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RESUMO

O canabidiol (CBD) ¢ um fitocanabinoide derivado da Cannabis sativa utilizado no
tratamento de disturbios neurolégicos, incluindo epilepsias refratarias infantis. Ha evidéncias
positivas de seu uso, mas pouco se sabe sobre efeitos a longo prazo no sistema nervoso em
desenvolvimento, ja que € capaz de interagir com o receptor canabinoide 1 (CB1) do sistema
endocanabinoide (SEC), que regula o neurodesenvolvimento. Neste trabalho, avaliamos
niveis de expressdo de enzimas e receptores do SEC - CNRI (Receptor canabinoide tipo 1),
CNR2 (Receptor canabinoide 2), DAGLA (Diacilglicerol lipase alfa), MAGL
(Monoacilglicerol lipase), NAPEPLD (N-araquidonoil fosfatidiletanolamina fosfolipase-D) e
FAAH (Amida hidrolase de 4acidos graxos) - em resposta ao tratamento com CBD em
neurdnios maduros e no desenvolvimento neuronal. Para isso, células da linhagem de
neuroblastoma humano SH-SY5Y foram diferenciadas em um fendtipo neuronal com acido
retindico (AR) durante 7 dias. Para a avaliagdo dos efeitos do CBD em neurdnios maduros, as
células foram tratadas por 24h ao final da diferenciacdo. J& para a avaliagao dos efeitos do
CBD durante o desenvolvimento neuronal, o mesmo foi adicionado a cada troca de meio
durante os 7 dias de diferenciagdo. Apds os tratamentos, amostras foram coletadas em Trizol
(Invitrogen) para extracdo de RNA de acordo com a orientagdo do fabricante. Em seguida
realizou-se a sintese de cDNA que foi utilizado para a quantificacdo dos niveis de expressao
dos genes por RT-gPCR, quantificados pelo método 2-ACt. Também avaliamos efeitos
neuroprotetores / neurotéxicos do CBD e seus derivados sintéticos HUF-101, (-)
-5'-DMH-CBD e HU-556 em c¢lulas tratadas por 24h (neurénios maduros) ou durante a
diferenciagdo neuronal e co-tratadas com 0,375 mM de Peroxido de Hidrogénio por mais 24h.
Também avaliamos os efeitos neuroprotetores / neurotoxicos do CBD e seus derivados
quando desafiados com 6-OHDA apos as 24h do 7° dia de tratamento. Ambos os desafios
foram avaliados a viabilidade celular por MTT e a produgdo de espécies reativas de oxigénio
por DCF. Neste trabalho utilizamos uma dose de 0,1 uM de CBD e derivados sintéticos visto
que demonstrou certa protecdo. Os resultados indicam que neurdnios maduros e em
desenvolvimento respondem de forma diferente ao CBD tanto em nivel celular quanto
molecular. O CBD atua no sistema endocanabinoide (SEC), um sistema de mensageiros
retrogrados, que produz endocanabinoides como 2-AG (2-araquidonoilglicerol) ¢ AEA
(Anandamida). Nosso trabalho apresentou uma redugdo na expressdo da enzima que sintetiza
AEA e houve um aumento na expressao da enzima que degrada AEA no modelo de
desenvolvimento neuronal, e isso faz com que tenha uma menor disponibilidade de AEA que
¢ um ligante de CBI1. O efeito neuroprotetor ndo ¢ o mesmo quando submetemos as células
tratadas com CBD a um desafio mais intenso de H,O, (Per6xido de hidrogénio), mas ¢
neuroprotetor durante a diferenciagao quando desafiado com 6-OHDA.

Palavras-chave: canabidiol; sistema endocanabinoide; epilepsia refrataria; enzimas sintese e
degradagdo; neuroprotegao.



ABSTRACT

Cannabidiol (CBD) is a phytocannabinoid derived from Cannabis sativa used in the treatment
of neurological disorders, including refractory childhood epilepsies. There is positive
evidence for its use, but little is known about its long-term effects on the developing nervous
system, as it is able to interact with the cannabinoid receptor 1 (CB1) of the endocannabinoid
system (ECS), which regulates neurodevelopment. In this work, we evaluated expression
levels of ECS enzymes and receptors - CNRI (Cannabinoid receptor type 1), CNR2
(Cannabinoid receptor type 2), DAGLA (Diacylglycerol lipase alpha), MAGL
(Monoacylglycerol lipase), NAPEPLD (N-arachidonoylphosphatidylethanolamine
phospholipase-D) and FAAH (Fatty acid amide hydrolase) - in response to CBD treatment in
mature neurons and in neuronal development. For this, cells of the human neuroblastoma
lineage SH-SYSY were differentiated into a neuronal phenotype with retinoic acid (RA) for 7
days. To evaluate the effects of CBD on mature neurons, cells were treated for 24h at the end
of differentiation. For the evaluation of the effects of CBD during neuronal development, it
was added to each change of medium during the 7 days of differentiation. After the
treatments, samples were collected in Trizol (Invitrogen) for RNA extraction according to the
manufacturer's instructions. Then, cDNA synthesis was performed, which was used to
quantify gene expression levels by RT-gPCR, quantified by the 2-ACt method. We also
evaluated neuroprotective / neurotoxic effects of CBD and its synthetic derivatives HUF-101,
(-)-5'-DMH-CBD and HU-556 in cells treated for 24h (mature neurons) or during neuronal
differentiation and co-treated with 0.375 mM of Hydrogen Peroxide for another 24h. We also
evaluated the neuroprotective/neurotoxic effects of CBD and its derivatives when challenged
with 6-OHDA after 24h of the 7th day of treatment. Both challenges were evaluated for cell
viability by MTT and production of reactive oxygen species by DCF. In this work, we used a
dose of 0.1 uM of CBD and synthetic derivatives as it showed some protection. The results
indicate that mature and developing neurons respond differently to CBD at both a cellular and
molecular level. CBD acts on the endocannabinoid system (ECS), a retrograde messenger
system, which produces endocannabinoids such as 2-AG (2-arachidonoylglycerol) and AEA
(Anandamide). Our work showed a reduction in the expression of the enzyme that synthesizes
AEA and there was an increase in the expression of the enzyme that degrades AEA in the
neuronal development model, and this causes a lower availability of AEA, which is a CB1
ligand. The neuroprotective effect is not the same when we subject the CBD-treated cells to a
more intense challenge with H202 (Hydrogen Peroxide), but it is neuroprotective during
differentiation when challenged with 6-OHDA.

Keywords: cannabidiol; endocannabinoid system; refractory epilepsy; enzymes synthesis and
degradation; neuroprotection.
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1 INTRODUCAO COMPREENSIVA

A planta Cannabis sativa é conhecida mundialmente como uma droga recreativa, mas
tem sido usada para fins medicinais por milhares de anos por diferentes culturas (Cassol-jr et
al., 2010). Com o avango de estudos, foi possivel identificar seus compostos, isola-los e
identifica-los. Na resina de plantas fémeas da Cannabis sao encontrados aproximadamente
120 compostos lipossoluveis, os chamados fitocanabinoides (Morales et al., 2017). Todos
fitocanabinoides s3o encontrados exclusivamente na Cannabis e seus principais componentes,
0 A9-tetrahidrocanabinol (A9-THC, principal composto psicoativo) e o canabidiol (CBD, ndo
psicoativo) sao produtos do metabolismo secundario de plantas a partir de um mesmo
precursor, o canabigerol (Nachnani et al., 2021). O CBD ¢ um dos fitocanabinoides mais
estudados e tem sido utilizado no tratamento de criangas com epilepsia refrataria (O’Connell
et al., 2017). Embora existam muitas linhas de evidéncias positivas em relagdo ao uso clinico
do CBD, ndo ha evidéncias suficientes sobre os potenciais efeitos nocivos a longo prazo dos
canabinoides no desenvolvimento do sistema nervoso central (SNC). O CBD ¢ capaz de atuar
direta e indiretamente sobre o sistema endocanabinodide (SEC) e pode perturbar os processos
regulatorios mediados por esse sistema. Nos ultimos anos, andlogos sintéticos do CBD foram
desenvolvidos para melhorar seus resultados benéficos e reduzir potenciais efeitos colaterais.

Os canabinoides estdo sendo amplamente utilizados para diversas recomendagdes,
embora a comprovagdo e aprovagdo pelo Food and Drug Administration (FDA) seja apenas
para casos especificos. Portanto, ainda ndo se sabe a causa do CBD agir de maneira mais

efetiva no cérebro em desenvolvimento do que no cérebro maduro.

1.1 FITOCANABINOIDES E SISTEMA ENDOCANABINOIDE

Os fitocanabinoides foram isolados pela primeira vez na planta Cannabis sativa do
género Cannabaceae e demonstraram resultados promissores no tratamento de sindromes
médicas (Russo, 2007). Estudos confirmam a presenca de receptores canabinoides no
cérebro de mamiferos e que respondem aos sinais dos compostos encontrados na Cannabis
sativa, sendo denominados como o sistema endocanabinoide (SEC) (Giilk and Maeller,

2020). Os endocanabinoides mais conhecidos sdo a N-araquidonoiletanolamida
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(anandamida ou AEA) e o 2-araquidonoilglicerol (2-AG), importantes canabinoides
endogenos do SEC (di Marzo and Piscitelli, 2015) que atuam no mecanismo de sintese e
degradacao do SEC (Pertwee et al., 2010), eles foram os primeiros a serem identificados e
estudados (Luchicchi and Pistis, 2012; Pertwee and Ross, 2002), ¢ também demonstram
efeitos vantajosos em diversos mecanismos biologicos (Nigro et al., 2021). Esses
endocanabinoides sdo mediadores endogenos e ativam alvos classicos do SEC, como o
receptor canabinoide tipo 1 (CB1) e o receptor canabinoide tipo 2 (CB2), quando acoplados
a proteina G (Howlett et al., 2002). Os receptores CB1 sdo abrangentes no sistema nervoso
central (SNC), diferentemente do CB2 que também ¢ visto em algumas células do SNC,
mas é mais comumente encontrado no sistema imune. No SNC, o CB2 ¢é visto em células
piramidais como a CA3 e CA2 do hipocampo, e tem participagdo fundamental na
plasticidade sinéptica (Skaper and Di Marzo, 2012; Stempel et al., 2016).

Os fitocanabinoides também agem sobre o SNC por meio do SEC, assim como os
endocanabinoides, e possuem diferentes fins terapéuticos (Morales and Reggio, 2017). O
SEC possui envolvimento nos estagios iniciais do desenvolvimento SNC e estudos recentes
demonstram acdo desse sistema na maturagdo neuronal (Galve-Roperh et al., 2009).
Portanto, a sinalizagdo endocanabinoide demonstra agdo concludente em cérebros maduros
e em desenvolvimento (Meyer et al., 2017) e isso demonstra a suscetibilidade e propensao
em ocasionar possiveis problemas.

O SEC ¢ um sistema de mensageiros retrogrados que, em resposta a neurotransmissao,
produz endocanabinoides (AEA e 2-AG) sob demanda da membrana pos-sinaptica. Os
endocanabinoides agem nos receptores canabinoides no neurdnio pré-sinaptico reduzindo a
liberacdo de neurotransmissores. A Figura 1 demonstra a sinalizacdo do SEC e todos os

componentes envolvidos (Schonhofen et al., 2018) (revisado por (Lu and MacKie, 2016)).


https://pubmed.ncbi.nlm.nih.gov/?term=Galve-Roperh+I&cauthor_id=19588184
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Figura 1 - Sistema endocanabinoide e sintese de endocanabinoides no neuronio pré e

pos sinaptico.

