UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
Faculdade de Farméacia

Trabalho de Conclusao de Curso de Farmacia

INVESTIGACAO DO POTENCIAL EFEITO NEUROPROTETOR DE
NANOCAPSULAS POLIMERICAS CONTENDO PHLORETIN EM UM
MODELO EX VIVO DA DOENCA DE ALZHEIMER

Felippo Bifi

Porto Alegre, junho de 2019



UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
Faculdade de Farméacia

Trabalho de Conclusao de Curso de Farmacia

INVESTIGACAO DO POTENCIAL EFEITO NEUROPROTETOR DE
NANOCAPSULAS POLIMERICAS CONTENDO PHLORETIN EM UM
MODELO EX VIVO DA DOENCA DE ALZHEIMER

Trabalho de Conclusdo de Curso
apresentado como requisito parcial para
obtencado do grau de farmacéutico pelo
curso de Farmécia da Universidade
Federal do Rio Grande do Sul.

Felippo Bifi

Orientadora: Dra. Juliana Bender Hoppe

Porto Alegre, junho de 2019



‘Mas eu ndo posso deixar de dizer, meu amigo
Que uma nova mudanga, em breve, vai acontecer
E o que algum tempo era novo, jovem, hoje é antigo
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Belchior
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DESTAQUES

O peptideo PBA142 induz morte celular em fatias organotipicas
hipocampais.

Nanocapsulas de phloretin previnem a morte celular causada pelo
peptideo BA1-42.

Phloretin nanoencapsulado diminui a ativagédo da enzima GSK-3p.

O tratamento com as nanocapsulas de phloretin reduz o imunoconteudo
de GFAP.



RESUMO

A Doenca de Alzheimer (DA) é a desordem neurodegenerativa mais prevalente
relacionada ao envelhecimento. Quanto a fisiopatologia, a DA est4,
principalmente, relacionada ao aparecimento de placas senis compostas por
agregados do peptideo B-amiloide (BA) e de emaranhados neurofibrilares
compostos pela proteina tau hiperfosforilada. Tais achados parecem promover
neuroinflamacdo crénica através da ativacdo das células gliais e prejudicar
diferentes vias de sinalizacdo celular levando, consequentemente, a morte
celular. Na tentativa de melhor compreender os mecanismos celulares e
moleculares desencadeados pelo peptideo BA, a cultura organotipica combina a
preservagao da multiplicidade celular original do tecido cerebral e de suas
conexdes interneurais, permitindo assim, sua utlizacdo para estudo da
toxicidade do peptideo BA, bem como do potencial efeito neuroprotetor de
compostos como o phloretin, um polifenol presente em diversos vegetais e frutas.
Por outro lado, uma limitagdo para sua administracéo € a baixa solubilidade, que
prejudica, assim, sua absorcado. Visto isso, uma estratégia para o carreamento
de farmacos para o cérebro e outros 6rgdos € o emprego de nanoparticulas.
Assim, o objetivo deste trabalho foi investigar o potencial efeito neuroprotetor de
nanocapsulas de phloretin sobre a toxicidade do peptideo BA1-42 em cultura
organotipica de hipocampo de ratos Wistar. O presente estudo demonstrou que
as nanocapsulas de phloretin (NC PHL) reduziram a morte celular induzida pelo
peptideo BA1-42 através da reducdo da incorporacao de iodeto de propideo (IP).
ApOs investigar possiveis vias de sinalizacdo envolvidas, foi verificado que as
NC PHL impediram a ativac&o da proteina GSK-3f, reduziram o imunoconteldo
da proteina GFAP, marcadora de astrocitos reativos, e atenuaram a diminuicéo
do imunoconteudo da proteina pré-sinaptica sinaptofisina induzida pelo peptideo
BA1-42. Com isso, diante dos resultados promissores de neuroprotecdo do
flavonoide phloretin em sua forma nanoencapsulada neste modelo de toxicidade
do peptideo BA1-42, mais estudos serdo realizados para esclarecer estes e outros

mecanismos envolvidos.

Palavras-chave: Alzheimer, amiloide, organotipica, nanocapsula, phloretin,

neuroprotecao
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LISTA DE ABREVIACOES

B-Amiloide

Fator Neurotrofico Derivado do Cérebro
Barreira hematoencefélica

Doencga de Alzheimer

Cinase Regulada por Sinais Extracelulares
Proteina Acida Fibrilar Glial

Glicogénio sintase cinase 33
Interleucina 13

lodeto de propideo

Cinase c-Jun N-terminal

Proteina Cinase Ativada por Mitdgeno
Nanocépsula branca

Nanocapsula de phloretin

Proteina Precursora Amiloide

Sistema nervoso central

Fator de Necrose Tumoral a



1. INTRODUCAO

A Doenca de Alzheimer (DA) € a desordem neurodegenerativa mais
prevalente relacionada ao envelhecimento, cuja incidéncia tem crescido com o
aumento da expectativa de vida populacional. Clinicamente, a DA &
caracterizada por prejuizo ou perda da memoria, déficit cognitivo progressivo,
entre outros danos comportamentais e sociais (Parihar and Hemnani, 2004).

Quanto a fisiopatologia, a DA estd, principalmente, relacionada ao
acumulo do peptideo beta-amiloide (BA) devido ao processamento anormal da
proteina precursora amiloide (PPA) através das enzimas beta e gama secretases
(Scharfenberg et al.,, 2019). Como resultado, podera haver agregacdo dos
mondmeros em oligdbmeros que podem ser internalizados nas células sendo
toxicos a estas ou mesmo se agregar na forma de fibrilas extracelulares levando
ao surgimento das placas senis, desencadeando um processo inflamatério
cronico, comprometendo a transmissdo sinaptica e culminando na morte
neuronal em regides encefalicas importantes para cognicdo e memaoria, como 0

hipocampo e cortex cerebral (Querfurth and Laferla, 2010).

