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RESUMO
Dissertagao de Mestrado
Programa de Pds-graduagdo em Bioquimica
Universidade Federal do Pampa

DANOS CARDIOVASCULARES E ESTRESSE OXIDATIVO CAUSADOS POR
ETANOL - PAPEL DO HIDROLISADO DE CLARA DE OVO

Autora: Tatiane Inacio Cavallini
Orientadora: Giulia Alessandra Wiggers
Co-orientador: Franck Maciel Peganha
Local e Data da defesa: Uruguaiana, 08 de novembro de 2022
O consumo exagerado de etanol afeta o sistema cardiovascular. O hidrolisado de clara de
ovo (EWH), obtido pela hidrolise enzimatica com pepsina por 8 horas, produz peptideos
com funcdes biologicas com efeitos benéficos sobre o sistema cardiovasculares.
Investigamos se o hidrolisado de clara de ovo (EWH) atua nos danos cardiovasculares
causados pelo etanol em ratos. Ratos Wistar machos (CEUA 27/2021) tratados por 42
dias: I) Controle (Ct) - 4gua potavel ad libidum e via gavagem; II) EWH - 4gua potavel e
EWH 1 g/kg/dia via gavagem; III) Etanol (Et) - 20% de etanol em agua ad libidum e H>O
por gavagem) e [V) EtEWH - ambos os tratamentos. Semanalmente foi controlado o peso,
consumo de liquidos e ragdo, e mensurada a pressdo arterial sistolica (PAS) por
pletismografia caudal; A reatividade vascular das artérias mesentéricas de resisténcia
(MRA) foi investigada em miografo de tensdo. A expressdao de NOX-1 e COX-2 foi
visualizada por imunofluorescéncia em MRA, e medida de peroxidag¢ao lipidica, espécies
reativas e capacidade antioxidante foram analisadas em plasma, rim e figado e MRA. Os
resultados estdo expressos como média = EPM, comparados por ANOVA 2vias co. post-
hoc de Bonferroni, com p < 0,05. O consumo de etanol reduziu o consumo de ragio e
liquido e o tratamento EWH ndo alterou este parametro. Os grupos tratados com etanol
reduziram o peso corporal (em g: Controle: 470,2 = 11,7; Et: 399,4 + 76*; EWH: 448,9
+ 14,7; EtEWH: 407,9 £ 12,8* -* vs Controle). A PAS nao foi alterada pelos tratamentos,
porém a exposicdo ao etanol aumentou a resposta vasoconstritora & NE e reduziu o
relaxamento a ACh e o EWH foi capaz de normalizar a disfun¢ao endotelial promovida
pelo etanol. Este efeito foi mediado pela agdo antioxidante com reducdo da ativacdo da
via da NADPHoxidase, em especial da NOX-1 e acdo antiinflamatoria com reducao da
expressdo de COX-2 vascular. O aumento de espécies reativas (ROS) foi reduzido pelo

tratamento com EWH no plasma e MRA, e ndo foi alterado no rim e figado. Assim, o
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EWH ¢ um alimento funcional capaz de proteger as disfun¢des vasculares promovidas

pelo consumo de etanol.

Palavras-chave: Reatividade Vascular, Disfun¢do Vascular; Estresse oxidativo;

Hidrolisado de clara de ovo; Peptideos bioativos.
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ABSTRACT

Masters Dissertation
Program of Post-Graduation in Biochemistry
Federal University of Pampa

CARDIOVASCULAR DAMAGE AND OXIDATIVE STRESS PROMOTED BY
ETHANOL — ROLE OF EGG WHITE HYDROLYSATE.
Author: Tatiane Inacio Cavallini
Advisor: Giulia Alessandra Wiggers
Co-advisor: Franck Maciel Peganha
Site and Date of defence: Uruguaiana, November 8%, 2022

Excessive consumption of ethanol affects the cardiovascular system. Egg white
hydrolyzate (EWH), obtained by enzymatic hydrolysis with pepsin for 8 hours, produces
peptides with biological functions that benefit the cardiovascular system. We investigated
whether egg white hydrolyzate (EWH) acts on cardiovascular damage caused by ethanol
in rats. Male Wistar rats (CEUA 27/2021) treated for 42 days: I) Control (Ct) - drinking
water ad libidum and via gavage; II) EWH - drinking water and EWH 1 g/kg/day via
gavage; III) Ethanol (Et) - 20% ethanol in water ad libidum and H>O by gavage) and IV)
EtEWH - both treatments. Weight, fluid, and food consumption were controlled weekly,
and systolic blood pressure (SBP) was measured by caudal plethysmography; Vascular
reactivity of mesenteric resistance arteries (MRA) was investigated using a tension
myograph. The expression of NOX-1 and COX-2 was visualized by immunofluorescence
in MRA, and lipid peroxidation, reactive species, and antioxidant capacity were analyzed
in plasma, kidney, liver, and MRA. Results are expressed as mean + SEM, compared by
2-way ANOVA and Bonferroni post-hoc test with p < 0.05. Ethanol consumption reduced
feed and liquid consumption, and EWH treatment did not change this parameter. The
ethanol-treated groups reduced body weight (in g: Control: 470.2 + 11.7; Et: 399.4 + 76*;
EWH: 448.9 + 14.7; EtEWH: 407.9 £ 12, 8* -* vs Control). The treatments did not alter
SBP, but ethanol exposure increased the vasoconstrictor response to NE and reduced
relaxation to ACh, and EWH was able to normalize the endothelial dysfunction promoted
by ethanol. The antioxidant action mediated this effect with reduced activation of the
NADPH oxidase pathway, especially NOX-1, and anti-inflammatory action with reduced
vascular COX-2 expression. The increase in reactive species (ROS) was reduced by EWH

treatment in plasma and MRA and was not altered in the kidney and liver. Thus, EWH is
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a functional food capable of protecting vascular dysfunctions caused by ethanol
consumption.

Keywords: Vascular Reactivity; Vascular Dysfunction; Oxidative Stress; Egg white
hydrolyzate; Bioactive peptides.
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INTRODUCAO
1 ETANOL
1.1 Historia do Etanol

Os primeiros registros historicos do uso e preparo de bebidas alcdolicas datam de
8000 anos a.C, em comunidades de agricultores. Na China, Mediterraneo e Golfo Pérsico
foram encontrados vasos contendo residuos de bebida fermentada derivada de arroz, uva,

mel e outras plantas (MCGOVERN et al., 2004; KHADERI, 2019).

O etanol ¢ o resultado da fermentagcdo de plantas ricas em agucares ou amido. A
cana-de-agucar ¢ a planta mais utilizada e produtiva, pois de uma tonelada se produz em
média 70 litros de etanol. Sua descoberta, para extragdo de etanol, ¢ atribuida a
experiéncias de ingleses em colonias africanas. O etanol, pode ser usado como
biocombustivel, fonte de energia elétrica ou como matéria prima para gerar subprodutos.
No Brasil, na década 20, impulsionado pela crise do setor agucareiro e para reduzir a
dependéncia interna por petréleo, iniciou-se a manufatura da cana-de agucar para
producdo de alcool, porém sua utilizagdo foi concretizada e expandida com o uso em
automoveis a partir da década de 80. Além disso, desde o tempo da colonizagdo era
utilizado como bebida alcolica (DIAZ et al., 2011, VANZELA et al., 2015). Vale ressaltar
que o etanol presente em combustiveis ndo € proprio para o consumo humano; e a ingestao
humana pode ser fatal.

O etanol e o alcool sdo a mesma substancia, o termo “etanol”, passou a ser usado
devido a uma resolugdo da Agéncia Nacional do Petrdleo (ANP) de 23 de 2010 e, ainda
hoje, ¢ popularmente chamado de alcool.

O consumo de dlcool etilico acompanhou a evolu¢do dos povos e adquiriu
caracteristicas proprias ao longo dos tempos com beneficios farmacologicos, utilizado

para limpezas, combustivel e industrias quimicas (MCGOVERN et al., 2004). Devido as

17



sensacdes de prazer provocadas pelo consumo de bebida alcoolica, beber tornou-se um
simbolo de comemoracdo presente na maioria das festividades. Na sociedade
contemporanea, o alcool ¢ usado de forma recreativa (BALTIERI; CORTEZ, 2005;
KACHANI et al., 2008).

