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Resumo

As leishmanioses sdo doencas ocasionadas por parasitos pertencentes ao género
Leishmania. Estas doencas tém impacto na pele, mucosas e 6rgdos internos dos
individuos afetados. Consideradas Doencas Tropicais Negligenciadas (DTNSs),
impactam é&reas de grande caréncia socioecondmica e sem infraestruturas béasicas
de higiene e saneamento. O tratamento € realizado através de medicamentos de
elevada toxicidade, culminando em inumeros efeitos adversos e, em certas
situacbes, ha manifestacdo de resisténcia por parte do parasito. Nesse cenario, a
exploracdo de novos compostos antileishmania tem fomentado a investigacdo no
ambito de substancias naturais e seus derivados. O &cido litocélico, um é&cido biliar
secundario, tem evidenciado atividades biologicas antimicrobianas, antifingicas e
também como potencial inibidor da biossintese de esterdis em espécies da familia
Tripanosomatidae, como Trypanossoma cruzi e Trypanossoma brucei, além de
demonstrar atividade in sllico contra Leishmania (Leishmania) amazonensis. Diante
do exposto o trabalho teve como objetivo avaliar a atividade bioldégica do acido
litocolico sobre L. amazonensis, bem como sua citotoxicidade. O &cido litocdlico foi
eficaz em inibir o crescimento de formas promastigotas (Clso 4,95 yM) em
concentragcbes ndo toxicas a macrofagos RAW 264.7. A CCso obtida para
macrofagos foi de 83,71 uyM. No modelo de infeccdo em macrofagos com L.
amazonensis, o acido litocdlico foi capaz de diminuir a porcentagem de infeccao e o
namero de amastigotas por macréfago. O composto testado apresentou indice de
seletividade superior aos farmacos disponiveis no mercado, sendo 22 vezes e 15
vezes mais seletivo do que antimoniato de meglumina e a anfotericina B,
respectivamente. Os macrofagos tratados com acido litocdlico apresentaram
aumento da sintese de NO, sendo uma possivel via de ativagcdo de macrofagos no
combate a infeccdo. Os resultados sugerem que o &cido litocélico € um composto
com atividade antileishmania in vitro promissora e um possivel candidato a ensaios

in vivo.

Palavras-chave: Acido litocolico; L. amazonensis; citotoxicidade, 6xido nitrico.



1. INTRODUCAO

As leishmanioses sdo um espectro de infeccbes parasitarias causada por
diferentes espécies do género Leishmania, prevalentes principalmente em paises
localizados em areas tropicais ou subtropicais, geralmente subdesenvolvidos.
Considerada a segunda doenca parasitaria de maior incidéncia, atras apenas da
malaria, atualmente, cerca de 12 milhdes de pessoas estdo infectadas e estima-se
gue a cada ano ocorra 700.000 a 1 milhdo de novas infec¢des. A estimativa global é
de aproximadamente 350 milhdes de pessoas suscetiveis as leishmanioses
(Mesquita et al., 2022; WHO, 2023).

A transmissdo da doenca é feita por fémeas de insetos vetores dos géneros
Phlebotomus, novo mundo, e Lutzomyia, velho mundo (Kumari et al., 2022). A
infeccdo manifesta-se de formas distintas como Leishmaniose Tegumentar (LT) e
Leishmaniose Visceral (LV). A LT promove lesGes dérmicas, ocorrendo desde
nodulos ulcerados e ndo ulcerados até o tipo mucocutaneo, afetando as mucosas do
nariz, palato bucal, garganta, faringe e laringe (Kumari et al., 2022). Em
contrapartida, a LV, popularmente calazar, causa danos principalmente ao figado,
baco e medula éssea, sendo essa a forma considerada mais grave por acometer
orgaos internos e pode ser fatal em 95 % dos casos que ndo seja feito o correto
tratamento (Blaizot et al., 2021).

As leishmanioses néo dispdem de vacinas preventivas para humanos e 0s
farmacos comumente usados possuem muitos registros de cepas resistentes a eles
(Tiwari et al., 2018). O tratamento classico é dividido em medicamentos de primeira
linha, como os antimoniais pentavalentes, presentes no mercado como antimoniato
de meglumina e estibogluconato de sédio, os quais sdo usados desde a década de

1940. Em casos de resisténcia ou presenca de comorbidades, o tratamento € feito



com os medicamentos de segunda linha, como anfotericina B, um anfifungico, e
mitelfosina, um anticancerigeno e a Unica opc¢édo para o tratamento via oral (Tiwari et
al., 2018; Tabrez et al., 2021).