* Endecannakineids (2-AG, AEA)

Postsynaptic Neuron

Schonhofen et al, 2018

Representacdo do sistema endocanabinoide. No SNC, endocanabinoides sdo sintetizados sob
demanda no neurdnio pds-sinaptico, em resposta ao aumento no influxo de Ca*" intracelular, e
liberados na fenda sindptica, onde ativam CBIl. Como consequéncia, no neurdnio
pré-sindptico ocorre redugdo do influxo de Ca®’, resultando em uma menor liberagdo de

neurotransmissores. FONTE: Schonhofen et al., (2018 Fig. 1).
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A neurotransmissdo tem como resultado o aumento do influxo de Ca** no neurdnio
poOs-sindptico que sinaliza o inicio da sintese dos endocanabinoides por meio dos seus
precursores na membrana plasmatica. Os endocanabinoides atuam como mensageiros
retrogrados apos a liberacdo pelo neurdnio pos-sindptico, ocasionando a ativagdo do CBI
no neurdnio pré-sindptico e resultando em uma menor liberacdo de neurotransmissores na
fenda sinaptica. Todo esse processo ¢ mediado pelo aumento do influxo de Ca®" por
consequéncia da neurotransmissao no neurdnio pds-sinaptico em que estimula a sintese de
endocanabinoides por meio de seus progonos presentes na membrana plasmatica (Alger,
2002; Lu and MacKie, 2016; Velasco et al., 2012). Na membrana pos-sinaptica, o AEA ¢
sintetizado por meio da hidrdlise intermediada pela fosfolipase D da
N-araquidonoilfosfatidiletanolamina (NAPE-PLD), enquanto o 2-AG ¢ gerado pela
hidrolise intermediada pela diacilglicerol lipase do diacilglicerol (DAG), uma enzima chave
na biossintese do 2-AG (Reisenberg et al., 2012), decorrente do bifosfato de
fosfatidilinositol (PIP2) localizado na membrana. O AEA e 2-AG quando se direcionam aos
terminais pré-sinapticos acabam se propagando e ligam-se aos receptores CBI1
pré-sindpticos unidos a proteina G, causando sua ativacdo. O resultado dessa ligacdo
estimula e libera proteinas Gi/Go do CB1 que reduz a formagao do AMP ciclico (AMPc) e
posteriormente da proteina cinase A (PKA), isso ocorre por meio da inibi¢do da adenilil
ciclase (AC). Deste modo, canais de K" sdo abertos e causam a hiperpolarizagdo do
terminal pré-sinaptico, canais de Ca*" sdo fechados e ocorre a reducdo da liberagdo de
neurotransmissores que estdo armazenados nas vesiculas sinapticas (Mackie, 2008; Lévénés
et al., 1998). Por fim, a AEA e 2-AG sdo catabolizadas apds o seu retorno aos terminais pré
ou poOs-sindpticos por a¢do da amida hidrolase de acidos graxos (FAAH), que age
diretamente na quebra da AEA e ¢ um promissor alvo terapéutico para tratar alguns
distarbios do SNC (Ulugdol, 2014), e pela monoacilglicerol lipase (MAGL), que age na
quebra do 2-AG, liga o SEC apo6s essa hidrolise e acaba fornecendo uma sintese
pro-inflamatoria (Mulvihill and Nomura, 2013).

O deslocamento dos endocanabinoides mediante a membrana plasmatica na sua
recaptacdo ainda ¢ pouco distinguido, porém, alguns estudos demonstram resultados
positivos com a modulagdo da AEA em que os seus efeitos parecem ser potencializados por
meio do bloqueio farmacoldgico ocasionado pela sua degradacao metabolica (Scherma et
al., 2019), e sua locomogdo pode ser mediada através de um transporte facilitado de
membrana (Fowler, 2013). Outro meio de locomog¢do enddgena dos endocanabinoides foi

mostrado a partir de proteinas ligadoras de acidos graxos (fatty acid binding proteins -
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FABPs) que facilitam a degradacdo de AEA pelo transporte intracelular que facilita a
dissolugdo do AEA, carregando-o para FAAH (Deutsch, 2016).

O principal componente do SEC nos neurdnios ¢ o receptor CB1, e sua ativagao leva
a agdo da proteina cinase ativada por mitogeno (MAPK) que regula diversas atividades
celulares, e esse mecanismo possivelmente afeta a plasticidade sinaptica e o deslocamento
celular do crescimento neuronal (Mechoulam and Parker, 2013). O CBI1 estd presente no
cortex, hipocampo, amigdala, nas vias de saida dos nucleos da base e no cerebelo, além de
ser enriquecido nesses mesmos locais. O tratamento com a Cannabis sativa pode afetar
essas regioes, as quais sdo conhecidas pelo seu envolvimento comportamental e pode ter
finalidade no auxilio a prevencdo de doencgas neurologicas (Mackie, 2005).

Entretanto, apesar de estudos demonstrarem a presenca do CB1 na membrana
plasmatica, ele também estd presente nas mitocondrias cerebrais (mtCB1) onde ¢
responsavel pela alteragio do ATP mitocondrial, espécies reativas de oxigénio, Ca*",
metabolismo de neurotransmissores ¢ a morte celular, e essa ativagdo do CB1 ¢ mediada
pelo acoplamento a proteina G, ocasionando efeitos significativos na difusdo sindptica
(Djeungoue-Petga and Hebert-Chatelain, 2017).

O SEC possui um papel importante no cérebro em desenvolvimento nos estagios
iniciais do periodo embrionario (Meyer et al., 2017) e no SNC em desenvolvimento nas
regides neurogénicas que restam no cérebro adulto (zona subgranular do hipocampo e zona
subventricular), e acaba exercendo um efeito moderador nas células progenitoras neurais
em que age na sobrevivéncia, proliferacdo, diferenciacdo e migracdo dessas células por
meio do CB1 (Diaz-Alonso et al., 2012; Harkany et al., 2007), e diante disso pode acabar
influenciando na formacao de tecidos adultos (Habayeb et al., 2008). Outro destaque
importante da presenga do SEC em regides de desenvolvimento embrionario, ¢ nas
células-tronco hematopoiéticas e mesenquimais em que age como um mediador da
proliferacdo e diferenciacdo, e pode afetar no desenvolvimento de diversos tecidos
especializados adultos decorrentes de folhetos germinativos (Galve-Roperh et al., 2013).

Contudo, no cérebro maduro, a plasticidade sinaptica ¢ permeada pela sinalizagdo
retrégrada do SEC por meio da depressdo de curto prazo ou depressdo a longo prazo (STD /
LTD) (Lu and MacKie, 2016) e potenciacdo de longo prazo (LTP) (Silva-Cruz et al., 2017),
ambos possuem mecanismos de aprendizagem e importancia no desenvolvimento neural
(Dow-Edwards and Silva, 2017). Além disso, estudos sugerem que no SNC maduro o SEC
modula a ansiedade, depressdo, recompensa, cognicao, aprendizado e memoria, assim como

também a neurogénese (Mechoulam and Parker, 2013). A sinalizagdo retrograda do SEC
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estimula a geracao de crises epilépticas em uma ou mais regides do cérebro, como também
causa uma alta excitagdao neuronal (Ludényi et al., 2008). Dessa forma, estudos demonstram
avango da atividade de CBD em protétipos experimentais para fins terapéuticos, surtindo
efeitos em crises epilépticas e epilepsia (Blair et al., 2015; Gaston and Friedman, 2017).

A modulacio do SEC tem demonstrado implicacdes promissoras visto que
endocanabinoides exdgenos, como por exemplo o A9-THC, sdo psicotropicos e causam
muitos efeitos colaterais, deste modo, pesquisadores investigaram outros caminhos onde
encontraram agonistas de CB1 periféricos restritos e/ou agonistas seletivos do receptor CB2
que reduzem os impactos indesejados do SNC mediado pelo receptor CB1 (Ulugoél, 2014).
Estudos sugerem a existéncia de um antagonista do CB1 que, dependente do receptor CB1,
causa uma excitabilidade neuronal exacerbada em células hiperexcitdveis e que ocasiona o
aumento da frequéncia e duracao de crises epilépticas (Deshpande et al., 2007). Portanto, ¢
possivel compreender que o bloqueio ou estimulo acentuado do SEC ocasiona desfechos
inoportunos, ainda mais durante o desenvolvimento neuronal, portanto sdo necessarias
pesquisas mais detalhadas.

Os fitocanabinoides, endocanabinoides e derivados sintéticos dispdem mecanismos
que ndo estdo agregados ao SEC, tais como canais i6nicos cléssicos, receptores,
transportadores e enzimas demonstrados em estudos recentes (Ibeas Bih et al., 2015). Os
derivados sintéticos foram desenvolvidos com o intuito de aumentar os efeitos benéficos e
reduzir os efeitos colaterais de CBD (Schonhofen et al., 2018), levando a novas abordagens
para melhores desempenhos de recursos terapéuticos (Morales and Jagerovic, 2021).

O CBD desempenha papéis fundamentais no SEC, como por exemplo na inibi¢ao do
FAAH, fazendo com que o endocanabinoide seja regulado, ajustando sua disponibilidade
por meio da diminuicao da degradacao de AEA (De Petrocellis et al., 2011), isso demonstra
que ocorre um aumento da quantidade de AEA tecidual por agao do CBD. Por conseguinte,
CBD e seus analogos sintéticos podem exercer efeitos farmacologicos favoraveis no

tratamento de doencas graves (Bisogno et al., 2001).
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1.2 PECULIARIDADES DO CEREBRO EM DESENVOLVIMENTO

O cérebro humano ¢ dividido em dois hemisférios: direito e esquerdo. Os hemisférios
possuem compartimentos denominados lobos, os quais s3o intitulados como frontal,
parietal, temporal, occipital e insular, e possuem um compartimento externo designado
substancia externa cinzenta, conhecido como cortex cerebral, e a substancia branca. O lobo
temporal possui uma estrutura denominada como hipocampo, a qual ¢ amplamente estudada
e discutida sobre os impactos de doengas que afetam seu funcionamento (Bui and M Das,
2022). A funcdo primordial do hipocampo ¢ a formacdo de memdrias declarativas e ¢
amplamente estudada devido ao impacto da epilepsia nessa estrutura (Wible, 2013).

A epilepsia ¢ uma desordem neuroldgica cronica caracterizada por crises epilépticas
espontaneas e recorrentes causadas por hiperexcitabilidade e hipersincronia dos neurdnios
do cérebro. Estas alteragdes ocorrem por anormalidades na reorganizacdo sinaptica e
neurogénese, ou alteracdes intrinsecas das células neurais (Fisher et al., 2005, 2017). A
epilepsia pode estar associada a comorbidades neurobioldgicas, cognitivas, psicologicas e
sociais, que podem afetar gravemente a qualidade de vida dos pacientes (Deuschl et al.,
2020; Fisher et al., 2005, 2014). A epilepsia do lobo temporal com esclerose hipocampal ¢é
uma das causas mais frequentes de epilepsias refratarias (Bliimcke et al., 2013). O
hipocampo ¢ especialmente vulneravel a status epilepticus (SE) que ¢ mais comum de
acontecer em criancas e adultos (Upadhya et al., 2018).

O cérebro de criancas passa por diversas etapas até o estdgio adulto, possuindo
diferentes desenvolvimentos durante o periodo pré-natal e pos-natal. Estudos indicam que a
grande producdo de neurdnios € durante o periodo pré-natal em que ocorre uma grande
migragdo para o cortex em desenvolvimento, € que a neurogénese prossegue dentro da zona
subventricular durante a infancia e fase adulta, porém o seu pico ocorre do nascimento até
os 18 meses de idade, e a proliferagdo das sinapses acontece cerca de 20 semanas dentro do
periodo gestacional. Os neurénios que foram produzidos seguem, eventualmente, um
caminho até o hipocampo e bulbo olfatério, e acredita-se que ha uma grande notoriedade
dessas células gliais progenitoras neurais na estrutura principal dos primeiros circuitos
neurais no cérebro apdés o nascimento (Semple et al., 2013; Houston et al., 2014). A
diferenca do cérebro em processo de amadurecimento comega a ficar evidente quando
ocorre uma modificacdo nas areas de substancia cinzenta e branca em que o volume da

regido cinzenta diminui e a branca aumenta, e essa mudanga durante a infancia e a
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adolescéncia acontece primeiramente em regides cerebrais mais primitivas e por tltimo em
regides filogeneticamente mais novas (Gogtay et al. 2004; Sowell et al. 1999a, b). A
neurogénese acontece predominantemente na gestacao, porém pode ter continuidade entre 2
a 5 anos de idade (Semple et al, 2013). Outro fator importante para um cérebro em
desenvolvimento ¢ a a¢cdo do glutamato, um neurotransmissor que age de modo excitatorio
no cérebro adulto, e atua inibindo a atividade excitatoria do acido gama-aminobutirico
(GABA) durante o desenvolvimento por agir nos receptores metabotropicos (van den Pol et
al., 1998).