Segundo o Centro de Informagdes sobre Saude e Alcool (CISA), uma dose padrio de
bebida alcoodlica no Brasil equivale a 14g de alcool puro (Tabela 1). De acordo com essas
definigdes, € considerado consumo moderado no maximo duas doses em Unico dia ou 14
doses por semana para homens ou sete doses durante sete dias para mulheres. A
Vigilancia de Fatores de Risco e Protegdo para Doencas Cronicas por Inquérito
Telefonico (Vigitel), do Ministério da Saude, define consumo abusivo (Binge Drink)
quando homens ingerem 5 ou mais doses ou mulheres bebem 4 ou mais doses em uma
unica ocasido no ultimo més. Para a Organizacdo Mundial da Satde (OMS), o Binge
Drink esta associado ao consumo unico de 60 g de alcool em uma tnica ocasido. Em
muitos paises do mundo existe 0 AUDIT - Alcohol Use Disorders Identification Test, que
¢ um instrumento que avalia a frequéncia e quantidade de 4lcool ingerido e classifica se

a indicacdo de uso pesado (OMS, 2001; NIAAA, 2004; VIGITEL, 2019, 2020).

-~ ¢ \-lA_/

CERVEJA/ VINHOS DESTILADO  Dose padrao

CHOPP (Alcool puro)
OMS 330 ml 100 ml 30 ml 10-12 g
SENAD 340 ml 140 ml 44 ml 13,6 g
NIAAA 355 ml 150 ml 45 ml l4¢g
CISA 350 ml 150 ml 45 ml l4 ¢

Tabela 1: Dose padrao, segundo agencias reguladoras. Fonte: Propria
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Embora o consumo moderado de dlcool, em torno de 9,6 g, esteja associado a
diminui¢do de doencas cardiovasculares (OMS, 2018; NIAAA, 2013), melhora da
sensibilidade a insulina e diminui¢do da incidéncia do resfriado em humanos, estes efeitos
estdo relacionados a presenca de flavonoides, antioxidantes polifenolicos encontrados
principalmente nos vinhos tintos e ndo ao etanol (KHORUTS et al., 1991; COHEN et al.,
1993; TAKKOUCHE et al., 2002). O efeito oposto ocorre com 0 consumo excessivo,
mesmo destas bebidas com propriedades benéficas, uma vez que os niveis e cronicidade
de ingesta do etanol possuem relagdo direta com danos ao organismo
(SURESHCHANDRA, 2019).

Neste contexto identificar os efeitos nocivos do etanol para o organismo humano
¢ importante devido a abrangéncia social do consumo de bebidas alcoolicas (OMS, 2018;

ROERECKE, 2021).

1.2 Propriedades fisico e quimicas, vias de passagem e dependéncia.

O alcool etilico ou etanol ¢ um composto organico pertencente a familia dos 4lcoois,
cuja caracteristica principal € a presenca do grupo funcional hidroxila (— OH) ligada a
um ou mais carbonos saturados. Sua formula quimica CoHsOH ¢é representada pela

seguinte estrutura molecular (Figura 1):

Figura 1: Representacdo esquematica da molécula de etanol em 3 dimensdes e
respectiva representagao dos elementos.

(Fonte: free3d.com/techiescientist.com)
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O grupo -OH na molécula ¢ o que confere as propriedades quimicas especificas de
um alcool, que sdo a alta reatividade, carater acido e por isso reagem com metais,
anidridos, cloretos de 4cidos, metais alcalinos. O etanol ¢ uma molécula de baixo peso
molecular, polar, de pH neutro, com fusdo a -114°C e ebuli¢do aos 78°C. Apresenta-se
na forma liquida e incolor, ¢ hidrossoluvel, inflamével e toxico.

O etanol faz parte do nosso cotidiano, pois ¢ muito utilizado como combustivel, e
também possui utilidades funcionais para tintas e solventes, sobretudo como matéria-
prima, que, quando hidratado, ¢ usado para fabricar alimentos, e bebidas, produtos de
limpeza, perfumes e medicamentos (CHAMPE et al., 2006; VANZELLA, 2015).

O etanol, quando ingerido, ¢ rapidamente absorvido no trato gastrointestinal,
incialmente no estdmago (20%,), mas principalmente no intestino delgado (80%). Sua
absor¢do ¢ rapida inicialmente, no entanto, cai posteriormente, mesmo quando em alta
concentragdo no estdmago. O tempo de esvaziamento géstrico e o inicio da absor¢ao
intestinal podem ser considerados os principais fatores determinantes das taxas variaveis
de absor¢do do alcool. Geralmente o pico de concentragdo plasmatica ocorre de meia hora
até uma hora e meia ap0ds a ingestdo. No entanto, a presenca de alimentos no estdmago
retarda a absor¢do de etanol neste 6rgdo, porém, quando da sua chegada ao intestino
delgado, sua absorcdo ¢ rapida e completa, mesmo na presenca de alimentos (OGA;
SEIZE, 1996; CHAMPE et al., 20006).

O metabolismo do etanol ocorre essencialmente no figado, por meio da acdo de trés
enzimas: a dlcool desidrogenase (ADH) que catalisa a oxidagdo a acetaldeido; a CYP2EI,
principal componente do sistema microssomal hepético de oxidagdo do etanol (MEOS);
e a catalase, localizada nos peroxissomas dos hepatdcitos, responsavel por apenas cerca

de 10% de seu metabolismo. Vale ressaltar a via ndo oxidativa que envolve a esterificagao
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do etanol com acidos graxos, que conduz a formagao de ésteres etilicos de acidos graxos
(FAEE) e a via da catalase, onde nos perixomas, a oxidagao do etanol da origem a aldeido,
assim ¢ necessario consumo de peroxido de hidrogénio transformado em agua (OGA,

1996, CHAMPE, et al, 2006).

1.3 Efeitos toxicos do etanol em diversos sistemas e orgaos.

O consumo excessivo de alcool episoddico (Binge Drink), as vezes também chamado
de consumo excessivo de alcool, ndo ¢é claramente definido, no entanto, o National
Institute on Alcohol Abuse and Alcoholism (NIAAA-EUA) estabelece como ocasides
episddicas de consumo excessivo de alcool como o consumo que eleva a taxa de
concentracdo no sangue em pelo menos 0,08% (ou 0,08 g/dL de alcool) (ROERECKE,
2021; DAWSON, 2011; BIATIONE et al., 2017).

O primeiro levantamento relacionado ao Binge Drink no Brasil foi realizado em 2012
o qual estudou o comportamento de 3007 individuos e notou que 22,8% dos adultos
jovens e adultos da populagdo brasileira consumiam alcool em excesso pelo menos uma
vez ao més. Os autores observaram maior incidéncia do Binge Drink, em nosso pais, no
extrato da populacdo com melhor poder aquisitivo (CASTRO et al., 2012).

O consumo continuo ou excessivo de dlcool tem sido relacionado a lesdes
multiorganicas (SIMON et al., 2022) (Figura 2). Consequéncias graves deste tipo de
consumo, em especial em 6rgdos como estdomago, figado, coracdo e cérebro foram
reportadas, levando a doenca hepatica alcodlica (DHA) (SZABO; BALA, 2010) doencas
cardiovasculares (DJOUSSE et al., 2007; MUKAMAL et al., 2011; MASIP et al., 2021)
e alteragdes neurologicas como crises convulsivas, delirium; e neuropatia alcoolica

(HAES et al., 2010). Doengas como a cirrose, gastrite, polineurite, anemia, pelagra, e
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ulceras cutaneas e deficiéncia das vitaminas B1l, B2, B6, B12 ¢ C também estao
correlacionadas com o uso de dlcool (LANZA et al., 2021).

Estudos em humanos demonstram forte associa¢ao entre consumo excessivo de alcool
e maior incidéncia de sindrome do estresse respiratorio agudo (SDRA) (THAKUR et al.,
2009), cancer (BAAN et al, 2007; FEDIRKO et al, 2011; GREWAL &
VISWANATHEN, 2011), sepse (O’BRIEN et al., 2007). Além disso, deve-se ressaltar
que es pacientes cirrdticos apresentam maiores riscos para o desenvolvimento de doengas

cardiovasculares, como a aterosclerose (SILVEIRA et al., 2017; LANZA et al., 2021).

Figura 2: Principais mecanismos fisiopatologicos subjacentes a lesdo tecidual induzida

pelo alcool. (Fonte: adaptado de SIMON et al. 2022).
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2 EFEITOS DO ETANOL NO SISTEMA CARDIOVASCULAR

O consumo baixo e moderado de alcool esta associado com redu¢ao da mortalidade e
da incidéncia de doencas cardiovasculares, incluindo acidente vascular cerebral (AVC),
insuficiéncia cardiaca, e infarto agudo do miocardio (IAM). O consumo de alcool versus
a incidéncia de doencga cardiovascular possui comportamento em forma de curva em J,
onde bebedores leves a moderados apresentam menor risco de doenga cardiovascular e
menor mortalidade quando comparados a ndo bebedores ao passo que individuos que
consomem grande quantidade de alcool apresentam maior risco em relagdo a bebedores
moderados ¢ ndo bebedores (DI CASTELNUOVO et al., 2006; MASIP et al., 2021)

Muitos dos beneficios cardiovasculares do alcool parecem estar relacionados com a
melhora no perfil lipidico, agregacdo plaquetéria, insulino-sensibilidade e de fatores
vasculares endoteliais (BRIASOULIS, AGARWAL & MESSERLI, 2012). Também ja
foi observado que o consumo moderado de alcool esta associado ao aumento do colesterol
HDL, adiponectina, e apolipoproteina 1, enquanto diminui os niveis de plasminogénio e
a concentracdo plasmatica de proteina C-reactiva (PCR), que ¢ um importante marcador
inflamatério (GARDNER et al., 2015; MINZER et al., 2020; MASIP & LLUNCH, 2021).

