (LSD), a existéncia de neurdnios serotoninérgicos no SNC (COOPER;
BLOOM:; ROTH, 2003).

A serotonina é uma das aminas biogénicas que agem no SNC mais antigas
do ponto de vista evolucionario (FILIP et al., 2005). O sistema serotonérgico € um
dos principais sistemas endogenos envolvidos em processos fisiologicos.
Portanto, seus distarbios afetam a saude mental, cardiovascular (SCV), do trato
gastrointestinal (TGI) e imunoldgico, sendo autacoide de distribuicdo generalizada
e neurotransmissor no SNC e periférico, e, consequentemente, esta envolvido na
fisiopatologia de inUmeras doencas mentais e sistémicas (BLACKBURN, 2009).
Existem agentes farmacolégicos, de acao indireta, que aumentam a quantidade
de serotonina nos espacos extracelulares proximos as células efetoras, como os
bloqueadores da recaptacao da serotonina (MULLER; JACOBS, 2009).

Héa algumas décadas, vem sendo evidenciada a relacéo e a integracéo de
sistemas neurotransmissores como entre 0 serotoninérgico e o dopaminérgico,
tanto anatomicamente quanto quimicamente. Um estudo, usando técnicas de
eletrofisiologia in vivo, demonstrou que a fluoxetina e o citalopram, inibidores
seletivos da recaptacédo da serotonina (ISRS), sdo capazes de inibir a taxa de
disparo de neurbnios dopaminérgicos da area tegmental ventral (ATV) de modo
dose-dependente, propondo os receptores 5-HT2c como mediadores desta agéo
(PRISCO; ESPOSITO, 1995). Além disso, outro estudo (MINABE; EMORI;
ASHBY, 1996) mostrou que animais com lesdo por para-clorofenilalanina,
substancia capaz de esgotar 5-HT das vesiculas, apresentaram reducdo no
numero de neurbnios ativos dopaminérgicos na por¢do compacta da substancia
negra e na ATV. Este mesmo estudo verificou também reducédo do padrdao de

disparos dessas regides, verificado por meio da andalise do intervalo de
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interspikes, que apareceram aumentados, e por meio do disparo do tipo burst, ou
trem de disparo, que se apresentou diminuido.

Achados contraditérios aos citados acima foram encontrados por alguns
estudos, como o de Sekine et colaboradores (2007), que encontrou que o
tratamento agudo com fluoxetina aumentou o numero de neurbnios
dopaminérgicos ativos na por¢cdo compacta da substancia negra e ATV, e o
tratamento crénico com fluoxetina, citalopram e paroxetina aumentou o namero
de neurdnios ativos na ATV. Outro estudo demonstrou que a lesdo seletiva de
neurbnios 5-HT aumentou a atividade de neurdnios de DA da ATV em 36%
(GUIARD et al., 2008). Essas discrepancias apontam a relevancia de se elucidar
0s circuitos relacionados a estes dois sistemas neurotransmissores e por quais
mecanismos 0 sistema serotoninérgico influencia o sistema dopaminérgico na
dependéncia de drogas.

Outros dados também indicam que a serotonina pode estar relacionada
com os estagios da adicdo. Alguns estudos mostraram que, durante retirada de
drogas, h& reducgbes na atividade do sistema mesolimbico dopaminérgico e na
neurotransmissao serotoninérgica no NAc para variados tipos de drogas (WEISS
et al., 1992, 1996).

Os receptores 5-HT sdo metabotrépicos ou ionofdricos. Os receptores 5-
HT1 e 5-HT2 sdo associados a proteinas G. Os receptores 5-HT3 sédo constituidos
por cinco subunidades dispostas em torno de um poro central condutor de
cétions, causando despolarizacdo do neurénio (BLACKBURN, 2009; HENSLER,
2012).

A pesquisa com agonistas e antagonistas de receptores serotoninérgicos,
principalmente 5-HTs e 5-HTis, cresceu em numero de estudos entre o final dos
anos 80 e 2000, com enfoque na descoberta de farmacos que fossem capazes de
inibir a busca pela droga ou prevenir recaida em modelos animais. No entanto, a
administracdo de farmacos como o ondansetron e tropisetron, bemesetron,
mostraram resultados contraditérios em diferentes protocolos e com diferentes
drogas de abuso (revisado em ENGLEMAN et al., 2008; FILIP et al., 2005;
MISZKIEL; FILIP; PRZEGALINSKI, 2011). Alguns estudos demonstram que
agonistas 5-HTis e 5-HT3 podem intensificar os efeitos da dopamina (DE
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DEURWAERDERE; STINUS; SPAMPINATO, 1998; PARSONS; KOOB; WEISS,
1995), ja agonistas de 5-HTzc inibem esses efeitos (WALSH; CUNNINGHAM,
1997). Alguns exemplos sdo demonstrados a seguir. Vale ressaltar a presenca do
nacleo inddlico destacado nas estruturas quimicas dos farmacos citados

anteriormente (Figura 2).

Figura 2 - Compostos indolicos agonistas e antagonistas da serotonina
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Fonte: KOVAC, 2016.

Em estudos usando morfina e nicotina, alguns destes antagonistas e
agonistas mencionados anteriormente foram capazes de reduzir niveis de
dopamina e preferéncia ou consumo pela droga, porém, interessantemente,
guando administradas na presenca de anfetamina e/ou cocaina, ndo se obteve o
mesmo efeito (CARBONI et al., 1988, 1989a, 1989b; CERVO; POZZI; SAMANIN,
1996; DE DEURWAERDERE et al., 2005; PELTIER; SCHENK, 1991).

Além de farmacos atuando sobre receptores 5-HT, alguns estudos
centraram-se no uso de inibidores da recaptacéo da serotonina. Alguns indicaram
uma funcéo de potencializacdo de efeitos da cocaina por meio de administracao
de ISRS (CUNNINGHAM; CALLAHAN, 1991; KLEVEN; KOEK, 1998). Ja estudos
em camundongos mostram que o0 knockout das duas cépias de DAT e uma ou
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duas copias de SERT é capaz de eliminar preferéncia de lugar por cocaina (HALL
et al.,, 2004) e deficientes de dopamina mostraram CPL por cocaina quando
expostos a fluoxetina (HNASKO; SOTAK; PALMITER, 2007), deficiéncia essa
produzida por knockout da tirosina hidroxilase. A tirosina hidroxilase é uma
enzima que catalisa a sintese de dopamina e outras monoaminas nos neurénios
dopaminérgicos (COOPER; BLOOM; ROTH, 2003). Ambos tipos de receptores 5-
HTs (A e AB) sé@o expressos em humanos, ratos e camundongos e o codigo
genético disponivel se relaciona a uma variedade de patologias centrais e
periféricas. Nos ultimos 10 anos, o receptor 5-HTs, 0 Unico ionéforo entre os
receptores serotoninérgicos, tem despontado como um possivel alvo terapéutico
para doencas mentais, inclusive dependéncia quimica, agravada ou ndo por
patologias periféricas (COSTALL; NAYLOR, 2004; KOVAC, 2016). O aumento
cronico de 5-HT pode facilitar comportamentos relacionados com recompensa
associada a drogas. Ha interacdes entre serotonina e dopamina (DA) com relacéo
a recompensa e com hiperatividade motora pela cocaina em ratos (SASAKI-
ADAMS; KELLEY, 2001). O receptor 5-HTs mostrou efeitos semelhantes a
ansioliticos, discreta atividade anti-dopaminérgica, melhora na cogni¢cdo e bons
resultados na retirada e abuso de drogas (COSTALL; NAYLOR, 2004).

Estudos clinicos e pré-clinicos mostram uma forte relacdo do receptor 5-
HTis com a dependéncia a cocaina (ALEX; PEHEK, 2007). Foi sugerido que a
acao de antagonistas deste receptor poderia inibir comportamentos de busca pela
cocaina induzidos pela droga e por pistas, sem afetar outros comportamentos,
como manutencdo da autoadministracdo, preferéncia de lugar ou sensibilizagéo
(MISZKIEL; FILIP; PRZEGALINSKI, 2011). J& a estimulacdo farmacoldgica dos
receptores 5-HT1g parece aumentar os efeitos da cocaina (CERVO et al., 2002).
Neste contexto, acredita-se que a adequada modulacdo da expressao ou da
atividade dos receptores 5-HT pode ter consequéncias no processo de
dependéncia a cocaina.

Compostos inddlicos sintéticos ou semissintéticos sédo formados por um
heterociclo nitrogenado amplamente empregado na industria agroquimica, ciéncia
de materiais e também farmacéutica (BANDINI; EICHHOLZER, 2009), por terem

ampla aplicacdo como antimicrobianos, antimicobacterianos, antimalaricos,



15

antirretroviral, anti-inflamatérios, antitumorais, anticonvulsivante (KAUSHIK et al.,
2013; SHAFAKAT ALI et al.,, 2013; SINGH; SINGH, 2017). O interesse por
compostos contendo o nucleo inddlico aumentou consideravelmente na década
de 1950, com a descoberta da reserpina, um dos primeiros farmacos a
rapidamente modificar comportamentos animais e humanos. Outros produtos
naturais e sintéticos indélicos também séo estudados (CHEN; HUANG, 2005)
com interesse pelos farmacéforos indolicos como novos farmacos enderecados
as doencas do SNC (ORRU; RUIJTER, 2010).

Entretanto, existem substancias sintéticas que recentemente cresceram no
mercado clandestino por sua grande vantagem: ndo serem classificadas como
ilictas e ndo serem controladas pela lei, homeadas de novas substancias
psicoativas ou “baratos legais” (do inglés, “legal highs”) (Hassan et al., 2017;
UNODC, 2019). Sdo vendidos na Internet como alternativas a drogas como
anfetaminas, cocaina, ecstasy, entre outras, produzindo efeito psicoestimulante
semelhante (EMCDDA, 2017a; MILIANO et al., 2018; UNODC, 2019). Boa parte
dessas substancias é composta de agentes serotoninérgicos, como as novas
triptaminas, que s&do semelhantes a serotonina, porém, também possuem
afinidade por transportadores de outras monoaminas (HASSAN et al.,, 2017;
LIECHTI, 2015).

Outras substancias, como as catinonas sintéticas, também possuem
efeitos sobre os transportadores de monoaminas e sdo, em alguns casos,
combinadas com outras drogas, como metanfetamina e cocaina, o que pode
aumentar sua toxicidade e risco de fatalidade (KARILA et al., 2015; MARUSICH et
al.,, 2016; UNODC, 2019). As catinonas sintéticas e outros psicoestimulantes
sintéticos sédo frequentemente utilizadas no contexto de festas e boates,
principalmente por homens que fazem sexo com homens e bissexuais, e, em
maioria, estes usuarios apresentam soropositividade para HIV (GIORGETTI et al.,
2017). Boa parte destas drogas podem impedir o individuo de escolher o seu
parceiro ou de consentir ao ato, aumentando chances de ocorréncia de sexo sem
protecdo e transmissdo de doencas infecciosas venéreas, além de trauma retal
(BRACCHI et al., 2015; EMCDDA, 2017b).
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Um grande problema das substancias sintéticas € que as pesquisas e
apreensdes dessas substancias sempre estardo um passo atras do que o trafico
de drogas, o que limita de forma importante as informa¢cfes que se consegue
obter sobre essas substancias (UNODC, 2019). Isso demonstra a necessidade de
estudar-se as interagfes e implicancias de moléculas indélicas em modelos de
transtorno de uso de substancias, considerando a velocidade com que essas
drogas sintéticas sédo produzidas e lancadas no mercado clandestino, a toxicidade
desconhecida das mesmas e o0s riscos de usuéarios adquirirem doencas
infecciosas, gerando consequéncias de saude e socioeconémicas. Neste sentido,
pesquisar moléculas sintéticas e seus efeitos sobre o SNC é um modo de
aprimorar pesquisas in silico possibilitando a selecdo de moléculas novas mais
seguras e permitindo que estas permanecam mais tempo no processo de
descobrimento de substancias (HUGHES et al., 2011).

1.2 Avaliagao pré-clinica na descoberta de moléculas promissoras

O desenvolvimento de novos farmacos com possivel agdo bioldgica é um
processo complexo e demorado. A selecdo de candidatos promissores pode levar
de meses a anos (NUGENT; DUNCAN; COLAGIOVANNI, 2013). J4 o processo
completo, desde a criacdo da ideia até a finalizacdo do produto, pode levar cerca
15 anos, com custos elevadissimos, em torno de 1 bilhdo de ddélares (HUGHES et
al., 2011). Portanto, o alvo fisiolégico a ser usado como base na criacdo da
molécula deve ser muito bem estudado, identificado e validado, pois guiara todo o
processo que vem a seguir. O alvo ideal precisa permitir que a substancia nova
seja segura, eficaz, atender as exigéncias comerciais e ter caracteristicas
terapéuticas, mas, acima de tudo, o alvo precisa ser “drogavel’, isto é, passivel de
ser afetado por um farmaco (HUGHES et al., 2011).

Quando uma substancia nova é criada, primeiramente, € preciso ter um
banco de dados suficientemente preciso sobre as bases moleculares da doenca-
alvo (VAN DER GREEF; MCBURNEY, 2005). Para isso, estudos em diversas
areas sao necessarias, como genética, molecular, bioquimica, farmacologia, etc.,
0 que permite que novas moléculas mais especificas e eficazes e com menor

toxicidade ou aparecimento de efeitos adversos sejam criadas. No caso de a
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doenca-alvo possuir base de dados suficiente para isso, € definida a estrutura
guimica a ser seguida como ponto de partida e, a partir disso, compostos séo
gerados por meio de metodologias sintéticas (HEFTI, 2008).