Outros importantes achados sdo os emaranhados neurofibrilares
compostos majoritariamente pela proteina tau hiperfosforilada, que desta forma
reduz a afinidade pelos microtibulos dos axbénios levando a sua
desestabilizacdo. O que determina o estado de fosforilagcdo da proteina tau € a
atividade de diversas enzimas cinases e fosfatases e, entre as cinases mais
conhecidas e estudadas, esta a glicogénio sintase cinase 3 (GSK-3[3). A GSK-
3B é conhecida, por este motivo, por ser a principal enzima responsavel pela
estabilizacdo da proteina tau (Crespo-Biel et al., 2007; Fuentealba et al., 2004).
Outra importante enzima que possui alta atividade na fisiopatologia da DA é a
cinase c-Jun N-terminal (JNK), pertencente a familia das proteinas cinases
ativadas por mitogeno (MAPK). Esta € uma importante enzima mediadora que
propaga sinais extracelulares relacionados com parametros de estresse

oxidativo e inflamacao para o interior da célula (Wang et al., 2014).

Estudos vém demonstrando que a neuroinflamagdo é fortemente

associada a fisiopatologia da DA, onde células como os astrdcitos reativos e a
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microglia ativada se acumulam proximos das placas fibrilares e, em uma situacéo
cronica, liberam fatores neurotoxicos, como por exemplo, as citocinas pro-
inflamatorias, que consequentemente auxiliardo no processo de degenaragao
neuronal. Este dano causado aos neur6nios, por sua vez, liberara ativadores das
células gliais, perpetuando assim o processo inflamatorio (Guo et al., 2002;
Meraz-Rios et al., 2013).

Na tentativa de melhor compreender 0s mecanismos toxicos
desencadeados pelo peptideo BA, que parece iniciar 0 processo
neurodegenerativo na DA, diversos modelos experimentais tém sido utilizados.
Dentre eles, a cultura organotipica combina a preservacao da multiplicidade
celular original do tecido cerebral e das conexdes interneurais. Dessa forma, a
utilizacao desse modelo permite o estudo das vias de sinalizacao envolvidas com
a neurotoxicidade induzida pelo peptideo BA, bem como o estudo do potencial
efeito neuroprotetor de novas drogas (Frozza et al., 2013a; Hoppe et al., 2010;
Nassif et al., 2007).

Apesar do progresso na terapia sintomatica para a DA, abordagens
terapéuticas eficazes que interferem nos processos neurodegenerativos
subjacentes a DA ainda néo estdo disponiveis. Contudo, nos ultimos anos, tem
aumentado o interesse em estudos com novas moléculas extraidas de fontes
naturais que possuem potencial efeito neuroprotetor (Naoi et al., 2019) e, entre
elas, estd o phloretin, um flavonoide da classe das dihidrochalconas. Este
polifenol é muito encontrado em frutas e legumes, principalmente na maca. Sua
utilizacao atualmente se da, majoritariamente, em dermocosméticos, onde Shin
e colaboradores (2014) observaram que o efeito fotoprotetor do phloretin esta
estritamente correlacionado com o0 aumento da expressdo de genes
responsaveis pelo reparo por excisdo de nucleotideos. Além disso, alguns
trabalhos recentes tém demonstrado seu efeito anti-inflamatério (Chang et al.,
2012), antioxidante (Yang et al., 2011) e anticancer (Duan et al., 2017; Wu et al.,
2009; Xu, 2018). Desta forma, nos ultimos anos, o phloretin tem sido estudado
qguanto ao seu envolvimento com o sistema nervoso central (SNC) em modelos
de doencgas como Parkinson (Barreca et al., 2017) e Alzheimer (Ghumatkar et
al., 2018, 2019, 2015). LoPachin e colaboradores (2011) atribuem, pelo menos

em parte, suas propriedades neuroprotetoras a formacao de grupos enolatos em
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sua estrutura molecular e, assim, esta funcdo quimica pode complexar com
cations e atacar nucleofilicamente eletrofilos toxicos que estdo envolvidos na

fisiopatologia de diversas doengas neurodegenerativas.

HO HO OH

Figura 1. Estrutura quimica do phloretin.

Por outro lado, uma das grandes limitagbes do phloretin é sua baixa
solubilidade em &gua (Wei et al., 2017) que prejudica sua absorcao através da
barreira hematoencefalica (BHE), sendo um impeditivo para o tratamento de
doencas que acometem o SNC. Para superar essa imposicdo, uma estratégia
para o carreamento de farmacos para o cérebro € o emprego de nanoparticulas,
sendo que estas podem se subdividir em nanocapsulas ou nanoesferas. As
nanocapsulas, como objeto deste trabalho, sdo constituidas por um invélucro
polimérico disposto ao redor de um nucleo oleoso, podendo o farmaco estar
dissolvido neste nucleo e/ou adsorvido a parede polimérica (Rezende et al.,
2003). Em comparacdo com outros carreadores coloidais, as nanoparticulas
poliméricas apresentam maior estabilidade quando em contato com os fluidos
bioldgicos. Além disso, sua natureza polimérica permite a obtencdo das
propriedades desejadas como liberacdo controlada e sustentada de drogas
(Bernardi et al., 2013; Frozza et al., 2010; Roney et al., 2005).

Considerando que os tratamentos atuais ndo impedem a progresséo da
DA, o estudo de nanoparticulas poliméricas contendo potenciais drogas
neuroprotetoras sao promissores candidatos para investigacdo de terapias
inovadoras para o tratamento desta desordem do SNC, por serem capazes de
atravessar a BHE e carrear grande quantidade destas substancias ao encéfalo
(Bernardi et al., 2013; Frozza et al., 2013a; Frozza et al., 2013b; Hoppe et al.,
2013a). Assim sendo, o objetivo do presente trabalho foi investigar o potencial
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efeito neuroprotetor de nanocapsulas de phloretin sobre a neurotoxicidade do
peptideo BAi1-42 em cultura organotipica de hipocampo de ratos Wistar sobre

parametros de neuroinflamacao, integridade sindptica e dano celular.