As alternativas terapéuticas utilizadas para as leishmanioses apresentam alto
custo, dificil administracdo, via parenteral extremamente incbmoda na maioria dos
casos, necessidade de internacdo do paciente durante o tratamento, além da alta
cardiotoxicidade, nefrotoxicidade e hepatotoxicidade, que acaba em limitar seu uso
(Chakravarty, Sundar, 2019). Com isso, devido as limitacdes, ha a urgente
necessidade de buscar novas alternativas terapéuticas que apresentem resultados
mais eficazes e que sejam op¢des mais seguras ao paciente.

Substancias naturais provenientes de plantas medicinais surgem como uma
perspectiva promissora na exploracao de novas abordagens terapéuticas, dado que
essas plantas abrigam uma abundancia de moléculas bioativas. Isso pode
representar uma opcdo menos prejudicial e potencialmente mais eficaz para o
tratamento das leishmanioses. A familia Annonaceae possui uma grande diversidade
de compostos naturais, e na literatura as pesquisas evidenciam a atividade biol6gica
de diversos de seus metabdlitos secundérios (Vila-Nova et al. 2011; Brigido et al.
2020).

O acido litocdlico (AcL), ou acido 3a-hidroxi-5p-colan-24-6ico, é um &cido
biliar secundario hidrofébico obtido a partir da 7-desidroxilacdo bacteriana do acido
guenodesoxicolico e do acido ursodesoxicélico (He et al.,, 2017; Fiorucci et al.,
2018). Também é considerado um metabdlito secundario terpenoide isolado de
espécies de Annonaceae (Menezes et al., 2022). Estudos tem demonstrado o AcL
como um aliado na contencdo da inflamacdo hepatica (Sinha et al.,, 2020), com

atividades biolégicas antimicrobianas e antifingicas (Do Nascimento et al., 2015;



Bellini et al., 1984), inibicdo tumoral e efeito indutor de apoptose em linhagens de
células cancerigenas (El Kihel et al., 2008; Arlia-Ciommo et al., 2014). Mostrando-se
também como potencial inibidor da biossintese de esterois, uma via metabdlica
importante na familia Trypanosomatidae, demonstrados em T. cruzi e T. brucei
(Vandeweerd; Black, 1990; Garcia Lifares et al., 2015; Musikant et al., 2019),
apresentando também comprovada atividade antiepimastigota de T. cruzi (Barros De
Menezes et al., 2022)

As atividades in vitro do acido litocolico frente as leishmanioses ainda ndo séo
exploradas na literatura, entretanto estudo in silico dispdem uma boa atividade
contra formas promastigotas e amastigotas de Leishmania (Leishmania)
amazonensis (De Menezes et al.,, 2022). Dessa forma, este estudo tem como
objetivo avaliar o &cido litocélico quanto a inibicdo do crescimento de formas
promastigotas de L. amazonensis, sua citotoxicidade contra células, avaliar o seu
desempenho frente a infeccdo de macr6fagos RAW 264.7 e o0s possiveis

mecanismos de acao.

2. MATERIAL E METODOS
2.1. Reagentes

Meio de cultura Schneider para insetos, meio Roswell Park Memorial Institute
1640 (RPMI 1640), reagente de Griess, diacetato de 2',7'-diclorodihidrofluoresceina
(H2DCFDA), solucéo antibittica estabilizada (penicilina 10.000 U/mL; estreptomicina
10 pg/mL) e solugcdo antibidtica antimicotica estabilizada (penicilina 10.000 U/mL;
estreptomicina 10 pg/mL; anfotericina B 25 ug/mL) foram obtidos da Sigma Aldrich
(St. Louis, MO, EUA). 3-(4,5-dimetiltiazol-2-il)-2,5-di-fenil brometo de tetrazélio (MTT

— Amresco, Ohio, EUA). O farmaco anfotericina B foi adquirido da Cristalia (S&o



Paulo, SP, Brasil). O antimoniato de meglumina (Glucantime®) foi obtido da Aventis
Pharma (Sao Paulo, SP, Brasil). O soro fetal bovino (SFB) foi adquirido da Cultilab
(Sao Paulo, SP, Brasil). O dodecil sulfato de sédio (SDS) foi obtido da Mallinckrodt
Chemicals (St. Louis, EUA). O kit de coloracao rapida de panétipos foi adquirido da
Laborclin (Curitiba, PR, Brasil). O nitrito de sodio (NaNO2) foi adquirido da Vertec

Fine Chemistry (Rio de Janeiro, RJ, Brasil).

2.2. Acido litocélico

O é&cido litocolico, C24H4003, 98% de pureza, foi cedido pelo Dr. Josean
Fechine Tavares, professor adjunto da Universidade Federal da Paraiba. O
composto foi solubilizado em DMSO. Para alcancar as concentracdes desejadas, as
solucbes foram diluidas, garantindo que a quantidade de DMSO nédo excedesse

0,5%.