As moléculas sédo selecionadas por meio de testes in silico, ou seja, por
meio de modelo computacional, com o intuito de se estabelecer a relagdo
estrutura-atividade (REA) a partir da base de dados relacionada as estruturas
similares que ja foram testadas, como em algoritmos de farmacéforos, atribuindo
efeito e/ou atividade bioldgica a cada parte Unica da estrutura (THOMAS, 2010).
Uma triagem das caracteristicas farmacocinéticas (ADMET - absorcéo,
distribuicdo, metabolizacdo, excrecdo e toxicidade) previstas também por um
modelo computacional (HUGHES et al., 2011) tém como objetivo estabelecer a
relacédo estrutura-atividade quantitativa (RQEA) realizado por meio de parametros
fisico-quimicos (EKINS, 2016; THOMAS, 2010). Na area da quimica, a regra dos
5 de Lipinski (LIPINSKI et al., 2001) € um guia bastante usado para inferir
solubilidade e permeabilidade por membranas celulares, que demonstra ligacao
direta com propriedades cruciais, como lipofilicidade, verificada pelo coeficiente
de particdo, conformacédo e distribuicdo eletronica, medidas pela quantidade de
doadores e aceptores de ligacdo de hidrogénio e peso molecular (PAULI et al.,
2008).

O critério de sele¢do das melhores moléculas normalmente é determinado
pelo menor indice de toxicidade demonstrado por meio dos experimentos in silico
(NUGENT; DUNCAN; COLAGIOVANNI, 2013). No entanto, poucas das inUmeras
moléculas que séo criadas mostram potencial para seguir em frente: cerca de 4 a
7% das candidatas tém bons resultados e sdo aprovadas por todos os testes
necessarios (LOMBARDINO; LOWE, 2004). As moléculas em investigacéo
geralmente falham nas fases finais de estudo, em torno da Fase Il de ensaios
clinicos, por ndo produzirem o efeito esperado ou por serem pouco seguras
(HUGHES et al., 2011; VAN DER GREEF; MCBURNEY, 2005). Tal consequéncia
pode ser atribuida a escolha inadequada de modelos pouco preditivos dos efeitos
destas moléculas (TONHOLO et al., 2020). Assim, a escolha de testes de triagem

anteriores aos testes in vivo deve ser minuciosa.
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Ndo ha regulamentos formais no processo de triagem e selecdo de
farmacos novos na area de avaliacdo de seguranca ndao-clinica (STARK;
STEGER-HARTMANN, 2016). O programa de triagem deve ser construido para
identificar problemas importantes que as moléculas candidatas possam
demonstrar, diminuindo riscos. Assim, a triagem deve conter estudos
exploratorios que possuam alta taxa de atrito, ou seja, capazes de reter aquelas
moléculas com caracteristicas desvantajosas, possibilitando melhor separacéo
das moléculas com maiores chances de passar adiante por mais etapas,
aumentando a taxa de transferéncia (STARK; STEGER-HARTMANN, 2016).
Estes testes podem incluir os de citotoxicidade em células alvo e néo-alvo,
mutagenicidade e ligacdo a canais de membrana. Também devem ser
considerados dados de eficacia e farmacologia de seguranca in vitro e in vivo em
Unica dose, rota de administracdo e dosagem semelhante as usadas em
humanos (HEFTI, 2008), incluindo uso de testes comportamentais gerais,
verificando parametros de locomocdo, coordenacdo motora, comportamentos
basicos, entre outros (FDA; HHS; CDER, 2017; FIELDEN; KOLAJA, 2008;
WILLIAMS; PORSOLT, 2007).

Os ensaios de triagem in vitro de taxa de transferéncia sdo dois tipos
principais: os baseados em células e os bioquimicos. Os bioquimicos utilizam
reacdes moleculares entre enzimas e substratos, ligagdo de receptores e
interacdes entre proteinas, entre outros mais complexos (ANDRADE et al., 2016;
LIU; LI; HU, 2004). Os ensaios com cultura de células, mesmo possuindo mais
etapas e levando mais tempo, mostram mais vantagens em comparacao aos
bioquimicos, pois € possivel avaliar mais parametros de importancia na
fisiopatologia de uma condicdo de saude, como o0 crescimento celular e
proliferacdo, citotoxicidade, transporte por membranas, metabolismo, dentre
outros (ANDRADE et al., 2016; LIU; LI; HU, 2004). Por meio destes testes, é
possivel inferir a concentracdo inibitéria quando ocorre a morte celular de 50%
das células (Clso), quando a substancia é toxica (LOPES, 2016; STEINMETZ et
al., 2018).

Dentre os testes in vitro mais comumente usados estdo os testes de
vermelho neutro (REPETTO; PESO; ZURITA, 2008), brometo de 3-(4,5-
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dimetiltiazol-2-il)-2,5-difeniltetrazdlio (MTT), um corante amarelo, e azul de tripan
(STEINMETZ et al.,, 2018). O vermelho neutro e o MTT sdo ensaios que
necessitam que a célula esteja viavel para que os corantes sejam incorporados,
pois o primeiro requer que a célula seja capaz de manter o gradiente de pH
diferente entre citoplasma e lisossomos para ser retido dentro destes (REPETTO;
PESO; ZURITA, 2008); e o segundo, que as mitocondrias estejam intactas, para
gue haja a conversdo do MTT a formazan, que gera cor arroxeada (RISS et al.,
2004); ja o azul de tripan se incorpora em células ndo-viaveis, que estejam com a
membrana plasmatica danificada, ou seja, € um teste de exclusdo (AVELAR-
FREITAS et al., 2014).

Quando se avalia a seguranca farmacologica do SNC in vivo, o ICH S7A
recomenda que a bateria de estudos principal deve conter algumas medidas
cruciais: atividade motora, alteracbes no comportamento do animal, coordenacao
motora, respostas sensoriais e de reflexo motor e a temperatura corporal (ICH et
al., 2001). O teste de Irwin (1968) e a Bateria de Observacédo Funcional (BOF)
(MATTSSON, 1994) séo os principais protocolos recomendados na aplicacdo de
farmacologia de seguranca e sédo considerados equivalentes, mesmo que o BOF
seja considerado um teste mais apropriado para verificar neurotoxicidade
(CASTAGNE et al., 2013; ICH et al., 2001; WILLIAMS; PORSOLT, 2007). O teste
de Irwin foi inicialmente criado para camundongos, com o intuito de se observar
parametros qualitativos neurolégicos e comportamentais (BAIRD; GAUVIN;
DALTON, 2013; WILLIAMS; PORSOLT, 2007). Ja o BOF foi criado como
alternativa para uso em ratos, ainda que seja aplicAvel em outras espécies
também (BAIRD; GAUVIN; DALTON, 2013; GAD; GAD, 2003; GAUVIN; BAIRD,
2008). Os procedimentos envolvem, de modo resumido, posicionar o animal em
uma arena ampla, na qual o animal tem espaco para se locomover e € possivel
observar sua aparéncia fisica e comportamentos habituais do animal, como a
marcha, postura, apoio em duas patas, reacdoes de reflexo, autolimpeza, etc.
(BAIRD; GAUVIN; DALTON, 2013). Outras avaliacdes podem ser feitas e revelam
a influéncia de substancias no SNC: testes de nocicepcéo, de inducdo de sono
com hipnéticos, de indugdo de convulsio, entre outros (CASTAGNE et al., 2013;
WILLIAMS; PORSOLT, 2007). O objetivo é detectar qualquer sinal que possa
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impedir a substancia de seguir adiante no processo do desenvolvimento do
farmaco. Testes suplementares podem ser aplicados, quando forem verificados
indicios de efeitos na cognicéo, atividade cerebral ou até mesmo de potencial de
abuso da substancia (ICH et al., 2001; WILLIAMS; PORSOLT, 2007). Os testes
gue se seguem dependem basicamente dos resultados preliminares, guiando a
triagem toxicolégica (STARK; STEGER-HARTMANN, 2016).

Em certos casos, modelos em roedores de predicdo de toxicidade podem
ndo ser sensiveis ou especificos o suficiente para avaliagdo de risco em
humanos, devido as reconhecidas diferencas biologicas, fisiopatologicas e
farmacocinéticas entre espécies. Entretanto, a interpretacdo dos resultados e
inferéncia do risco aos humanos depende importantemente do conhecimento da
toxicologia e dos mecanismos de toxicidade dos compostos investigados
(FIELDEN; KOLAJA, 2008). Estes conhecimentos levariam, entdo, a melhor
selecdo de testes toxicoldgicos e melhor discernimento dos compostos ou
moléculas mais promissores.

Quando as moléculas em investigacdo ndo apresentam bons resultados, é
necessario adapta-las de acordo com as falhas encontradas, visando corrigi-las.
A partir dessas modificacbes, novos testes devem ser postos em pratica,
avaliando novamente os parametros iniciais (HEFTI, 2008). Ou seja, cada
modificacdo requer o recomeco dos testes de triagem para avaliar potenciais
riscos nao previstos pelos modelos computacionais ou por outros testes
realizados com o0s compostos investigados de inicio, até que se obtenham
resultados satisfatérios. Apoés isso, sdo feitos testes toxicoldgicos, com doses
crescentes e periodos longos, geralmente equivalentes ao periodo que se
pretende administrar em humanos, de modo a excluir o0s compostos mais toxicos
(FIELDEN; KOLAJA, 2008; HEFTI, 2008). Apenas ap0s esta etapa, 0s mais
promissores poderao seguir para pesquisa em humanos (HUGHES et al., 2011).

Quando um novo farmaco ou molécula, reconhecidamente psicotrépico ou
gue influencia a atividade do SNC, esta sendo produzido, sdo necessarios certos
estudos comportamentais sobre diferentes aspectos. O potencial de gerar abuso
e dependéncia é uma questdo relevante para certas classes de farmacos ou

moléculas. Considerando os estudos que avaliam o potencial de abuso e
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transtorno de uso de substancias (TUS) de novos farmacos, os principais
modelos utilizados sdo o condicionamento de preferéncia de lugar (CPL), a
discriminacdo de drogas e a autoadministracdo (FDA; HHS; CDER, 2017;
WILLIAMS; PORSOLT, 2007). Estes testes serdo detalhados adiante a fim de
avaliar as propriedades reforcadoras das substancias em estudo e se possuem
efeitos similares ao de drogas de abuso ja conhecidas (FDA; HHS; CDER, 2017).

1.3 Transtorno de uso de substancias

O Instituto Nacional em Drogas de Abuso (National Institute on Drugs of
Abuse, NIDA) define o conceito de adicdo da seguinte forma: “adicdo, ou uso de
droga compulsivo apesar de consequéncias danosas, € caracterizado por uma
inabilidade em parar de usar uma droga e cumprir obrigacdes do trabalho, sociais
e familiares” (NIDA, 2018). A dependéncia, por outro lado, faz com que o
individuo néo consiga funcionar adequadamente sem a droga, pode ocorrer com
varios tipos de drogas e até mesmo farmacos, como opioides, mas que, se
administrados por longos periodos, podem causar tolerédncia e sindrome de
abstinéncia quando cessado o uso (NIDA, 2018). A dependéncia fisica
geralmente apresenta sintomas mais objetivos, como mudancas na temperatura
corporal, enquanto que a dependéncia psicolégica manifesta-se por meio de
fissura pela droga (WILLIAMS; PORSOLT, 2007). Geralmente, tanto um quanto o
outro se instalam apds longos periodos de uso, que evolui e torna-se uso
indevido, de maneira ndo aprovada culturalmente ou clinicamente, tanto de
drogas quanto de farmacos, o que também pode ser caracterizado como abuso
(KATZUNG, 2007; STAHL, 1998).

No entanto, o Manual Estatistico e Diagnodstico de Transtornos Mentais,
Quinta Edicao (Diagnostic and Statistical Manual of Mental Disorders, DSM-V)
ndo diferencia mais os termos adi¢cdo e dependéncia em seus critérios, usando o
termo “transtorno de uso de substancias” para definir o uso de farmacos ou
drogas que causam consequéncias fisicas, psicoldgicas e sociais ao individuo. O
TUS é reconhecido como um transtorno mental crénico e recidivante,
conceitualizado em trés estagios: 1 - a iniciagdo, na qual pode ocorrer

intoxicacdo, ou uso excessivo ocasional; 2 - quando a droga é retirada, pode
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surgir afeto negativo ou sintomas de abstinéncia, se o sistemas envolvidos ja
estiverem em fase de adaptacdes; 3 - e preocupacado ou antecipa¢ao ao uso, 0
gue também pode ser traduzido como fissura (KOOB; SIMON, 2009; KOOB;
VOLKOW, 2010).

O DSM V e a Classificagao Internacional de Doencas (CID-10) (APA, 2013)
possuem um conjunto de itens referentes a comportamentos nos seus critérios
diagnosticos do TUS, que séo, entre eles: compulsdo, usar a substancia e
dificuldade em controlar o consumo, reducédo de atividades sociais, sinais de
tolerancia, indicados pelo uso de doses mais altas, necessario para se obter o
mesmo efeito de inicio de uso e estado de abstinéncia quando o uso diminui ou &
cessado, o que pode ser revertido com o uso da mesma substancia.

O abuso e dependéncia de cocaina (COC) constitui uma das maiores
preocupacdes de saude publica mundial (UNODC, 2014). O uso abusivo de
cocaina implica em um grande problema em funcdo das consequéncias do seu
consumo, que vao desde prejuizos na saude mental e fisica do usuario, até
transtornos soAcio-ocupacionais, econémicos e legais, que envolvem outras
instdncias para além das individuais (ANTHONY et al., 2010; WEI; ANTHONY;
LU, 2012). Recentemente, foi demonstrado que a cocaina apresenta alta carga de
doenca, sendo uma crescente preocupacao de causa direta de morbimortalidades
no mundo (BUTLER; REHM; FISCHER, 2017). Os usuérios de cocaina mostram
de um a oito vezes maiores taxa de mortalidade do que seus pares idade-sexo na
populacado geral (BARRIO et al., 2013). No World Drug Report de 2019, é relatado
gue, em 2017, perto de 2,7 milhdes de pessoas entre idades 15-64 eram usuarios
de cocaina na América do Sul. Dentre os paises desta sub-regido, a Argentina, o
Brasil e o Chile obtiveram maior prevaléncia anual de uso de cocaina que a sub-
regido como um todo.