O abuso do alcool esta relacionado diretamente com miocardiopatia dilatada,
reducdo da fragdo de eje¢do do ventriculo esquerdo, arritimias, alteracdo da sintese
proteica mitocondrial, e aumento da metabolizagdo de acidos graxos e lipidios do
organismo (VAN DE LUITGAARDEN et al., 2021; GRUBB et al., 2021).

No entanto estudos recentes, discutem que o dlcool, mesmo em baixas doses pode
trazer futuras alteracdes, ja que continuam liberando, em quantidades menores,
marcadores de estresse oxidativo e inflamatdrios e € necessaria melhor investigagdo nesse
ponto ja que existe ambiguidade nos efeitos em moderadas e baixas doses prara diferentes

racas (PHILLIPIS et al., 2020; GRUBB et al., 2021; STATESCU et al., 2021).
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2.1 Estresse Oxidativo e Processo Inflamatorio

O consumo cronico de etanol é fator contribuinte para desenvolvimento da
hipertensdo arterial, e esse processo multifatorial envolve aumento da atividade
simpatica, estimulagdo do sistema renina-angiotensina-aldosterona, aumento do estresse
oxidativo vascular e disfun¢ao endotelial (TIRAPELLI et al, 2008; MARCHI et al, 2014;
CERON et al, 2014; NORTH et al., 2019).

As células endoteliais vasculares que regulam a vasodilacdo e a vasoconstricao
sofrem efeitos do estresse oxidativo que pode interferir diretamente na dindmica dos
vasos (ROCHA et al., 2012; SIMPLICIO et al., 2017; EBY et al., 2019). Quando do
consumo do etanol e seu metabolito ha reducao de elétrons, levando ao desencadeamento
de estresse oxidativo também em nivel vascular, devido ao aumento de nicotinamina
adenina dinucleotidio (NAD) que aumenta o Citocromo P450. Além disso, hd maior
acimulo de acetaldeido, levando ao aumento do metabolismo de alcool desidrogenase e,
por conseguinte, producdo de ROS (CERON et al., 2014; PHILLIPS et al., 2020). Resumo
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Estudos com foco nos mecanismos moleculares demostraram ligacdo entre a
superproducdo de ROS na vasculatura e a hipertensao induzida pelo etanol (CERON et
al., 2014). Os ROS gerados em células vasculares, anion de superéxido (O27) e peroxido
de hidrogénio (H20»), parecem ser especialmente importantes na elevacdo do calcio
intracelular ([Ca>*]i) (HAORAH et al., 2019; NORTH et al., 2019), biodisponibilidade
de oxido nitrico reduzido (NO), disfun¢do endotelial e vasoconstri¢ao. O~ também pode
atuar como uma molécula de sinalizagdo vascular levando a contragdo vascular e
comprometimento do relaxamento (KAHONEN et al., 1999). Assim, através do aumento
da geracdo de ROS e da ativagdo de vias sensiveis ao redox, o etanol pode induzir
disfungao vascular e contribuir para o desenvolvimento de & hipertensao arterial.

Os efeitos do consumo excessivo de etanol resultam também em niveis elevados
de mediadores pro-inflamatérios circulantes como TNFa, IL-18 e IL-6 (KHORUTS et
al., 1991). Estudos in vitro com células mononucleares humanas saudaveis sugerem que
a exposicdo a etanol, por curto ou longo prazo, tem efeitos opostos sobre respostas
inflamatorias (BARR et al., 2016). Enquanto a exposicdo em curto prazo aumenta a
produgdo de citocinas como a IL-10 e diminui a produgdo de fatores pro-inflamatérios
como TNFa e IL-6 (BALA etal.,2016; MANDREKAR et al., 2007), a exposi¢do a longo
prazo aumenta a secrecdo de TNFo (MANDREKAR et al, 2009; PANG et al., 2009;
BALA et al., 2012). Vale ressaltar que os resultados dos estudos in vitro, ndo levam em
considera¢do os efeitos metabdlicos e o impacto pleiotropico do consumo do etanol, visto
que, hd um efeito sobre células do sistema imunoldgico que s6 podem ser observados
com exposicao in vivo.

Estas respostas inflamatdrias exacerbadas, assim como o aumento do estresse
oxidativo associados a ingestdo cronica de etanol sdo relacionados a hipertensdo e, por

conseguinte, ao aumento do risco de doenga cardiovascular (KLATSKY et al., 1977,
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CRIQUI et al., 1981; STROGATZ et al., 1991; TIRAPELL, et al., 2008; PASSAGLIA et
al., 2015). A ingesta de etanol também tem sido relacionada ao desenvolvimento de
remodelamento vascular por ativacdo de diferentes vias de sinalizagcdo provocadas pelo
aumento da producdo de ROS que afetam as células adventicias, endoteliais e musculares
lisas (MONTEZANO; TOUYZ, 2004; MARCHI et al., 2016; CERON et al., 2017).

Estudo de Haorah et al. (2011) evidencia o aumento dos niveis de espécies reativas
de oxigénio (ROS, superdxido e radical hidroxila) e do 6xido nitrico (NO) nas células
endoteliais do cérebro, ativando a NADPH oxidase ¢ a 6xido nitrico sintase no consumo
excessivo de etanol. Além disso, estudos da administracdo aguda de etanol em
concentragdes equivalentes aos niveis sanguineos encontrados em individuos
dependentes, isto ¢, trés vezes o valor do limite legal que ¢ de aproximadamente 9,6 g,
promove a contracdo em artérias cerebrais de maneira independente do endotélio e
ativada pela inibicdo dos canais de potassio dependente de voltagem e canais de cdlcio
(NORTH et al., 2019).

Além da ativacdo de agentes vasoconstritores (STRICKLAND; WOOLES 1988;
HATTON et al., 1992; MARCHI et al., 2016) também ¢ relatado comprometimento do
relaxamento vascular (KAHONEN et al., 1999) relacionado ao aumento de espécies
reativas; e redugdo da biodisponibilidade de NO via mecanismos dependentes da ativagdo
de receptor AT1. Estes mecanismos implicam em aumento de pressdo arterial sem

alteracdo de frequéncia cardiaca em ratos expostos ao etanol (PASSAGLIA et al., 2015).

3. ALTERNATIVAS TERAPEUTICAS PARA OS DANOS CAUSADOS PELO

ETANOL

3.1 Tratamento convencional e alternativos para dependéncia alcodlica
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Atualmente, a farmacoterapia ¢ um método bastante utilizado para tratamento de
pacientes alcoolatras com o objetivo de reduzir os efeitos deletérios induzidos pelo uso
do dalcool no organismo e de reintegrar o individuo a sua vida social. A terapia
farmacologica pode ser associada a grupos de apoio chamados de Alcodlicos Andénimos
como perspectiva de maior aderéncia e sucesso no tratamento (MINISTERIO DA
SAUDE, 2001).

Dentre os medicamentos mais utilizados destacam-se os inibidores de enzimas como
a acetaldeido desidrogenase (dissulfiram), os inibidores GABA (acamprosato), e
antagonistas opioides (naltrexona) onde o uso ¢ determinado pelas equipes de
multiprofissionais, que avaliam e definem de maneira individualizada a indicagdo
farmacologica (MINISTERIO DA SAUDE, 2001; VARELLA; JARDIM, 2009).

No entanto, o uso destes medicamentos possui efeitos colaterais adversos, como a
hepatite que ja foi associada, mesmo que de forma rara, com o uso de dissulfiram.
Cefaléia, sintomas gastrointestinais (dor abdominal, nduseas e vomitos), dermatolégicos
(prurido, rash maculo-papular e reagdes bolhosas), assim como confusdo mental,
sonoléncia e alteragdo de libido foram relatados em usuérios de acamprostato; assim
como nauseas sdo sintomas comuns apds ingesta de naltrexona. Esse tratamento
farmacolodgico exige o controle rotineiro da func¢do hepatica através de exames
bioquimicos (CASTRO; BALTIERI, 2004).