Fig. 1. Estrutura molecular do acido litocélico.



2.3. Parasitos

Promastigotas da espécie Leishmania (Leishmania) amazonensis
(IFLA/BR/67/PH8), foram cultivadas e mantidas em meio de Schneider para insetos,
com suplementacdo feita com 20 % de soro fetal bovino (SFB) e 1 % de
penicilina/estreptomicina (10.000 UI/10 mg/mL) com pH de 7,4 e mantidas a 26 °C
em estufa de demanda biolégica de oxigénio (BOD). Amastigotas axénicas foram
obtidas a partir da transformacdo de formas promastigotas de L. amazonensis,
cultivando-as em meio Schneider suplementado a temperatura de 26 °C durante 5
dias, até que atingissem a fase estacionaria. Apos esse periodo, as culturas foram
ressuspensas em meio Schneider, suplementado com 5 % de SFB e 1 % de
penicilina/estreptomicina, com o pH 5,5. Apds a ressuspensado, os mesmos foram

incubados a 32 °C em estufa BOD por trés dias para diferenciacdo em amastigotas.

2.4. Macréfagos murinos e células da linhagem VERO

Os macrofagos murinos da linhagem RAW 264.7, foram cultivados em meio
Eagle Modificado por Dulbecco (DMEM), com suplementacao de 10 % de SFB, 1 %
de solucédo antibiética e antimicética, penicilina/estreptomicina/anfotericina B (10.000
Ul / 10 mg/mL / 25 yM) e mantidos a temperatura de 37 °C com 5 % de CO.. Células
da linhagem VERO foram cultivadas em meio Roswell Park Memorial Institute 1640
(RPMI) suplementado a 10 % de SFB e 1 % de antibidtico e antimicético, sendo
incubados em estufa a 37°C e 5 % de CO2. Os repiques celulares foram feitos
sempre apos as células atingirem a confluéncia de 100 % em todo o frasco de

cultura, em torno de 72h.



2.5. Atividade antileishmania do AcL sobre formas promastigotas e amastigotas

axénicas de L. amazonensis

A atividade biologica contra promastigotas e amastigotas axénicas foram
avaliadas a partir do teste colorimétrico com sal brometo de 3-(4,5-dimetiltiazol-zil)-
2,5-difeniltetrazolio (MTT). Promastigotas e amastigotas axénicas de L. amazonensis
na proporcéo de 1x10° por poco foram adicionadas em placas de fundo chato de 96
pocos, acrescidos de acido litocdlico diluido em meio Schneider suplementado em
concentracfes seriadas (100 uM — 0,78 pM). As placas foram incubadas em estufa
de demanda biolégica no periodo de 72 h a temperatura de 26 °C para
promastigotas, e 32 °C para amastigotas axénicas. Decorrido esse periodo, para
observar a porcentagem de inibicdo no crescimento das formas parasitarias, foi
adicionado 10 uL de MTT a cada poco. As placas foram encubadas novamente por 4
h e posteriormente, para a dissolugao dos cristais de formazan, 50 yL da solucéo de
dodecil sulfato de sédio (DSS) a 10 % em agua destilada foram adicionados. As

leituras foram realizadas em leitor de placa ELISA a 540 nm.

2.6. Citotoxicidade do acido litocélico sobre macréfagos RAW 264.7 e células VERO

O ensaio para avaliacdo da citotoxicidade foi realizado em placas de cultura
celular de 96 pogos usando o MTT para observagédo da viabilidade celular. Placas
contendo 100 pyL de meio DMEM suplementado, receberam o semeio de 1x10°
macrofagos RAW 264.7 ou células VERO por poco e foram incubadas por 4 h a
37°C com 5 % de CO:2 para que ocorresse a adesao celular. Apos esse tempo, foram
adicionados o0 meio DMEM suplementado juntamente com concentra¢cdes do acido
litocolico (200 pM - 12,5 uM). Apés a aplicacdo do acido litocdlico, as placas foram

incubadas por 72 h de a 37°C e 5 % de CO.. Decorrido esse tempo, 10 yL de MTT



foram adicionados e incubados por mais 4h. Por fim, a placa foi levada para leitura
em um espectrofotbmetro a 540nm. Os resultados sdo expressos em termos de
concentragéo citotoxica média (CCso). O indice de seletividade (IS) foi determinado

dividindo-se os valores de CCso pelos de Clso (Rodrigues et al., 2015b).