A acédo farmacologica principal da cocaina € a potente psicoestimulagéo,
gerada por meio do bloqueio da recaptacdo de monoaminas no cérebro,
principalmente DA e em menor escala, 5-HT e norepinefrina (NE) (OGA;
CAMARGO; BATISTUZZO, 2008). Apos administracdo, a cocaina é rapidamente
captada pelo cérebro, acumulando-se no corpo estriado, onde liga-se aos
transportadores de dopamina, bloqueando-os. Os efeitos da cocaina atingem o
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seu maximo quando a concentracdo da droga no estriado chega ao seu pico;
consequentemente, quando a droga € depurada dessa area, os efeitos entram em
declinio (VOLKOW; SWANSON, 2003).

O desenvolvimento da dependéncia quimica é determinado a partir de uma
interagdo complexa entre a droga utilizada, caracteristicas do individuo e o
ambiente (KREEK et al., 2005; PIAZZA; LE MOAL, 1998). A dependéncia é
causada primariamente por sensibilizacdo induzida por drogas no sistema
mesocorticolimbico que atribuem a saliéncia do incentivo a estimulos associados
ao reforco (ROBINSON; BERRIDGE, 2008). Isso ocorre porque, como Adinoff
(2004) sugere em sua revisao, “o sistema mesolimbico dopaminérgico avalia a
saliéncia, ou valor, de um reforgador em potencial”, ja que medeia a interpretacéo
ou aprendizado de possiveis reforgcadores negativos e positivos. Com 0 uso
repetido, pistas contextuais vao sendo associadas a experiéncia do uso, o que
provoca a incorporacdo de outros circuitos cerebrais, envolvidos em memoria
emocional, resposta ao estresse, tomada de decisdo, etc., levando, entédo, a
dependéncia e provaveis recaidas (ADINOFF, 2004).

Dessa forma, o sistema mesocorticolimbico dopaminérgico é reconhecido
como o circuito neural mais envolvido com o TUS. As seguintes regides sao
consideradas como substrato comum na adicdo e dependéncia de diversas
drogas de abuso: a ATV, o nacleo accumbens (NAc) e o cértex pré-frontal (CPF),
amigdala e hipocampo(BECKER; CHARTOFF, 2019; KOOB; VOLKOW, 2010).

Ja é sabido que os psicoestimulantes dependem da ativacdo do sistema
mesolimbico dopaminérgico para exercer propriedades de refor¢co agudo. Drogas
como a cocaina e a anfetamina ativam a liberacdo de dopamina no NAc e na
amigdala de modo agudo (KOOB; VOLKOW, 2010). O estagio de afeto negativo
envolve adaptacbes que produzem motivacao reduzida por estimulos nao-droga,
assim como aumentam a sensibilidade pela droga abusada (MELIS; SPIGA,
DIANA, 2005). Essas adaptacdes ocasionam sintomas envolvidos com a
diminuigcdo da fungdo dopaminérgica quando o individuo ndo tem acesso a droga,
atuando como reforco negativo e instigando o usuario a buscar pela droga
(KOOB; VOLKOW, 2010). Todos esses processos influenciam no
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desenvolvimento de dependéncia, impedindo o usuario de controlar o consumo
da droga.

Em considerando-se os sinais correspondentes que podem ser observados
em animais em testes experimentais, estes podem ser resumidos em alguns
principais, como a busca e o uso compulsivos da droga, sintomas de retirada,
como motivacao reduzida em buscar por reforcos naturais e locomocao reduzida,
continuacdo do uso mesmo com consequéncias negativas e restabelecimento do
uso, 0 que seria um modelo para recaida em animais (KOOB; ARENDS; LE
MOAL, 2014; KOOB; VOLKOW, 2010).

A area de neurociéncia comportamental vem, ao longo dos anos, buscando
formas adequadas de se examinar comportamentos em animais e transpor os
conhecimentos gerados aos humanos, com intuito translacional. Essas pesquisas
sd0 necessérias, pois existem doencas ou condi¢cdes de salude que ndo podem
ser testadas diretamente em humanos, por questbes éticas, como o TUS
(CARTER; SHIEH, 2015; PLANETA, 2013). Para esta condi¢do, existem alguns
modelos j4 bem estabelecidos na area, que serdo conceituados adiante.

1.4 Modelos animais em TUS

A autoadministracdo € o modelo padrdo-ouro para se estudar TUS, o qual
se baseia em condicionamento operante, uma teoria estudada por B. F. Skinner.
Essa teoria tem como premissa que o individuo € capaz de associar um
comportamento a uma consequéncia (SKINNER, 1938) e, se a consequéncia for
um estimulo prazeroso ou reforcador, o comportamento associado tem maior
tendéncia a ser repetido, enquanto que um estimulo ndo-prazeroso ou algo como
uma punigdo tem maior tendéncia a ser evitado. No modelo de autoadministragéo
é exigido do animal que “trabalhe” para receber uma dose da droga sendo testada
(PLANETA, 2013; WILLIAMS; PORSOLT, 2007). Animais que estdo realmente
adictos reagem de forma parecida com humanos a certas condi¢gbes impostas no
protocolo: mesmo com uma puni¢do, eles continuam exercendo respostas para
receber droga, além disso, mesmo que se exija que 0S animais exer¢cam mais
respostas para receber uma dose, eles aumentam o numero de respostas de
acordo com a exigéncia (ROBINSON, 2004).
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Outros modelos também podem ser usados, como a discriminacdo de
drogas. Este procedimento € capaz de identificar as propriedades reforcadoras
das drogas relativas e seu potencial de abuso (KOOB; ARENDS; LE MOAL,
2014), além de ser possivel verificar a susceptibilidade de abuso de uma droga
(KOKS, 2015). A premissa deste modelo é baseada na capacidade do animal de
diferenciar uma substancia administrada agudamente de outra administrada
repetidamente, por meio das semelhancas ou diferencas nos seus efeitos
reforcadores (WILLIAMS; PORSOLT, 2007). O animal é treinado para responder
pressionando uma barra para uma droga ou para uma injecdo de veiculo, porém,
no dia do teste, recebe uma droga de acdo semelhante, 0 que provoca uma
resposta na barra da droga usada no treinamento (KOOB; ARENDS; LE MOAL,
2014).

Um dos modelos animais deste estudo, o condicionamento de preferéncia
de lugar (CPL), é um protocolo simples e ndo invasivo capaz de fornecer um
indicador de efeito recompensador de drogas (PRUS; JAMES; ROSECRANS,
2009). No ambito do abuso de drogas, é reconhecido o fato de que a busca pela
droga é fortemente controlada por estimulos e contextos associados aos efeitos
dessa droga (SOLINAS et al., 2008). Este paradigma, mesmo ndo sendo padréo
ouro para estudar a dependéncia, como a autoadministracéo, € valido e confiavel.
As drogas (ou outros estimulos reforcadores) sédo reforcadores positivos, capazes
de produzirem preferéncia pelo ambiente associado a droga, estimulam o sistema
de recompensa no cérebro, pelo aumento de dopamina na fenda sinaptica.
Reforcadores negativos produzem estados disféricos ou aversivos em humanos,
acionando outros circuitos cerebrais e produzindo averséo condicionada (KOKS,
2015).

Para melhores esclarecimentos sobre o protocolo, segue descricdo do
aparato usado. O aparato usado deve possuir, no minimo, dois compartimentos
distintos, com pistas contextuais que o animal pode diferenciar facilmente, como
paredes em cores ou texturas diferentes (padroes variados de listras,
guadriculados, circulos, etc.), assim como o piso também pode ter texturas
diferentes, para que haja melhor discriminagdo dos ambientes. A caixa pode

possuir um ambiente neutro, com o intuito de ndo ser pareado com nenhum
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estimulo, assim, é mais usualmente pintado em cores intermediarias, ou até

mesmo transparente, e com piso liso.

Figura 3 - Fotografia de caixa de condicionamento de preferéncia de lugar

Fonte: Autores.

Este modelo baseia-se no condicionamento Pavloviano, ou
condicionamento classico: os efeitos reforcadores do estimulo ndo condicionado
sdo pareados com certo local que possui caracteristicas Unicas, assim, espera-se
gue o individuo estenda os efeitos do estimulo da intervencéo ao local em que
esteve quando praticou a atividade reforcadora, tornando, enfim, o estimulo
‘condicionado” por esse lugar (PRUS; JAMES; ROSECRANS, 2009). Neste
procedimento, o refor¢o, que pode ser uma droga de abuso (mais comumente
usada neste procedimento), corresponde ao estimulo incondicionado (El). Este é
pareado a um ambiente, chamado de estimulo condicionado (EC) e outro
ambiente é associado com a auséncia dessa intervencdo. O animal € exposto ao
El dentro do EC por repetidas vezes até associar o ambiente e suas
caracteristicas aos efeitos reforcadores percebidos pelo animal durante exposi¢cao
ao El (BARDO; HORTON; YATES, 2015; CARTER; SHIEH, 2015; HUSTON et
al., 2013). A resposta condicionada, isto é, a procura pelo ambiente pareado com
a droga, indica que, de fato, houve a associacéo dos dois estimulos. Isso significa
gue o animal atribuiu importancia ao contexto do ambiente (BARDO; HORTON;
YATES, 2015).

Quando é utilizado outro tipo de EI, como, por exemplo, um choque elétrico
gue causa dor no animal, a resposta esperada é o congelamento, demonstrando

uma resposta automatica de medo. Apds a associacdo do EC ao El, o animal
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mostra a mesma resposta de congelamento mesmo quando é apresentado
apenas ao EC, provando que ocorreu aversao condicionada ao lugar (CARTER;
SHIEH, 2015).

O protocolo prevé, de modo mais usual, trés momentos ou trés fases
distintas, denominadas: pré-condicionamento ou pré-teste, momento em que é
definida a preferéncia basal do animal; condicionamento, no qual o animal &
exposto ao El; e pds-condicionamento, ou teste, momento em que a preferéncia
final do animal é verificada. Os modos de avaliagdo mais comuns dessa
preferéncia podem ser feitos por meio da comparacéo da preferéncia final com a
basal no lado pareado com o ElI ou fazendo a diferenca dos tempos
permanecidos nos dois lados para verificar em qual lado o animal permaneceu
mais tempo no dia do teste. A esquematizacdo deste protocolo esta representada

na Figura 4.

Figura 4 - Esquematizacao do protocolo de condicionamento de
preferéncia de lugar

Condicionamento Pés-Condicionamento
dias 2-9 (30’) dia 12 (157)
——] —] ——]
: Lo = — ——— ) - B

il —

J@M
|

Lado Lado ¢
n&o-pareado pareado 2 dias

Fonte: Autores.

Em comparagcdo com a autoadministragdo, que avalia de forma direta as
caracteristicas reforcadoras das drogas de abuso por meio do condicionamento
operante, o CPL possui algumas vantagens e desvantagens, ainda que seja um
pouco menos sensivel que a autoadministracdo (BARDO; HORTON; YATES,
2015). Neste modelo, ndo € necessario o procedimento de cirurgia e introducéo
de cateter, o que reduz o risco de perda de animais; € possivel obter controle
preciso da dose que o animal recebe, assim, ndo ha grandes variacbes da

guantidade disponivel de droga no organismo do animal, facilitando a
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interpretagdo de interacdo entre substancias; outras caracteristicas sdo a
possibilidade de medir atividade locomotora pela contagem de cruzamentos
realizados entre ambientes do aparato (BARDO; HORTON; YATES, 2015).
Também € possivel testar recompensa por droga em condicdes sem a
administracdo da droga no dia do teste, o que poderia ser mais representativo da
condicao de retirada da droga na clinica (NAPIER; HERROLD; DE WIT, 2013).

Dessa forma, o CPL pode ter aplicacbes variadas, e nem todas sao
aplicaveis em protocolo de autoadministragdo usual. Além disso, a execucao do
protocolo é mais rapida e simples, facilitando a sua aplicacdo em testagem de
novas moléculas e farmacos. Com o intuito de testar o efeito de farmacos ja
usados na clinica com outros fins, como, por exemplo, agonistas e antagonistas
de receptores 5-HT e sua influéncia em efeitos reforcadores de drogas, o CPL é
um modelo comumente utilizado (CAPRILES; WATSON; AKIL, 2012; CARBONI
et al., 1988, 1989a; CERVO; POZZI; SAMANIN, 1996; ENGLEMAN et al., 2008),
bem como em estudos sobre efeitos em recaida, com farmacos variados
(NAPIER; HERROLD; DE WIT, 2013).

1.5 Diferenca entre sexos

Um fator relevante em testagem de moléculas novas e estudos de
comportamento em modelos animais € o0 sexo, que tem sido cada vez mais
apontado como uma variavel biolégica em varios aspectos e condi¢cdes de saude
(CLAYTON, 2018; HEBERDEN, 2017; RAWLIK; CANELA-XANDRI; TENESA,
2016). Por muitos anos, estudos com animais pouco levavam em consideragéo as
diferencas que poderiam existir entre sexos, priorizando a diminuigdo de custos e
de tempo e usando somente machos em experimentagédo pré-clinica (BECKER;
CHARTOFF, 2019). Atualmente, € determinacdo das agéncias internacionais de
pesquisa que sejam estudados em individuos de ambos o0s sexos. O National
Institute of Health (NIH) langou nova diretriz em 2016 estimulando a comparagao
entre sexos em estudos pré-clinicos, denotando o0 sexo como uma variavel
biolégica (sex as a biological variable - SABV) importante a ser estudada, mesmo

gue ndo obrigatdria, sendo considerada entdo um fator que mostra rigor e
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transparéncia em estudos que o incluem (BECKER; CHARTOFF, 2019;
CLAYTON, 2018).

Como mencionado anteriormente, existem varias caracteristicas biologicas
gue sdo moduladas por horménios gonadais ou que demonstram dualidade
sexual. Fémeas intactas geralmente mostram maior atividade locomotora em
testes de campo aberto e roda de exercicio (VAN HAAREN; VAN HEST,
HEINSBROEK, 1990) e também mostram locomocédo mais rapida em teste de
aprendizado espacial usando campo aberto (LIPATOVA et al., 2018). Estudos
relacionando a influéncia do estrégeno no aprendizado e na memdria indicam que
este hormoénio possui efeito de modo diferencial em sistemas de memdria
distintos (KOROL; PISANI, 2015), assim como parecem existir influéncias do
estradiol na neurogénese (HEBERDEN, 2017) e diferencas sexuais sobre funcdes
cognitivas e estruturas cerebrais (LI; SINGH, 2014). Uma coorte com dados no
Reino Unido analisou 19 caracteristicas diferentes, relacionando interacdes de
gene pelo sexo, e encontrou que 13 destas possuem diferencas genéticas entre
os sexos (RAWLIK; CANELA-XANDRI; TENESA, 2016).