O 4cido gama-aminobutirico (GABA), um neurotransmissor inibitério, atua de forma
excitatoria durante o desenvolvimento neuronal (Johnston et al., 2011) e favorece o
desenvolvimento das sinapses, as quais evitam a morte neuronal. Diante disso, estudos
demonstram que ha uma grande equivaléncia da acdo do GABA no cérebro fetal e apds o
nascimento, evidenciando que a agdo excitatoria desse neurotransmissor neste periodo
deixaria o cérebro predisposto a crises epilépticas em periodos mais tardios (Dzhala et al,
2010). Por conseguinte, dos anos iniciais do nascimento até a vida adulta, ocorre uma
intensa maturacdo do SNC e se algum distirbio interferir durante esse estagio, podera
ocasionar alteracdes irreversiveis, como por exemplo uma crise epiléptica devido a intensa
modificacdo da rede neural, podendo afetar nas emog¢des e problemas de memoria e
aprendizado (Dawson et al., 2014; Lee et al., 2004).

Enquanto isso no cérebro adulto, estudos demonstram que a zona subgranular,
presente no giro denteado do hipocampo (Altman J. et al., 1965; Patzke N. et al., 2015),
continua estimulando a neurogénese mesmo em um cérebro totalmente maduro e forma
diversos novos neurdnios diariamente que ficam alojados no giro denteado (Spalding et al.,
2013). Entretanto, outros estudos demonstram resultados contrarios em que nao ha
comprovagoes suficientes da presenca de neurogénese em adultos e idosos (Dennis et al.,
2016; Knoth R et al., 2010). O giro denteado permanece desenvolvendo-se durante o periodo
fetal e apos o nascimento, mas sofre uma alteragdo durante a fase adulta, isso demonstra que
as c¢lulas presentes no hipocampo sofrem alteragdes caso sejam submetidas a diferentes
situagdes de estresse em que ha um aumento de glicocorticoides, ocasionando a liberagdo de
glutamato e com isso impede a multiplicacdo de células granulares (Gould and Tanapat,
1999).

Portanto, os circuitos neuronais devem perdurar durante toda a vida, pois a sua
auséncia acarretaria em dificuldades no desenvolvimento estrutural do sistema nervoso ainda

como embrido, visto que, no processo de amadurecimento da fase infantil até a fase adulta, o
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nosso corpo passa por diversos estdgios de mudanga, remodelando nossa anatomia e
incorporando novos neurdnios. Além do mais, processos fisioldgicos como movimentos
corporais, lesdes e o simples envelhecimento, causam estresse ao sistema nervoso, € 0s
processos moleculares ndo devem perder suas propriedades particulares a cada desafio

externo (Bénard and Hobert, 2009).

1.3 CBD E SEU MECANISMO DE ACAO

O canabidiol (CBD) foi isolado primeiramente pelo quimico Roger Adams em 1940,
mas apenas em 1960 que as suas estruturas foram completamente elucidadas (Burstein,
2015). A partir de 1964, o cientista Raphael Mechoulam, isolou e sintetizou o CBD,
descobrindo seu potencial ndo psicoativo e uso para fins medicinais (Russo, 2011).

O receptor CB1 e CB2, diferentemente dos outros canabinoides, ndo possuem uma
alta afinidade com o CBD, mas o CBD demonstra ser um modulador alostérico negativo
nao competitivo do CB1 (Laprairie et al., 2015) e modulador alostérico negativo para CBIR
do A9-THC e do 2-AG, demonstrando uma gama de possibilidades de efeitos positivos para
tratamentos por meio de uma modulacdo alostérica (Morales et al., 2016). Estudos
demonstram ac¢do efetiva do CBD em receptores transmembrana 7, canais i0nicos €
transportadores de neurotransmissores quando se comporta como agonista ou antagonista
(Ibeas et al., 2015). Apesar de existir outros mecanismos de a¢gdo do CBD, outros fatores
devem ser levados em conta, como seu nivel de exposi¢do e sua concentracao (Gray and
Whalley, 2020).

Endocanabinoides, como AEA, sdo inibidos moderadamente pelo efeito modulatorio
do CBD (Leweke et al., 2012), e sua agdo pode ocasionar uma ampliagdo dos niveis de
AEA, podendo sensibilizar os receptores canabinoides a ligarem-se ao CBD (Ibeas et al,
2015). O AEA, juntamente do 2-AG e os receptores CB1 ¢ CB2, compdem o SEC, assim
como as enzimas que atuam na sintese e degradagdo dos endocanabinoides (Campos et al.,
2016). Os endocanabinoides podem interromper a saida de neurotransmissores como o
GABA, dopamina, glutamato, serotonina (5-HT), norepinefrina e acetilcolina por
consequéncia das suas atividades no CB1 a nivel pré-sinaptico (Pertwee and Ross, 2002;

Szabo and Schlicker, 2005).
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O CBD possui diversos alvos ja descritos, dentre eles estdo os receptores 5S-HT que
atuam no SNC mediante ao estimulo da serotonina, liberando neurotransmissores e
hormonios. O receptor 5-HT1, presente na familia do receptor 5-HT, trabalha juntamente
com as proteinas Gi/Go e com a adenilato ciclase que causa a producdo do AMPc. O
receptor 5-HT1A, subtipo do receptor 5-HT1, estd associado ao receptor acoplado a
proteina G (GPCR) em que articula a neurotransmissdo por meio dos canais de K" e Ca*’,
levando a uma inibi¢do do canal de Ca** dependente de voltagem, uma ativagdo do canal de
K" retificador de corrente de entrada e do canal de K" retificador de corrente de entrada
ativado por proteina G (GIRK). Esses receptores, presentes em niveis pré e pds-sindpticos,
atuam em processos importantes em que amenizam efeitos anticonvulsivantes (Raymond et
al., 1999; Bevilaqua et al., 1997), como demonstra em um estudo recente de modelo
experimental de camundongos machos, em que hd uma administracdo de CBD e logo apos
¢ injetado uma dose de pentilenotetrazol (PTZ) para indugdo de crise epiléptica
generalizada. Os resultados foram satisfatorios, demonstrando uma reducao consideravel na
gravidade das crises epilépticas (Pelz et al., 2017).

Todavia, o CBD mostra maior afinidade pelos receptores 5-HT, receptores GPCRs
nao endocanabinoide e outros alvos, como enzimas e canais ionicos (Ibeas et al., 2015). Os
receptores de adenosina (ARs) sdo GCPRs que sdo incitados pela adenosina enddgena e
estdo envolvidos em diversos processos de doencas (Dal Ben et al., 2019). O CBD pode
ativar os ARs (Gonga and Darici, 2015) e atuar como antagonista do receptor acoplado a
proteina G, que em humanos ¢ codificado pelo gene GPRS55, e também atua como agonista
do receptor vaniloide 1 (TRPV1) e receptor vanildide 2 (TRPV2), que sdo canais catidnicos
que modulam diversos sistemas e podem estimular processos do metabolismo (Izzo et al.,
2009), e atua como neuroprotetor por consequéncia da ativagdo do receptor ativado por
proliferadores de peroxissoma gama (PPARY) (Esposito et al., 2011; Scuderi et al., 2014).

O GPRS55 ¢ um receptor transmembrana 7 pelo qual o CBD tem alta afinidade (Gray
and Whalley, 2020). Além de processos celulares, o GPR55 também estd envolvido em
diversos processos fisioldgicos, sendo promissor na sua agao antiepiléptica e possui um
efeito atenuante em que contrapde a atividade do CBI e bloqueia a transmissdo de
neurotransmissores (Ryberg et al., 2007), essa agdo reforca sua efetividade no tratamento em
pacientes epilépticos que possuem farmacorresisténcia (Jones et al., 2010). Estudos recentes
em um modelo experimental de camundongo com sindrome de Dravet geneticamente
induzida, o CBD foi administrado e reduziu consideravelmente a quantidade de crises

epilépticas espontaneas e melhorou a hiperatividade causada pela doencga, e a concentracio
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do CBD administrado durante o tratamento agudo foi de extrema importancia para os
resultados obtidos (Kaplan et al., 2017). Diante disso, os diferentes alvos do CBD devem ser

melhor estudados e compreendidos para alvo terapéutico no tratamento contra a epilepsia.

1.4 EPILEPSIA REFRATARIA INFANTIL

1.4.1 Uso de CBD no cérebro em desenvolvimento

Os efeitos da Cannabis vém sendo estudados e discutidos ha muitos anos, mas ainda
pouco se sabe sobre sua acdo a longo prazo. No entanto, o seu uso terapéutico em doengas
como ansiedade, depressdo, esclerose multipla, doenga de Alzheimer, Parkinson e epilepsia
demonstram resultados promissores, além de possuir um desempenho em aliviar dores e
inflamacdes (Kogan and Mechoulam, 2007). Entretanto, o seu uso ndao pode ser
indiscriminado, visto que a utilizagdo em excesso causa dependéncia e psicose, assim como
afeta fungdes cognitivas, tais como o aprendizado, memoria e atengdo. Sendo assim, seus
efeitos deletérios foram elucidados em estudos pré-clinicos e clinicos (Poleg et al., 2019),
como também seus efeitos benéficos em que valida ser um alvo terapéutico para doengas
graves em modelos de estudos in vivo e in vitro (Kaur et al., 2016).

O A9-tetrahidrocanabinol (A9-THC) ¢ o composto da Cannabis responsavel pelos
efeitos psicotropicos (Fitzgerald et al., 2013) e age como um agonista incompleto dos
receptores CB1 e CB2. Em contraponto, o CBD possui um menor alcance na interagdo com
os receptores CB1 e CB2, mas possui efeitos positivos em varias funcdes cerebrais
(Campbell et al., 2017).

O FDA ¢ um 6rgao responsavel pela autorizacao de inimeros artigos ligados a saude
e bem-estar humano, e possui um regulamento em que reconhece e autoriza o uso de

derivados da Cannabis para fins medicinais (FDA, 2019, fda.gov) (Tabela 1).
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Tabela 1 - Produtos derivados da planta cannabis em que foi autorizado o uso

terapéutico pediatrico pela FDA.

-CBD e THC
derivados de
plantas)

grave devido a esclerose
multipla*.

Canabinoide Produtos derivados da | Indicacdo aprovada pelo | Ensaios clinicos para condi¢des
Cannabis FDA pediatricas do
neurodesenvolvimento
CBD (derivado Epidiolex® Crises epilépticas TEA
de plantas) associadas a sindromes de Espasmos Infantis
Lennox-Gastaut ou Epilepsia
Dravet em pacientes com Epilepsia Auséncia na Infancia
2 anos de idade ou mais; Convulsoes da Sindrome de
Prader-Willi
Sindrome de Lennox-Gastaut
Sindrome de Dravet
Epilepsia Intratavel
Sindrome de Sturge-Weber
Sindrome de Rett
Esquizofrenia
Dronabinol Marinol®, Syndros® Anorexia, perda de peso
(THC sintético) em pacientes com AIDS;
Nauseas e vomitos
associados a
quimioterapia do cancer;
Nabilona (THC Cesamet® Nauseas e vomitos
sintético) associados a
quimioterapia do cancer;
Nabiximols (1:1 Sativex®™* Espasticidade moderada a Paralisia cerebral

Canabinoides derivados da planta Cannabis sativa que sao indicagdes aprovadas pelo FDA

para tratamento de doengas neurologicas diante de resultados positivos em ensaios clinicos

para condic¢des pediatricas do neurodesenvolvimento. FONTE: FDA, 2019, fda.gov.