2.7. Avaliacdo da atividade antileishmania do acido litocolico sobre amastigotas

intramacrofagicas de L. amazonensis

Em placas de cultura de células de 24 pocos contendo laminulas estéreis
redondas de 13 mm, macréfagos RAW 264.7, na concentracdo de 1x10° células/mL
em 1 mL de meio RPMI, foram adicionados e incubadas a 37°C e 5 % de CO2 por 4
h para a adeséao celular. Apds este periodo, o meio foi substituido por um novo meio
contendo formas promastigotas em fase estacionaria de crescimento de L.
amazonensis, na propor¢ao de 10 promastigotas por macrofago em cada po¢o. Apos
4 h de incubacédo a 37 °C e 5 % de COg, foram realizadas trés lavagens com PBS
pré-aquecido a 37 °C, para remover macrofagos ndo aderidos e promastigotas
livres. Em seguida, 1 mL de meio RPMI completo foi adicionado em cada poco
contendo concentracdes seriadas de 12,5 yM a 1,56 uM de &acido litocolico. As
culturas foram entéo incubadas a 37 °C e 5 % de CO2z por um periodo de 72h, ao
final, as laminulas foram removidas, fixadas e coradas com Pandético rapido e
montadas em laminas. Em microscopia 6ptica com aumento de 1000 x, em cada
laminula foram contados 300 macro6fagos e o numero de amastigotas por cada
macrofago. Os resultados foram expressos como porcentagem de células infectadas
e numero de amastigotas por macrofago. Os sobrenadantes do ensaio de infeccao
foram armazenados crio-preservados a -20°C para posterior avaliacdo da producéo

de o6xido nitrico (NO) (Noleto Dias et al., 2020).



2.8. Producéo de espécies reativas de oxigénio (EROS)

A fim de avaliar os efeitos do acido litocélico na geracéo de espécies reativas
de oxigénio (EROs) por macréfagos infectados com L. amazonensis, utilizou-se o
ensaio com H2DCFDA (2,7-dicloro dihidro fluoresceina diacetato). Os macrofagos
foram incubados em placas de 96 pocos contendo meio RPMI completo por 3 horas
a 37 °C e 5 % de COz para permitir a adesdo. Em seguida, os macrofagos foram
infectados com promastigotas de L. amazonensis na proporcdo de 10 promastigotas
para 1 macréfago e incubados por 4 horas. Apos esse periodo, 0 composto em teste
foi adicionado nas concentragdes de 1,56 uM a 12,5 yM por 72 horas. Em seguida,
10uL de H2DCFDA foram adicionados para alcancar uma concentracdo final de 20
MM, e os macréfagos foram incubados no escuro a 37 °C por 30 minutos. A
intensidade de fluorescéncia foi medida utilizando um espectrofluordmetro com

excitacdo a 485 nm e emissdo a 528 nm (Nunes et al., 2021).

2.9. Producéao de 6xido nitrico (NO)

A quantificacdo da producdo de NO a partir dos sobrenadantes dos ensaios
de infeccéo foi feita com base nos niveis de nitrito por meio do reagente de Griess.
Foram adicionados 100 pL do sobrenadante da infeccdo em uma placa de 96 pocos.
Simultaneamente, foram adicionadas concentracfes seriadas de nitrito de sodio
(NaNO2) em meio RPMI a placa, para a interpolacéo da curva padrao. O reagente de
Griess foi adicionado e incubado por 10 min em temperatura ambiente. Ao final do
experimento, a analise foi realizada utilizando um leitor de placas a 540 nm para NO
(Garcia et al, 2021). Foi utilizado lipopolissacarideo de Escherichia coli (LPS) a 2

Hg/mL como controle positivo.



2.10. Andlise estatistica

Os ensaios foram realizados em triplicata e todos em 3 experimentos
independentes. As variacbes entre resultados foram analisadas por ANOVA
unidirecional e a significancia estatistica foi calculada usando testes post-hoc de
Tukey, considerando o valor de p<0,05 como nivel maximo de significancia. Os
valores da concentracgéo inibitoria média (Clso), concentracdo efetiva média (CEso) e
os valores da concentracdo de citotoxicidade média (CCso), com intervalos de
confianga de 95 %, foram calculados usando regresséo nao linear. Para o célculo do
indice de seletividade (IS) foi utilizada a formula: IS (indice de seletividade) =

CCs0/Clso ou CEso.

3. RESULTADOS

3.1. Atividade antileishmania do &cido litocolico sobre formas promastigotas de L.
amazonensis

O A&cido litocdlico apresentou citotoxicidade contra promastigotas de L.
amazonensis em todas as concentracdes testadas, apresentando inibicdo de 91,54
%, 89,95 %, 80,18 %, 74,77 %, 55,42 %, 30,69 %, 2,34 % e 0,93 % nas
concentracbes de 100 uM, 50 pM, 25 uM, 12,5 uM, 6,25 uM, 3,12 uM, 1,56 pM e
0,78 uM, respectivamente (Fig. 2), com uma concentracdo inibitéria média (Clso) de
495 uM (Tabela 1). As concentracdes inibitérias médias demonstram que
anfotericina B apresentou atividade antileishmania, com Clso de 0,35 uM e CEso de
0,51 uM, entretanto o antimoniato de meglumina apresenta a baixa atividade contra

0 parasita com Clso e CEso de 21564 uM e 1805 pM, respectivamente (Tabela 1).