A relevancia especifica do excessivo uso de drogas pelas mulheres agrega
importancia na pesquisa pré-clinica focada na comparacdo de sexos. Homens
exibem taxas mais altas de uso de drogas, abuso e dependéncia em amostras de
pacientes que buscam tratamento (COMPTON et al., 2007; GRUCZA et al., 2008;
KESSLER et al., 2005). No entanto, levantamentos epidemioldgicos recentes
sugerem que essa diferenca tem diminuido nos ultimos anos (GRUCZA et al.,
2008; WAGNER; ANTHONY, 2007).

As pesquisas do inicio da década de 80, por exemplo, estimavam a
propor¢do homem/mulher de transtornos relacionados ao uso de drogas como
sendo de 5:1 (HELZER; BURNAM; MCEVOY, 1991), ja pesquisas mais recentes
apontam uma proporcéo de aproximadamente 3:1 (HASIN et al., 2007). Entre os
jovens estudantes do Brasil, o consumo de drogas ilicitas entre as mulheres era
semelhante ao dos homens (ANDRADE; DUARTE; DE OLIVEIRA, 2010; BRASIL,
2006), e em jovens de 12 a 25 anos dos EUA, ndo se mostraram diferencas em
porcentagens de usuarios dependentes ou que abusavam de drogas ilicitas,
desde 2002 (COTTO et al., 2010). Nas Américas do Sul e Central, porém, 0 uso
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ndo médico de estimulantes farmacéuticos derivados da anfetamina como
anorexigenos, metilfenidato e a propria anfetamina, farmacos que néo estéo
disponiveis no Brasil para venda, ou seja, ilicitos, vém crescendo em uso entre
mulheres e s@o as mais usadas dentre essa categoria de medicamentos para fins
diferentes do que sao designados (UNODC, 2019).

De acordo com Kerr-Corréa et al (2007), o uso de drogas entre as
mulheres segue a tendéncia de comportamento atual com relagdo ao género, no
qgual elas estao se tornando menos conservadoras e tradicionais em seus papéis,
aproximando-se do papel social do homem. No entanto, ainda que as diferengas
socioculturais venham diminuindo, assim como as diferencas nos numeros
absolutos de usuarios homens e mulheres, as diferencas biologicas e de padrdo
de uso vém se tornando mais aparentes.

A droga que possui maior tendéncia a gerar TUS entre adolescentes do
sexo masculino € a maconha, e entre jovens homens, sédo o alcool e a maconha,
principalmente. Ja& em adolescentes e jovens mulheres, a tendéncia é maior para
cocaina e drogas psicoterapéuticas (COTTO et al., 2010). As razbes pelas quais
mulheres sentem motivacdo por usar drogas de abuso reflete o seu padréo de
uso: amenizar sintomas negativos de transtornos mentais e estresse, enquanto
gue os homens buscam sensacdo prazerosa que as drogas causam (COTTO et
al., 2010; MITCHELL; POTENZA, 2015). Corroborando este dado, sabe-se que
mulheres sdo mais suscetiveis aos efeitos da cocaina e, uma vez dependentes,
tém maior dificuldade em parar o uso, sendo a probabilidade de recaida maior
(LYNCH; ROTH; CARROLL, 2002).

Estudos de neuroimagem mostram que, nestas situacdes, mulheres tém
uma maior ativacdo do coértex orbitofrontal - uma regido do coértex pré-frontal
envolvida com a tomada de decisdes - do que usuarios do sexo masculino
(ADINOFF et al., 2006). Independentemente dos niveis de circulacdo dos
horménios gonadais, fémeas sempre adquirem comportamento de
autoadministracdo a cocaina mais rapidamente e autoadministram mais cocaina
guando comparadas aos machos (CAMPBELL; MORGAN; CARROLL, 2002; HU
et al., 2004). Uma revisdo recente argumenta que, em animais, vem se

estabelecendo que o estradiol regula o sistema dopaminérgico mesotelencefalico
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de modo a aumentar sua atividade (YOEST; QUIGLEY; BECKER, 2018). Isso
pode ser explicado pela presenca de receptores de estradiol em areas cruciais do
sistema mencionado acima, como ATV, amigdala, CPF, hipocampo e NAc
(BECKER; CHARTOFF, 2019).

Outras formas de controle desse sistema também foram evidenciadas por
meio dos hormdnios gonadais, e uma delas é o papel relevante no metabolismo
da dopamina. Foi demonstrado que o receptor de andrégeno pode regular a
transcricdo do gene da tirosina hidroxilase (JEONG et al., 2006) e que a
administracao de estradiol em ratas ovariectomizadas foi capaz de aumentar os
niveis da enzima em neurdnios dopaminérgicos (SEROVA et al., 2004), e de fato,
em estudos de imunoreatividade foi encontrado que receptores de estrégeno e de
andrégeno se situam em neurdnios dopaminérgicos do mesencéfalo em ratos
(CREUTZ; KRITZER, 2002; KRITZER, 1997). Além disso, o0 sistema
serotoninérgico também apresenta diferencas entre 0os sexos. FEmeas mostram
maiores niveis de serotonina e seu metabolito, o acido 5-hidroxindolacético no
cérebro (CARLSSON et al., 1985; CARLSSON; CARLSSON, 1988) e a delecao
do receptor 5-HT3 demonstrou regulagdo de comportamentos tipo depressivos e
ansiosos de modo diferente em machos e fémeas (BHATNAGAR et al., 2004).

Além disso, evidéncias mostram que o estrogeno modula os niveis de
acido ribonucleico mensageiro das duas enzimas responsaveis pela sintese de
acido gama-aminobutirico (GABA), a glutamato descarboxilase (GAD) 65 e
GADG67, no cérebro de ratas (FREESE et al., 2012; MCCARTHY et al., 1995). Um
estudo feito em nosso laboratdério demonstrou um aumento na expressédo de
RNAmM de GAD67 em CPF de ratas ovariectomizadas e nao ovariectomizadas
apos tratamento repetido com cocaina (SOUZA et al., 2009). O estradiol mostra
efeito no estriado de fémeas adultas, atenuando liberacdo de GABA, por meio de
receptores de estradiol localizados em neurénios gabaérgicos, assim como uma
associacdo dos receptores de estradiol a receptores metabotropicos de
glutamato, o que leva a modulagédo e aumento da dopamina de modo indireto
(BECKER; CHARTOFF, 2019; HU et al., 2006).
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2 JUSTIFICATIVA

Dentro da pesquisa de novas moléculas com potencial uso em humanos, é
sempre necessario avaliar se existe possibilidade destas causarem alguma
toxicidade ao cérebro, priorizando a saude mental e neurolégica dos individuos.
Quando isso é rompido de alguma forma, pode causar grandes consequéncias
em varios ambitos da vida de quem pode ser exposto a estas substancias (ICH et
al., 2001). Ou seja, as estratégias de observacdo de comportamentos devem
permitir a deteccéo de potenciais efeitos sobre a funcdo do SNC que possam ser
deletérios em humanos (BAIRD; GAUVIN; DALTON, 2013).

Dessa forma, quando se pesquisa novas substancias na area da
farmacologia, o uso de modelos animais que permitam a investigacdo de varios
aspectos do comportamento se torna necessario. A pesquisa em células e tecidos
isoladamente é relevante, mas tem suas limitacdes, pois fornece apenas dados
pontuais sobre o efeito naquele tecido em especifico (MOREL et al.,, 2004).
Testes in vivo exploratérios que avaliem a seguranca das substancias, no
entanto, ainda sdo o estado da arte, que fornecem as melhores predicbes para
testes posteriores (STARK; STEGER-HARTMANN, 2016). Esses testes séo
imprescindiveis, pois o comportamento é resultante de multiplos mecanismos
interiores e exteriores a um ser vivo, alguns ainda ndo bem esclarecidos. Assim, é
crucial estudar a funcdo do SNC em um animal consciente, capaz de se mover
livremente (CASTAGNE et al., 2013).

O abuso e o transtorno de uso de cocaina e seus derivados constitui uma
das maiores preocupacfes de saude publica mundial (UNODC, 2014). O uso
abusivo deste psicoestimulante implica em um grande problema em funcéo das
consequéncias do seu consumo, que vao desde prejuizos na saude mental e
fisica do usuario, até transtornos soécio-ocupacionais, econémicos e legais, que
envolvem outras insténcias para além das individuais (ANTHONY et al., 2010;
WEI; ANTHONY; LU, 2012). O Brasil € maior mercado de cocaina e crack da
América do Sul, fazendo a distribuicdo de cocaina de paises vizinhos para varios
outros paises, como a Africa, Australia, etc. (UNODC, 2019).

Além disso, as diferencas bioldgicas entre sexos é algo que, no passado,

era pouco explorado em estudos experimentais pré-clinicos, porém, evidéncias
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vem demonstrando que estas diferencas existem (CLAYTON, 2018; HEBERDEN,
2017; RAWLIK; CANELA-XANDRI; TENESA, 2016) e que explora-las € algo que
mostra a preocupacdo dos pesquisadores com o rigor e reprodutibilidade dos
estudos (BECKER; CHARTOFF, 2019). Estudos clinicos mostram que mulheres
progridem da oportunidade do uso para abuso da droga mais rapido que homens
e podem ser mais vulneraveis a efeitos adversos decorrentes do uso de drogas,
principalmente pela interacdo hormonal (CARROLL et al., 2004). Em roedores,
esta bem estabelecido que a acdo hormonal influencia nos efeitos da cocaina e
sinalizacdo dopaminérgica (BECKER; CHARTOFF, 2019; SOUZA et al., 2014;
YOEST; QUIGLEY; BECKER, 2018).

A hipétese conceitual que se desenvolve acerca da necessidade de
investigar se substancias que possuem um nucleo inddlico poderiam apresentar
potencial de produzir dependéncia quimica. Ainda, é relevante investigar se
moléculas inddlicas poderiam interferir no condicionamento de preferéncia de
lugar realizado com uma droga psicoestimulante bem estabelecida, como a
cocaina, considerando que individuos usuarios crénicos de cocaina possuem
prejuizos significativos no SNC e no organismo. Por outro lado, existem estudos
mostrando o efeito de agonistas e antagonistas de 5-HT sobre modelos animais
de abuso de drogas, assim, € relevante investigar se estas moléculas poderiam
apresentar efeito antiaditivo, visto que n&o existe tratamento farmacoldgico
aprovado ao transtorno de uso de cocaina (KAMPMAN, 2019). Além disso,
diante da vulnerabilidade das fémeas em relacdo ao uso de psicoestimulantes,
este estudo se propbe a investigar a potencial acdo sobre o SNC de duas
moléculas que com nucleo inddlico em ratos machos e fémeas.

Por fim, acredita-se ser de suma importancia investigar novas moléculas
contendo nucleos indolicos funcionalizados como alternativa interessante e
inovadora as drogas usualmente testadas. Cabe ressaltar que uma série de
moléculas desta classe ja foram planejadas, sintetizadas e testadas quanto a
parametros de toxicidade in silico e in vitro pelo grupo de Quimica Medicinal da
UFCSPA. Estas moléculas apresentam arquitetura molecular extremamente

versétil, com grande similaridade aos modelos de ligantes 5-HT.
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3 OBJETIVOS

3.1 Objetivo Geral

O objetivo geral € avaliar os potenciais efeitos de moléculas com nucleos
inddlicos funcionalizados que atuem sobre receptores 5-HT por meio de testes de
locomocédo e comportamentos tipo ansiedade, além de investigar o potencial

efeito sobre a preferéncia de lugar por cocaina em ratos machos e fémeas.

3.2 Objetivos Especificos

Descrever as caracteristicas e propriedades fisico-quimicas por
metodologias in silico das moléculas inddlicas SM7 e SM12, usando as
ferramentas DataWarrior, FAF-Drugs e pkCSM.

Avaliar efeitos sobre a viabilidade celular das duas moléculas inddlicas em
ensaio in vitro com células C6 de glioma e determinar a Clso;

Verificar a potencial seguranca das moléculas inddlicas em ratos machos e
fémeas e possiveis diferencas sexuais;

Investigar efeitos das moléculas inddlicas sobre teste comportamental em
campo aberto;

Verificar os efeitos das moléculas inddlicas sobre comportamentos de
condicionamento de preferéncia de lugar em associacdo a cocaina em ratos
machos e fémeas;

Verificar a influéncia da cocaina sobre seus efeitos na locomocao, inferida
pelo nimero de entradas no dia do pos-condicionamento, das moléculas indélicas
em ratos machos e fémeas submetidos a protocolo de condicionamento de
preferéncia de lugar, comparando animais expostos a cocaina ou apenas ao
veiculo;

Descrever a distribuicdo do ciclo estral das fémeas nos dias de pos-

condicionamento e campo aberto.
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vehicle (VEH) group when comparing to SM7 group (Means: VEH = 27.5; SM7 = 22.5; p
= 0.047), as well as cocaine exposed to cocaine-naive males (Means: COC = 26.7; COC-
Naive = 22.3; p = 0.013). None of the molecules showed to potentiate or reduce cocaine’s
reinforcing properties, although the number of entries in conditioned place preference
(CPP) was higher for SM12 females than for females who received vehicle (Means: SM12
= 218.5; VEH = 150.6; p = 0.038). The cytotoxicity profile has revealed reduced viability
for SM12 in higher concentrations when compared to NC group (Medians: NC = 1.014;
200 mM = 0.727; 400 mM = 0.576; p = <0.001). These results indicate there is little
evidence of a toxicity of SM7 and SM12 to the central nervous system (CNS), although
there seems to be an influence on emotionality, considering rearing counts for SM7
cocaine exposed males, which could indicate a cumulative effect of this molecule in males.
SM12 increased the number of entries in females, which is similar to other results,
showing the modulation of serotonergic system can change locomotion parameters in
females. Overall, SM12 demonstrated more cytotoxicity and toxicity to the CNS.
Additional studies should be performed to evaluate if this molecule could influence other
aspects of behavior in vivo.