No Brasil, existem tratamentos que preveem internagao que pode ser voluntéria,
involuntdria ou compulsoria. No entanto, existe um movimento de especialistas em
dependéncia quimica que incentivam o uso intervenc¢des que ndo isolem o alcoolista do
seu circulo familiar e da sua rotina normal (MINISTERIO DA SAUDE, 2001;

LARANIJEIRA, 2004).
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Sabendo-se disto, hd a necessidade de encontrar formas ndo farmacologicas para
se evitar os efeitos deletérios e prevencdo dos efeitos do etanol. Uma alternativa ¢é
agregando compostos aos alimentos para auxiliar, durante o uso do etanol, a sua nao
absorcdo, ou interferéncia em seu metabolismo ou em seus efeitos sobre os Orgaos,
levando a prote¢ao dos tecidos, reducdo de efeitos adversos com vistas a reducao do uso

e dependéncia desta substancia danosa ao organismo e a sociedade.

3.2. Alimentos Funcionais

O uso de alimentos como fonte de satde e seu uso medicinal data da antiguidade
(ANJO, 2004). A grande incidéncia de doencgas cronicas relacionadas em parte ao estilo
de vida sedentario e a alimentag¢do inadequada abriu portas para um nicho antes pouco
estudado. Nas tltimas décadas a comunidade cientifica tem dado atencdo a incorporagdo
de alimentos enriquecidos com propriedades benéficas conhecidas e saudaveis e/ou
curativos na dieta, os chamados alimentos funcionais (COLLI, 1998; ROS, 2001; LEE et

al., 2019; SHOBAKO; OHINATA, 2020; SAPWAROBOL et al., 2021).

O conceito de alimentos funcionais surgiu na década de 80 no Japao, por uma
iniciativa governamental que pretendia por meio da alimentagdo saudavel cuidar da sua
populacao idosa (STRINGHETA et al., 2007). No Brasil a regulamentagao deste conceito
ocorreu somente depois de quase duas décadas com a publicagdo da Portaria 18/99 do
Ministério da Saude que definiu que alimentos funcionais sdo aqueles alimentos ou
ingredientes que além das fung¢des nutritivas basicas, quando consumidos como parte de
uma dieta usual, produzem efeitos metabolicos e/ou fisioldgicos, e/ou efeitos benéficos a

saude, devendo ser seguros para consumo sem supervisdo médica (BRASIL, 1999).

Os efeitos dos alimentos funcionais se devem a seus compostos bioativos, que

devem estar presentes em concentracdes adequadas para efetuar o efeito desejado, sejam
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eles vitaminas, minerais essenciais, proteinas, peptideos isolados, dcidos graxos e ou

fibras alimentares, dentre outros (PACHECO; SGARBIERI, 1999; VIDAL et al., 2012).

Estudos utilizando Mucuna pruriens, um tipo de feijao formando um suplemento
natural, demonstrou que a ingesta auxilia na recaptacdo de dopamina melhorando quadros
de depressio ¢ ja é utilizado como tratamento alternativo para Parkinson na india. Quando
utilizado em ratos que fazem uso do alcool, promove melhora na reprodu¢do de ratos
machos reduzindo os danos reprodutivos (CHOOWONG-IN et al, 202I;
TANGSRISAKDA et al, 2022). A capsaicina, derivada da pimenta, reduz o consumo de
etanol em ratos C57BL/6 (HUH et al., 2022) e existem cogumelos que auxiliam no
tratamento dos sintomas de abstinéncia do alcool prevenindo danos gastrointestinais

(HOU et al., 2021).

O uso de diversos alimentos funcionais como os derivados de metabolicos
fenolicos tem sido experimentado para reduzir os danos ou prevenir doengas
cardiovasculares de diversas origens. Uma vez que os danos os danos vasculares causados
pelo etanol sdo relacionados a vias inflamatorias e de aumento de estresse oxidativo, o
uso de agentes antioxidantes e anti-inflamatdrios advindos da dieta tem grande potencial
terapéutico. Antioxidantes derivados de fontes vegetais como as vitaminas C e E, os
carotendides e os compostos fenolicos, especialmente os flavonoides (SILVA et al., 2010)
inibem a cadeia de iniciacdo ou interrompem a cadeia de propagacdo das reacdes
oxidativas (PODSEDEK, 2007). Além da ingestdo de frutas e vegetais, que sdo
recomendados como fontes de compostos antioxidantes, a suplementacdo dietética,
contendo compostos antioxidantes, de origem vegetal ou animal, também podem ser
uteis, como o uso do selénio para a melhora do sistema imunoldgico, homeostase
antioxidante, ou liberagdo de mediador pré-inflamatério, em aves de consumo que sdo

tratadas com selénio, segundo estudo de Michalczuk et al. (2021).
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No entanto, ha poucos estudos que utilizam a proteina animal derivada do ovo
para o combate aos efeitos deletérios, sobre o sistema cardiovascular e outros sistemas,
produzidos pelo consumo do etanol. Yan et al., (2021) utilizando um hidrolisado de feito
a partir de pepsina fracdes de 0, 0.5, 1.5, 2.0, 2.5, 3.0, 3.5, e 4.0 h da proteina do ovo,
utilizando a clara do ovo demonstrou hepatoprotegado e a¢do antioxidante em ratos Wistar=
A hepatoprotecgao deve-se principalmente ao aumento das capacidades antioxidantes do
figado, baixando as fra¢des de lipidio no figado e a liberacdo de citocinas inflamatdrias,
bem como, a regulacdo do metabolismo lipidico, este mesmo tratamento foi utilizado em

ratos machos para verificar o papel protetor do figado por Lin et al. (2021).

3.3.0 ovo

Dentre os mais variados tipos de alimentos com potencial para uso funcional
temos o ovo da galinha. E um alimento de facil acesso, baixo preco e possui uma ampla
gama de aplicacdes culindrias, além de ser uma fonte de nutrientes de alta qualidade, por
isso ¢ um dos alimentos mais consumidos pela sociedade e atualmente considerado um
alimento muito importante na obtengdo de peptideos bioativos (INSTITUTO DE
ESTUDIOS DEL HUEVO, 2009; ZANI et al.,, 2018; MAJUMDER et al., 2015;
NIMALARATNE et al., 2015; SUN et al., 2016; LIU et al., 2017). Especificamente a
clara do ovo ¢ responsavel por 58% do peso total deste alimento e ¢ composta
exclusivamente por agua (88-90%) e proteinas (10-12%). A riqueza de aminoacidos
essenciais da proteina da clara do ovo faz com que ela seja uma rica fonte de valor
bioldgico e seja considerada fonte de proteinas de referéncia para validar outras proteinas
alimentares (INSTITUTO DE ESTUDIOS DEL HUEVO, 2009; YU et al., 2011;

GARCES-RIMON et al., 2016b; LIAO et al., 2018).
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As proteinas da dieta, fonte de energia e aminoéacidos essenciais para o adequado
funcionamento fisiologico do organismo, exercem atividades bioldgicas potentes quando
ingeridas e apresentam muitos beneficios comprovados in vivo, por esse motivo as
proteinas estdo sendo utilizadas como matéria prima para obtencao in vitro de peptideos
bioativos (KORHONEN & PIHLANTO-LEPPALA, 2002; SAMARANAYAKA & LI-
CHAN, 2011). Os peptideos bioativos sdo sequéncias especificas de aminoacidos com
atividade que modula a fung¢ao fisiologica ao se ligar em receptores especificos de células
alvo (KORHONEN, 2009), eles contém de 3 a 20 residuos de aminoacidos por molécula
e normalmente sdo inativos dentro da sequéncia de proteina, mostrando sua atividade
bioldgica apenas quando ¢ liberado de sua proteina precursora (PIHLANTO-LEPPALA,
2000; GARCES-RIMON et al., 2016), essa liberacdo ocorre através de hidrolise in vitro

ou in vivo (LIAO et al., 2018).

3.4 Peptideos bioativos derivados da clara do ovo

Desde 2006 por meio da hidrélise com pepsina por 8 horas da clara de ovo
pausterizada foi desenvolvido um hidrolisado da clara do ovo, pelo Instituto de
Investigacion en Ciencias de La Alimentacion - Consejo Superior de Investigaciones
Cientificas da Universidad Autonoma de Madrid (CIAL/SCIC), com o qual possuimos
parceria, onde foi observada, in vitro, agdo anti-inflamatodria e antioxidante (MIGUEL et
al., 2006), assim como, in vivo, foram observados efeitos benéficos em disfungdes
cardiovasculares e metabodlicas (MIGUEL et al., 2006; GARCES-RIMON et al., 2016;
2018; MORENO-FERNANDE-Z et al., 2018). Estes resultados com este hidrolisado da
clara do ovo (HCO) feito via a¢do enzimatica da pepsina por 8h mostrou ser capaz de

reduzir a massa gorda corporal, aumentar a massa magra e acelerar a f-oxidagao hepatica
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melhorando assim a sindrome metabolica e obesidade em modelos animais (GARCES-
RIMON et al., 2016; 2018; MORENO-FERNANDEZ et al., 2018).