2. MATERIAL E METODOS

2.1. Materiais

O peptideo BA1-42 foi adquirido da American Peptide Co. (Sunnyvale, CA,
EUA). O phloretin foi adquirido da Enzo Life Sciences (Farmingdale, NY, EUA).
O Meio Essencial Minimo (MEM), Solucéo Salina Balanceada de Hanks (HBSS),
fungizona, penicilina/estreptomicina e soro equino inativado foram adquiridos da
Gibco (Grand Island, NY, EUA). Membranas semipermeaveis de cultura Millicell®
de 0,4 um foram adquiridas da Millipore® (Bedford, MA, EUA) e placas para
cultura de tecido de 6 pocos foram provenientes da TPP® (Trasadingen, Suica).
lodeto de propideo (IP) bem como acrilamida, bisacrilamida, dodecil sulfato de
sédio (SDS) e B-mercaptoetanol usados em eletroforese em gel de poliacrilamida
na presenca de SDS (SDS-PAGE) foram adquiridos da Sigma-Aldrich Co. (St.
Louis, MO, EUA). Os anticorpos foram adquiridos da Cell Signaling Technology
(Beverly, MA, EUA), Dako Chemicals (Carpinteria, CA, EUA), Sigma-Aldrich Co.
(St. Louis, MO, EUA) e Millipore® (Bedford, MA, EUA). Anticorpo anti-mouse
conjugado com peroxidase foi obtido da Cell Signaling Technology. Anticorpo
anti-rabbit conjugado com peroxidase, 0s reagentes que detectam
guimioluminescéncia (ECL) e as membranas de nitrocelulose Hybond™ ECL™
foram adquiridas da Amersham Biosciences (Little Chalfont, Reino Unido).
Todos os outros reagentes quimicos utilizados neste estudo foram de grau

analitico.

2.2. Cultura organotipica de fatias hipocampais

As culturas organotipicas de fatias hipocampais foram realizadas segundo
o método descrito por Stoppini e colaboradores (1991), com algumas

modificacdes (Frozza et al., 2009). Fatias de hipocampo de 400 um foram obtidas
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de ratos machos Wistar de 6 a 8 dias utilizando um fatiador de tecidos Mcllwain
e separadas em Solucdo Salina Balanceada de Hanks (HBSS) composta de: 36
mM de glicose, 1,26 mM de CaClz, 5,36 mM de KCI, 136,89 mM de NacCl, 0,44
mM de KH2HPO4, 0,34 mM de Na2HPO4, 0,49 mM de MgClz, 0,44 mM de MgSOs4,
25 mM de HEPES, 1% de fungizona 250 pg/mL e 1% de penicilina 10.000
U/mL/estreptomicina 10.000 pg/mL, pH 7,2. As fatias foram alocadas em
membranas semipermedaveis de cultura Millicell® e estas membranas foram,
entdo, inseridas em placas de cultura de tecido de 6 pocos TPP®. Cada poco
continha 1 mL de meio de cultura composto por 50% de Meio Essencial Minimo
(MEM), 25% de Solucdo Salina Balanceada de Hanks (HBSS) e 25% de soro
equino inativado por calor, sendo este meio suplementado com (concentracdes
finais): 36 mM de glicose, 25 mM de HEPES e 4 mM de NaHCOs, contendo 1%
de fungizona 250 pg/mL e 1% de penicilina 10.000 U/mL/estreptomicina 10.000
pug/mL, pH 7,3. As culturas organotipicas foram mantidas em uma incubadora
umidificada com uma atmosfera de 5% de CO2/95% O:2 e temperatura de 37 °C
por 3 semanas. O meio de cutivo foi trocado duas vezes por semana. Todos 0s
procedimentos com animais foram aprovados pelo Comité de Etica de Uso de
Animais local (CEUA/UFRGS n° 35.489) e estavam de acordo com o Guia do
National Institutes of Health (NIH) para o Cuidado e Uso de Animais de
Laboratorio (publicagéo n° 8023, revisado em 1978). Todos esfor¢os foram feitos
para minimizar o sofrimento dos animais, bem como de utilizar apenas o nimero

necessario.

2.3. Preparacao de nanocapsulas de nucleo lipidico contendo phloretin

As suspensdes de nanocapsulas foram preparadas pelo método de
deposicao interfacial de polimero pré-formado conforme proposto por Fessi e
colaboradores (1989). 0,1 g do polimero poli-E-caprolactona (PCL, PM= 80.000),
(Aldrich, Lesquin, Franca), 0,038 g de monoestearato de sorbitano (Delaware,
Porto Alegre, Brasil), 330 yuL de oOleo de copaiba (Delaware) e 0,002 g do
flavonoide phloretin (Enzo Life Sciences, Farmingdale, EUA) foram dissolvidos
em 24 mL de acetona (Merck, Darmstadt, Alemanha) e 3 mL de etanol (Merck)

sob agitacdo magnética constante a 40 °C. Em béquer separado, 0,077 g do
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polissorbato 80 (Delaware) foi adicionado a 54 mL de agua MilliQ® (Millipore®
Corporation, Bedford, EUA). A fase organica, totalmente solubilizada, foi vertida
sobre a fase aquosa, sob agitacdo magnética constante, a temperatura
ambiente, com auxilio de um funil. A suspensédo resultante foi mantida sob
agitacdo e, apos 10 minutos, a acetona e o etanol foram removidos e a
suspensao foi concentrada sob pressao reduzida a fim de ajustar o volume final
para 10 mL. A concentracao final de phloretin na suspenséo foi de 0,2 mg/mL.
Como controle, foram realizadas as nanocpsulas brancas, onde estas nao
possuiam phloretin, tendo todos os outros constituintes da formulacéo iguais e

submetidas ao mesmo processo de preparo.

2.4. Preparacao do peptideo BA1-42

1 mg de peptideo BA1-42 (American Peptide Co.) foi dissolvido em agua
esterilizada bi-destilada com 0,1% de NH4OH (Sigma-Aldrich Co.) a uma
concentracdo de 1 mg/mL, sendo esta solucdo estoque armazenada a -20 °C.
Previamente a utilizacdo, o peptideo BAi-42 foi submetido ao processo de

fibrilacdo a temperatura de 37 °C por 72 horas (Nassif et al., 2007).