Apesar de muitos estudos demonstrarem efeitos positivos do uso do CBD in vitro,

outros estudos trouxeram resultados importantes em que relatam dados provenientes do uso

de CBD puro em pacientes jovens e criangas que sofriam de epilepsia refrataria, e esses

dados foram obtidos por meio dos pais que acompanharam o desempenho do tratamento

(Porter and Jacobson, 2013; Maa and Figi, 2014; Hussain et al., Saade and Joshi, Press et

al., 2015; Tzadok et al., Shannon and Opila-Lehman, Rosemergy et al., Crippa et al, 2016;

Treat et al., Aguirre-Veldzquez, 2017; Hausman-Kedem et al., Rajaraman et al., 2018;

Knupp et al., 2019). A repercussao desses fatos salientaram a eficiéncia no combate a crises

epilépticas, descartando efeitos colaterais, porém ainda pouco se sabe sobre seu efeito no

neurodesenvolvimento e a padronizagdo de protocolos de administragdo do CBD.
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O site ClinicalTrials.gov, quando pesquisado sobre epilepsia refratdria e o uso de
CBD como meio de tratamento, apresenta cerca de 17 estudos de intervengdo clinica
mundiais em que estdo recrutando pacientes de 0 a 17 anos e adultos de 18 a 64 anos,
alguns que estdo em andamento e outros que ja estdo finalizados. Diante disso, diversos
estudos reforcam cada vez mais o uso benéfico e seguro de CBD em criangas com epilepsia
refrataria, porém apresenta efeitos adversos no neurodesenvolvimento de criancas e
adolescentes (Campbell et al., 2017). Dessa forma, o CBD, seu mecanismo de acdo e sua

modulacdo no SEC devem ser mais aprofundados e esclarecidos.

1.5 JUSTIFICATIVA

A epilepsia refrataria designa uma resisténcia severa a tratamentos e ¢ diagnosticada
quando nao ha uma resposta adequada ao uso de antiepilépticos prescritos para o controle da
crise. Diante disso, estudos clinicos sugerem diferentes vias de tratamento, dentre elas o uso
do CBD. Tratamentos com CBD tém apresentado efeito benéfico em criancas com epilepsia
refratdria, ¢ modelos de estudo demonstram acgdo favoravel do CBD quanto exposto a
modulagdo do SEC. Desta maneira, o CBD deve ser melhor investigado sobre sua eficacia,
mecanismo de ac¢do, neuroprotecao, neurotoxicidade e no seu impacto com a administragao a
longo prazo. Portanto, a liberagdo do CBD para tratamento em criangas deve ser bastante
avaliada o seu risco e beneficio, pois seu uso deve ser liberado apenas para criangas com
diagnostico de problemas graves. A preocupagdo ¢ que com o uso do CBD para tratar esse
tipo de doenga, acabe gerando uma falsa ideia de que ¢ um produto inerte que possa ser
utilizado de forma irrestrita em doengas como ansiedade, transtorno do déficit de atengcdo com
hiperatividade (TDAH) e outras doengas de comportamento infantil, visto que ndo possuem

tantos resultados comprovados, € que segundo o nosso trabalho pode ser um problema.
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1.6 OBJETIVOS

1.6.1 Objetivo geral

Verificar in vitro a expressao de enzimas e receptores do sistema endocanabinoide e de
endocanabinoides em resposta ao tratamento com CBD, avaliando os niveis de expressao dos
genes que codificam os receptores canabinoides e as principais enzimas de sintese e
degradagdo dos endocanabinoides - CNR1 (CB1), CNR2 (CB2), DAGLA e MAGL (2-AQG),
NAPEPLD e FAAH (AEA) por RT-gPCR. Também foi avaliado efeitos neuroprotetores e
neurotdxicos do CBD e seus derivados sintéticos: HUF-101, (-) -5'-DMH-CBD e HU-556.

1.6.2 Objetivos especificos

a) Realizar revisdo bibliografica do efeito do CBD, como também a interacdo do SEC,
buscando elucidar os mecanismos de a¢ao ¢ abordar discussao de estudos clinicos;

b) Avaliar o efeito do tratamento com CBD em modelo pré-clinico de neur6nio maduro
(terminalmente diferenciados) e no desenvolvimento neuronal (durante a diferenciacao
neuronal):

- sobre os niveis de expressdao de genes que codificam enzimas e receptores do
SEC por RT-qPCR;

- efeito neuroprotetor / neurotoxico do CBD e seus derivados sintéticos quando
desafiados com H,0, e 6-OHDA, bem como o papel do receptor CB1 em seus

efeitos.
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Abstract

The Cannabis sativa plant is known worldwide as a recreational drug that has been
used for a variety of medicinal purposes. Its compounds were isolated and identified as
phytocannabinoids, the best known being A9-tetrahydrocannabinol (A9-THC, main
psychoactive compound) and cannabidiol (CBD, non-psychoactive). To date, there have been
no documented adverse effects on the action of CBD in the treatment of diseases. In the
present study, we evaluated the expression of enzymes and receptors of the endocannabinoid
system (ESC) and of endocannabinoids in response to CBD treatment, evaluating the
expression levels of genes that encode cannabinoid receptors and the main enzymes of
synthesis and degradation of endocannabinoids - CNRI (CB1), CNR2 (CB2), DAGLA and
MAGL (2-AG), NAPE-PLD and FAAH (AEA) in a preclinical cell model of a mature neuron
(terminally differentiated) and in neuronal development (during neuronal differentiation) of
human neuroblastoma cell line SH-SY5Y. We also evaluated the neuroprotective/neurotoxic
effect of CBD when exposed to a hydrogen peroxide (H,0,) and 6-O0HDA challenge. We used
a 0.1 uM dose of CBD as it has been shown to be protective. In the neuronal development
model, there was a reduction in the expression of NAPE-PLD and an increase in the

expression of FAAH, demonstrating interference in the synthesis and degradation of
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anandamide (AEA), reducing its bioavailability. In the same model, we found neuroprotective
effects in the use of 6-OHDA, different from H,O,. Cannabinoids are protective at lower
concentrations or ineffective/toxic at higher concentrations in neuronal development.

Therefore, careful use of CBD in child and young patients is necessary.

Keywords: Cannabidiol, Endocannabinoid System, Model of neuronal development,

Neuroprotection

Introduction

The Cannabis Sativa plant is known for its medicinal purposes [1] and was discovered
in China in 4000 BC [2]. Cannabis has fat-soluble compounds that are found in the resin of
the female plant, and these compounds are called phytocannabinoids [3 - 4].

The most well-known and studied phytocannabinoids are A9-tetrahydrocannabinol
(A9-THC, the main psychoactive compound in Cannabis) and cannabidiol (CBD, a
non-psychoactive compound [5]. CBD is described as protective and therapeutic for many
neurological conditions [6], with remarkable effects in children with refractory epilepsy,
acting through several targets, including the endocannabinoid system (ECS) [7]. CBD also
acts on the type 1 cannabinoid receptors (CB1), which has low affinity [8], and also at other
points of the ECS, such as endocannabinoid synthesis/degradation enzymes [9].

The ECS is a retrograde messenger system [10] in which, in response to
neurotransmission, endocannabinoids such as  Anandamide @ (AEA)  and
2-arachidonoylglycerol (2-AG) are produced on demand at the postsynaptic neuron
membrane. These endocannabinoids will act on the synaptic cleft activating CB1 receptors
(and eventually CB2 receptors, in some types of cells such as pyramidal neurons) present in
the membrane of pré-synaptic neurons. This activation of CB1 leads to a reduction in the
release of neurotransmitters by the presynaptic neuron, thus regulating the synapse [11]. The
ECS is a highly modulable system during neuronal development, and acts through several
signaling pathways, which demonstrates its importance to be able to direct different types of
treatments [12 - 13]. The role of endocannabinoid signaling is critical to the functioning of
many aspects of the mature and developing brain [14], in view of which any disturbance that
occurs within the ECS can interfere with neural and neuronal development [15].

The human neuroblastoma lineage SH-SYS5Y, being of human origin, is widely used

for studies on neurodegenerative diseases because it is easier to be cultivated, allowing studies
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on neurotransmission [16]. This lineage can be differentiated into a mature neuron phenotype
by retinoic acid (RA) induction [17] and increases the sensitivity of cells to neurotoxins and
neuroprotective mechanisms [18]. This in vitro model simulates the mature (adult) neuron
model, when cells are treated after differentiation, and neuronal development (young) model,
when they are treated during neuronal differentiation. A previous study by our group used this
strain to verify the effects of CBD and it was observed that the neuronal development model
was more sensitive to the effects of CBD and also to the subsequent challenge with
redox-active neurotoxins [19]. Therefore, it is still necessary to verify the mechanisms
involved and this project will elucidate the involvement of ECS components, the main target
of cannabinoids, and the effects of CBD in these two models. In view of this, several studies
increasingly reinforce the beneficial and safe use of CBD in children with refractory epilepsy,
but it has adverse effects on the neurodevelopment of children and adolescents [20]. In this
way, CBD, its mechanism of action and its modulation in the ECS should be further explored

and clarified.

Experimental Procedures

Chemicals

Materials used in cell culture were acquired from Gibco®/Invitrogen (Sao Paulo, SP,
Brazil). CB1 antagonist (AM251) and chemicals were obtained from Sigma Chemical Co. (St.
Louis, MO, USA). Cannabidiol (99.9%), and its synthetic derivatives HUF-101,
4'-fluoro-cannabidiol, (-)-5-DMH-CBD, (-)-5'-Dimethylheptyl-cannabidiol, HU-556 (Patent
protected), were diluted in ultrapure dimethyl sulfoxide (DMSO) to a final concentration of

0.1% of DMSO in treatments and Trizol (Invitrogen) for MTT.

Cell culture, neuronal differentiation and treatments

In this work, we used cells from the human neuroblastoma lineage SH-SYSY (ATCC,
Manassas, VA, USA). These cells were cultured in a medium with a mixture of Dulbecco's
Modified Eagle Medium (DMEM) and Ham's F12 with the addition of 10% fetal bovine
serum (FBS), 2 mM glutamine, 1000 U/mL penicillin, 1000 pg/ mL of streptomycin and 2.5

pug/mL of fungizone® (amphotericin B), and were kept at a temperature of 37°C in a humid
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incubator with 5% CO,. Cultivation was performed with a change of medium every three days
and, after the cells reached a confluence of about 80%, trypsinization was performed to
subject the cells to detachment by the presence of intercellular binding proteins. After
trypsinization, the cells were centrifuged at 500 rpm for 4 minutes, discarding the medium
and resuspending the pellet formed by the cells. Subsequently, the cells were plated in 25 cm?
bottles or in 96-well plates. Cells need to go through 24 hours after plating and then neuronal
differentiation occurs. Neuronal differentiation occurs by reducing FBS to 1% and adding 10
uM of retinoic acid (RA) to the culture medium for 7 days [17]. In the evaluation of
treatments in the mature neurons model, after 7 days of neuronal differentiation, SH-SYS5Y
cells were treated with CBD or synthetic derivatives for 24 hours. The evaluation of the effects
of cannabinoids on the neuronal development model occurred by co-administration of AR
with CBD or synthetic derivatives from the beginning of differentiation. On the 7th day, the
AR and CBD were replaced and, after 24 hours, the experiments were performed. On the 8th

day, the experiments were performed as described below.

Neurotoxic/neuroprotective challenge

We used SH-SYSY human neuroblastoma cells and performed the same cell culture
and trypsinization protocol. Subsequently, the cells were plated in 96-well plates. 24 hours
after plating, neuronal differentiation was initiated. The neuronal development model received
treatment with CBD and its synthetic derivatives during 7 days of neuronal differentiation,
whereas in the mature neuron model, CBD and its synthetic derivatives were administered on
the 7th day of neuronal differentiation. After treatments with CBD or synthetic derivatives in
the mature neuron and neuronal development model, the cells were subjected to a neurotoxic
challenge with 375 uM of hydrogen peroxide (H,0,). Additionally, CBD-treated cells were
also co-treated with 1,0 uM of CB1 antagonist (AM251) and challenged with 15 uM of
6-hydroxydopamine (6-OHDA). After treatment with the toxins, the cells were incubated at
37°C for an additional 24 hours. Afterwards, a colorimetric assay was performed to evaluate
the cell viability of the cells by quantifying
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) from the reduction to a
blue formazan product by dehydrogenases cell phones. Cells were incubated with 0.5 mg/ml

MTT for 1h at 37°C. Then the medium was discarded and DMSO was added to solubilize the
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formazan crystals. Absorbance was determined at 560 and 630 nm on a SoftMax Pro M5
Microplate Reader (Molecular Devices, USA). To evaluate the production of reactive oxygen
species (ROS), the treatments with cannabinoids were performed as described above, and
after 24 hours of treatment on the 7th day, the cells were incubated with dichlorofluorescein
(DCF) solubilized in DMEM and Ham's F12 without addition of FBS for 1 hour at 37°C.
Soon after, the medium was discarded and the cells were challenged with 375 uM of H,0, and
immediately followed by fluorescence reading in the SoftMax Pro M5 Microplate Reader
(Molecular Devices, USA), with excitation at 485 nm and emission at 538 nm, with kinetics
every 2 minutes and 30 seconds and a total time of 30 minutes.