Keywords
Cytotoxicity; serotonergic molecules; Conditioning preference place; cocaine; in silico

1. Introduction

Indoles are constituted of a pyrrole ring fused to a benzene ring (Kaushik et al.,
2013; Shafakat Ali et al., 2013), and are probably the broadest type of clinically relevant
heterocyclic compounds, which could explain its wide use as medicines or for recreational
intake through history, both as natural and as synthetic substances (Kaushik et al., 2013).
On the other side, new psychoactive substances (NPS) targeting the serotonergic system
emerged as substitutes of established stimulants; its abuse has been increasing in the last
years, in the context of “chemsex” parties, to enhance performance and reduce inhibition
(EMCDDA, 2017; UNODC, 2019) and its trade market has been expanding (UNODC,
2014).

Much has been done to clarify the mechanism of the pharmacological actions of
indole molecules with potential clinical effects and the toxicity of the synthetic
serotonergic molecules. Even though substantial progress has been made, we still do not
know which molecular characteristics favor beneficial and toxic effects, how indole
substances work and how risky the use and abuse of these substances are, regarding the
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relationship between the serotonergic system with the dopaminergic (DA) mesolimbic
pathway (Alex and Pehek, 2007).
As vulnerability to develop a substance use disorder is influenced by interactions

between hormonal, genetic and environmental factors (Kreek et al., 2005; Piazza and Le
Moal, 1998), gonadal hormones have a crucial role as a risk factor for the development of
drug abuse (Becker and Chartoff, 2019; Souza et al., 2014). There seems to exist
modulating effects of hormones upon the reward system in different areas of the brain and
upon different neurotransmitters (Freese et al., 2012; Souza et al., 2009, 2014; Yoest et al.,
2018).

Therefore, we propose to perform an exploratory study of the potential behavioral
effects and the cytotoxicity profile of two indole molecules using two animal models, in
male and female young adult rats, besides the in silico and in vitro toxicological profile of

the new molecules.

2. Methods

2.1 Drugs

Three different treatment groups were designated after the CPP: vehicle (VEH)
(DMSO 80% + saline 20%); indolic molecules SM7 and SM12 (10 mg/mL in DMSO
vehicle). DMSO was used as a solubilizing agent for the SM molecules used in this
experiment, as their hydrophilicity is low. The chemical structure of these molecules is
constituted of alkenylindoles synthetized by heterohydroarylation of alkynes and arenes.
SM molecules synthesis and in silico testing were performed by the Medicinal Chemistry
Laboratory (supervised by MG) and in vitro testing was performed by the Genetic
Toxicology Laboratory (supervised by DM). The least toxic molecules were chosen for
their best results for absortion, distribution, metabolism and excretion, as well as toxicity
(ADMET).

An initial pilot experiment was performed for phenotypic observation of behaviors
of animals under the influence of the new SM molecules to determine the most probable
effective dose without inducing writhing or serotonin syndrome in rats. When the initial
dose used (40 mg/kg) showed strong writhing and tremors, a lesser amount was used (10

mg/kg), showing very few and shortly observed adverse effects.
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For the CPP, cocaine hydrochloride (Merck®, Germany) was dissolved in saline
(0,9%) to a concentration of 15 mg/mL. Saline (SAL) (NaCl 0.9%) was used as vehicle for
the non-drug days of the place conditioning and also for the cocaine-naive animals. This
additional set of cocaine-naive male and female rats was used as general controls for the
SM drugs. The cocaine-naive animals received saline only in conditioning.

All solutions mentioned above were kept at room temperature (22 + 2 °C) during
the experiments and were injected intraperitoneally (i.p.) in a volume of 1 mL/kg.

2.2 Cell culture and in vitro assay

A neutral red in vitro assay was performed to assess SM molecules potential
cytotoxicity. C6 rat glioma cell line was received from American Type Culture Collection
(ATCC, Rockville, Maryland, USA). This cell culture procedure is thoroughly described
elsewhere (Steinmetz et al., 2018). Cell viability assay was performed with an adapted
neutral red uptake assay from Borenfreund and Puerner (1985) (Henn et al., 2019). Cells
were seeded in complete media and grown for 24 h, then treated with SM7 and SM12 at 1,
10, 50, 100, 200 and 400 mM. Negative control (NC) corresponds to exposure to culture
medium only and 10% DMSO was used for comparisons with vehicle. After this
procedure, the absorbance was measured at 540 nm using a microtiter plate reader,
considering NC as reference (100% viability). Each result for SM molecules was
calculated as a proportion of NC mean and expressed in percentage.

2.3 Animals

Wistar albino rats (males = 60; females = 60) were received on postnatal day
(PND) 21. All animals were provided from Universidade Federal de Ciéncias da Saude de
Porto Alegre (UFCSPA) vivarium’s and maintained in 22 + 2 °C temperature and
controlled humidity, on a 12 h light/dark cycle (lights on at 6h A.M.) and ad libitum access
to food and water. Animals were housed in standard environment, 2-3 rats of the same sex
per cage, constituted of polypropylene bottom and sides (40 x 33 x 17 cm), with wood chip
bedding, with metal rod top, from where animals had access to food and the water sipper
bottle. All procedures complied with the following guidelines: International Council for
Laboratory Animal Science (ICLAS) and NIH Guide for the Care and Use of Laboratory
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Animals (2011) and were approved by Ethics Committee from our university (Protocol N°
#233/18).

2.3.1 Vaginal smear

All female rats were assessed for their estrous cycle through vaginal smearing. This
procedure was performed as described elsewhere (Marcondes et al., 2002). Smears were
collected every day, at the same time, from PND 35 on. In short, a drop of saline (0.9%)
was inserted on the vaginal cavity of females with the use of a plastic pipette. The vaginal
fluid was dispensed on a clean slide and cover slip and visualized fresh with 10 and 40 x
objective lenses. Four phases can be identified through the different cells that are present
on the vaginal cavity: diestrus, metestrus, proestrus, and estrus, as already described before
(Vilela et al., 2007).

2.4 Apparatus

The CPP apparatus used for this procedure was a plexiglass chamber (Insight®,
Brazil), (40 x 60 x 38 cm) with three compartments: a neutral, gray compartment in the
center (40 x 14 x 38 cm), with an aluminum plate as flooring, connecting the other two
conditioning compartments (40 x 23 x 38 cm) through guillotine doors. The walls of these
chambers had monochromatic stripes, which were vertical on one side and horizontal on
the other, and distinct floorings, made of cross-grid plate on one side and parallel bars on
the other. Each conditioning compartment had 4 infrared photobeams crossing it, whereas
the neutral compartment had 2 photobeams, by which the Place Preference software
(Insight®) counts time spent by the animal on each compartment. It also counts numbers
of entries in each compartment (Freese et al., 2018).

The open-field apparatus is made of clear circular plexiglass, surrounded in kraft
paper, 90 cm diameter and rounded walls (36 cm high). The base is marked with a grid and
square crossings and is divided in 25 quadrants, 9 which are considered central and 16
peripherals. Animals in the open-field were filmed, for ethological analysis of behaviors.

Both apparatus were cleaned with ethanol 70% solution after every animal testing
session. The next session was started shortly after the ethanol solution had dried down.
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2.5 Experimental Procedures

The protocol used for this study is a classical unbiased CPP test to assess
reinforcing levels of cocaine (COC) against a vehicle injection, which was SAL (Cervo et
al., 1996; Ettenberg and Bernardi, 2007). All steps of this procedure were performed
between 13 - 17h P.M.

Pre-testing (day 1): A rat was placed on the neutral compartment of the CPP
apparatus with the guillotine doors open and allowed to roam through all three
compartments freely for 15 min, with a habituation period of 5 min. Later, it was assessed
if it preferred any of the conditioning compartments. The place where it spent a longer
period of time was designated as the preferred side and numerator in CPP score.

Conditioning (days 2-9): The animal was confined to one conditioning
compartment (assigned randomly for COC or for saline) for 30 min immediately after the
solutions administration, alternating days for COC or saline for 8 days. COC was injected
I.p. in one day and saline i.p. on the following day for 4 cycles. For the cocaine-naive
animals, the random assignment of a compartment to cocaine was also performed,
however, the animals received saline instead; therefore, these animals were kept without
receiving any dose of cocaine, receiving saline i.p. during the 8 days of conditioning.

Testing (day 12): After a 2 days break, new drugs treatments were assigned
randomly and administered on testing day between 8 - 10h A.M., 5h before testing, to
assess the behavioral effects of the new agents on cocaine preference. The test was
performed in the same manner as the pretest day. The time the animals spent in the paired
and unpaired compartments was measured.

Three complementary scores for place preference were calculated (Score 1 = time
spent in testing - time spent in pre-testing for the drug-paired side (Ettenberg and Bernardi,
2007); Score 2 = time spent in most preferred chamber/ (drug-paired chamber + saline-
paired chamber)x100 (Pandolfo et al., 2009); Score 3 = time spent in drug-paired side -
time spent in saline-paired side in testing day (Cervo et al., 1996)). Number of entries
given by the Place Preference software was summed for all three compartments during
Testing. OF rearing, time spent in the center and fecal boli were directly extracted from its
respective software measures. Locomotion was measured as: total locomotion in the center

plus in the periphery.
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2.5.1 Open-field Test

The next day after Testing, the rats were placed in the center of the circular open-
field and video-recordings lasted for 5 minutes. The open field was cleaned with ethanol

70% between each animals’ session.
2.6 Ethological analysis

All filmed data for the OF was analyzed with the Behavsoft® software (register:
BR 294091919042-3) as mentioned elsewhere (Costa et al., 2015). In the OF, locomotion
was considered only when the animal has crossed the line between guadrants, placing all
four paws inside a quadrant; rearing was considered when the animal had both forelegs not
touching the ground. The software allows for measurements of frequency and duration in
seconds of the observed behaviors for each individual observation. Observers were blinded

for treatment groups.
2.7 Statistical analysis

All statistical analysis was carried out with Sigma Plot v11 (Stystat Software, CA,
USA) software and IBM SPSS Statistics for Windows 22.0 (Armonk, NY, USA). Results
of CPP data for every score and the SM treatments were analyzed using a two-way (Indole
Molecules x Conditioning solution) analysis of variance (ANOVA) followed by Tukey
post hoc test. Normality was assessed with the Kolmogorov-Smirnov test. When normality
failed, a Kruskall-Wallis one-way ANOVA was performed, followed by Dunn’s test.

Differences were considered statistically significant when p value < 0.05.

3. Results

3.1 In silico parameters

Results for in silico testing are displayed for each platform as follows: DataWarrior
(Table 1), FAF-Drugs (Table 2) and pkCSM (Table 3). For both molecules, the in silico
examinations demonstrated some interesting results: DataWarrior results showed no

mutagenic, tumorigenic, reproductive effective or irritant properties.
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Table 1. SM-like substances ADMET properties from DataWarrior

Parameters SM12 SM7
Total Molweight 277.32 291.35
cLogP 24.9 26.23
Mutagenic None None
Tumorigenic None None
Reproductive Effective None None
Irritant None None

FAF-Drugs did not point a violation Rule of 5 (Lipinski et al., 2001), as well as no
phospholipidosis, a usual issue with cationic amphiphilic drugs characterized by
intracellular accumulation of phospholipids (Stark and Steger-Hartmann, 2016), while the
oral bioavailability was pointed as good (Egan et al., 2000; Veber et al., 2002).

Table 2. SM-like substances ADMET properties from FAF-Drugs

Parameters SM12 SM7
logP 421 4,16
Lipinski Violation 0 0

Solubility (mg/L) 3932,05 4001,85

Solubility Forecast Reduced Reduced
Index Solubility Solubility

Oral Bioavailability Good Good

(Veber et al., 2002)

Oral Bioavailability Good Good

(Egan et al., 2000)
Phospholipidosis NonlInducer  Nonlnducer

Result Accepted Accepted

pkCSM indicated both molecules as CYP1A2, CYP2C19, and CYP2C9 inhibitors,
as well as potentially hepatotoxic, although in silico predictions for hepatotoxicity do not
show very high accuracies (Fourches et al., 2010), Total clearance of the molecules SM7
and SM12 seems to be similar to creatinine clearance, and SM-like molecules were not
indicated as renal organic cation transporter 2 (OCT2) substrate. Only SM7 seemed to
have an inhibitory effect in hERG 11, but none were pointed as hERG | inhibitors. ERG1



56

channels are the only ones which occur in the heart (Shi et al., 1997), which could indicate
both molecules are not cardiotoxic. The AMES test is a well-used bacterial assay which
assesses a substance propensity to have mutagenic properties (Mortelmans and Zeiger,
2000). Our results showed positive for AMES toxicity test.

Table 3. SM-like substances ADMET properties from pkCSM

Parameters SM12 SM7 Parameters SM12 SM7
Caco2 permeability 1,21 1,49 Total Clearance 0,96 1,06
Intestinal Renal OCT2
) 93,5 99 No No
absorption (human) substrate
Skin Permeability -2,76 -2,61 AMES toxicity Yes Yes

Max. tolerated
VDss (human) -0,14 0,04 1,07 0,28
dose (human)

BBB permeability 0,35 0,47 hERG I inhibitor No No

CNS permeability -1,45 -1,41 hERG Il inhibitor No Yes

Oral Rat Acute
CYP2D6 substrate No No o 1,94 2,14
Toxicity (LDso)

Oral Rat Chronic

CYP3A4 substrate No Yes o 2,27 1,56
Toxicity (LOAEL)
CYP1AZ2 inhibitior Yes Yes Hepatotoxicity Yes Yes
CYP2C19 inhibitior Yes Yes Skin Sensitisation No No
o T. pyriformis
CYP2C9 inhibitior Yes Yes o 1,12 0,55
toxicity

CYP2D6 inhibitior No No Minnow toxicity 0,37 -1,87
CYP3A4 inhibitior No No

3.2 In vitro cell viability

There was detected statistically significant decrease of in vitro C6 rat glioma cell
line survival with the concentrations of 200 and 400 mM of SM12 in comparison to NC
(Kruskal-Wallis one-way ANOVA: P < 0,05). No differences were found when comparing
NC and DMSO with SM7 concentrations. Results are represented in Figure 1.