As sequéncias peptidicas responsaveis por esses efeitos ja foram identificadas por
Miguel et al. (2004) quando realizado hidrolise enzimatica por 3 h, sdo elas: FRADHPFL,
RADHPFL, YAEERYPIL, YRGGLEPINF, ESIINF, RDILNQ, IVF, YQIGL, SALAM ¢
FSL. O hidrolisado de 8 hs contendo também essas sequéncias peptidicas mostrou
atividade de modulacao da microbiota intestinal de ratos Zucker (RAQUERA et al,,
2017). Vale ressaltar que varios fatores podem levar a potencial atividade bioldgica de
peptideos quando administrados via oral, incluindo a resisténcia das enzimas
gastrointestinais ao pH e a biodisponibilidade (absorcdo, transporte e capacidade de
chegar nos seus lugares de ag¢io) (LIAO et al., 2018; SANTOS-HERNANDEZ et al.,
2018). Por esse motivo estudos que simulam a digestao gastrointestinal do hidrolisado da
clara do ovo ja foram realizados e neles se observou que peptideos anti-hipertensivos
YAEERYPIL e RADHPFL se hidrolisam durante o processo de digestdo in vitro. Assim,
os produtos derivados da hidrdlise dessas sequéncias de peptideos podem ser os
responsaveis diretos do efeito anti-hipertensivo (MIGUEL et al., 2007).

Em modelos experimentais de exposi¢cdo a metais como mercurio, aluminio e
cadmio, o HCO demonstrou capacidade de prevenir os danos na memoria € cogni¢ao
(MARTINEZ et al., 2019a; RIZZETTI et al., 2016), no sistema reprodutor masculino
(RIZZETTI et al., 2017; MARTINEZ et al., 2017; PINHEIRO et al., 2020), no sistema
nervoso periférico (MARTINEZ et al., 2018), no tecido adiposo (RIZZETTI et al., 2019)
e no sistema cardiovascular (MARTINEZ et al., 2019b; RIZZETTI et al., 2018).

Em animais espontaneamente hipertensos (SHR), peptideos isolados do HCO
utilizados aguda e cronicamente reduziram a pressao arterial (MIGUEL et al., 2007;

MANSO et al., 2008). Este efeito foi atribuido em parte a protecao vascular por aumento
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da sintese de 6xido nitrico e diminui¢do da enzima conversora de angiotensina (ECA),
evidenciadas em vasos de resisténcia em modelo agudo de exposi¢do a sequéncias
peptidicas extraidas do HCO (GARCIA-REDONDO et al., 2010) devendo ser
incentivadas como ingredientes funcionais na alimentagdo tanto para prevencdo como
para tratamento da hipertensao arterial.

Com base nas informagdes acima, hipotetizamos que o consumo de etanol estd
relacionado com dano cardiovascular, hipertensdo e a geragdo de espécies reativas e a
inducdo da ativacdo de vias de sinalizacdo sensiveis a redox na vasculatura e que o HCO
com reconhecido poder antioxidante e anti-inflamatorio poderia ser uma importante
estratégia terapéutica de prote¢do ao sistema cardiovascular contra os danos causados

pelo uso do etanol.

33



4. JUSTIFICATIVA

O consumo excessivo de etanol ¢ uma questdo de saude publica e apontado como
causador de diversos danos ao organismo humano, bem como, um importante fator de
risco para o desenvolvimento de doencas cardiovasculares (KUZKAYA et al., 2003). A
ingestdo cronica de etanol estad associada a hipertensdo (TIRAPELLI et al., 2008;
PASSAGLIA et al., 2015) e a disfuncdo vascular relacionada ao aumento na geragao de
espécies reativas (CERON et al., 2014). A importancia deste estudo reside em investigar
uma alternativa terapéutica, ndo-farmacolédgica, o alimento funcional Hidrolisado de
Clara de Ovo, para prevengao e/ ou tratamento dos danos cardiovasculares causados pelo
consumo de alcool em ratos, uma vez que ha alta incidéncia de individuos em situagdo de
dependéncia alcoolica e as alternativas farmacologicas vigentes ainda apresentam

importantes diversos efeitos adversos.
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5. OBJETIVOS
5.1. Objetivo geral
Avaliar os efeitos do tratamento com HCO sobre os danos cardiovasculares
promovidos pelo consumo de etanol, em niveis similares ao consumo de um humano

dependente.

5.2. Objetivo especifico
Investigar os possiveis efeitos protetores do HCO sobre:
e A pressdo arterial;
e As alteracdes na reatividade vascular de artérias de resisténcia promovidas pelo
etanol e as possiveis vias envolvidas nesta resposta;

e As alteragdes de pardmetros de estresse oxidativo e alteragdes bioquimicas

induzidos pelo uso de etanol;
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Highlights

- Egg white hydrolysate improves vasorelaxant response in vessels exposed to ethanol.

- The vascular effect was attributed to the antioxidant effect of EWH.

- EWH vascular improvement is mediated by reduction of NOX-1 and COX-2 activation.

- EWH did not protect oxidative stress promoted by ethanol in target organs.
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Abstract

Ethanol is the licit drug consumed worldwide and affects the cardiovascular system.
Enzymatic hydrolysis of egg white with pepsin for 8 hours produces peptides with
biological functions with beneficial effects in cardiovascular disorders. We investigated
whether egg white hydrolyzate (EWH) acts on cardiovascular damage caused by ethanol
in rats. Male Wistar rats (CEUA 27/2021) treated for 42 days: I) Control (Ct) - drinking
water ad libidum and via gavage; II) EWH - drinking water and EWH 1 g/kg/day via
gavage; III) Ethanol (Et) - 20% ethanol in water ad libidum and H20 by gavage) and V)
EtEWH - both treatments. The animals were weighed weekly, ethanol content, fluid and
feed consumption, systolic blood pressure (SBP) by caudal plethysmography; vascular
reactivity of the mesenteric arteries by tension myography, immunofluorescence for
NOX-1 and COX-2 and measurement of lipid peroxidation, antioxidant capacity in
plasma, kidney and liver and ARM reactive species and other organs. Results are
expressed as mean + SEM, compared by 2v. ANOVA with significance of p < 0.05.
Ethanol consumption reduced feed and liquid consumption and EWH treatment did not
change this parameter. The ethanol-treated groups reduced body weight (in g: Control:
470 + 11.7; Et: 399.1 + 76*; EWH: 448.9 + 14.7; EtEWH: 407 + 12.8* -* vs Control).
SBP remained unchanged in all groups. There was an increase in the vasoconstrictor
response to noradrenaline in the ethanol groups and worsening of relaxation in ACh in
the Et group and improvement in the presence of co-treatment with EWH, accompanied
by greater fluorescence in NOX-1 without reversion with the use of EWH and in
attenuated COX-2 with use of EWH in these arteries. The increase in reactive species
(ROS) in plasma and MRA was reduced by EWH. Ethanol promotes vascular changes
that are attenuated by EWH that seem to be related to the production of ROS derived from
NADPHoxidase and the bioavailability of NO in the vessel.

Keywords: Vascular Reactivity; Vascular Dysfunction; Oxidative Stress; Egg White
Hydrolysate; Bioactive peptides.
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Abbreviations:

ACh — acetylcholine; MRA- Resistance mesenteric artery; COX-2 — Cyclooxygenase
enzyme isoform 2; EWH — egg white hydrolysate; INDO — Indomethacin; FRAP- Ferric
Reducing Antioxidant; KCl — Potassium chloride; MDA — Malondialdehyde; NADPH
oxidase — Enzyme nicotinamide adenine dinucleotide phosphate oxidase; NaOH —
Sodium hydroxide; NO — Nitric Oxide; NOS — Nitric oxide synthase; NOX-1; NE —
Norepinephrine; ROS — Reactive oxygen species; SBP — Systolic blood pressure; SNP —

Sodium
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1 Introduction

Alcohol consumption has followed the evolution of people (McGovern et al.,
2004). In contemporary society, the use of alcohol is recreational, and its consumption is
growing (Baltieri & Cortez, 2005; Kachani et al., 2008). In countries with a high
sociodemographic index, alcohol consumption is higher. However, % of the world's
alcohol consumption is not officially registered, and there are records of an increase in
alcohol consumption in countries with low to medium economic levels (GBD, 2016;
WHO, 2018; Massip & Luch, 2021).