3.2. Citotoxicidade do acido litocélico sobre macréfagos RAW 264.7 e células VERO
Os resultados da avaliacdo da citotoxicidade do acido litocolico em
macréfagos RAW 264.7 e células VERO estdo apresentados nas Fig. 3A e 3B,
respectivamente. Observa-se que na concentragao de 12,5 uyM, houve viabilidade de
100 % dos macrofagos e das células de linhagem VERO. Nas concentracdes de 25
MM e 50 uM, 100 uM e 200 uM, o AcL causou citoxicidade nos macrofagos, exibindo
porcentagem de viabilidade de 95,56 %, 81,69 %, 41,10 % e 22,04 %,
respectivamente (Fig. 3A), resultando na concentragéo citotoxica média (CCso) de
83,71 uM (Tabela 1). Em VERO, o acido litocélico também se demonstrou citotoxico
nas concentragdes de 25 pM e 50 yM, 100 uM e 200 uM, com porcentagens de
84,03 %, 69,35 %, 42,66 % e 11,66 %, originando CCsode 76,58 uM (Tabela 1).

AcL
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Leishmania (Leishmania) amazonensis (%)

Fig. 2. Efeito do acido litocolico em formas promastigotas de Leishmania (Leishmania)
amazonensis. Formas promastigotas de L. amazonensis em fase logaritimica de
crescimento foram cultivadas utilizando meio de Schneider completo, ao qual foram
adicionadas concentracbes em série de acido litocolico. A avaliagdo da inibicdo do
crescimento dos parasitas foi realizada por meio do ensaio do MTT apds um periodo de 72
horas de tratamento. Os resultados expressam a média + erro padrao de trés experimentos
independentes realizados em triplicata, considerando o grupo (DMSO 0,5 % em meio
Schneider completo) como 0 % de inibicdo. A comparacao entre os grupos foi realizada por
One-way ANOVA seguido pelo pds-teste de Tukey, considerando (*) p < 0,05 vs. controle;
(**) p < 0,01 vs. controle; (***) p < 0,001 vs. controle; (****) p < 0,0001 vs. controle.



Tabela 1 - Atividade antileishmania, efeito citotdxico sobre células mamiferas e
valores de indice de seletividade (IS) calculados para acido litocdlico (AcL),
anfotericina B e antimoniato de meglumina.

RAW Amastigotas

Compostos 264.7 VERO Promastigotas

Intramacrofagicas
CCso CCso Clso CEso

M M M sl M S

AcL 83,71 76,58 4,95 16,91 2,34 35,77
AnfotericinaB 0,39 2,46 0,35 1,11 0,13 3

Antimoniato  16.433 22.831  21.564 0,76 763,6 21,52

de meglumina

indice de seletividade (IS) = CCso/Clso ou CEso.

3.3. Avaliacdo da atividade antileishmania do &cido litocdlico sobre amastigotas
intramacrofagicas de Leishmania (Leishmania) amazonensis

Os resultados advindos do ensaio de tratamento de macréfagos infectados
com L. amazonensis e tratados com 4&cido litocdlico durante 72h, estdo
apresentados na Fig 3. Foram utilizados dois parametros: porcentagem de
macroéfagos infectados (Fig. 3A) e o nimero de amastigotas por macréfagos (Fig.
3B). Quanto a porcentagem de macréfagos infectados, observa-se que o acido
litocolico gerou a diminuicdo na taxa de infeccdo em todas as concentracdes
testadas, chegando a 99 % na concentragao de 12,5 pM.

No que se refere ao nUmero de amastigotas por macrofago, o tratamento com
AcL surtiu em uma reducéo significativa no numero de amastigotas internalizadas,
onde na maior concentragéo, 12,5 uM, observa-se a reducao de 100 %. O &cido
litocolico gerou uma concentracdo efetiva contra 50 % das amastigotas
internalizadas (CEso) de 2,34 yM (Tabela 1). Quanto aos farmacos de referéncia, a
anfotericina B demonstrou CEso de 0,13 pM e o antimoniato de meglumina obteve