57

1201
100+
80+

60 #

Survival (%)

40+ -= SM7

- SM12
20+

0 T T T T T T T T
NC DMSO 1mM 10mM 50mM 100mM 200mM 400mM

Treatment
Fig. 1.
SM-like molecules effects on in vitro C6 rat glioma cell line survival. NC: negative
control. DMSO: vehicle treatment. SM7 did not show significant differences in cell
survival in any of the concentrations used. *P < 0.001 SM12 400 mM vs. NC. #P < 0.001
SM12 200 mM vs. NC. Kruskal-Wallis One-way ANOVA followed by Tukey post hoc
test.

3.3 Open Field Test

As may be seen in Figure 2A to 2H the SM7 and SM12 molecules did not change
significantly most of the behaviors of male and female animals observed in the open field
test. The two-way ANOVA showed statistically significant increase of the time spent in
the center of the OF by the COC group irrespective of sex or SM molecule (Conditioning
solution x Sex) (p = 0.031). In males, COC group had increased rearing when compared to
COC-NAIVE group (F@52) = 6.659; P = 0.013). SM7 molecule slightly decreased rearing
when compared to VEH (F51) = 3.347; P = 0.047) in males in both COC and COC-Naive
groups. However, total locomotion did not show statistically significant
differences between the overall groups (P = 0.822) (Conditioning solution x Indole
Molecules) in males and females. Females had nonsignificant differences regarding any of
the measures (Conditioning solution x Indole Molecules): rearing (P = 0.567); time spent
in the center (P = 0.872). There were no significant differences shown for comparisons

between Indole molecules x Sex (P > 0.05 for all measures).
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Fig. 2.

OF parameters. Total locomotion (2A, 2B): sum of center and peripheral frequencies;
Rearing frequencies (2C, 2D); Time spent in center (2E, 2F) expressed in seconds + SEM.
Two-way ANOVA followed by Tukey post hoc test. Data are presented as mean £ SEM. *
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P =0.047 VEH vs. SM7 groups. P =0.013 COC vs. COC-Naive groups for rearing counts.
No differences were found between SM-like molecules or conditioning solution for

females in CPP procedure groups. n=9-10 rats.
3.4 Cocaine-conditioned Place Preference

The two-way ANOVA showed no statistically significant differences in males for
Score 1 for Indole Molecules x Conditioning solution (COC or COC-Naive) (P = 0.694),
Score 2 (P = 0.496) or Score 3 (P = 0.481). In females, there was also no statistical
difference found for Indole Molecules x Conditioning solution for Score 1 (P = 0.489),
Score 2 (P = 0.295) or Score 3 (P = 0.295). Results for place preference does not point to
any significant increase of cocaine CPP or any CPP pairing with the SM molecules, as
represented in Figure 3A to 3F.

A two-way ANOVA followed by Tukey post hoc test of total number of entries in
each chamber during testing pointed out a significant statistical difference for females
(Indole Molecules x Conditioning solution) between SM12 and VEH (F50) = 3.507; P =
0.038), with SM12 showing greater number of entries than VEH, although there was no
interaction seen between treatments and sexes. Males did not show significant statistical
differences in total number of entries for Indole Molecules x Conditioning solution (P =

0.684). Results for the number of entries are represented in Figures 4A and 4B.
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Scores 1, 2 and 3 for cocaine-naive and cocaine -CPP procedure. Score 1 (3A, 3B):

difference between testing and pretesting. Score 2 (3C, 3D): percentage of drug-paired

side/drug-paired + saline-paired side. Score 3 (3E, 3F): difference between drug-paired and

saline-paired side. No significant differences were found for any of the scores or SM-like

molecules. Data are presented as mean = SEM. n=9-10 rats.



61

300+ O COC-Naive @ COC 400-

3004
200+

200

Entries
Entries

1004
1004

VEH SM7 SM12 VEH SM7 SM12

Fig. 4.

Total number of entries during Testing. Columns represent the sum of all entries on every
compartment. *P = 0.038 SS12 group vs. VEH group. Data are presented as mean + SEM.
n=9-10 rats.

3.5 Estrus Cycle

Estrus cycle distribution showed greater percentage for diestrus during Testing (45%) and
on OF testing day (39%) for both COC-NAIVE and COC females, followed by estrus in
Testing (22%) and metestrus in OF (28%). Other phases showed percentages lower than
20% for both days. SM7 and SM12 did not significantly disturb the estrous cycle of the
females in this study. Results for estrus cycle distribution are represented in Figures 5A
and 5B.

A

3 13.00% PROESTRUS
BB 22.00% ESTRUS
[ 20.00% METESTRUS
Em 45.00% DIESTRUS

3 19.00% PROESTRUS
@l 14.00% ESTRUS
O 28.00% METESTRUS
Hl 39.00% DIESTRUS

Fig. 5.

Estrus cycle distribution in Testing and OF. Distribution in Testing (5A) and OF test (5B).
Proestrus: light gray slice. Estrus: dark gray slice. Metestrus: white grid slice. Diestrus:
black slice.
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4. Discussion

Our results show that both the SM7 and SM12 molecules are quite safe to be used
as oral agents for future studies in both males and females, considering the in silico, the in
vitro, the behavioral effects and the estrous cycle results in females. Some caution will
have to be made regarding possible hepatotoxic and nephrotoxic interactions with other
agents, regarding the results from Table 3, which could be indicating that these molecules
may interfere in metabolization of diverse drugs and in drug interactions (Koe et al., 2013;
Salminen et al., 2015). Clearance of SM molecules was indicated as similar to creatinine
clearance. Creatinine clearance is normal around 1 mg/dL (Shahbaz and Gupta, 2019),
while renal OCT?2 is an organic cation transporter which, when inhibited, can impair the
clearance of drugs and contribute to drug-drug interactions (Hacker et al., 2015). hERG
gene or KCNH> gives origin to a potassium channel alpha subunit. The hERG channel is a
voltage gated potassium channel usually involved in action potential repolarization and its
reduced function can lead to action potential prolongation (Priest et al., 2008). Ibogaine, a
naturally occurring indole extensively researched for its anti-addictive properties, has
shown effects on hERG channels, prolonging the QT interval (Koenig et al., 2013). Only
SM7 seemed to have an inhibition effect in hERG I, but none were pointed as hERG |
inhibitors. Our results showed positive for AMES toxicity test, which indicates these
molecules could have a mutagenic effect. One should consider that the potential toxicity of
organic compounds in aquatic life are evaluated by two basic tests, the T. pyriformis and
the fathead minnow toxicity tests (Nendza, 2010), which seemed low for both tests. In
future studies the mutagenic effects of these agents need to be extensively evaluated
through in vivo testing.

In vitro effects in C6 glioma cells displayed different patterns for SM7 and SM12.
SM12 decreased cell survival in the higher range of concentration and SM7 showed no
cytotoxicity in the concentration range tested, although there is a downward at 50 mM in
the curve, which could explain its ICso of 37.07 mM being lower than SM12 ICso (102.07
mM). DMSO, at 10%, did not show any difference from treatments or NC, although
Figure 1 shows a slight decrease in cell viability for DMSO in SM7 curve, while SM12
curve did not show the same result, corroborating other studies (Malinin and Perry, 1967).
Modulation of CNS function was observed before by DMSO in an Alzheimer’s disease

model (PENAZZI et al., 2017), showing enhanced spatial memory accuracy. A
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comparison group not exposed to DMSO should be included in future studies to determine
if this substance could be interfering in results. Overall, in future studies one should be
aware that the doses used should produce lower in vivo blood and tissue concentrations of
SM7 and SM12 than the ones seen to induce toxic effects

Additionally, we showed that in vivo administration of indole molecules SM7 and
SM12, at the dose of 10 mg/kg, did not demonstrate major toxicity or adverse effects in
locomotor activity, if we consider the results on the OF test and number of entries in CPP
chambers. The OF test is a good measure for motor function and anxiety-like behaviors
(Costa et al., 2015; Sturman et al., 2018). Drugs that had been demonstrating cytotoxicity
and brain damage as ethanol (Costa et al., 2015), cocaine (Valzachi et al., 2013),
amphetamine (Ott and Mandel, 1995), ibogaine (Marton et al., 2019), ketamine
(McGowan et al., 2017), as well as stress (Sturman et al., 2018) are able to change
behaviors measured in this test. Also, the majority of drugs of abuse elicit DA outflow,
causing hyperactivity (Ott and Mandel, 1995), but this was not observed after the
administration of SM7 and SM12 even in COC primed rats.

Compounds targeting the serotonergic system can often cause serotonergic
syndrome, as can be seen with amphetamines, SSRIs and other drugs which increase 5-HT
levels on the synaptic cleft, causing symptoms like tremors, anxiety, convulsions, rigidity,
among others (VVolpi-Abadie et al., 2013). Nevertheless, this kind of effects were not
observed in our study. The serotonergic system is also involved in intestinal peristalsis
(Filip et al., 2005) which did not appear to be a target as we did not see changes in
defecation on the open field test or during handling of the animals.

Cocaine and other psychostimulants are known to be anxiogenic (Perrine et al.,
2008; Valzachi et al., 2013) and there is demonstration of increased rearing days after the
last dose of cocaine (Costall et al., 1989), which could be showing an anxiolytic effect due
to neuroplasticity. In our case, cocaine exposed males showed higher rearing counts
compared to cocaine-naive males and the SM 7 and SM12 molecules did not interfere with
the cocaine aftereffect, showing that they do not prolong cocaine’s effects.

Using a classic unbiased cocaine-CPP procedure, we have not observed an
augmentation in time spent in the cocaine exposed compared to the cocaine-naive males
nor females. In fact, we found the opposite for males. Even though recent studies in our

laboratory have shown conditioning of males (Freese et al., 2018) and females (Heidrich,
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2017) using the same reinforcing dose of 15 mg/kg in biased and unbiased protocols, the
findings of the present study have not corroborated these and other reports showing
conditioning in unbiased (Cervo et al., 1996) and biased protocols (dela Cruz et al., 2009;
Prast et al., 2014). This dose used could be considered a high dose of cocaine, which is
able to generate conditioning (Prast et al., 2014). The CPP protocol used here predicts a
pause of two days between the last saline-paired day of conditioning and testing phase,
aiming to avoid a memory bias. When testing was performed, cocaine administration has
been concluded for three days, which could be leading to withdrawal symptoms,
characterized by negative affect, which results in the emergence of opposite responses
shown in a more initial phase of drug exposure (Koks, 2015). Cocaine withdrawal initial
phase can perdure around 4 days (Filip et al., 2005), reaching its peak at the third day
(Miczek and Barros, 1996). Withdrawal symptoms have shown to cause conditioned place
aversion in rats and mice (Felszeghy et al., 2007; Prus et al., 2009). It is most probably
caused by the reduction of dopamine activity as an outcome of neuroadaptations due to
chronic exposure to the drug, resulting in symptoms of dysphoria when drug exposure is
discontinued (Koob and Volkow, 2010), which can be aversive to animals. Also, it has
been demonstrated that 5-HT levels are reduced in the nucleus accumbens during
withdrawal (Dworkin et al., 1995; Parsons et al., 1998) and that administration of 5-HT
increasing agents can restore DA levels (Hallbus et al., 1997) and could relieve withdrawal
symptoms without inducing relapse, as normalizing the DA system could restore interest
to other natural rewards (Filip et al., 2005). Not seeing a cocaine effect on this study
allowed for the opportunity to ascertain that SM7 and SM12 do not increase the
discrimination properties of cocaine in both male and female rats, at the same time it
clearly shows that the new indole molecules do not induce preference by the male or
female rats.

For females rats, on the other hand, total number of entries was higher for the
SM12 group in general when compared to the VEH group. Number of entries or numbers
of crossings in CPP chamber can be used as a measure of horizontal locomotor activity
(Bardo et al., 2015). The subacute administration of a single dose of SM12 seems to
induce a rise in horizontal locomotor activity. It does not seem to be an influence of a state
of cocaine withdrawal, as cocaine-exposed females demonstrated slightly smaller number

of entries, a pattern that is repeated for total locomotion in the OF, although there is no
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statistical difference. This might be representing an effect of serotonergic activity, as it has
been reported that administration of fluoxetine and escitalopram can induce increases in
locomotor activity (Prinssen et al., 2006) and that serotonergic stimulation can elicit
locomotion (Stawinska et al., 2014). However, this effect seems to be transient, as SM12
apparently shows a slight decrease in the OF parameters for females only, as males
demonstrated different patterns for these parameters. There could be a possibility that this
molecule has differential effects in males and females. There seems to be differences in the
serotonergic system among sexes as well as the DA system, as seen in knockout female
mice for 5-HT1g receptor, showing reduced immobility (Jones and Lucki, 2005). Deletion
of 5-HTs3 receptors also seems related to depression like behaviors in females (Bhatnagar et
al., 2004). Also, it appears to be that females have greater levels of 5-HT and its
metabolite, 5-hydroxyindoleacetic acid, in the whole brain (Carlsson et al., 1985; Carlsson
and Carlsson, 1988).

5. Conclusions

This exploratory study with two new indole molecules validates the low toxicity of
them regarding the CNS and behavioral changes and present some results of systemic
pharmacology and toxicology that point to a preliminary safety with the use of low dosage.
Another positive feature observed is that these molecules did not seem to potentiate
cocaine’s effects, as well as do not seem to induce preference by themselves. Future
studies can be conducted to determine if there are other possible behavioral utilities that
the molecules might have in different behavioral tests. Also, taking into account these
molecules could have potential teratology and mutagenic effects, which should be

confirmed through additional toxicological experiments.