2.5. Exposicdo das fatias ao peptideo PAi42 e tratamento com as

nanocapsulas de phloretin

No 21° dia da cultura organotipica, as fatias foram mantidas em meio de
cultivo reduzido em soro equino (5%). Para induzir neurotoxicidade, as fatias
organotipicas foram expostas a 2 UM (concentracéo final) do peptideo BA1-42 por
48 horas. Junto ao peptideo, as fatias foram incubadas com as nanocapsulas de
phloretin nas concentracées de 0,5, 1 e 5 pM (concentragdes finais) ou as
nanocapsulas brancas (veiculo do phloretin) (volume igual ao utilizado na
concentracéo de 5 puM) por 48 horas. Como controle, as fatias foram incubadas

somente com meio de cultivo reduzido em soro equino.

2.6. Quantificacdo da morte celular
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O dano celular foi avaliado por analise de imagem fluorescente de
captacao do iodeto de propideo (IP) (Frozza et al., 2009; Noraberg et al., 1999).
IP é um composto polar que € impermeavel a membranas celulares integras,
mas € capaz de penetrar em células danificadas e se intercalar ao DNA para
gerar uma fluorescéncia vermelha brilhante. Apds 48 de horas de exposi¢cao ao
peptideo BA e tratamento com as nanocapsulas de phloretin, 5 uM de IP foi
adicionado ao meio de cultivo e mantido durante 1 hora. A captacédo de IP € um
indicativo de lesédo significativa de membranas celulares (Macklis and Madison,
1990). As fatias foram observadas com um microscopio invertido Eclipse TE 300
(Nikon Instruments Inc., Melville, NY, EUA) e capturadas utilizando uma camera
CCD (DXM1200C, Nikon Instruments Inc.). Posteriormente, as imagens foram
analisadas usando o Scion Image Software (http://www.scioncorp.com) e, para
fins de quantificacdo, a area da fluorescéncia de IP (transformado em pixels)
detectada acima do plano de fundo foi dividida pelo total da area da fatia
(Valentim et al.,, 2003). A intensidade de IP, que significa morte celular, foi

expressa em percentagem de fluorescéncia:
Morte celular (%) = (Fd / Fo) x 100

Onde Fd é a fluorescéncia de captacdo da area morta das fatias de

hipocampo e Fo € a area total de cada fatia de hipocampo.

2.7. Analise de western blotting

Apbs obtencdo das imagens fluorescentes, as fatias organotipicas
hipocampais foram homogeneizadas em tampao de lise composto por
(concentracgdes finais): SDS 4%, EDTA 2 mM, Tris 50 mM e agua. Finalizado o
processamento, aliquotas foram utilizadas para determinacdo da concentracao
de proteinas presente (Peterson, 1979) e B-mercaptoetanol foi adicionado a uma
concentracéo final de 5%. As proteinas presentes na amostra foram separadas
(30 pg por pogo) em gel de SDS-PAGE 12%. ApoOs o término da migragcéo
eletroforética, as proteinas foram transferidas para membranas de nitrocelulose
utilizando um aparato de transferéncia semi-seco Trans-Blot® SD (Bio-Rad). As
membranas foram entdo incubadas por 60 minutos a 4 °C em solucdo de

blogueio (solugéo tampéo de Tris contendo 5% de leite em p6 desnatado e 0,1%
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de polissorbato 20, pH 7,4) e posteriormente incubadas com o anticorpo primario
apropriado dissolvido em em solucéo de bloqueio overnight a 4 °C. Os anticorpos
primérios utilizados foram: anti-fosfo-GSK-33 (Ser9) (1:1000; Cell Signaling),
anti-GSK-3B (1:1000; Cell Signaling), anti-fosfo-JNK 1/2 (Thrl83/Tyrl85)
(1:1000; Cell Signaling), anti-JNK 1/2 (1:1000; Cell Signaling), anti-fosfo-tau
(Ser396) (1:1000; Cell Signaling), anti-tau (1:1000; Cell Signaling), anti-GFAP
(1:3000; Dako Chemicals), anti-CD11b (1:1000; Millipore), anti-sinaptofisina
(1:3000; Millipore) e anti-B-actina (1:1000; Sigma-Aldrich). Apds, as membranas
foram incubadas com o anticorpo secundario, sendo este anti-rabbit conjugado
com peroxidase (1:1000; Amersham Biosciences) ou anti-mouse conjugado com
peroxidase (1:1000; Cell Signaling) por 1 hora a temperatura ambiente. A
quimioluminescéncia foi detectada em fotodocumentador ImageQuant™ LAS
4000 (GE Healthcare Life Sciences) apo0s exposicdo das membranas ao
reagente de ECL (Amersham Biosciences). Os valores foram expressos em

porcentagem em relacdo ao controle.

2.8. Andlise estatistica

Analise de variancia (ANOVA) de uma via foi aplicada para determinar as
diferencas estatisticas entre 0os grupos experimentais. Comparacdes post-hoc
foram realizadas pelo teste de Tukey. A andlise foi realizada com Prism Graph
Pad (v6.0, Graph Pad Software Inc., San Diego, CA, EUA). Os valores estao
expressos como média + EP. Diferencas entre os valores médios foram

consideradas estatisticamente significativas quando p < 0,05.

3. RESULTADOS

3.1. Phloretin nanoencapsulado previne a morte celular induzida pelo

peptideo BA1-42

A exposicao das culturas organotipicas de hipocampo ao peptideo BA1-42
por 48 horas induziu um aumento significativo da fluorescéncia nas fatias

verificada pela incorporacdo de IP de 16 + 2,5 % no grupo BA142 (n=15) em
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relacdo ao grupo controle que foi de 0,5 £ 0,12 % (n=12) (p < 0,001). Por outro
lado, todas as concentracdes testadas de nanocapsulas de phloretin: 0,5, 1 e 5
UM foram capazes de prevenir o dano causado pelo peptideo BA1-42 observado
através da incorporacao de IP de 2,2 £ 0,5 % (n=12), 0,9+ 0,2 % (n=12) e 1,0 +
0,15 % (n=12), respectivamente (p < 0,001). Um aumento significativo na
fluorescéncia também foi verificado no grupo no qual as fatias foram coincubadas
com o peptideo BA142 e as nanocdpsulas brancas (17 * 3,6 %, n=6, p < 0,001),
indicando que nenhum outro componente da nanocdpsula possui efeito
neuroprotetor além do phloretin (Fig. 2). Visto isso, a concentracdo determinada

das nanocapsulas de phloretin para o seguimento dos experimentos foi de 1 uM.
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Figura 2. Nanocapsulas de phloretin reduzem a morte celular induzida pelo peptideo BA1-42 em
fatias organotipicas hipocampais. (A) Fotomicrografias representativas da captacao de iodeto de
propideo em fatias organotipicas de hipocampo. (B) Quantificacdo da captacdo de iodeto de
propideo, expresso como percentual de fluorescéncia pela area total da fatia. As barras
representam média + EP, n=6-15. # Significativamente diferente dos outros grupos experimentais