The relationship between alcohol consumption and its effect on the
cardiovascular system is binary and controversial. The harmful impact of alcohol
consumption in high doses on the cardiovascular system is known (Hoek et al., 2022).
However, for decades, it was still pointed out that moderate consumption leads to benefits
to the cardiovascular system, such prevention of myocardial infarction, heart failure, and
diabetes (Wood et al., 2018; Van de Luitgaarden et al., 2021). Recent studies point out
that alcohol consumption can increase the risk of several cancers (mainly of the
gastrointestinal tract and breasts), atrial fibrillation, and hypertension (Statescu et al.,
2021).

Chronic ethanol consumption leads to hypertension, and this process is a
multifactorial event involving increased sympathetic activity, stimulation of the renin-
angiotensin-aldosterone system with consequent increased vascular oxidative stress and
endothelial dysfunction (Tirapelli et al., 2008; Marchi et al., 2014; Ceron et al., 2014;
North et al., 2018).

Oxidative stress is a central mechanism in the development of changes promoted

by ethanol, and the search for antioxidant and anti-inflammatory substances as non-
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pharmacological therapeutic alternatives to counteract these cardiovascular effects is
crucial (Phillips et al., 2020).

Several natural products with bioactive proprieties were investigated against the
toxic effects of alcohol consumption on target organs such as the liver, kidney, and
microbiota (Lee et al., 2020; Jedidi et al., 2022; Guo et al., 2022). Mostly, they had
antioxidant and anti-inflammatory activity as potential benefits in common. Since the
vascular effects of ethanol consumption are related to oxidative damage, we propose to
investigate the use of an egg white hydrolysate obtained by hydrolysis with pepsin for 8
hours which has anti-inflammatory and antioxidant properties in an ethanol exposure
model (Miguel et al., 2006 a, b; Garcés-Rimoén et al., 2016; 2018; Moreno-Fernandez et
al., 2018).

We hypothesized that the consumption of ethanol that causes vascular damage
mediated by the generation of reactive species can be mitigated or prevented by using a
functional food, an EWH, with recognized antioxidant and anti-inflammatory action.

2 Materials and Methods
2.1 EWH preparation
Pasteurized chicken egg white was treated with pepsin enzyme to produce egg

white hydrolyzate (EWH). The liquid egg white was acidified with HCI and hydrolyzed
with pepsin (E.C. 3.4.23.1 BC Pepsin - Biocatalysts - Cardiff, UK) for 8 h at 37 degrees.
After this pepsin was inactivated with (NaOH) until reaching pH 7.0, the contents were
centrifuged, and the supernatant lyophilized for use according to the protocol of Miguel
et al. (2006).
2.2 Animals

Two-month-old male Wistar rats (260 + 4.2 g) were obtained from the Central

Animal Laboratory of the Federal University of Pelotas, Rio Grande do Sul, Brazil.
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During treatment, rats were housed at a constant room temperature, humidity, and light
cycle (12:12 h light/dark), giving free access to liquid and fed with a standard chow ad
libitum. All experiments were conducted in compliance with the guidelines for
biomedical research stated by the Brazilian Societies of Experimental Biology and
approved by the Ethics Committee on Animal Use Experimentation of the Federal
University of Pampa, Uruguaiana, Rio Grande do Sul, Brazil (Process Number: 27/2021).

Rats were divided into four groups (8 animals per group) and treated for 42 days
with: a) Control- drinking water ad libidum and by gavage; b) EWH (drinking water and
EWH - 1 g/ kg/day by gavage according to Miguel et al. (2006); c) Et - received ethanol
20% in drinking water and H>O by gavage according to Tirapelli et al. (2006) and d)
EtEWH — received both treatments. Animals of ethanol groups previously underwent 21
days of adaptation. The management of the animals was carried out following the
appropriate safety measures and the general state of health, body weight, food and water
intake were recorded once a week.
2.3 Cardiovascular Measurements

Indirect systolic blood pressure (SBP) was measured weekly from the adaptation
period (21 days) to the end of treatment (42 days), measured by caudal plethysmography
according to Budiag et al. (1977) (AD Instruments Pty Ltd, Bella Vista, NSW, Australia).
At the end of treatment, the animals were anesthetized (ketamine and xylazine — 87 mg/kg
and 13 mg/kg, respectively, i.p.) and euthanized for vascular reactivity experiments,
blood collection and organs (liver and kidney) for analysis. Next, the mesenteric artery
was carefully dissected and cleaned of adipose and connective tissue, divided into 2 mm
long segments, and placed in Krebs-Henseleit solution (in mM: NaCl 118; KCl 4.7;
NaHCO; 23; CaCly 2 .5; KH2POs 1.2; MgSO4 1.2; glucose 11 and EDTA 0.01),

carbonated with 95% O, and 5% CO: (pH 7.4). The remaining MRA branches were
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refrigerated and kept at -80 °C for further biochemicals assays. The MRA segments were
mounted on a wire myograph (Multi Wire Myograph System, DMT620, ADInstruments
do Brasil, Sdo Paulo, SP, Brazil) to measure isometric tension, according to Wiggers et
al. (2008). After an equilibration period of 30 minutes, the MRA was exposed to 120 mM
KCI to verify the functional integrity of the vessel. Concentration-response curves to
norepinephrine (NE, 0.1 nM - 3.5 mM) were performed after 30 min of a new stabilization
period in rings with or without endothelium, and in the presence of Indomethacin (1 uM),
a non-selective COX inhibitor. To investigate endothelium-dependent and independent
relaxation, concentration-response curves to acetylcholine (ACh, 0.1 nM—-3.5 mM) and
sodium nitroprusside (SNP, 0.1 nM—3.5 mM) were performed in segments pre-contracted
with NE at a concentration that produces approximately 50% of the contraction induced
by K*-KHS.

2.4 Biochemical Analyses

Biochemical studies of oxidative stress biomarkers were performed in plasma,
MRA, liver and kidney. For that, tissues were homogenized in 50 mM TrisHCI, pH 7.4,
centrifuged at 2500g for 10 min at 4°C. Levels of reactive species were determined by
the spectrofluorometric method described by Loetchutinat et al. (2005) with
modifications (Martinez et al., 2017). This method is unspecific for reactive oxygen
species (ROS) and the ROS levels were expressed as fluorescence units.

Lipid peroxidation was measured as malondialdehyde (MDA) levels using a
colorimetric method, as previously described by Ohkawa et al. (1979), with modifications
(Martinez et al., 2017). The results were expressed as nanomoles of nmol MDA/g tissue.

We measured the total antioxidant capacity by Ferric Reducing Antioxidant Power
(FRAP) assay described by Benzie & Strain (1996), with modifications (Martinez et al.,

2017). A standard dose-response curve of Trolox (50-1000 uM — water soluble analog of
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vitamin E) was prepared and the FRAP assay is described with particular reference to
mM Trolox equivalents.
2.5 Immunofluorescence for detection of NOX-1 and COX-2

Arterial segments were prepared and analysed according to Jimenez-Altayod (2005).
The primary antibodies were against NOX1 (1:500) and COX-2 (1:500). The secondary
antibody (Alexa 488-conjugated goat anti-mouse immunoglobulin G [IgG]) was diluted
1:400. We used DAPI (1:10,000) to stain nuclei. In the preparation of negative control
sections, we omitted the primary antibody. Images were acquired using an EVOS®
Floid® Cell Imaging Station (Life Technologies, Carlsbad, CA). For quantification, we
analysed sections from five different animals per group with the same capture parameters.
We performed the readings and calculated the mean fluorescence densities (histogram)
using ImageJ. Data are expressed relative to the Control group.
2.6 Statistical analysis

Data are expressed as mean + SEM. In the vascular reactivity experiments,
vasoconstrictor responses of MRA were expressed as a percentage of the contraction
induced by 120 mM of KCIl. Results were analyzed using two-way ANOVA for
comparison between groups. When ANOVA showed a significant treatment effect,
Bonferroni’s post hoc test was used. Values of p < 0.05 were considered significant.
3. Results

Ethanol consumption significantly reduced body weight from the 28" day of the

exposure until the end of treatment (42"¢ day). Cotreatment with EWH did not interfere
with ethanol-promoted weight loss (Fig. 1A). Likewise, the intake of feed and liquids
(water or ethanol) decreased in both groups that received ethanol (Fig. 1B and C). The
relative weight of target organs, such as the liver and kidney, was not altered by ethanol

exposure or EWH cotreatment (Fig. 1D and E).
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SBP was not affected by ethanol exposure in the adaptation period (21 days) or
the treatment period (42 days), and EWH cotreatment did not affect this parameter either
(Fig. 2). However, vascular reactivity was altered by ethanol. As shown in Figure 3,
ethanol exposure increased vasoconstrictor responses to NE in the ARM, and EWH
cotreatment did not reverse this effect (Fig. 3A). However, vascular response to ACh is
significantly reduced in ethanol rat vessels, and EWH cotreatment completely recovered
the endothelial dysfunction produced by ethanol (Fig. 3B). Endothelium-independent
vascular relaxation was not affected by any treatment (data not shown). It is important to
describe that the KCI response in the MRA of all groups did not differ (Control: 3.3 +
0.2; EHW: 3.3 £ 0.2; Et: 3.3 £ 0.2; EtEHW: 3.4 = 0.3 mN/mm) and MRA internal
diameters were similar between groups (Control: 293.4 = 5.7, EHW: 300.4 + 5.4; Et:
304.7 £ 8.5; ELEEHW: 291.9 + 4.0 mN/mm).