Acknowledgment

This work was financially supported (with no other role) by the National Council
for Scientific and Technological Development (CNPg; HMTB-1B Researcher) and was
financed in part by the Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior -
Brasil (CAPES) - Finance Code 001 granted to Nubia Heidrich, Luana Freese, Felipe



66

Borges Almeida, Paulo Ricardo Fernandes, Aline Steinmetz, and Sabrina Stefanie dos

Santos.

References

Alex, K.D., Pehek, E.A., 2007. Pharmacologic mechanisms of serotonergic regulation of
dopamine neurotransmission. Pharmacology & Therapeutics 113, 296-320.
https://doi.org/10.1016/j.pharmthera.2006.08.004

Bardo, M.T., Horton, D.B., Yates, J.R., 2015. Chapter 7 - Conditioned Place Preference as
a Preclinical Model for Screening Pharmacotherapies for Drug Abuse, in: Markgraf, C.G.,
Hudzik, T.J., Compton, D.R. (Eds.), Nonclinical Assessment of Abuse Potential for New
Pharmaceuticals. Academic Press, Boston, pp. 151-196. https://doi.org/10.1016/B978-0-
12-420172-9.00007-2

Becker, J.B., Chartoff, E., 2019. Sex differences in neural mechanisms mediating reward
and addiction. Neuropsychopharmacol 44, 166-183. https://doi.org/10.1038/s41386-018-
0125-6

Bhatnagar, S., Nowak, N., Babich, L., Bok, L., 2004. Deletion of the 5-HT3 receptor
differentially affects behavior of males and females in the Porsolt forced swim and
defensive withdrawal tests. Behav. Brain Res. 153, 527-535.
https://doi.org/10.1016/j.bbr.2004.01.018

Carlsson, M., Carlsson, A., 1988. A regional study of sex differences in rat brain serotonin.
Prog. Neuropsychopharmacol. Biol. Psychiatry 12, 53-61. https://doi.org/10.1016/0278-
5846(88)90061-9

Carlsson, M., Svensson, K., Eriksson, E., Carlsson, A., 1985. Rat brain serotonin:
biochemical and functional evidence for a sex difference. J. Neural Transm. 63, 297-313.
https://doi.org/10.1007/bf01252033

Cervo, L., Pozzi, L., Samanin, R., 1996. 5-HT3 receptor antagonists do not modify cocaine
place conditioning or the rise in extracellular dopamine in the nucleus accumbens of rats.
Pharmacology Biochemistry and Behavior 55, 33-37. https://doi.org/10.1016/0091-
3057(96)00046-9

Costa, P.A., Poli, J.H.Z., Sperotto, N.D.M., Moura, D.J., Saffi, J., Nin, M.S., Barros,
H.M.T., 2015. Brain DNA damage and behavioral changes after repeated intermittent
acute ethanol withdrawal by young rats. Psychopharmacology 232, 3623-3636.
https://doi.org/10.1007/s00213-015-4015-x

Costall, B., Kelly, M.E., Onaivi, E.S., 1989. The Actions of Nicotine and Cocaine in a
Mouse Model of Anxiety 33, 197-203.

dela Cruz, A.M., Herin, D.V., Grady, J.J., Cunningham, K.A., 2009. Novel approach to
data analysis in cocaine-conditioned place preference: Behavioural Pharmacology 20,
720-730. https://doi.org/10.1097/FBP.0b013e328333b266



67

Dworkin, S.1., Co, C., Smith, J.E., 1995. Rat brain neurotransmitter turnover rates altered
during withdrawal from chronic cocaine administration. Brain Research 682, 116—126.
https://doi.org/10.1016/0006-8993(95)00327-M

Egan, W.J., Merz, K.M., Baldwin, J.J., 2000. Prediction of drug absorption using
multivariate statistics. J. Med. Chem. 43, 3867-3877. https://doi.org/10.1021/jm000292e

EMCDDA, E.M.C. for D. and D.A., 2017. High-risk drug use and new psychoactive
substances results from an EMCDDA trendspotter study: June 2017. Publications Office of
the European Union, Luxembourg.

Ettenberg, A., Bernardi, R.E., 2007. Effects of buspirone on the immediate positive and
delayed negative properties of intravenous cocaine as measured in the conditioned place
preference test. Pharmacology Biochemistry and Behavior 87, 171-178.
https://doi.org/10.1016/j.pbb.2007.04.014

Felszeghy, K., Espinosa, J.M., Scarna, H., Bérod, A., Rosténe, W., Pélaprat, D., 2007.
Neurotensin Receptor Antagonist Administered during Cocaine Withdrawal Decreases
Locomotor Sensitization and Conditioned Place Preference. Neuropsychopharmacol 32,
2601-2610. https://doi.org/10.1038/sj.npp.1301382

Filip, M., Frankowska, M., Zaniewska, M., Golda, A., Przegalinski, E., 2005. The
serotonergic system and its role in cocaine addiction. Pharmacological reports: PR 57,
685—700.

Fourches, D., Barnes, J.C., Day, N.C., Bradley, P., Reed, J.Z., Tropsha, A., 2010.
Cheminformatics analysis of assertions mined from literature that describe drug-induced
liver injury in different species. Chem. Res. Toxicol. 23, 171-183.
https://doi.org/10.1021/tx900326k

Freese, L., Almeida, F.B., Heidrich, N., Hansen, A.W., Steffens, L., Steinmetz, A., Moura,
D.J., Gomez, R., Barros, H.M.T., 2018. Environmental enrichment reduces cocaine
neurotoxicity during cocaine-conditioned place preference in male rats. Pharmacology
Biochemistry and Behavior 169, 10-15. https://doi.org/10.1016/j.pbb.2018.04.001

Freese, L., Muller, E.J., Souza, M.F., Couto-Pereira, N.S., Tosca, C.F., Ferigolo, M.,
Barros, H.M.T., 2012. GABA system changes in methylphenidate sensitized female rats.
Behav. Brain Res. 231, 181-186. https://doi.org/10.1016/j.bbr.2012.03.017

Hacker, K., Maas, R., Kornhuber, J., Fromm, M.F., Zolk, O., 2015. Substrate-Dependent
Inhibition of the Human Organic Cation Transporter OCT2: A Comparison of Metformin
with Experimental Substrates. PLoS ONE 10, e0136451.
https://doi.org/10.1371/journal.pone.0136451

Hallbus, M., Magnusson, T., Magnusson, O., 1997. Influence of 5-HT1B/1D receptors on
dopamine release in the guinea pig nucleus accumbens: a microdialysis study.
Neuroscience Letters 225, 57—60. https://doi.org/10.1016/S0304-3940(97)00178-X



68

Heidrich, N., 2017. Efeitos do enriquecimento ambiental em ratas fémeas na busca pelo
efeito da cocaina: um estudo sobre a escolha entre a cocaina e a sacarina (Trabalho de
Conclusao de Curso). Universidade do Vale do Rio dos Sinos, Sdo Leopoldo.

Henn, J.G., Steffens, L., de Moura Sperotto, N.D., de Souza Ponce, B., Verissimo, R.M.,
Boaretto, F.B.M., Hassemer, G., Péres, V.F., Schirmer, H., Picada, J.N., Saffi, J., Moura,
D.J., 2019. Toxicological evaluation of a standardized hydroethanolic extract from leaves
of Plantago australis and its major compound, verbascoside. Journal of
Ethnopharmacology 229, 145-156. https://doi.org/10.1016/j.jep.2018.10.003

Jones, M.D., Lucki, I, 2005. Sex Differences in the Regulation of Serotonergic
Transmission and Behavior in 5-HT Receptor Knockout Mice. Neuropsychopharmacol 30,
1039-1047. https://doi.org/10.1038/sj.npp.1300664

Kaushik, Nagendra, Kaushik, Neha, Attri, P., Kumar, N., Kim, C., Verma, A., Choi, E.,
2013. Biomedical Importance of Indoles. Molecules 18, 6620-6662.
https://doi.org/10.3390/molecules18066620

Koe, X.F., Lim, E.L., Seah, T.C., Amanah, A., Wahab, H.A., Adenan, M.l., Sulaiman,
S.F., Tan, M.L., 2013. Evaluation of in vitro cytochrome P450 induction and inhibition
activity of deoxyelephantopin, a sesquiterpene lactone from Elephantopus scaber L. Food
and Chemical Toxicology 60, 98-108. https://doi.org/10.1016/j.fct.2013.07.030

Koenig, X., Kovar, M., Rubi, L., Mike, A.K., Lukacs, P., Gawali, V.S., Todt, H., Hilber,
K., Sandtner, W., 2013. Anti-addiction drug ibogaine inhibits voltage-gated ionic currents:
A study to assess the drug’s cardiac ion channel profile. Toxicology and Applied
Pharmacology 273, 259-268. https://doi.org/10.1016/j.taap.2013.05.012

Kdks, S., 2015. Experimental Models on Effects of Psychostimulants, in: International
Review of Neurobiology. Elsevier, pp. 107-129.
https://doi.org/10.1016/bs.irn.2015.03.002

Koob, G.F., Volkow, N.D., 2010. Neurocircuitry of Addiction. Neuropsychopharmacol 35,
217-238. https://doi.org/10.1038/npp.2009.110

Kreek, M.J., Nielsen, D.A., Butelman, E.R., LaForge, K.S., 2005. Genetic influences on
impulsivity, risk taking, stress responsivity and vulnerability to drug abuse and addiction.
Nat Neurosci 8, 1450-1457. https://doi.org/10.1038/nn1583

Lipinski, C.A., Lombardo, F., Dominy, B.W., Feeney, P.J.,, 2001. Experimental and
computational approaches to estimate solubility and permeability in drug discovery and
development settings. Adv. Drug Deliv. Rev. 46, 3-26. https://doi.org/10.1016/s0169-
409x(00)00129-0

Malinin, T.I., Perry, V.P., 1967. Toxicity of dimethyl sulfoxide on HeLa cells.
Cryobiology 4, 90-96. https://doi.org/10.1016/S0011-2240(67)80216-5

Marcondes, F.K., Bianchi, F.J., Tanno, A.P., 2002. Determination of the estrous cycle
phases of rats: some helpful considerations. Braz. J. Biol. 62, 609-614.
https://doi.org/10.1590/S1519-69842002000400008



69

Marton, S., Gonzalez, B., Rodriguez-Bottero, S., Miquel, E., Martinez-Palma, L., Pazos,
M., Prieto, J.P., Rodriguez, P., Sames, D., Seoane, G., Scorza, C., Cassina, P., Carrera, I.,
2019. Ibogaine Administration Modifies GDNF and BDNF Expression in Brain Regions
Involved in Mesocorticolimbic and Nigral Dopaminergic Circuits. Front. Pharmacol. 10,
193. https://doi.org/10.3389/fphar.2019.00193

McGowan, J.C., LaGamma, C.T., Lim, S.C., Tsitsiklis, M., Neria, Y., Brachman, R.A,,
Denny, C.A., 2017. Prophylactic = Ketamine Attenuates Learned Fear.
Neuropsychopharmacol 42, 1577-1589. https://doi.org/10.1038/npp.2017.19

Miczek, K.A., Barros, H.M.T., 1996. Withdrawal from oral cocaine in rats: ultrasonic
vocalizations  and  tactile  startle. Psychopharmacology 125,  379-384.
https://doi.org/10.1007/BF02246021

Mortelmans, K., Zeiger, E., 2000. The Ames Salmonella/microsome mutagenicity assay.
Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis 455, 29-60.
https://doi.org/10.1016/S0027-5107(00)00064-6

Nendza, M., 2010. Data quality assessment for in silico methods: A survey of approaches
and needs, in: In Silico Toxicology: Principles and Applications. Royal Society of
Chemistry.

Ott, D.A., Mandel, R.J., 1995. Amphetamine sensitivity in open-field activity vs. the
prepulse  inhibition  paradigm. Brain  Research  Bulletin 37, 219-222.
https://doi.org/10.1016/0361-9230(94)00276-7

Pandolfo, P., Vendruscolo, L.F., Sordi, R., Takahashi, R.N., 2009. Cannabinoid-induced
conditioned place preference in the spontaneously hypertensive rat-an animal model of
attention  deficit hyperactivity disorder. Psychopharmacology 205, 319-326.
https://doi.org/10.1007/s00213-009-1542-3

Parsons, L.H., Weiss, F., Koob, G.F., 1998. Serotonin 1g Receptor Stimulation Enhances
Cocaine Reinforcement. J. Neurosci. 18, 10078-10089.
https://doi.org/10.1523/JNEUROSCI.18-23-10078.1998

Perrine, S.A., Sheikh, I.S., Nwaneshiudu, C.A., Schroeder, J.A., Unterwald, E.M., 2008.
Withdrawal from chronic administration of cocaine decreases delta opioid receptor
signaling and increases anxiety- and depression-like behaviors in the rat.
Neuropharmacology 54, 355-364. https://doi.org/10.1016/j.neuropharm.2007.10.007

Piazza, P.V., Le Moal, M., 1998. The role of stress in drug self-administration. Trends in
Pharmacological Sciences 19, 67—74. https://doi.org/10.1016/S0165-6147(97)01115-2

Prast, J.M., Schardl, A., Sartori, S.B., Singewald, N., Saria, A., Zernig, G., 2014. Increased
conditioned place preference for cocaine in high anxiety related behavior (HAB) mice is
associated with an increased activation in the accumbens corridor. Front. Behav. Neurosci.
8. https://doi.org/10.3389/fnbeh.2014.00441

Priest, B., Bell, .M., Garcia, M., 2008. Role of hERG potassium channel assays in drug
development. Channels 2, 87-93. https://doi.org/10.4161/chan.2.2.6004



70

Prinssen, E.P.M., Ballard, T.M., Kolb, Y., Nicolas, L.B., 2006. The effects of serotonin
reuptake inhibitors on locomotor activity in gerbils. Pharmacology Biochemistry and
Behavior 85, 44-49. https://doi.org/10.1016/j.pbb.2006.07.005

Prus, AJ., James, J.R., Rosecrans, J.A., 2009. Conditioned Place Preference, in:
Buccafusco, J.J. (Ed.), Methods of Behavior Analysis in Neuroscience, Frontiers in
Neuroscience. CRC Press/Taylor & Francis, Boca Raton (FL).