CEsode 763,6 uM (Tabelal).
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Fig. 3. Efeitos citotoxicos do acido litocélico sobre macréfagos RAW 264.7 e células VERO
Citotoxicidade avaliada pelo teste colorimétrico do MTT. Macrofagos RAW 264.7 (A) e
células VERO (B) foram cultivados em placa de 96 po¢os em meio DMEM na concentragédo
de 1x10° por poco, levados para aderéncia no periodo de 4 horas, concentracdes seriadas
de acido litocdlico foram adicionadas e encubadas por 72h. A viabilidade celular foi avaliada
pelo ensaio do MTT apds 72 h de tratamento. Os resultados expressam a média + erro
padrdo de trés experimentos independentes realizados em triplicata, considerando o
controle (DMSO 0,5 % em DMEM completo) como 100 % de viabilidade. A comparacgéo
entre os grupos foi realizada por One-way ANOVA seguido pelo pés-teste de Tukey,
considerando (*) p < 0,05 vs. controle; (**) p < 0,01 vs. controle; (***) p < 0,001 vs. controle;
(****) p < 0,0001 vs. controle.

>

1001

80+

60 Sk

40+

20+

% de células infectadas
ES e -E
N° de amastigotas/macréfago w

Fig. 4. Atividade antileishmania do &cido litocélico contra formas amastigotas internalizadas
em macréfagos apds 72 h de exposicdo. Percentual de infeccdo (A) e numero de
amastigotas por macréfago (B). Macrofagos RAW 264.7 em placas de 24 pogos contendo
laminulas redondas, foram infectados com formas promastigotas de L. amazonensis na
propor¢do de 10 leishmanias por célula e tratados por 72h com &cido litocélico em
concentracdes decrescentes de 12,5 yM — 1,56 uM. Apés as 72h, a avaliagdo da



porcentagem de células infectadas e o numero de amastigotas por macrofago foi feita por
contagem em microscopia 6ptica das laminulas circulares. Os resultados expressam a
média + erro padrdo de trés experimentos independentes realizados em triplicata,
considerando o controle (DMSO 0,5 % em DMEM completo) como 0 % de inibicdo. A
comparacgdo entre os grupos foi realizada por One-way ANOVA seguido pelo pés-teste de
Tukey, considerando (*) p < 0,05 vs. controle; (**) p <0,01 vs. controle; (***) p < 0,001 vs.
controle; (****) p < 0,0001 vs. controle.

3.4. Producdo de espécies reativas de oxigénio (EROs) e o6xido nitrico (NO)
induzidas pelo acido litocolico

No sobrenadante da infeccao, foi examinada a geracao de 6xido nitrico (NO)
por meio da medi¢éo indireta de nitritos. Foi observado um aumento significativo de
NO nos grupos tratados com as maiores concentragdes de AcL (6,25 uM e 12,5 uM),
em comparacgao com o grupo controle positivo (Fig. 4A).

Entretanto, no experimento de producdo de espécies reativas de oxigénio
(EROs) por macroéfagos infectados com L. amazonensis e tratados com o AcL no

periodo de 72 horas, ndo se observou aumento em nenhuma concentracdo testada

(Fig. 4B).
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Fig. 5. Niveis de oxido nitrico (NO) e espécies reativas a oxigénio (EROs) produzidos por
macrofagos infectados com L. amazonensis tratados com AcL. Producao de NO (A) e EROs
(B) em macrofagos infectados com L. amazonensis e tratados com o AcL. A producédo de NO
foi avaliada utilizando reagente de Griess e a producédo de EROs foi avaliada através do
diacetato de 2',7'-diclorofluoresceina (H.DCFDA). Os resultados expressam a média + erro
padrdo de trés experimentos independentes realizados em triplicata. A comparagéo entre 0s
grupos foi realizada por One-way ANOVA seguido pelo pés-teste de Tukey, considerando (*)
p < 0,05 vs. controle; (**) p < 0,01 vs. controle; (***) p < 0,001 vs. controle.



4. DISCUSSAO

Na presente situagcdo em que o tratamento das leishmanioses é realizado
através de medicamentos altamente toxicos e dispendiosos, resultando em uma
série de efeitos adversos, € imperativo buscar alternativas terapéuticas urgentes
para abordar esse grupo de doencas (Brigido et al. 2020). Produtos naturais
derivados de plantas medicinais sdo uma base promissora na busca de novos
tratamentos, pois séo fontes ricas em moléculas bioativas, podendo ser uma opcéao
menos toxica e mais eficaz ao tratamento das leishmanioses.

A atividade antipromastigota do AcL foi realizada utilizando o ensaio
colorimétrico do MTT, o qual avalia a viabilidade das células testadas, onde células
viaveis irdo reduzir o sal tetrazélio a formazan, uma molécula insolivel em 4gua e de
coloragdo purpura (Ghasemi et al., 2021). O AcL foi efetivo em inibir o crescimento
de formas promastigotas de L. amazonensis em baixas concentragdes, com valor de
Clso abaixo de outros compostos extraidos de Annonaceae considerados agentes
antileishmania potenciais, como o triterpeno &cido ursélico, com Clso de 14,1 pg/mL,
e o0 lupeol com Clso de 39,06 pg/mL (Souza et al., 2017; Bilbao-Ramos et al., 2020).