We investigate the effect of endothelium removal on the vasoconstrictor response
to NE in MRA segments. Endothelial modulation was impaired after Ethanol exposure,
and EWH cotreatment could not reverse this response (Fig. 4 A-D). To verify the
participation of prostanoids in the increase of the NE response in rats treated with Et and
the possible role of EWH in this pathway, we used the non-selective COX inhibitor
indomethacin (INDO). Indomethacin reduced the vasoconstrictor response to NE in MRA
in the segments of both groups treated with Et, and this reduction was not avoided by
cotreatment with EWH (Fig. 4 E-H).

Considering the previously described antioxidant property of this EWH/pepsin-
8h, we also investigated the NOX-1 isoform by immunofluorescence. We observed a
significant increase in ethanol-promoted NOX-1 fluorescence, and EWH reduced NOX-
1 expression, indicating an antioxidant effect of EWH on vessels (Fig. 5SA). Although the

vascular function of EWH did not reverse the effect of ethanol, interestingly, the increased
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COX-2 fluorescence in the arteries of ethanol rats was attenuated in the presence of EWH
(Fig. 5B).

Corroborating these data, biochemical analyses showed elevated lipid
peroxidation and ROS levels in MRA, plasma, liver, and kidney in rats exposed to ethanol
(Fig. 6 A-F). In plasma and MRA, cotreatment with EWH reversed the oxidative stress
promoted by ethanol (Fig. 6 A, B, G). However, in the liver and kidney, the target organs
of ethanol effect increased lipid peroxidation, and ROS levels were not altered by EWH
cotreatment (Fig. 6 E, F). In addition, the antioxidant status was different in the analyzed
tissues; in plasma, there was a reduction in the antioxidant capacity in both groups
exposed to ethanol; in the liver, there was an increase in the antioxidant capacity in both
ethanol groups, and in the kidney, this parameter was not changed (Fig. 6 H, I, J).

These results demonstrate that ethanol exposure leads to increased vascular
reactivity and reduced relaxation is mediated by increased oxidative stress and activation
of the induced COX pathway, and vascular changes occur even before any blood pressure
changes. Furthermore, EWH acts locally on MRA segments, reducing oxidative stress,
inhibiting COX-2, and improving vasorelaxation.

4. Discussion

The present study provides evidence that EWH consumption partially prevents
vascular dysfunction promoted by ethanol exposure for six weeks in resistance vessels
through endothelium-dependent mechanisms mediated by the reduction of oxidative
stress and the inflammatory pathway. Furthermore, these vascular changes are
independent of changes in blood pressure.

Chronic ethanol consumption is related to the development of hypertension in
humans (Fuchs & Fuchs, 2021, Coelho et al., 2021). In experimental models, different

pressure behaviors are time and dose dependent. Tirapelli et al. (2007, 2017), using the
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same time and dose of ethanol used in this study, found a significant increase in SBP that
reached hypertension levels. However, as our results found, this same exposure model
previously showed no change in SBP in Wistar rats (Baptista et al., 2014). Exposure to
ethanol for more extended periods of 18 weeks reduced SBP (McCarron et al., 1992) or
did not change this parameter at lower doses (Yuui et al., 2019). It is already known that
EWH despite important in vitro ACE inhibitor and antioxidant activities (Garcés-Rimén
et al., 2016) and in different models of hypertension, without affecting blood pressure in
normotensive animals (Miguel et al., 2005, 2007), this fact could explain that in the
present study, treatment with EWH did not modify blood pressure values.

Changes in the vasculature may precede pressure modifications (Phillips et al.,
2019, Statescu et al., 2021) and, in fact, our results point to vascular dysfunction observed
in increased contractile response and reduced relaxation in the MRA, without changes in
blood pressure. It is known that endothelial dysfunction is an early stage of vascular
diseases and is an important prognostic indicator of cardiovascular and metabolic diseases
such as hypertension, atherosclerosis and others (Huynh & Heo, 2019; Statescu et al.,
2021).

Several studies with ethanol exposition shows an increase in vascular reactivity in
different vascular bed (aorta, MRA, cerebral artery) (Tirapelli et al., 2008; Yogi et al.,
2012; North et al., 2018). Some antioxidants treatments, apocynin for example, was
efficient to improve the enhanced vascular response to Phe in aorta (Marchi et al., 2016).
The EWH used in this study showed great ability to reduce the increase in vascular
contraction in arteries of conductance and resistance promoted by exposure to metals in
high and low doses (Martinez et al., 2017). However, in this experimental model, this
ability of this EWH was only observed in the reduction of vascular dysfunction induced

in rats treated with ethanol. Yuui et al. (2019) using rats treated with 10% ethanol and
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specific diet, Lieber di Carli, had a significant increase the acetylcholine response.
Rizzetti et al. (2017) also most this increased reactivity when the animal was exposed to
Hg and EWH was able to reverse this condition.

The vascular dysfunction generated by ethanol is related to its great oxidative and
inflammatory capacity (Marchi et al., 2016). In fact, ethanol activated the COX pathway
in vessels as shown in functional data and in COX-2 expression and EWH surprisingly
did not alter vascular function but reduced COX-2 expression in situ. Activation of the
ethanol-induced vascular inflammatory pathway is known in a rat model treated for two
weeks or more in both aorta and mesentery on ethanol exposure (Tirapelli et al, 2008;
Rocha et al, 2012; Ceron et al, 2014; North et al, 2019). Studies using antioxidants agents
as apocynin in ethanol exposure model showed improvement in aortic vascular reactivity
(Marchi et al., 2016). On exposure to different metals at the vascular level, this EWH had
already demonstrated an effective ability to inhibit COX, especially COX-2 at low and
high doses of Al and Cd exposure in the aorta and MRA (Martinez et al., 2019, Moraes
et al., 2022).

However, the most crucial point of the effect of both ethanol on vessels and EWH
protection lies in its effect on the redox balance process. Clearly ethanol has a vascular
effect in stimulating both locally and systemically the oxidant system, as shown by the
increased expression of NOX-1 and levels of reactive species in plasma and MRA. This
effect had already been demonstrated by Marchi et al. (2016) with ethanol exposure in
this same model, and as well as other systems such as liver (Yang et al., 2022). However,
the antioxidant power of EWH was demonstrated over the effect of ethanol in reducing
ROS levels in plasma and MRA and reducing NOX-1 expression in EWH co-treated
arteries. Previous studies, with heavy metals, show improved NOX-1 expression when

animals were exposed to aluminum and co-treated with EWH (Martinez et al., 2019).
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The same effect could not be observed in the target organs, which maintained an
increase in EO at the expense of cotreatment with EWH. However, a similar effect
occurred in studies by Martinez et al. (2022), where EWH did not reverse the damage
caused in the kidney with high doses of aluminum, nor did it reverse the lipid peroxidation
process completely. In our study, this effect is possibly due to the damage caused by
ethanol being greater, since the target organs studied are pathways and our route of
administration was the same, so there may be a competition for receptors in organs such
as liver and kidney.

The ethanol consumption in vivo models depends on the dose, frequency and
duration of treatment (Abdel-Rahmanet et al., 1985; Abdel-Rahman & Wooles, 1987)
and this factor may or may not alter the response in blood pressure and vascular response
and that these effects such as redox imbalance are suggested as an early mechanism that
is initiated by the use of ethanol, as observed in cardiac muscle and vessels (Piano et al.,
2004; Dikalova et al., 2005; Tirapelli, 2006; Tan et al., 2012, Zhang et al., 2013, Silva et
al., 2020).