(ANOVA de uma via seguida pelo teste de Tukey, p < 0,001).
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3.2.  Nanocapsulas de phloretin previnem a ativacao da proteina GSK-3f3

induzida pelo peptideo BAz1-42

Para verificar a expressdo da enzima GSK-3f, foi realizada a analise
através da técnica de western blotting utilizando anticorpos para sua forma
fosforilada em Ser9 bem como de seu imunoconteudo total. Foi observado que
as fatias organotipicas que foram coincubadas com o peptideo BAi42 e
nanocapsulas de phloretin 1 UM aumentaram a razdo p-GSK-3BS¢9/GSK3p
(médias em relacdo ao controle de 122 + 19 % do grupo BA + NC PHL contra 70
+ 9 % do grupo BA1-42) (Fig. 3), o que indica um aumento significativo de sua
forma inativa quando comparado ao grupo BAi-42 (n=8, p < 0,05). Quanto a
relagdo p-JNKT183Myri85 1/2/INK 1/2 ndo foi observada diferenca estatistica
significativa entre os grupos analisados (média em relacéo ao controle do grupo
BA142 184 = 55 % e do grupo BA + NC PHL 124 £ 21 %, n=5, p= 0,2951) (Fig.
4). Quanto a relacéo p-tauSe%/tau foi observado uma tendéncia ao aumento da
forma fosforilada em Ser 396 no grupo BA1-42 (128 £ 7 %) quando comparada ao
grupo controle (100 + 0,15 %) (n=5, p=0,0834) (Fig. 5). As fatias hipocampais
tratadas com as nanocapsulas brancas (NB) e com BAi42 + NB, ndo foram
diferentes do grupo controle e do grupo BA1-42, respectivamente, em todos os
pardmetros avaliados neste trabalho utilizando a técnica de western blotting

(dados ndo mostrados).
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Figura 3. Phloretin nanoencapsulado previne a ativagéo de GSK-3( induzida pelo peptideo BA1-
42 em fatias organotipicas de hipocampo. (A) Imagem representativa de western blotting da
proteina GSK-3[3 e de sua forma fosforilada (Ser9). (B) Quantificacdo do imunocontetdo de p-
GSK-3B5¢9/GSK3p. A proteina B-actina foi utilizada como controle. As barras representam média

+ EP, n=7-8. * Significativamente diferente do grupo A + NC PHL (ANOVA de uma via seguida
pelo teste de Tukey, p < 0,05).
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Figura 4. Avaliagado dos niveis de fosforilagdo da proteina JNK 1/2 em fatias expostas ao fA1-42
e cotratadas com NC PHL por 48 horas. (A) Imagem representativa de western blotting da
proteina JNK 1/2 e de sua forma fosforilada (Thrl83/Tyrl85). (B) Quantificacdo do

imunocontelddo de p-JNKT183/Myr185 1/2/JNK 1/2. A proteina B-actina foi utilizada como controle.
As barras representam média + EP, n=5.
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Figura 5. Avaliagdo dos niveis de fosforilagdo da proteina tau em fatias expostas ao BA142 €
cotratadas com NC PHL por 48 horas. (A) Imagem representativa de western blotting da proteina
tau e de sua forma fosforilada (Ser396). (B) Quantificagdo do imunocontetdo de p-tauSe3%/tau.

A proteina B-actina foi utilizada como controle. As barras representam média + EP, n=6-7.

3.3. Nanocapsulas de phloretin reduzem o aumento do imunoconteudo de

GFAP induzido pelo peptideo BA1-42 em fatias hipocampais

Visto que a neuroinflamacdo é um dos principais achados na DA, foi
analisada a imunoreatividade da proteina acida fibrilar glial (GFAP), marcadora
de astrécitos reativos, através da técnica de western blotting. Pudemos verificar
que as fatias hipocampais coincubadas com BAi-42 € nanocapsulas de phloretin
reduziram significativamente o imunoconteddo de GFAP em relacdo as fatias
que receberam apenas o peptideo BA1-42 (médias em relagéo ao controle de 142
1 15 % no grupo BA1-42 comparado a 73 £ 12 % no grupo BA + NC PHL, n=6, p
< 0,05). Em nossas condi¢cfes experimentais, CD11b, uma integrina marcadora

de microglia ativada, ndo teve seu imunoconteudo alterado entre os diferentes
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grupos (médias em relacdo ao controle de 137 = 15 % no grupo BA142
comparado a 91 + 22 % no grupo BA + NC PHL, n=5, p = 0,2447) (Fig. 6).
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Figura 6. Imunocontetdo de GFAP é reduzido apés tratamento com as nanocapsulas de phloretin
por 48 horas comparado ao grupo BAw42. (A) Imagem representativa de western blotting das
proteinas GFAP e B-actina. (B) Quantificacao do imunocontetddo de GFAP/B-actina. (C) Imagem
representativa de western blotting das proteinas CD11b e B-actina. (B) Quantificacdo do
imunocontetdo de CD11b/B-actina. As barras representam média + EP, n=5,6 (GFAP); 5
(CD11b). * Significativamente diferente do grupo BA + NC PHL (ANOVA de uma via seguida pelo
teste de Tukey, p < 0,05).