The experiments were performed four times, which is commonly used as 1 (sample number)
for neurotoxic/neuroprotective assessment. Results were expressed as percentage of untreated

cells (mean = SD value).

Fig. 1

a) Terminally differentiated neuronal toxicicity model
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¢) Terminally differentiated neuronal toxicicity model
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Fig. 1 Experimental models used for treatment with 0.1 pM CBD, HUF-101,
(-)-5'-DMH-CBD and HU-556; (a) and (c) terminally differentiated neuronal model with
addition of AR, being treated with CBD only on the 7th day, on the 8th day the challenge with
H,0, and 6-OHDA takes place. Still on the 8th day, the H,O, DCF is performed. On the 9th
day the MTT is performed; (b) and (d) model of differentiated neuronal development with
addition of AR, being treated with CBD during the 7 days of differentiation, on the 8th day
the challenge with H,O, and 6-OHDA takes place. Still on the 8th day, the H,O, DCF is
performed. On the 9th the MTT is executed

Processing of RNA samples

After CBD treatments, the medium was removed and the cells were washed with PBS
1X to remove cellular debris and traces of medium and FBS. Total RNA was purified on
Trizol (Invitrogen) according to the manufacturer's instructions. After extraction, the RNA
was quantified by spectrophotometry (NanoDrop) and 2 pug of RNA was used for the synthesis
of cDNA by reverse transcriptase, using the High-Capacity cDNA Reverse Transcription Kit

(Applied Biosystems™) according to the manufacturer's instructions.



RT-gPCR

The resulting cDNA samples were diluted 20x in DEPC-treated ultrapure water
(Ambion®) and used for gene expression analysis by quantitative real-time PCR (RT-qPCR)
using specific primers for each gene (table 1) with the GoTag® gPCR and RT-qPCR Systems
kit (Promega). For normalization, primers for the constitutive gene GAPDH - already used in
our laboratory — were used to calculate the relative expression of 249, The experiments were

performed six times, which is commonly used as 1 (sample number) for the evaluation of

gene expression and were analyzed in triplicate.

Table 1
Gene Gene ID Primer F (5°-3) Primer R (5°-3)
Diacylglycerol lipase DAGLA TGTCACCCTCGGA | GGTTGTAGGTCCG
alpha ( 2-AG ATGGTTG CAGGTTA
synthesis)
N-arachidonoylphosp NAPEPLD CTTTAGCTCTCGTG | CGCATCTATTGGAG
hatidylethanolamine CTTCACC GGAGTTCA
phospholipase-D
(AEA synthesis)
Fatty acid amide FAAH TGTCAACAGGTG | TTTCCAGCCGAA
hydrolase GGCTCTTC CGAGACTT

(AEA degradation)

Monoacylglycerol MAGL ACACCCAAGGCC | ACATGCTGCAAC
lipase (2-AG CTCATCTTT ACATCCCT
degradation)

CBI1 (cannabinoid CNRI1 TTCCTCACAGCC | TGCAGTTTCTCG

receptor type 1) ATCGACAG CAGTTCCA

CB2 (cannabinoid CNR2 TGACCGCCATTG | TAGTGCTGAGAG

receptor type 2) ACCGATAC GACCCACA

Table 1. List of primers that were used for RT-qPCR
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Statistical Analysis

Data were computed and analyzed using GraphPad Prism 8. For RT-qPCR data, an
unpaired t test with equal SD of at least six independent experiments performed in triplicates
was performed (n=6). The results of neurotoxic challenges were analyzed by ordinary
one-way ANOVA followed by Tukey's test of at least 4 independent experiments performed in

8 replicates (n=4). Differences were considered significant at P < 0.05.

Results and discussion

Dose curve

Initially, we performed a dose-response curve with concentrations of 0.01 to 2.5 uM of
CBD in order to elucidate its neuroprotective effects [21] when administered in the SH-SYSY
model of human neuroblastoma in the mature neuron model (Fig. 2a) and in the neuronal

development model (Fig. 2b).
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Fig. 2 Dose-response curve (0.01 to 2.5 uM) for CBD in the different experimental models:

(a) mature neuron model and (b) neuronal development model

In the dose curve for CBD, no dose was toxic (it was not significant in any treatment).
We chose 0.1 uM because previous data from the research group [19] the 2.5 uM dose
sensitized the cells of these same models to the neurotoxic challenge. This result exemplifies
why CBD has an inverted bell effect on the dose-response curve, as low doses are more

effective [22 - 23]. Besides, previous unpublished data from our research group showed that
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the 0.1 uM of CBD has a neuroprotective effect in the developmental model neuronal.

Therefore, this was the concentration selected to be used in this work.

CBD effects on ECS modulation

Endocannabinoids and phytocannabinoids have several molecular targets in common
and may be similar to some extent, as they have affinity for receptors, ligand-susceptible ion
channels, and nuclear receptors [24 - 25]. GPRSS5, for example, can be activated by AEA and
2-AG, but little is known about this interaction [26 - 27]. However, CBD can act as an agonist
and antagonist on GPR55 [28]. The action of CBD against the advancement of
neurodegenerative diseases is still poorly understood, but it shows promising ways when it
potentially acts as a neuroprotector when it activates PPARy, which can also be activated in
the presence of AEA and 2-AG [29 - 30]. In view of this, it is possible to understand that a
modulation of the ECS is favorable for the advancement of treatments for diseases that affect

the CNS.
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Fig. 3 RT-gPCR on genes encoding CB2 (a) and CBI1 (b) receptors and the enzymes
responsible for the 2-AG degradation (c), AEA synthesis (d), AEA degradation (e) and 2-AG
synthesis (f) of the ECS in a mature neuron model. The results were analyzed by the unpaired

t test with equal SD of at least six independent experiments performed in triplicate (n = 6).
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Fig. 4 RT-gPCR on genes encoding CB2 (a) and CBI1 (b) receptors and the enzymes
responsible for the 2-AG degradation (c), AEA synthesis (d), AEA degradation (e) and 2-AG
synthesis (f) of the ECS in the model of neuronal development. The results were analyzed by
the unpaired t test with equal SD of at least six independent experiments performed in

triplicate (n=6).

In our mature neuron model (Fig. 3) there was no influence of CBD on the expression
levels of the analyzed genes. However, in the neuronal development model (Fig. 4) there was
a significant difference, in which there is a decrease in NAPE-PLD expression levels (Fig. 4d)
and an increase in FAAH expression levels (Fig. 4e) in response to treatment with 0.1 uM

CBD. These two genes code for the endocannabinoid AEA synthesis and degradation
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enzymes, respectively. The alteration in the expression levels of these enzymes probably leads
to a decrease in the endogenous levels of AEA. This idea can be reaffirmed in the face of
different models of recent studies in which CBD is administered to adolescent rodents, at a
stage prone to manifest chemical dependence, in order to act as a potential therapeutic to
prevent relapses in amphetamine users. When exposed to CBD, there is an excitability of the
ECS, causing positive effects to prevent relapse. It was also possible to observe a change in
synthesis and degradation similar to our work, where amphetamine reduced AEA
neurotransmission [31]. Another study that reaffirms our data was performed in mice treated
with THC and CBD, where brain samples were processed and analyzed in different regions,
analyzing the effect of THC and CBD on the CNS. The results demonstrate the influence of
CBD at the lipid level in the brain, and also on the activation of NAPE-PLD [32]. In view of
this, it is possible to affirm that there is an interference of CBD in the synthesis and
degradation of AEA and that this mechanism can be better elucidated when a lipidomics is
performed, which may include the intervention of CBD in biological processes.

Therefore, we did not observed any difference in the gene expression of the CB1
receptor. CBD did not directly alter CB1 expression levels, but it did alter levels of enzymes
that determine the bioavailability of one of its endogenous ligands: the endocannabinoid

AEA.

Neurotoxic and neuroprotective effects of CBD and synthetic derivatives

In this work we tested CBD against a neurotoxin present in the nervous system,
6-OHDA. This neurotoxin is capable of gradually destroying catecholaminergic nerves in
innervated tissues, and has been widely used as an experimental model in studies of
Parkinson's disease [33]. We performed a neurotoxic challenge in cells treated with 0.1 uM
CBD co-treated with CB1 antagonist, and in the mature neuron model there was no
neurotoxic or neuroprotective effect (Fig. 5a). However, in the neuronal development model,
the 0.1 uM dose of CBD was neuroprotective, but lost neuroprotection after addition of the
CB1 antagonist, a evidence that this receptor participates in the neuroprotective effects of

CBD (Fig. 5b).
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Fig. 5 Neurotoxic challenge in cells co-treated with modulators of CB1 activity and with 0.1
uM CBD in the mature neuron model (a) and in the neuronal development model (b). The
results were obtained by ordinary one-way ANOVA followed by Dunnet's test of at least 4

independent experiments performed in quadruplicate (n=4)

Endocannabinoids are possibly acting on the tone of other synapses, as blocking CB1
by an antagonist will not necessarily have the same effect as removing endocannabinoids.
Since AEA main signaling pathway is CB1, with the pharmacological effect of being a
negative modulator of something, since if the receptor is active when bound to a ligand, CBD
binds at another modulating site on the receptor, and this causes its activity to increase [34].

We also performed the neurotoxic challenge of the 0.1 uM treatment of CBD and its
synthetic analogs, HUF-101, DMH and HU-556, in a more intense damage challenge with the
LDy, of H,0O, (375 uM) (Fig. 6).
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Fig. 6 Neurotoxic challenge of 0,1 uM treatment of CBD, HUF-101, DMH and HU-556 in

mature (a) and developing (b) neuron models for analysis of neuroprotective/neurotoxic

effects and for ROS production in both the treatment models (c). Results were obtained by

one-way ANOVA followed by Dunnet's test of at least 4 independent experiments performed

in 8 replicates (n=4)

In the neurotoxic challenge, there was no neuroprotective effect in both experimental

models in the treatment with CBD and its synthetic derivatives (Fig. 6a, b). Also, no

antioxidante effects were observed in the underdevelopment model (Fig. 6¢) and in mature

neurons (data not show). In the H,O, LD, challenge, the damage may have been too intense
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and, consequently, it was not possible to detect any neuroprotection of CBD and its synthetic
derivatives.

Therefore, CBD has a low affinity for CB1 [35 - 36] and its effects are observed only
in some brain regions [37 - 38]. Thus, it is possible to affirm that CBD acts indirectly on the
ECS, acting as an indirect agonist. This hypothesis is explained by the action of CBD in
blocking the FAAH (enzyme that participates in the hydrolysis of AEA) in previous studies
[35 - 39]. In our results, CBD reduced FAAH expression and increased NAPE-PLD
expression, possibly reducing AEA levels, only in underdevelopment neurons. Therefore,
CBD ends up modulating the expression levels of enzymes that regulate one of the
endogenous ligands of CB1, the AEA, and the neurotoxic challenges with co-treatment with
CBD and a CB1 antagonist showed that the neuroprotective effect of CBD is mediated by
the receptor CB1 [40].

Conclusion

Our work demonstrates a difference between neuronal and mature neuron models of
development. We saw a lower bioavailability of AEA, CB1 binder. Therefore, the effect we
are seeing of CBD is not directly on the receptor, but on the availability of a CB1 receptor
ligand. Bearing in mind that the ECS is involved in the development of the neuronal system,
this can be a problem if CBD is administered at a time when there are a lot of developing
cells, which can affect development. Thus, in our work we found effects of exogenous
phytocannabinoids only in the modulation of developing neurons, as possibly occurs in the
infant brain. Other studies have also shown similar results using other models at the lipid and
protein level [26; 19]. Given this, still little is known about the effects of CBD on immature
neurons.