Salminen, K.A., Rahnasto-Rilla, M., Véaénanen, R., Imming, P., Meyer, A., Horling, A.,
Poso, A., Laitinen, T., Raunio, H., Lahtela-Kakkonen, M., 2015. Time-Dependent
Inhibition of CYP2C19 by Isoquinoline Alkaloids: In Vitro and In Silico Analysis. Drug
Metab Dispos 43, 1891-1904. https://doi.org/10.1124/dmd.115.065755

Shafakat Ali, N., Dar, B., Pradhan, V., Farooqui, M., 2013. Chemistry and Biology of
Indoles and Indazoles: A Mini-Review. MRMC 13, 1792-1800.
https://doi.org/10.2174/1389557511313120009

Shahbaz, H., Gupta, M., 2019. Creatinine Clearance, in: StatPearls [Internet]. Stat Pearls
Publishing, Treasure Island, FL, p. 6.

Shi, W., Wymore, R.S., Wang, H.-S., Pan, Z., Cohen, I.S., McKinnon, D., Dixon, J.E.,
1997. Identification of Two Nervous System-Specific Members of theerg Potassium
Channel Gene Family. J Neurosci 17, 9423-32. https://doi.org/10.1523/JNEUROSCI.17-
24-09423.1997

Stawinska, U., Miazga, K., Jordan, L.M., 2014. The role of serotonin in the control of
locomotor movements and strategies for restoring locomotion after spinal cord injury. Acta
Neurobiol Exp (Wars) 74, 172-187.

Souza, M.F., Couto-Pereira, N.S., Freese, L., Costa, P.A., Caletti, G., Bisognin, K.M., Nin,
M.S., Gomez, R., Barros, H.M.T., 2014. Behavioral effects of endogenous or exogenous
estradiol and progesterone on cocaine sensitization in female rats. Braz J Med Biol Res 47,
505-514. https://doi.org/10.1590/1414-431X20143627

Souza, M.F., Toniazo, V.M., Frazzon, A.P.G., Barros, H.M.T., 2009. Influence of
progesterone on GAD65 and GAD67 mRNA expression in the dorsolateral striatum and
prefrontal cortex of female rats repeatedly treated with cocaine. Brazilian Journal of
Medical and Biological Research 42, 1068-1075. https://doi.org/10.1590/S0100-
879X2009001100011

Stark, C., Steger-Hartmann, T., 2016. Nonclinical Safety and Toxicology, in: New
Approaches to Drug Discovery, Handbook of Experimental Pharmacology. Springer, pp.
261-83.

Steinmetz, A., Steffens, L., Moras, A.M., Prezzi, F., Braganhol, E., Saffi, J., Ortiz, R.S.,
Barros, H.M.T., Moura, D.J., 2018. In vitro model to study cocaine and its contaminants.
Chemico-Biological Interactions 285, 1-7. https://doi.org/10.1016/j.cbi.2018.01.017



71

Sturman, O., Germain, P.-L., Bohacek, J., 2018. Exploratory rearing: a context- and stress-
sensitive  behavior recorded in the open-field test. Stress 21, 443-452.
https://doi.org/10.1080/10253890.2018.1438405

UNODC, U.N.O. on D. and C., 2019. World Drug Report 2019. United Nations Office on
Drugs and Crime, Vienna.

UNODC, U.N.O. on D. and C., 2014. World drug report 2014. United Nations Office on
Drugs and Crime, Vienna.

Valzachi, M.C., Teodorov, E., Marcourakis, T., Bailey, A., Camarini, R., 2013.
Enhancement of Behavioral Sensitization, Anxiety-Like Behavior, and Hippocampal and
Frontal Cortical CREB Levels Following Cocaine Abstinence in Mice Exposed to Cocaine
during Adolescence. PLoS ONE 8, €78317. https://doi.org/10.1371/journal.pone.0078317

Veber, D.F., Johnson, S.R., Cheng, H.-Y., Smith, B.R., Ward, K.W., Kopple, K.D., 2002.
Molecular properties that influence the oral bioavailability of drug candidates. J. Med.
Chem. 45, 2615-2623. https://doi.org/10.1021/jm020017n

Vilela, M.G., Janior, J.L. dos S., Silva, J.G. de C. e, 2007. Determinacdo do ciclo estral em
ratas por lavado vaginal.

Volpi-Abadie, J., Kaye, A.M., Kaye, A.D., 2013. Serotonin Syndrome. Ochsner J 13, 533—
540.

Yoest, K.E., Quigley, J.A., Becker, J.B., 2018. Rapid effects of ovarian hormones in dorsal
striatum and nucleus accumbens. Horm Behav 104, 119-129.
https://doi.org/10.1016/j.yhbeh.2018.04.002



72

6 CONCLUSAO

O estudo apresentado aqui, utilizando-se de metodologias in silico, in vitro
e in vivo, foi capaz de demonstrar que as moléculas indolicas desenvolvidas e
testadas demonstram resultados preliminares promissores de seguranca. As duas
moléculas, SM7 e SM12, ndo demonstraram efeito prejudicial grave ou até
mesmo moderado sobre o SNC, pois ndo foi observada mudanca drastica de
comportamentos mais basicos do animal, como locomocdo motora e
emocionalidade, assim como isso n&o foi observado em comportamento de maior
complexidade, considerando os resultados sobre a preferéncia de lugar, que
envolve funcbes cognitivas de maior exigéncia da capacidade mental do animal.
Estas moléculas também ndo aparentam possuir mecanismos de interacdo com
um potente psicoestimulante, a cocaina, que sabidamente possui relagdes com o
sistema serotoninérgico, o que demonstra que muito possivelmente ndo possuem
potencial de abuso.

Outro fato interessante observado aqui é que parece ndo haver influéncia
sobre 0s horménios sexuais destas moléculas, ainda que tenham sido
administradas poucas doses. Nao obstante, a SM12 demonstrou efeito na
locomocéao horizontal das fémeas, o que poderia estar relacionado a efeito sobre
0 sistema serotoninérgico, que parece estar associado a mudancas na atividade
locomotora de fémeas.

Considerando os resultados in silico e os testes in vitro, seria valido avaliar
parametros de citotoxicidade sobre outros sistemas e érgdos, como hepatécitos e
células cardiacas, e verificar parametros farmacocinéticos, como taxa de
metabolizacao e solubilidade no plasma, curva dose-resposta e a possibilidade de
efeitos cumulativos ao longo do tempo, o que seria mais apropriado verificar em
estudos in vivo de toxicidade cronica, utilizando também de crescentes dosagens,
a fim de se estabelecer sua dose possivelmente letal.

A descoberta de moléculas novas € um desafio constante que exige
minucioso planejamento, dedicacdo e tempo. No entanto, considerando que a
descoberta de novos processos e mecanismos em condicbes de saude sdo
constantemente estudados e elucidados, a relevancia da testagem de

substancias novas ou diferentes aplicagdes se torna iminente. Nao obstante, o
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uso e consumo abusivo de substancias psicoativas nao controladas €& outro
grande problema ainda hoje a ser resolvido, pelas grandes consequéncias que
este uso indevido gera ao individuo e aos sujeitos ao seu redor, que podem ser
agravadas na presenca de poliuso de drogas de diferentes classes, gerando
interacdes entre drogas ou maior toxicidade ao usuario. Isto gera consequéncias
ao ser humano que nédo sdo bem descritas ainda, ja que € uma ardua
incumbéncia obter dados sobre padrées de uso, interacbes ou mecanismos
envolvidos com o uso de substancias ndo bem elucidadas, mas que séo usadas
de modo recreacional, mesmo assim, por seus efeitos recompensadores. I1sso
nao foi observado por este estudo, significando que estas moléculas néo
possuem influéncias no sistema de recompensa, assim como nao foram
observados efeitos toxicos. As moléculas de nucleo inddlico, por sua ampla
aplicacdo biolégica em areas diversificadas, além de facil criacdo de derivativos
por possuirem amplo espectro de opces de modificacdes, tendem a ser opcdes
bastante exploradas em testagem de moléculas novas. Neste sentido, mais
estudos deveriam ser pensados, com o intuito de averiguar diferentes aplicacoes
e utilidades as moléculas testadas neste estudo.
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of chemical and physical agents on the developing, adult or aging nervous system. In this context,
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Werd or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Neurotoxicology and Teratology presents original reports of systemic studies in the areas of adult
neurotoxicology and developmental neurotoxicology in which the primary emphasis and theoretical
context are on the nervous system and/or behavior.

The Journal publishes original, peer-reviewed studies that cover the developmental and adult
neurotoxicity of pesticides, drugs of abuse, pharmaceuticals, solvents, heavy metals, organometals,
general industrial-use compounds, marine and plant toxins, atmospheric reaction compounds, and
physical agents such as radiation and noise. Neurotoxicology and Teratology also features Short
Communications reserved for short reports that describe novel findings, techniques and approaches
that can be conveyed fully and succinctly in 4 - 5 published pages. Studies with complex designs,
multiple endpoints, and / or multiple experiments should be submitted as Full length Articles. Short
Communications should be organized according to the guidelines described for regular articles, but will
be limited to no more than 3 figures, tables or combination thereof, with a maximum of 4000 words,
including text, tables, appendices and references. Invited Reviews and Discussion series provide a
timely update on selected aspects of a scientific field undergoing rapid change or on areas that present
special methodological or interpretive problems. Full-length review articles are also published.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
» Full postal address

All necessary files have been uploaded:

Manuscript:

» Include keywords

¢ All figures (include relevant captions)

* All tables (including titles, description, footnotes)

» Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

* A competing interests statement is provided, even if the authors have no competing interests to
declare

* Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN
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To improve the acceptability of your manuscript and decrease the time to publication in
Neurotoxicology and Teratology (NT&T), please read the following supplement to the "Guide
for Authors": Practical considerations on the design, execution and analysis of developmental
neurotoxicity studies to be published in Neurotoxicology and Teratology.

This supplement provides helpful guidance on effectively and fully communicating:

The scientific question(s) addressed The hypotheses to be tested or generated in the study Selection
of subjects, sample sizes, apparatus, defined outcome measures Statistical methods designed to
answer the initial questions Analysis of data, including the use of the litter as the statistical unit of
analysis in developmental neurotoxicity studies Results of the study, including tables and figures A
balanced interpretation of the observations

Note that the editors and reviewers will evaluate your submission on the basis of these issues, as they
are developed in the supplementary guidance document referenced above. The better your submission
incorporates this guidance, the higher the likelihood of rapid publication and the greater its impact.

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors should complete the declaration of interest
statement using this template and upload to the submission system at the Attach/Upload Files step.
If there are no interests to declare, please choose: 'Declarations of interest: none' in the template.
This statement will be published within the article if accepted. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).
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Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he’ or 'his', and by making use of job titles that are free of stereotyping
(e.q. 'chairperson’ instead of 'chairman’ and 'flight attendant’ instead of 'stewardess').

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the paper for publication. If the funding source(s) had no such involvement then this should
be stated. Please see https://www.elsevier.com/funding.

All sources of funding should be declared as an acknowledgment at the end of the text.

Please visit our Open Access page from the Journal Homepage for more information.
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Elsevier Researcher Academy

Researcher Academy Is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn” environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

The Editor welcomes submissions by the authors of the names and addresses of up to five individuals
who could expertly review the paper, and who are not from the same institutions as the authors. The
Editor reserves the right to use these or other reviewers.

General Submission to this journal proceeds totally online and you will be guided stepwise through
the creation and uploading of your files. The system automatically converts your files to a single PDF
file, which is used in the peer-review process. As part of the Your Paper Your Way service, you may
choose to submit your manuscript as a single file to be used in the refereeing process. This can be
a PDF file or a Word document, in any format or lay-out that can be used by referees to evaluate
your manuscript. It should contain high enough quality figures for refereeing. If you prefer to do
so, you may still provide all or some of the source files at the initial submission. Please note that
individual figure files larger than 10 MB must be uploaded separately. There are no strict requirements
on reference formatting at submission. References can be in any style or format as long as the style
is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article title,
year of publication, volume number/book chapter and the pagination must be present. Use of DOl is
highly encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author
to correct. Please ensure the text of your manuscript is double-spaced and includes page and line
numbers - this is an essential peer review requirement. Please ensure the figures and the tables
included in the single file are placed next to the relevant text in the manuscript, rather than at the
bottom or the top of the file. Regardless of the file format of the original submission, at revision you
must provide us with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article. The electronic
text should be prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier: https://www.elsevier.com/guidepublication). See also the section on
Electronic artwork. To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and
'grammar-check’ functions of your word processor. Drugs. Proprietary (trademarked) names should
be capitalized. The chemical name should precede the trade, popular name, or abbreviation of a drug
the first time it occurs. Anesthesia. In describing surgical procedures on animals, the type and dosage
of the anesthetic agent should be specified. Curarizing agents are not anesthetics; if these were used,
evidence must be provided that anesthesia of suitable grade and duration was employed.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.
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Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced and includes page numbers - this is an essential
peer review requirement.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision Is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and ‘'grammar-check’
functions of your word processor.

Article Structure

All manuscripts must contain the essential elements needed to convey your manuscript, for example
Abstract, Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables
with Captions. If your article includes any Videos and/or other Supplementary material, this should
be included in your initial submission for peer review purposes. Divide the article into clearly defined
sections.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.
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Conclusions
The main canclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address’ (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

« Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

* Supply files that are optimized for screen use (e.qg., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and perscnal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either '"Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar 1.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.qg., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue’ are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/neurotoxicology-and-teratology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.” and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated in wheat (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer
et al. (2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9.

Reference to a book:

Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ,
editors. Introduction to the electronic age. New York: E-Publishing Inc; 2009. p. 281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by "et al.” For further details you are referred to "Uniform Requirements
for Manuscripts submitted to Biomedical Journals" (J Am Med Assoc 1997;277:927-34) (see also
http://www.nIlm.nih.gov/bsd/uniform_requirements.html).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB In total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
‘stills’ with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
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and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website, Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
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To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our enline
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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