Visando a investigacdo da toxicidade do composto em estudo, um dos
parametros utilizados foi o0 IS, que representa a atividade da droga testada frente as
células e aos parasitas. A andlise in vitro do AcL em macréfagos RAW 264.7 e em
células VERO demonstrou a seguranca do composto apresentando bons valores de
IS. O intuito desse teste foi verificar se esse composto poderia afetar a viabilidade
celular dos macréfagos que nao foram expostos a L. amazonensis e das células de
linhagem VERO.

A seguranca dessas substancias é considerada estabelecida quando o valor

do IS ultrapassa 10 (RAMIREZ-MACIAS et al., 2012; PIRES et al., 2013). Os



farmacos de referéncia, antimoniato de meglumina e anfotericina B, contudo, néo
exibiram niveis aceitaveis de seguranca, corroborando com a literatura, os quais sao
cardiotoxicos, hepatotoxicos e nefrotoxicos (Carvalho et al., 2017; Chakravarty,
Sundar, 2019). Com base no IS calculado para o AcL nas formas promastigotas, €
possivel constatar a efetividade e a seletividade do composto, superando o0s
farmacos de referéncia. O AcL demonstrou ser 22 vezes mais seletivo para
promastigotas de L. amazonensis que o antimoniato de meglumina e 15 vezes mais
seletivo para promastigotas de L. amazonensis do que a anfotericina B.

Uma vez determinadas as concentragdes que conseguem inibir o
desenvolvimento do parasita sem causar danos as células, procedeu-se a realizacdo
de ensaios com amastigotas intramacrofagicas. Essa analise foi realizada com o
intuito de simular a infeccdo que ocorre in vivo, onde as células de defesa
internalizam o parasita para o desenvolvimento da infec¢do, diferenciando em
amastigota e replicando no seu interior (Lestinova et al., 2017; Dubie; Mohammed,
2020). Foram utilizados dois parametros para a avaliacao: porcentagem de células
infectadas e nimero de amastigotas por macréfago.

O AcL demonstrou efetividade frente a infeccéo, gerando uma diminui¢do na
taxa de células infectadas, demonstrando uma efetividade superior ao antimoniato
de meglumina, farmaco de referéncia que apresenta maior atividade contra
amastigotas internalizadas (Wyllie et al., 2004; Carvalho et al., 2019). Ao
compararmos seu desempenho com a anfotericina B, vemos uma efetividade
superior do farmaco de referéncia, entretanto sua baixa seletividade em relagéo aos
macroéfagos, limitam sua utilidade na clinica com a observagéo de inimeros efeitos

adversos.



A maior responsividade contra as amastigotas intramacrofagicas, em relacao
a formas promastigotas, observada com a administracdo do AcL sugere uma
possivel ativagdo dos macréfagos mediante o tratamento (Rodrigues et al., 2015).
Os macrofagos desempenham papel fundamental no processo infeccioso por
Leishmania spp. atuando como células hospedeiras, mas a sua fungdo microbicida
pode ser influenciada por substéncias imunomoduladores que podem conferir
resisténcia a infeccdo (GABRIEL et al., 2019).

No processo infeccioso por Leishmania spp., a resisténcia a infeccdo é
associada a promocdo de uma resposta imunolégica do tipo Thl, sendo
caracterizada por niveis significativos de IFN-y e TNF-a, citocinas
predominantemente produzidas por células Natural Killer (NK) e células T (Dubie;
Mohammed, 2020). Essas citocinas pré-inflamatérias induzem a expressao de 6xido
nitrico (NO) e espécies reativas de oxigénio (EROs), tendo a capacidade de afetar
ou inativar enzimas que o parasita utiliza como defesa contra o sistema imunol6gico
do hospedeiro, como a superéxido dismutase, além de agir nos componentes
celulares podendo levar a alteracdes morfoldgicas, assim, controlando a carga
parasitaria (GABRIEL et al., 2019; Costa-Da-Silva et al., 2022).

Observa-se que o AcL induziu o aumento da producdo de NO por macrofagos
infectados com L. amazonensis, 0 que sugere a participacdo desse mecanismo de
acdo na atividade antileishmania do composto estudado. Por outro lado, ndo houve
aumento de EROs nas condic¢des testadas, sugerindo que o mecanimo envolvido na

atividade antileishmania do AcL é independente da sintese de EROs.