3.4. Phloretin nanoencapsulado previne parcialmente a sinaptoxicidade

induzida pelo peptideo BA1-42 em fatias organotipicas hipocampais

A fim de verificar a densidade de proteinas relacionadas a transmissao
sinaptica, o imunoconteudo de sinaptofisina, importante proteina localizada na
membrana de vesiculas pré-sinapticas, foi determinado. Apos a quantificacéo,
verificou-se que o tratamento das fatias hipocampais por 48 horas com peptideo
BA1-42 causou uma diminuigdo significativa do imunocontetdo de sinaptofisina
comparado ao grupo controle (44 £ 8 %, n=6, p < 0,001). Por outro lado, néao
houve uma prevencéo significativa desta reducéo de imunocontetdo quando as
fatias foram coincubadas com o peptideo BAi-42 € nanocapsulas de phloretin
(média em relagé@o ao controle de 62 + 11 % para o grupo A + NC PHL) (Fig.
7).

23



38 kDa | NS QNN « = &= | sinaptofisina

42 kDa | e— —-g p-actina

150+

100+

50+

(% do controle)

Razéao Sinaptofisina/fi-actina

Controle NC PHL AII 1-42 N_‘l + NC PHL

Figura 7. Phloretin nanoencapsulado atenua a sinaptoxicidade induzida pelo peptideo BA1-42 em
fatias organotipicas de hipocampo. (A) Imagem representativa do imunoconteldo das proteinas
sinaptofisina e B-actina. (B) Quantificacdo do imunoconteudo de sinaptofisina/B-actina. As barras
representam média + EP, n=6. *** Significativamente diferente dos grupos controle e NC PHL
(ANOVA seguida pelo teste de Tukey, p < 0,001). * Significativamente diferente dos grupos
controle e NC PHL (ANOVA seguida pelo teste de Tukey, p < 0,05).

4. DISCUSSAO

A Doenca de Alzheimer é a desordem de maior prevaléncia entre pessoas
idosas e seus principais achados no cérebro de pessoas acometidas sdo o0s
agregados do peptideo BA (Querfurth and Laferla, 2010). Diversos estudos vém
sendo realizados a fim de investigar possiveis alvos moleculares e celulares que
possam previnir ou desacelerar a progressdo da neurodegeneracdo que
culminara nos déficits cognitivos observados em pacientes com a DA. Visto que
muitas moléculas em sua forma livre possuem limitacbes para 0 uso na

farmacoterapia, devido, principalmente, a sua baixa biodisponibilidade, o uso da
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nanotecnologia vem sendo amplamente abordado (Li et al., 2015). Como modelo
de estudo, a técnica de cultura organotipica foi escolhida por sua praticidade no
estudo de mecanismos de neurotoxicidade e neuroprotecdo, onde as ceélulas
neuronais e gliais do tecido utilizado, em nosso caso 0 hipocampo, estrutura
cerebral critica para os processos de aprendizado e memoria sendo uma das
primeiras afetadas pela DA, amadurem fisiologicamente durante o periodo
cultivado e permanecem viaveis por longos periodos experimentais (Nassif et al.,
2007).

O presente trabalho mostrou que os agregados do peptideo BA1-42
causaram morte celular na concentracdo de 2 uM apdés 48 horas de exposi¢ao
as fatias organotipicas hipocampais, 0 que corrobora com o encontrado por
Frozza e colaboradores (2013a). Por outro lado foi verificado que no grupo
experimental onde as fatias foram coincubadas com o peptideo BA142 €
nanocapsulas de phloretin, em todas as concentracdes testadas, houve reducéo
do dano causado as celulas presentes no tecido. Até o presente momento ha
poucos trabalhos que estudam o possivel efeito neuroprotetor de phloretin em
modelos experimentais da Doenca de Alzheimer, além de ndo haver nenhum
estudo que verifigue sua forma nanoencapsulada em modelos experimentais da
DA ou qualquer outro modelo de doenca que acomete o SNC. Quanto ao
phloretin em sua forma livre, foi verificado por Ghumatkar e colaboradores (2019)
gue ratos Wistar que receberam phloretin via oral por 21 dias nas doses de 2,5
e 5 mg/kg, apos injegdo intracerebroventricular do peptideo BA2s-35,
apresentaram reduc¢ao do acumulo do peptideo BA no hipocampo, uma menor
incidéncia de nucleos apoptéticos na regido do giro denteado hipocampal e uma
diminuicdo na neuroinflamacdo mediada pela citocina pro-inflamatéria TNF-a.
Em outro trabalho, os autores sugerem que um possivel mecanismo de
neuroprotecdo do pré-tratamento com phloretin em um modelo de isquemia
cerebral em ratos seja através da regulagdo da homeostase do estado redox em
regides do cortex cerebral, visualizada pelo aumento de enzimas antioxidantes
atravées da ativacdo da via do Nrf2 (fator nuclear eritroide 2 relacionado
ao fator 2), que atua regulando a expressao de genes de diversas proteinas com

acao antioxidante (Liu et al., 2015).
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Na tentativa de determinar possiveis mecanismos celulares pelos quais o
phloretin possui seu efeito neuroprotetor contra a neurotoxicidade do peptideo
BA1-42 em nosso modelo experimental, determinamos o nivel de fosforilacdo da
proteina tau, envolvida na formagdo dos emaranhados neurofibrilares
intracelulares compostos por agregados hiperfosforilados desta proteina. Neste
estudo observamos uma tendéncia ao aumento da razdo p-tauSe3%/tau nas
fatias organotipicas hipocampais quando incubadas por 48 horas com o peptideo
BA1-42 2 UM. Por sua vez, em nossas condi¢cdes experimentais, o cotratamento
com nanocapsulas de phloretin 1 uM ndo demonstrou prevenir esta tendéncia
de aumento da fosforilacdo da proteina tau na Ser 396. Mais esfor¢cos deveréo
ser direcionados a estes experimentos para a conclusdo deste resultado, visto
gue trabalhos anteriores desenvolvidos pelo nosso grupo utilizando este modelo
experimental demonstraram um aumento significativo da fosforilacao da proteina
tau em Ser 199 e Ser 202 desencadeada pelo peptideo BA2s35 (Hoppe et al.,
2010).