Consequently, the release of CBD for treatment in children must be carefully
evaluated its risks and benefits, as its use should only be released for children diagnosed with
serious problems. The concern is that with the use of CBD to treat this type of disease, it
ends up generating a false idea that it is an inert product that can be used unrestrictedly in
diseases such as anxiety, attention deficit hyperactivity disorder (ADHD) and other diseases
of childhood behavior, since they do not have so many proven results, and that according to
our work can be a problem. Finally, more studies are necessary to assure the safety and

efficacy of CBD and synthetic derivatives in periods of active neurodevelopment.
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3 CONCLUSOES E PERSPECTIVAS

Os endocanabinoides e fitocanabinoides possuem diversos alvos moleculares em
comum e podem ser semelhantes até certo ponto, visto que possuem afinidade com
receptores, canais i0nicos suscetivel a ligantes e receptores nucleares (Alexander, 2016; Di
Marzo and Piscitelli, 2015). O GPRS5S5, por exemplo, pode ser ativado pela AEA e 2-AG,
porém ainda pouco se sabe sobre essa interacdo (Martinez-Pinilla et al., 2014; Zhao and
Abood, 2013). No entanto, o CBD pode agir como agonista e antagonista no GPR55 (Ryberg
et al., 2007). A agdo do CBD contra o avango de doencas neurodegenerativas ainda ¢ pouco
elucidado, mas demonstra caminhos promissores quando age potencialmente como
neuroprotetor quando ativa o PPARY, o qual também pode ser ativado na presenga de AEA ¢
2-AG (Scuderi et al., 2014; O’Sullivan, 2007). Diante disso, € possivel compreender que uma
modulagdo do SEC seja favoravel para o avango de tratamentos de doengas que afetam o
SNC. A sintese e degradacdo do AEA demonstra alteracdes em nosso modelo de

desenvolvimento neuronal pelo aumento da NAPE-PLD e diminui¢do da FAAH. A alteragdo
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nos niveis de expressdo destas enzimas provavelmente leva a uma diminui¢do dos niveis
endogenos de AEA. Esta ideia pode ser reafirmada diante de diferentes modelos de estudos
recentes em que o CBD ¢ administrado em roedores adolescentes, em um estagio propenso a
manifestar dependéncia quimica, no intuito de agir como um potencial terapéutico para evitar
recaidas em usuarios de anfetamina. Quando expostos ao CBD ocorre uma excitabilidade do
SEC, ocasionando efeitos positivos para evitar a recaida. Também foi possivel observar uma
alteracdo na sintese e degradagdo semelhante ao nosso trabalho, em que a anfetamina reduziu
a neurotransmissao do AEA (Metz et al., 2022). Outro estudo que reafirmam nossos dados ¢
de camundongos que receberam doses de THC e CBD, onde as amostras do cérebro foram
processadas e analisadas em diferentes regides, analisando o efeito do THC e CBD no SNC.
Os resultados demonstram influéncia do CBD em nivel lipidomico no cérebro, como em
regular a NAPE-PLD (Leishman et al., 2018). Diante disso, ¢ possivel afirmar que hd uma
interferéncia do CBD na sintese e degradacdo do AEA e que esse mecanismo pode ser melhor
elucidado quando for realizado uma lipidémica, podendo compreender a intervengdo do CBD
em processos biologicos.

Diante disso, ndo vimos diferenca na expressdao génica do receptor CB1. O CBD nao
alterou diretamente os niveis de expressdo do CBI, mas alterou niveis de enzimas que
determinam a biodisponibilidade de um de seus ligantes endogenos: o endocanabinoide AEA.
O SEC ¢ receptor as enzimas de sintese e degradacdo, e o estimulo do SEC, por meio da
modulagdo, demonstrou que o CBD durante o desenvolvimento neural leva a uma diminuigao
da sintese endogena, uma provavel influéncia dos niveis de endocanabinoides e apresenta uma
neuroprote¢do quando estimula o receptor CB1. Essa neuroprote¢do ¢ dependente do estimulo
do receptor porque quando ele € bloqueado, a neuroestimulacao ¢ perdida. Entretanto, ainda
nao se sabe se esses acontecimentos sdo paralelos, mas o que os resultados demonstram ¢ que
a neuroprote¢do ¢ dependente da estimulacdo de CB1 quando ocorre a diminui¢do da sintese
dos endocanabinoides. Por conseguinte, o CBD possui baixa afinidade pelo CB1 (Bisogno et
al. 2001; Jones et al. 2010; Pertwee 2008) e seus efeitos sdo observados apenas em algumas
regides cerebrais (Breivogel et al. 2001; Thomas et al., 2007). Dessa forma, ¢ possivel afirmar
que o CBD age indiretamente no SEC, atuando como um agonista indireto. Essa hipotese é
explicada pela acdo do CBD no bloqueio da FAAH (enzima que participa da hidrolise de
AEA) (Bisogno et al. 2001; De Petrocellis et al. 2011). Portanto, o CBD acaba modulando os
niveis de expressao de enzimas que regulam um dos ligantes endogenos do CB1, a AEA e que
os desafios neurotdxicos com co-tratamento com CBD e um antagonista de CB1 mostrou que

o efeito neuroprotetor do CBD ¢ mediado pelo receptor CB1 (Zlebnik et al., 2018).
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Os endocanabinoides vao agir no tonus de outras sinapses, pois o bloqueio do CBl1
por um antagonista ndo necessariamente ird ocasionar o mesmo efeito do que retirar
endocanabinoides, visto que tem como via de sinalizagdo o CB1 tendo como efeito
farmacoldgico ser modulador negativo de algo, pois se o receptor esta ativo quando ligado a
um ligante, o CBD se liga em outro sitio de modulagdo do receptor, e isso ocasiona o
aumento da sua atividade.

Portanto, nosso trabalho demonstra uma diferenca entre os modelos de
desenvolvimento neuronal e neurdnio maduro. Vimos uma menor biodisponibilidade de AEA,
ligante de CBI1. Por isso o efeito que estamos vendo do CBD ndo ¢ diretamente sobre o
receptor e sim sobre a disponibilidade de um ligante do receptor CB1. Lembrando que o SEC
esta envolvido no desenvolvimento do sistema neuronal e isso pode ser um problema se o
CBD for administrado em uma época que haja muita célula em desenvolvimento, podendo
afetar o desenvolvimento. Diante disso, no nosso trabalho encontramos producao exdgena de
fitocanabinoides apenas na modulagdo de neurénios em desenvolvimento como ocorre em
cérebro infantil. Outros estudos também mostraram resultados semelhantes utilizando de
outros modelos em nivel lipidico e proteico (Metz et al., 2022; Leishman et al., 2018). Diante
disso, ainda pouco se sabe sobre os efeitos do CBD em neuronios maduros.

Consequentemente, a liberagdo do CBD para tratamento em criancas deve ser bastante
avaliada o seu risco e beneficio, pois seu uso deve ser liberado apenas para criangas com
diagnostico de problemas graves. A preocupagdo ¢ que com o uso do CBD para tratar esse
tipo de doenga, acabe gerando uma falsa ideia de que ¢ um produto inerte que possa ser
utilizado de forma irrestrita em doengas como ansiedade, transtorno do déficit de atengdo com
hiperatividade (TDAH) e outras doencas de comportamento infantil, visto que ndo possuem

tantos resultados comprovados, € que segundo o nosso trabalho pode ser um problema.
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o Definition: Black and white graphic with no shading.
« Do not use faint lines and/or lettering and check that all lines and lettering within the

figures are legible at final size.

o All lines should be at least 0.1 mm (0.3 pt) wide.

+ Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

s Vector graphics containing fonts must have the fonts embedded in the files.
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e Definition: a combination of halftone and line art, e.g., halftones containing line drawing,
extensive lettering, color diagrams, etc.

s Combination artwork should have a minimum resolution of 600 dpi.

Color Art

+ Color art is free of charge for online publication.

o |f black and white will be shown in the print version, make sure that the main information
will still be visible. Many colors are not distinguishable from one another when converted
to black and white. A simple way to check this is to make a xerographic copy to see if the
necessary distinctions between the different colors are still apparent.

¢ |f the figures will be printed in black and white, do not refer to color in the captions.

e Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

o To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

* Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3
mm (8-12 pt).

o Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type
on an axis and 20-pt type for the axis label.

o Avoid effects such as shading, outline letters, etc.

+ Do not include titles or captions within your illustrations.



Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, ¢, etc.).

If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,"A1, A2, A3,
etc." Figures in online appendices [Supplementary Information (S1)] should, however, be
numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts.
Include the captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also
in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed at
the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc,,
as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a

reference citation at the end of the figure caption.

Figure Placement and Size

o Figures should be submitted within the body of the text. Only if the file size of the
manuscript causes problems in uploading it, the large figures should be submitted
separately from the text.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column text areas), or
174 mm (for single-column text areas) wide and not higher than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be
aware that some publishers do not grant electronic rights for free and that Springer will not
be able to refund any costs that may have occurred to receive these permissions. In such
cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures,

please make sure that
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o All figures have descriptive captions (blind users could then use a text-to-speech software
or a text-to-Braille hardware)

s Patterns are used instead of or in addition to colors for conveying information (colorblind
users would then be able to distinguish the visual elements)

« Any figure lettering has a contrast ratio of at least 4.5:1

Back to top T

Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This
feature can add dimension to the author's article, as certain information cannot be printed
or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should read the
journal's Research data policy. We encourage research data to be archived in data
repositories wherever possible.

Submission

« Supply all supplementary material in standard file formats.

s Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

+ To accommodate user downloads, please keep in mind that larger-sized files may require
very long download times and that some users may experience other problems during
downloading.

« High resolution (streamable quality) videos can be submitted up to a maximum of 25GB;

low resolution videos should not be larger than 5GB.

Audio, Video, and Animations

» Aspect ratio: 16:9 or 4:3

o Maximum file size: 25 GB for high resolution files; 5 GB for low resolution files

¢ Minimum video duration: 1 sec

+ Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, mdy,
3gp

Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
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viability.
+ A collection of figures may also be combined in a PDF file.

Spreadsheets

+ Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

¢ Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and
.tex can also be supplied.

Collecting Multiple Files

e |t is possible to collect multiple files in a .zip or .gz file.

Numbering

¢ If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.
¢ Refer to the supplementary files as "Online Resource”, e.g., "... as shown in the animation

(Online Resource 3)", "... additional data are given in Online Resource 4"

s Name the files consecutively, e.g. "ESM_3.mpg", "ESM_4.pdf".

Captions

« For each supplementary material, please supply a concise caption describing the content
of the file.

Processing of supplementary files

o Supplementary Information (SI) will be published as received from the author without any
conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

* The manuscript contains a descriptive caption for each supplementary material

s Video files do not contain anything that flashes more than three times per second (so that
users prone to seizures caused by such effects are not put at risk)

Back to top 1T
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Editing Services
English

How can you help improve your manuscript for publication?

Presenting your work in a well-structured manuscript and in well-written English gives it its
best chance for editors and reviewers to understand it and evaluate it fairly. Many
researchers find that getting some independent support helps them present their results in
the best possible light. The experts at Springer Nature Author Services can help you with
manuscript preparation—including English language editing, developmental comments,
manuscript formatting, figure preparation, translation, and more.

Get started and save 15%

You can also use our free Grammar Check tool for an evaluation of your work.

Please note that using these tools, or any other service, is not a requirement for publication,
nor does it imply or guarantee that editors will accept the article, or even select it for peer

review.

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a member of
the Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on
how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust
in the journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation is helped by following
the rules of good scientific practice, which include*:

¢ The manuscript should not be submitted to more than one journal for simultaneous
consideration.

¢ The submitted work should be original and should not have been published elsewhere in
any form or language (partially or in full), unless the new work concerns an expansion of
previous work. (Please provide transparency on the re-use of material to avoid the
concerns about text-recycling (‘self-plagiarism’).

+ A single study should not be split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time (i.e. 'salami-
slicing/publishing").