5. CONCLUSAO

Com base nos resultados obtidos, é possivel inferir que o AcL revelou ser
seletivo e eficaz para controlar as formas promastigotas de L. amazonensis. Além
disso, o estudo também evidenciou que a atividade antileishmania pode estar
associada a um mecanismo de acdo indireto que amplia os niveis de estresse
oxidativo nos macrofagos encarregados de combater a infeccdo. Esses achados
respaldam a conclusdo de que o AcL desponta como um possivel candidato
antileishmania, estimulando investigacdes futuras in vivo para o desenvolvimento de

Nnovos agentes para o tratamento das leishmanioses.
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'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
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an author. Authorship implies responsibilities and tasks that can only be attributed to and performed
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Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing
process by following the instructions below. A statement will appear in the published work. Please
note that authors are ultimately responsible and accountable for the contents of the work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing process by
adding a statement at the end of their manuscript in the core manuscript file, before the References
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assisted technologies in the writing process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in order
to [REASON]. After using this tool/service, the author(s) reviewed and edited the content as needed
and take(s) full responsibility for the content of the publication.

This declaration does not apply to the use of basic tools for checking grammar, spelling, references
etc. If there is nothing to disclose, there is no need to add a statement.
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Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see '"Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify compliance, your article may be checked by Crossref Similarity Check and other
originality or duplicate checking software.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

In support of Open Science, this journal offers its authors a free preprint posting service. Preprints
provide early registration and dissemination of your research, which facilitates early citations and
collaboration.

During submission to Editorial Manager, you can choose to release your manuscript publicly as a
preprint on the preprint server SSRN once it enters peer-review with the journal. Your choice will have
no effect on the editorial process or outcome with the journal. Please note that the corresponding
author is expected to seek approval from all co-authors before agreeing to release the manuscript
publicly on SSRN.

You will be notified via email when your preprint is posted online and a Digital Object Identifier (DOI)
is assigned. Your preprint will remain globally available free to read whether the journal accepts or
rejects your manuscript.

For more information about posting to SSRN, please consult the SSRN Terms of Use and FAQs.

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master”, "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
integrate sex and gender-based analyses (SGBA) into their research design according to funder/
sponsor requirements and best practices within a field. Authors should address the sex and/or gender
dimensions of their research in their article. In cases where they cannot, they should discuss this
as a limitation to their research's generalizability. Importantly, authors should explicitly state what
definitions of sex and/or gender they are applying to enhance the precision, rigor and reproducibility
of their research and to avoid ambiguity or conflation of terms and the constructs to which they
refer (see Definitions section below). Authors can refer to the Sex and Gender Equity in Research
(SAGER) guidelines and the SAGER guidelines checklist. These offer systematic approaches to the use
and editorial review of sex and gender information in study design, data analysis, outcome reporting
and research interpretation - however, please note there is no single, universally agreed-upon set of
guidelines for defining sex and gender.
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'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, it is recommended
to state this.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

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

Language (usage and editing services)

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

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

PREPARATION

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

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

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

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

Divide the article into clearly defined sections.

Figures and tables embedded in text

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

This journal operates a single anonymized 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. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

Use of word processing software

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

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

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.

Experimental

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.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

AUTHOR INFORMATION PACK 22 Aug 2023 www.elsevier.com/locate/yexpr 9



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.

Appendices

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

Vitae - no photos
Include in the manuscript a short (maximum 100 words) biography of each author, along with a
passport-type photograph accompanying the other figures.

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 as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the example Highlights.

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

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

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with @ 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.
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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 aaaal.

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, it is recommended to include the following sentence:

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

Math formulae

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

Footnotes

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

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

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

¢ Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

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

AUTHOR INFORMATION PACK 22 Aug 2023 www.elsevier.com/locate/yexpr 11



e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.
¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

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

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

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

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

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

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

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
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. 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 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/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.
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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.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

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.

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 ...’

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

Reference to a journal publication with an article number:
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Van der Geer, J., 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.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef,
E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S.,
2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/
zenodo.3727209.

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

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

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

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
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 requires 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, which may also
include software, code, models, algorithms, protocols, methods and other useful materials related
to the project.
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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. When sharing data in one of
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

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

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

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

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

This journal enables you to publish research objects related to your original research - such as data,
methods, protocols, software and hardware - as an additional paper in a Research Elements journal.

Research Elements is a suite of peer-reviewed, open access journals which make your research objects
findable, accessible and reusable. Articles place research objects into context by providing detailed
descriptions of objects and their application, and linking to the associated original research articles.
Research Elements articles can be prepared by you, or by one of your collaborators.

During submission, you will be alerted to the opportunity to prepare and submit a manuscript to one
of the Research Elements journals.

More information can be found on the Research Elements page.

Data statement

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

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our 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. 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.

© Copyright 2018 Elsevier | https://www.elsevier.com
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