Neste estudo também avaliamos o estado de fosforilagdo da enzima GSK-
3B, considerada a principal cinase com funcdo de manter a estabilidade da
proteina tau. Neste estudo foi observado uma diferenca significativa entre as
fatias tratadas apenas com PBAi42 e as fatias cotratadas com PAis42 e as
nanocapsulas de phloretin 1 uM em relacéo a razdo p-GSK-3B5¢9/GSK-3B, em
gue, as nanocapsulas de phloretin previniram significativamente a ativacdo desta
enzima, que desta forma ndo é capaz de fosforilar a proteina tau impedindo, a
longo prazo, sua hiperfosforilacdo e, consequentemente, a formacédo dos
emaranhados neurofibrilares. Além de sua funcdo na modulacéo da fosforilacédo
da proteina tau, a GSK-3[3 é considerada uma enzima pré-apoptotica por atuar
inibindo uma variedade de fatores de transcricdo importantes para a
sobrevivéncia celular. Na via de sinalizacdo da enzima fosfatidilinositol-3 cinase
(PI3K), a GSK-3B encontra-se ativa quando nao fosforilada, podendo ser inibida
através do aumento da fosforilagdo no sitio especifico Ser 9 pela enzima Akt
(também conhecida como proteina cinase B) e, neste estado de inativacao,
contribuindo para a sobrevivéncia celular (Llorens-Martin et al., 2014). Desta
maneira, o aumento na fosforilagdo da GSK-33 em Ser 9 observado nas fatias

coincubadas com BAi142 € as nanocapsulas de phloretin corrobora com a
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prevencdo da morte celular evidenciado pela significativa diminuicdo da

incorporacao de iodeto de propideo neste grupo experimental.

Para melhor compreender os mecanismos pelos quais as nanocépsulas
contendo phloretin possam atuar, alguns parametros de neuroinflamacéo foram
avaliados. O imunocontetdo da proteina GFAP foi determinado e pudemos
verificar que as fatias hipocampais coincubadas com o peptideo e o phloretin
nanoencapsulado apresentaram uma reducdo significativa do imunocontetdo de
GFAP guando comparadas com as fatias incubadas apenas com peptideo BA:-
42, indicando assim uma possivel diminuicAo da astrogliose e,
consequentemente, da neuroinflamacdo. Varios estudos encontraram niveis
aumentados de GFAP em tecidos cerebrais, como no cortex frontal e no
hipocampo, de pacientes com DA (Kamphuis et al., 2014; Korolainen et al.,
2005). Um fator importante relacionado a sinalizacdo celular induzida por
eventos inflamatorios esté ligado as proteinas cinases ativadas pelo estresse,
como as MAPK, dentre elas a JNK, a ERK (cinase regulada por sinal
extracelular) e a p38 (Mehan et al., 2011). Em seus resultados, Frozza e
colaboradores (2013a) verificaram que a liberac&o de citocinas pro-inflamatorias,
como IL1-B e TNF-q, levou a uma ativacao sustentada das células astrocitarias
e microgliais com um disturbio na sinalizagdo de JNK. Em nosso estudo, nao foi
possivel concluir o efeito do BA1-42 bem como das nanocapsulas de phloretin,
sobre a modulacdo da enzima JNK, sendo necessario um maior numeros de
experimentos para a sua conclusdo. Quanto a integrina CD11b, presente em
células microgliais ativadas, ndo foi verificada diferenca significativa em seu
imunoconteldo dentre 0s grupos experimentais, este resultado pode estar
relacionado a um tempo insuficiente de exposicao do peptideo BA1-42 as fatias
organotipicas hipocampais para causar uma ativacdo cronica da microglia no
tecido hipocampal, visto que, inicialmente, a microglia fagocitica tem como
funcdo fagocitar e degradar o peptideo BA gerado a partir do processamento
anormal da PPA. (Tuppo and Arias, 2005).

Como uma forma de investigar parametros relacionados com a
integridade sinaptica nas fatias organotipicas hipocampais, foi verificado o
imunoconteldo da proteina pré-sinaptica sinaptofisina. A sinaptofisina é a

proteina mais abundante de vesiculas sinapticas e, portanto, utilizada na
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tentativa de quantificar as sinapses (Edelmann et al., 1995). Além disso, a perda
progressiva da sinaptofisina €& bem estabelecida em diversos modelos
experimentais utilizados para o estudo da DA (Harwell and Coleman, 2016; Sze
et al., 1997). Verificamos que a exposicao das fatias hipocampais ao peptideo
BA142 reduziu significativamente os niveis de sinaptofisina. Este resultado
corrobora com achados prévios do nosso grupo e demais grupos que estudam
0S mecanismos envolvidos na toxicidade do peptideo BA (Frozza et al., 2013b;
Ghumatkar et al., 2018; Hoppe et al., 2013b; Klein et al., 2019). Em nosso modelo
experimental, o phloretin nanoencapsulado na concentracédo de 1 uM incubado
concomitantemente com o peptideo BAi-42 ndo foi capaz de prevenir totalmente
a reducdo expressiva do imunocontetdo de sinaptofisina induzida pelo peptideo
BA142 nas fatias organotipicas hipocampais. Esse resultado pode sugerir que
para as nanocapsulas de phloretin exercerem seu efeito neuroprotetor contra a
sinaptoxicidade induzida pelo peptideo BAi42 possa ser necessario mais
experimentos utilizando uma prévia sensibilizagdo do tecido ao phloretin ou
experimentos utilizando uma concentragdo superior a 1 uM de nanocapsulas de
phloretin em nosso modelo experimental. Em um estudo recente, Ghumatkar e
colaboradores (2018) observaram que, em um modelo in vivo de injecéo
intrahipocampal de BA1-42 em ratos Wistar, o pré-tratamento com phloretin livre
na dose de 5 mg/kg por 28 dias através de gavagem protegeu significativamente
a diminuicdo da expressdo da proteina sinaptofisina causada pela injecdo do
peptideo BA1-42 no hipocampo. Neste trabalho, os autores discutem que diante
das alteracdes observadas no imunocontetdo de sinaptofisina, os niveis do fator
neurotréfico derivado do cérebro (BDNF) possam estar sendo modulados pelo
phloretin, visto que esta neurotrofina é amplamente expressa no cérebro de
mamiferos e é responsavel por regular a plasticidade cerebral e, por fim,
sugerem a necessidade do estudo do envolvimento das neurotrofinas,
principalmente do BDNF, na neuroprotecdo mediada pelo phloretin contra a
toxicidade do peptideo BA (Ghumatkar et al., 2018).