+ Concurrent or secondary publication is sometimes justifiable, provided certain conditions
are met. Examples include: translations or a manuscript that is intended for a different
group of readers.

s Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors should
adhere to discipline-specific rules for acquiring, selecting and processing data.

+ No data, text, or theories by others are presented as if they were the author's own
(‘plagiarism"). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks (to indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

+ Authors should make sure they have permissions for the use of software,

questionnaires/(web) surveys and scales in their studies (if appropriate).

s Research articles and non-research articles (e.g. Opinion, Review, and Commentary
articles) must cite appropriate and relevant literature in support of the claims made.
Excessive and inappropriate self-citation or coordinated efforts among several authors to
collectively self-cite is strongly discouraged.

s Authors should avoid untrue statements about an entity (who can be an individual person
or a company) or descriptions of their behavior or actions that could potentially be seen
as personal attacks or allegations about that person.

s Research that may be misapplied to pose a threat to public health or national security
should be clearly identified in the manuscript (e.g. dual use of research). Examples include
creation of harmful consequences of biological agents or toxins, disruption of immunity
of vaccines, unusual hazards in the use of chemicals, weaponization of
research/technology (amongst others).

« Authors are strongly advised to ensure the author group, the Corresponding Author, and
the order of authors are all correct at submission. Adding and/or deleting authors during
the revision stages is generally not permitted, but in some cases may be warranted.
Reasons for changes in authorship should be explained in detail. Please note that changes
to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties
rights such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order
to verify the validity of the results presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or proprietary data is
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excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry
out an investigation following COPE guidelines. If, after investigation, there are valid
concerns, the author(s) concerned will be contacted under their given e-mail address and
given an opportunity to address the issue. Depending on the situation, this may result in
the Journal's and/or Publisher's implementation of the following measures, including, but
not limited to:

o |If the manuscript is still under consideration, it may be rejected and returned to the
author.

e |If the article has already been published online, depending on the nature and severity of

the infraction:

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article
- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or
retraction note. Please note that retraction means that the article is maintained on the
platform, watermarked “retracted” and the explanation for the retraction is provided in a

note linked to the watermarked article.
¢ The author’s institution may be informed

+ A notice of suspected transgression of ethical standards in the peer review system may be

included as part of the author's and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal
and explain in what sense the error is impacting the article. A decision on how to correct
the literature will depend on the nature of the error. This may be a correction or retraction.
The retraction note should provide transparency which parts of the article are impacted by
the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors should
make sure they are totally independent and not connected to the work in any way. It is
strongly recommended to suggest a mix of reviewers from different countries and different



institutions. When suggesting reviewers, the Corresponding Author must provide an
institutional email address for each suggested reviewer, or, if this is not possible to include
other means of verifying the identity such as a link to a personal homepage, a link to the
publication record or a researcher or author ID in the submission letter. Please note that the
Journal may not use the suggestions, but suggestions are appreciated and may help
facilitate the peer review process.

Back to top T

Authorship principles

These guidelines describe authorship principles and good authorship practices to which

prospective authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all gave
explicit consent to submit and that they obtained consent from the responsible authorities
at the institute/organization where the work has been carried out, before the work is
submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is
recommended that authors adhere to the guidelines for authorship that are applicable in
their specific research field. In absence of specific guidelines it is recommended to adhere
to the following guidelines™:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data; or the creation of new software used in the
work;

2) drafted the work or revised it critically for important intellectual content;
3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated and
resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in scientific
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publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding, financial or
non-financial interests, study-specific approval by the appropriate ethics committee for
research involving humans and/or animals, informed consent if the research involved
human participants, and a statement on welfare of animals if the research involved animals
(as appropriate).

The decision whether such information should be included is not only dependent on the
scope of the journal, but also the scope of the article. Work submitted for publication may
have implications for public health or general welfare and in those cases it is the
responsibility of all authors to include the appropriate disclosures and declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software
application or custom code support their published claims and comply with field standards.
Please note that journals may have individual policies on (sharing) research data in
concordance with disciplinary norms and expectations.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-authors and
ensures that questions related to the accuracy or integrity of any part of the work are
appropriately addressed.

The Corresponding Author is responsible for the following requirements:

« ensuring that all listed authors have approved the manuscript before submission,

including the names and order of authors;

« managing all communication between the Journal and all co-authors, before and after
publication;*

« providing transparency on re-use of material and mention any unpublished material (for
example manuscripts in press) included in the manuscript in a cover letter to the Editor;

+ making sure disclosures, declarations and transparency on data statements from all
authors are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors
during submission and proofing may be delegated to a Contact or Submitting Author. In
this case please make sure the Corresponding Author is clearly indicated in the manuscript.
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Author contributions

In absence of specific instructions and in research fields where it is possible to describe
discrete efforts, the Publisher recommends authors to include contribution statements in
the work that specifies the contribution of every author in order to promote transparency.
These contributions should be listed at the separate title page.

Examples of such statement(s) are shown below:
= Free text:

All authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by [full name], [full name] and [full name]. The first
draft of the manuscript was written by [full name] and all authors commented on previous
versions of the manuscript. All authors read and approved the final manuscript.

Example: CRediT taxonomy:

= Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and
investigation: [full name], ...; Writing - original draft preparation: [full name, ...];, Writing -
review and editing: [full name], ...; Funding acquisition: [full name], ...; Resources: [full name],
.... Supervision: [full name].....

For review articles where discrete statements are less applicable a statement should be

included who had the idea for the article, who performed the literature search and data
analysis, and who drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is
recommended that the student is usually listed as principal author:

A Graduate Student's Guide to Determining Authorship Credit and Authorship Order, APA
Science Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the majority of their
work was done. If an author has subsequently moved, the current address may additionally
be stated. Addresses will not be updated or changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author,
and the order of authors at submission. Changes of authorship by adding or deleting
authors, and/or changes in Corresponding Author, and/or changes in the sequence of
authors are not accepted after acceptance of a manuscript.

+ Please note that author names will be published exactly as they appear on the



accepted submission!

Please make sure that the names of all authors are present and correctly spelled, and that
addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some
cases it may be warranted. Reasons for these changes in authorship should be explained.
Approval of the change during revision is at the discretion of the Editor-in-Chief. Please
note that journals may have individual policies on adding and/or deleting authors during
revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for
consideration or acquire an ORCID ID via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or
peer-review process, and the co-authors feel it is appropriate to include the author, co-
authors should obtain approval from a (legal) representative which could be a direct
relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and publication,
the Journal will not be in a position to investigate or adjudicate. Authors will be asked to
resolve the dispute themselves. If they are unable the Journal reserves the right to withdraw
a manuscript from the editorial process or in case of a published paper raise the issue with
the authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers' reports unless explicit consent has been received to share
information.

Back to top 1

Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
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regarding sources of funding, potential conflicts of interest (financial or non-financial),
informed consent if the research involved human participants, and a statement on welfare
of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
"Compliance with Ethical Standards” when submitting a paper:

« Disclosure of potential conflicts of interest
¢ Research involving Human Participants and/or Animals
= Informed consent

Please note that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline.
Before submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure to

fulfill the above-mentioned guidelines.

Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the work
submitted for publication. Interests within the last 3 years of beginning the work
(conducting the research and preparing the work for submission) should be reported.
Interests outside the 3-year time frame must be disclosed if they could reasonably be
perceived as influencing the submitted work. Disclosure of interests provides a complete
and transparent process and helps readers form their own judgments of potential bias. This
is not meant to imply that a financial relationship with an organization that sponsored the

research or compensation received for consultancy work is inappropriate.

Editorial Board Members and Editors are required to declare any competing interests and
may be excluded from the peer review process if a competing interest exists. In addition,
they should exclude themselves from handling manuscripts in cases where there is a
competing interest. This may include — but is not limited to — having previously published
with one or more of the authors, and sharing the same institution as one or more of the
authors. Where an Editor or Editorial Board Member is on the author list they must declare
this in the competing interests section on the submitted manuscript. If they are an author or
have any other competing interest regarding a specific manuscript, another Editor or
member of the Editorial Board will be assigned to assume responsibility for overseeing peer

review. These submissions are subject to the exact same review process as any other



manuscript. Editorial Board Members are welcome to submit papers to the journal. These
submissions are not given any priority over other manuscripts, and Editorial Board Member
status has no bearing on editorial consideration.

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder and the
grant number) and/or research support (including salaries, equipment, supplies,
reimbursement for attending symposia, and other expenses) by organizations that may gain
or lose financially through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication of
this manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or
children) that may gain or lose financially through publication of this manuscript;
consultation fees or other forms of remuneration from organizations that may gain or lose
financially; patents or patent applications whose value may be affected by publication of
this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, any such
figure is necessarily arbitrary, so one possible practical guideline is the following: "Any

undeclared financial interest that could embarrass the author were it to become publicly
known after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that go
beyond financial interests that could impart bias on the work submitted for publication such
as professional interests, personal relationships or personal beliefs (amongst others).
Examples include, but are not limited to: position on editorial board, advisory board or
board of directors or other type of management relationships; writing and/or consulting for
educational purposes; expert witness; mentoring relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an expert
synthesis of evidence and may be treated as an authoritative work on a subject. Review
articles therefore require a disclosure statement.Other article types such as editorials, book
reviews, comments (amongst others) may, dependent on their content, require a disclosure
statement. If you are unclear whether your article type requires a disclosure statement,
please contact the Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that
funding is a potential competing interest (as mentioned above)) needs to be disclosed upon
submission of the manuscript in the peer review system. This information will automatically
be added to the Record of CrossMark, however it is not added to the manuscript itself.
Under 'summary of requirements’ (see below) funding information should be included in
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the '‘Declarations’ section.

Summary of requirements

The above should be summarized in a statement and placed in a 'Declarations’ section
before the reference list under a heading of ‘Funding’ and/or ‘Competing interests’. Other
declarations include Ethics approval, Consent, Data, Material and/or Code availability and
Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use one
blanket statement.

Examples of statements to be used when funding has been received:
e Partial financial support was received from [..]

* The research leading to these results received funding from [...] under Grant Agreement
Nol...].

¢ This study was funded by [...]

s This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

s The authors did not receive support from any organization for the submitted work.
+ No funding was received to assist with the preparation of this manuscript.

+ No funding was received for conducting this study.

s No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

+ Financial interests: Author A has received research support from Company A. Author B
has received a speaker honorarium from Company Wand owns stock in Company X.
Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.
+ Financial interests: The authors declare they have no financial interests.

Non-financial interests: Author A is on the board of directors of Y and receives no
compensation as member of the board of directors.
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» Financial interests: Author A received a speaking fee from Y for Z. Author B receives a
salary from association X. X where s/he is the Executive Director.

Non-financial interests: none.

» Financial interests: Author A and B declare they have no financial interests. Author C has
received speaker and consultant honoraria from Company M and Company N. Dr. C has
received speaker honorarium and research funding from Company M and Company Q.
Author D has received travel support from Company O.

Non-financial interests: Author D has served on advisory boards for Company M,
Company N and Company O.

Examples of statements to be used when authors have nothing to declare:
¢ The authors have no relevant financial or non-financial interests to disclose.

« The authors have no competing interests to declare that are relevant to the content of
this article.

« All authors certify that they have no affiliations with or involvement in any organization or
entity with any financial interest or non-financial interest in the subject matter or
materials discussed in this manuscript.

+ The authors have no financial or proprietary interests in any material discussed in this
article.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.

Backtotop T

Research involving human participants, their data or biological
material

Ethics approval

When reporting a study that involved human participants, their data or biological material,
authors should include a statement that confirms that the study was approved (or granted
exemption) by the appropriate institutional and/or national research ethics committee
(including the name of the ethics committee) and certify that the study was performed in
accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards. If doubt exists whether the research
was conducted in accordance with the 1964 Helsinki Declaration or comparable standards,
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the authors must explain the reasons for their approach, and demonstrate that an
independent ethics committee or institutional review board explicitly approved the doubtful
aspects of the study. If a study was granted exemption from requiring ethics approval, this
should also be detailed in the manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing,
retrospective ethics approval usually cannot be obtained and it may not be possible to
consider the manuscript for peer review. The decision on whether to proceed to peer review
in such cases is at the Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological
material (for which formal consent may not be needed or is difficult to obtain) ethics
approval may be required dependent on the law and the national ethical guidelines of a
country. Authors should check with their institution to make sure they are complying with
the specific requirements of their country.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on this
subject. Authors should check with their institution to make sure they are complying with
the specific requirements of their institution and seek ethics approval where needed.
Authors should be aware to secure informed consent from the individual (or parent or
guardian if the participant is a minor or incapable) See also section on Informed Consent.

Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were used
by describing the source of the cell line, including when and from where it was obtained,
whether the cell line has recently been authenticated and by what method. If cells were
bought from a life science company the following need to be given in the manuscript: name
of company (that provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and
contamination of human cell lines. This step will alert authors to possible problems with the
cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication Commitiee
(ICLAC).

Authors should include a statement that confirms that an institutional or independent



ethics committee (including the name of the ethics committee) approved the study and that
informed consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource ldentifiers (RRID) are persistent unique identifiers (effectively similar to a
DOI) for research resources. This journal encourages authors to adopt RRIDs when reporting
key biological resources (antibodies, cell lines, model organisms and tools) in their
manuscripts.

Examples:

Organism: Filip 11" 1eKOMPIWest RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109
Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: Image) Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research

resources already have designated RRIDs. The portal also provides authors links so that they

can quickly register a new resource and obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research study that
prospectively assigns human participants or groups of humans to one or more health-
related interventions to evaluate the effects on health outcomes". The WHO defines health
interventions as "A health intervention is an act performed for, with or on behalf of a person
or population whose purpose is to assess, improve, maintain, promote or modify health,
functioning or health conditions” and a health-related outcome is generally defined as a
change in the health of a person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register
prospective clinical trials (phase Il to IV trials) in suitable publicly available repositories. For
example www.clinicaltrials.gov or any of the primary registries that participate in the WHO
International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last
line of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to
register retrospectively to ensure the complete publication of all results. The trial
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registration number (TRN), date of registration and the words ‘retrospectively registered’
should be included as the last line of the manuscript abstract.

Standards of reporting

Springer Nature advocates complete and transparent reporting of biomedical and
biological research and research with biological applications. Authors are recommended to
adhere to the minimum reporting guidelines hosted by the EQUATOR Network when
preparing their manuscript.

Exact requirements may vary depending on the journal; please refer to the journal's
Instructions for Authors.

Checklists are available for a number of study designs, including:
Randomised trials (CONSORT) and Study protocols (SPIRIT)
Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPQOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)
Animal pre-clinical studies (ARRIVE)
Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section
before the reference list under a heading of 'Ethics approval'.

Examples of statements to be used when ethics approval has been obtained:

= All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or comparable ethical standards. The
study was approved by the Bioethics Committee of the Medical University of A (No. ...).

= This study was performed in line with the principles of the Declaration of Helsinki.
Approval was granted by the Ethics Committee of University B (Date.../No. ...).
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this study adhere to the tenets of the Declaration of Helsinki.

= The questionnaire and methodology for this study was approved by the Human Research
Ethics committee of the University of D (Ethics approval number: ..).

Examples of statements to be used for a retrospective study:

= Ethical approval was waived by the local Ethics Committee of University A in view of the
retrospective nature of the study and all the procedures being performed were part of the

routine care.

= This research study was conducted retrospectively from data obtained for clinical
purposes. We consulted extensively with the IRB of XYZ who determined that our study did
not need ethical approval. An IRB official waiver of ethical approval was granted from the
IRB of XY7.

= This retrospective chart review study involving human participants was in accordance with

the ethical standards of the institutional and national research committee and with the 1964

Helsinki Declaration and its later amendments or comparable ethical standards. The Human
Investigation Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption
granted:

= This is an observational study. The XYZ Research Ethics Committee has confirmed that no
ethical approval is required.

= The data reproduced from Article X utilized human tissue that was procured via our
Biobank AB, which provides de-identified samples. This study was reviewed and deemed
exempt by our XYZ Institutional Review Board. The BioBank protocols are in accordance
with the ethical standards of our institution and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.
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Informed consent

All individuals have individual rights that are not to be infringed. Individual participants in
studies have, for example, the right to decide what happens to the (identifiable) personal
data gathered, to what they have said during a study or an interview, as well as to any
photograph that was taken. This is especially true concerning images of vulnerable people
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(e.g. minors, patients, refugees, etc) or the use of images in sensitive contexts. In many
instances authors will need to secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such
as facial features, fingerprint, writing style, voice pattern, DNA or other distinguishing
characteristic) and other information) of the participants that were studied should not be
published in written descriptions, photographs, and genetic profiles unless the information
is essential for scholarly purposes and the participant (or parent/guardian if the participant
is a minor or incapable or legal representative) gave written informed consent for
publication. Complete anonymity is difficult to achieve in some cases. Detailed descriptions
of individual participants, whether of their whole bodies or of body sections, may lead to
disclosure of their identity. Under certain circumstances consent is not required as long as
information is anonymized and the submission does not include images that may identify
the person.

Informed consent for publication should be obtained if there is any doubt. For example,
masking the eye region in photographs of participants is inadequate protection of
anonymity. If identifying characteristics are altered to protect anonymity, such as in genetic
profiles, authors should provide assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:

- Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology
slides unless there is a concern about identifying information in which case, authors should
ensure that consent is obtained.

» Reuse of images: If images are being reused from prior publications, the Publisher will
assume that the prior publication obtained the relevant information regarding consent.
Authors should provide the appropriate attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or
guardian if the deceased has not made a pre-mortem decision) must have given prior
written consent. The aspect of confidentiality as well as any wishes from the deceased
should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project
authors should ensure, as part of the informed consent procedure, that the participants are
made aware what kind of (personal) data will be processed, how it will be used and for what
purpose. In case of data acquired via a biobank/biorepository, it is possible they apply a
broad consent which allows research participants to consent to a broad range of uses of
their data and samples which is regarded by research ethics committees as specific enough
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to be considered "informed”. However, authors should always check the specific
biobank/biorepository policies or any other type of data provider policies (in case of non-
bio research) to be sure that this is the case.

Consent to Participate

For all research involving human subjects, freely-given, informed consent to participate in
the study must be obtained from participants (or their parent or legal guardian in the case
of children under 16) and a statement to this effect should appear in the manuscript. In the
case of articles describing human transplantation studies, authors must include a statement
declaring that no organs/tissues were obtained from prisoners and must also name the
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For
manuscripts reporting studies involving vulnerable groups where there is the potential for
coercion or where consent may not have been fully informed, extra care will be taken by the
editor and may be referred to the Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data published
in a journal article. Authors should make sure to also seek consent from individuals to
publish their data prior to submitting their paper to a journal. This is in particular applicable
to case studies. A consent to publish form can be found

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section
before the reference list under a heading of 'Consent to participate’ and/or ‘Consent to
publish’. Other declarations include Funding, Competing interests, Ethics approval, Consent,
Data and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

Sample statements for “Consent to participate™:

Informed consent was obtained from all individual participants included in the study.
Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish™:

The authors affirm that human research participants provided informed consent for
publication of the images in Figure(s) 1a, 1b and 1c.
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The participant has consented to the submission of the case report to the journal.
Patients signed informed consent regarding publishing their data and photographs.
Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom
identifying information is included in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed consent or
the paper may be removed and replaced with a notice explaining the reason for removal.
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After acceptance

Upon acceptance, your article will be exported to Production to undergo typesetting. Once
typesetting is complete, you will receive a link asking you to confirm your affiliation, choose

the publishing model for your article as well as arrange rights and payment of any
associated publication cost.

Once you have completed this, your article will be processed and you will receive the
proofs.

Article publishing agreement

Depending on the ownership of the journal and its policies, you will either grant the
Publisher an exclusive licence to publish the article or will be asked to transfer copyright of
the article to the Publisher.

Offprints

Offprints can be ordered by the corresponding author.
Color illustrations
Online publication of color illustrations is free of charge. For color in the print version,

authors will be expected to make a contribution towards the extra costs.

Proof reading



91

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in content,
e.g., new results, corrected values, title and authorship, are not allowed without the approval
of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which

will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official
first publication citable with the DOI. After release of the printed version, the paper can also
be cited by issue and page numbers.
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Open Choice

Open Choice allows you to publish open access in more than 1850 Springer Nature
journals, making your research more visible and accessible immediately on publication.

Article processing charges (APCs) vary by journal — view the full list
Benefits:

o Increased researcher engagement: Open Choice enables access by anyone with an

internet connection, immediately on publication.

s Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times
more often on average, and cited 1.7 more times on average*.

s Easy compliance with funder and institutional mandates: Many funders require open
access publishing, and some take compliance into account when assessing future grant
applications.

It is easy to find funding to support open access — please see our funding and support
pages for more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact
analysis, 2018.

Open Choice

Funding and Support pages




Copyright and license term - CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the
Creative Commons Attribution License.

Find more about the license agreement
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Research Data Policy and Data Availability Statements

This journal operates a type 3 research data policy. A submission to the journal implies that
materials described in the manuscript, including all relevant raw data, will be freely available

to any researcher wishing to use them for non-commercial purposes, without breaching
participant confidentiality.

Data availability

All original research must include a data availability statement. Data availability statements
should include information on where data supporting the results reported in the article can
be found, if applicable. Statements should include, where applicable, hyperlinks to publicly

archived datasets analysed or generated during the study. For the purposes of the data
availability statement, “"data” is defined as the minimal dataset that would be necessary to
interpret, replicate and build upon the findings reported in the article. When it is not
possible to share research data publicly, for instance when individual privacy could be
compromised, data availability should still be stated in the manuscript along with any
conditions for access. Data availability statements can take one of the following forms (or a
combination of more than one if required for multiple datasets):

1. The datasets generated during and/or analysed during the current study are available in
the [NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

2. The datasets generated during and/or analysed during the current study are available
from the corresponding author on reasonable request.

3. All data generated or analysed during this study are included in this published article
[and its supplementary information files].

4. The datasets generated during and/or analysed during the current study are not publicly
available due [REASON(S) WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author on reasonable request.].

5. Data sharing not applicable to this article as no datasets were generated or analysed
during the current study.
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6. The data that support the findings of this study are available from [THIRD PARTY NAME]
but restrictions apply to the availability of these data, which were used under licence for the
current study, and so are not publicly available. Data are however available from the authors
upon reasonable request and with permission of [THIRD PARTY NAME].

More templates for data availability statements, including examples of openly available and
restricted access datasets, are available here:

Data availability statements

Data repositories

This journal strongly encourages that all datasets on which the conclusions of the paper rely
are available to readers. We encourage authors to ensure that their datasets are either
deposited in publicly available repositories (where available and appropriate) or presented
in the main manuscript or additional supporting files whenever possible. Please see
Springer Nature's information on recommended repositories.

List of Repositories

General repositories - for all types of research data - such as figshare and Dryad may be
used where appropriate.
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Data citation

The journal also requires that authors cite any publicly available data on which the
conclusions of the paper rely. Data citations should include a persistent identifier (such as a
DOQI), should be included in the reference list using the minimum information
recommended by DataCite, and follow journal style. Dataset identifiers including DOls
should be expressed as full URLs.

Research data and peer review

Peer reviewers are encouraged to check the manuscript’s Data availability statement, where
applicable. They should consider if the authors have complied with the journal’s policy on
the availability of research data, and whether reasonable effort has been made to make the
data that support the findings of the study available for replication or reuse by other
researchers. Peer reviewers are entitled to request access to underlying data (and code)
when needed for them to perform their evaluation of a manuscript.

If the journal that you're submitting to uses double-blind peer review and you are providing
reviewers with access to your data (for example via a repository link, supplementary
information or data on request), it is strongly suggested that the authorship in the data is
also blinded. There are data repositories that can assist with this and/or will create a link to

mask the authorship of your data.

Authors who need help understanding our data sharing policies, help finding a suitable
data repository, or help organising and sharing research data can access our Author
Support portal for additional guidance.

For more information:

http://www.springernature.com/gp/group/data-policy/faqg
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Open access publishing

To find out more about publishing your work Open Access in Molecular Neurobiology,
including information on fees, funding and licenses, visit our Open access publishing_page.
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