5. CONCLUSOES
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A partir dos resultados obtidos com o presente trabalho, nosso estudo
demonstrou que as nanocapsulas de phloretin possuem potencial efeito
neuroprotetor contra a toxicidade do peptideo BA1-42 em cultura organotipica
hipocampal observado através da reducdo da incorporacao de IP nas células,
indicativo de morte celular, bem como impedir a ativacdo da proteina cinase
GSK-3B, reduzir os niveis de astrdcitos reativos verificado pela diminuigdo do
imunocontetdo de GFAP e prevenir parcialmente a diminuigcdo da proteina pré-
sinéptica sinaptofisina induzida pelo peptideo BA. Sendo assim, em virtude dos
resultados promissores do flavonoide phloretin em sua forma nanoencapsulada
neste trabalho, mais estudos serdo realizados para esclarecer estes e outros
mecanismos envolvidos na neuroprote¢ado das nanocapsulas de phloretin contra

a toxicidade do peptideo beta-amiloide em culturas organotipicas de hipocampo.
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Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

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

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

All experiments on human subjects should be conducted in accordance with the Declaration of Helsinki.
Manuscripts must be accompanied by a statement that all procedures were carried out with the
adequate understanding and written consent of the subjects.
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All animal experiments should be carried out in accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guidelines, the European Communities Council Directive of
24 November 1986 (86/609/EEC) or the National Institutes of Health guide for the care and use of
Laboratory animals (NIH Publications No. 80-23, revised 1978).

Manuscripts should be accompanied by a statement that all efforts were made to minimize animal
suffering, to reduce the number of animals used, and to utilize alternatives to in vivo techniques,
if available.

Authors are advised to consult "A fair press for animals" [New Scientist (1992) 1816: 18-30] before
preparing their manuscript.

The Editors-in-Chief reserve the right to reject papers if there is doubt whether suitable procedures
have been used.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

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

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

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

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

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

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

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
https://www.elsevier.com/fundingbodies.

US National Institutes of Health (NIH) voluntary posting (" Public Access") policy.
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As a service to our authors, Elsevier will deposit to PubMed Central (PMC) author manuscripts on
behalf of Elsevier authors reporting NIH funded research. This service is a continuation of Elsevier's
2005 agreement with the NIH when the NIH introduced their voluntary 'Public Access Policy.'

The service will help authors comply with the National Institutes of Health (NIH) revised "Public Access
Policy," effective April 7, 2008. The NIH's revised policy requires that NIH-funded authors submit to
PubMed Central (PMC), or have submitted on their behalf, their peer-reviewed author manuscripts,
to appear on PMC no later than 12 months after final publication.

Elsevier will send to PMC the final peer-reviewed manuscript, which was accepted for publication
and sent to Elsevier's production department, and that reflects any author-agreed changes made
in response to peer-review comments. Elsevier will authorize the author manuscript's public access
posting 12 months after final publication. Following the deposit by Elsevier, authors will receive further
communications from Elsevier and NIH with respect to the submission.

Authors are also welcome to post their accepted author manuscript on their personal or institutional
web site. Please note that consistent with Elsevier's author agreement, authors should not post
manuscripts directly to PMC or other third party sites. Individual modifications to this general policy
may apply to some Elsevier journals and society publishing partners.

As a leading publisher of scientific, technical and medical (STM) journals, Elsevier has led the industry
in developing tools, programs and partnerships that provide greater access to, and understanding of,
the vast global body of STM information. This service is an example of Elsevier willingness to work
cooperatively to meet the needs of all participants in the STM publishing community.

This journal offers authors a choice in publishing their research:

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

e No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

e A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 2050, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.
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Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

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

Language (usage and editing services)

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

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

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION

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

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

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

Please note that Article structure does not apply to reviews.
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Subdivision - numbered sections

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

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

Material and methods

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

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

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

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

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

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

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

A concise and factual abstract is required. It should not exceed 300 words.The abstract should
state briefly the purpose of the research, the principal results and major conclusions. An abstract
is often presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard
or uncommon abbreviations should be avoided, but if essential they must be defined at their first
mention in the abstract itself.
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Graphical abstract

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

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

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

Abbreviations

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

Acknowledgements

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

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAC:
Nomenclature of Organic Chemistry for further information.

Math formulae

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

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.
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Electronic artwork

General points

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

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

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

e Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

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

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

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

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

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

Reference links

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

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

Web references

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

Data references

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

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

Reference management software

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

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

http://open.mendeley.com/use-citation-style/neurochemistry-international

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

Reference formatting

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

Reference style

Text: All citations in the text should refer to:

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

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

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

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...
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List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, 1., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr.,, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S,,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

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

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

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

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

Data linking

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

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

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

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

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

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

Data statement

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

Drug names should be the official or approved names: trade names or common hames may be given
in brackets where the drug is first mentioned. The manufacturer's name must be given. The doses of
the drugs should be given as unit weight/unit body weight, e.g. mmol/kg or mg/kg. Concentrations
should be given in terms of molarity, e.g. nM, or as unit weight/volume solution, stating whether the
weight refers to the salt or the active component of the drug. The molecular weight, inclusive of water
of crystallization, should be stated if doses are given as unit weight.

The IUB Enzyme Commission (EC) number must be quoted with the full name of the enzyme when
it is first mentioned in the text. Subsequently the accepted trivial name should be used, e.g. Full
name: Acetyl-CoA: choline O-acetyl transferase (EC 2.3.1.6.) Trivial name: Choline acetyltransferase
not choline acetylase. For this information the author should refer to Enzyme Nomenclature (1973),
Elsevier, Amsterdam and the supplement in Biochim. Biophys. Acta (1976) 429, 1-45.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

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

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.
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The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

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

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