In this work it was possible to analyze that even though there was no increase in
blood pressure, our results already show the beginning of endothelial dysfunction with
altered inflammatory response factors and oxidative stress level, evidencing that ethanol
is an agent that uses these means to make important cardiovascular alterations. The EWH
as already demonstrated in studies with metals (Martinez et al., 2019; Rizzetti et al.,
2018), models of metabolic syndrome (Garcés-Rimoén et al., 2016; 2018; Moreno-
Fernandez et al., 2018) and hypertensive animals is shown to be effective when acting as
co-treatment in endothelial dysfunction caused by inflammatory and redox system
processes, promoting an improvement in the alterations of the cardiovascular system

related to this process.
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The effect of ethanol weight loss after five and six weeks of exposure was
previously reported (Tirapelli et al., 2006; do Vale et al., 2021) and the reduction in food
and liquid consumption accompanies the weight loss of the animals as corroborated by
our data. Although not the focus of this study, it is widely recognized that alcohol
consumption affects hepatic triglyceride and cholesterol metabolism and is associated
with disturbance of lipid transporters (Zhang et al., 2019). It is also known that ethanol
after oxidation by the enzyme Alcohol Dehydrogenase (EDH) provides 7.1 kcal per gram
of metabolized ethanol and is a source of calories without vitamins or minerals, so chronic
consumption of ethanol leads to malnutrition and decreased food intake, thus impairing
absorption and causing weight loss (Molina et al., 2003; Kachani, et al., 2008).

Although liver and kidney weight were not affected by ethanol consumption or
EWH supplementation, the negative effect on the imbalance of oxidative stress promoted
by ethanol in these target organs is clear. Ethanol in the liver acts by decreasing the
number of hepatocytes which may or may not be associated with mitochondrial oxidation
(Simon et al., 2022). In addition to the possibility of ethanol being metabolized to
acetaldehyde in hepatocytes inducing injury. Furthermore, the result of conversion to
NADH, this re-oxidation of NADH to NAD+ in mitochondria has been associated with
electron leakage from the mitochondrial respiratory chain and subsequent ROS
production and there is also inhibition of expression of antioxidant enzymes (e.g.
superoxide dismutase 1) and depleted levels of non-enzymatic antioxidants (e.g.
glutathione), thus reducing the cellular ability to modulate oxidative stress (Yang et al.,
2022, Simon et al., 2022). Our findings show an increase in lipid peroxidation levels and
ROS in target organs such as the kidney, which corroborates previous findings (Silva et

al., 2021).
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According to Monma et al. (2015), alcohol accumulation and metabolism produce
acetaldehyde and free radicals as ROS that cause cell membrane damage, with significant
long-term functional impairment, changes in mitochondria and endoplasmic reticulum,
and cell degeneration. Excess ROS, mainly NAD(P)H oxidase, decreasing the
bioavailability of NO and inducing vascular dysfunction in brain, was demonstrated by
Haorah et al. (2011).

There improvement in ROS levels and lipid peroxidation in hepatic and renal
tissue was observed in the rats exposed to aluminum (Martinez et al., 2022). Treatment
with EWH at the same doses used in this study also did not reverse this improvement in
oxidative stress in target organs. And we hypothesized that the same route of
administration (oral) may have compromised the absorption or passages of the substances
used, since the same route was used for induction and treatment, which may also have
happened in this study.

S. Conclusion

Our results suggest that co-treatment with EWH in rats showed a beneficial effect
in protecting against ethanol-induced vascular dysfunction mediated by reducing the
increase in COX-2 and NOX-1, showing its action as an antioxidant and anti-
inflammatory agent.

These findings highlight that EWH shows preventive action against vascular
effects caused by ethanol exposure and can be considered a useful functional food strategy
easily accessible to reduce the damage caused by ethanol ingestion. Further investigation
of the involved mechanisms of vascular protection promoted by the EWH in this model

1s needed.
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Fig. 4
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Fig. 6
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PARTE III
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CONCLUSOES

Os resultados sugerem, que o co-tratamento com hidrolisado de clara de ovo em

ratos expostos a etanol por 42 dias:

- Embora o uso do HCO ndo tenha modificado a pressdo arterial aumentada pela
exposicdo a etanol, ele foi capaz de melhorar a fungdo vascular;

- Apresentou efeito benéfico na protegdo contra a disfungdo vascular em artérias de
resisténcia promovido pelo etanol.

- Reduziu o aumento de COX-2 e NOX-1 produzido pelo consumo de etanol mostrando

sua a a¢do de agente antioxidante e anti-inflamatoria neste modelo.

Esses achados evidenciam que o hidrolisado de clara de ovo apresenta agdo
preventiva contra os efeitos vaculares causados pela exposi¢do ao etanol, podendo ser
considerado uma estratégia alimentar funcional util de fécil acesso para reduzir os danos
causados pela ingestao de etanol.

E necessario aprofundar aind mais a investigacio dos mecanismos envolvidos na

rote¢do da vasculatura promovido pelo hidrolisado neste modelo.
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ANEXO I - Certificado de aprovagao do Projeto pelo CEUA-UNIPAMPA

CERTIDAO

CERTIFICADO DE APROVAGAO DE PROTOCOLO PARA USO DE ANIMAIS EM PESQUISA

Numero de protocolo da CEUA: 027/2021

Titulo: CONSUMO CRONICO DE ETANOL E EFEITOS CARDIOVASCULARES - USO DE HIDROLISADO DE
CLARA DE OVO NA PREVENCAO DE DANOS

Data da aprovacao: 20/08/2021

Periodo de vigéncia do projeto: 20/10/2022
Pesquisadores{a): Giulia Alessandra Wiggers Pecanha
Campus: Uruguaiana

Telefone: (55) $9914-7174

E-mail: giuliapecanha @unipampa_.edu.br

Finalidade ( )Ensino (X) Pesquisa
Espécie / Linhagem / Ratos Wistar

Raca

N° de animais 48

Peso / Idade 200-300g/8 semanas
Sexo Machos

Origem Biotério da Universidade Federal de Pelotas
e/ou do Biopampa

Assinado eletronicamente por CATIA ALINE VEIVERBERG, PROFESSOR DO MAGISTERIO
@ SUPERIOR. em 25/08/2021, &s 14:20, conforme horério oficlal de Brasilia, de acordo com as

normativas legaks aplicivels.

i ',~‘ A autentiddade deste documento pode ser conferida no site
Ruseb/miet hitps.//sel unipampa edu, br/sel/controlador_extemo.php?
Py RS N informando o cédigo verificador

* 0596521 e 0 cHdigo CRC 92B5987F.

Referéncia: Processo n* 23100.014086/2021-68 SEI n* 0596521
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or survey/surveillance data.
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INTRODUCTION

Food Chemistry has two open access companion journals Food Chemistry: X
and Food Chemistry: Molecular Sciences

Submission checklist

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

Ensure that the following items are present:

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

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

e All figures (include relevant captions)

e All tables (including titles, description, footnotes)

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

Further considerations

¢ The manuscript fits within Aims and Scope of Food Chemistry. Please note that the Aims and Scopeare
regularly updated.

e The research is novel and has not been published previously - see "Responsible research publication:

international standards for authors" from COPE for more information.

e Ethical consent has been obtained in case of work on animals and/or humans.

e Manuscript has been 'spell checked' and 'grammar checked'.

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

¢ Permission has been obtained for use of copyrighted material from other sources (including thelnternet).

e A competing interests statement is provided, even if the authors have no competing interests todeclare -
more detail here

e Journal policies detailed in this guide have been reviewed.

e Referee suggestions and contact details provided, based on journal requirements.

For further information, visit our Support Center.

Types of paper
Original research papers; review articles; short communications; letters to the Editor/Commentary.

1. Research papers - original full-length research papers that have not been published
previously,except in a preliminary form, and should not exceed 7,500 words from introduction to
conclusion (not including references) (including no more than six tables and figures combined - additional
tables and figures can be submitted as supplementary material). Research papers should not contain more
than 40 references.

2. Review articles - will be accepted in areas of topical interest, will normally focus on
literaturepublished over the previous five years, and should not exceed 10,000 words from introduction to
conclusion (not including references) (including allowance for no more than six tables and figures
combined). Review articles should not contain more than 120 references. If it is felt absolutely necessary
to exceed these numbers (tables, figures, references), please contact the editorial office for advice before
submission.

3. Short communications - Short communications of up to 3000 words from introduction to
conclusion(not including references), describing work that may be of a preliminary nature but merits
publication. These papers should not contain more than 40 references.

4, Letters to the Editor/Commentary - Letters are published from time to time on matters of
topicalinterest.

Special Issues

If you would like to suggest a special issue, please contact our Special Content Editor, Prof Jianbo Xiao
jianboxiao@yahoo.com with a proposal for the special issue including the rationale for the special issue
topic, potential contributors and how you plan to attract high quality papers. Before submitting your
proposal, please read our Guide for Guest Editors.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

Declaration of interest

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

Submission declaration and verification

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 copyrightholder. To verify
originality, your article may be checked by the originality detection service Crossref Similarity Check.

Preprints

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

Use of inclusive language

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').

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal
analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review & editing.
Authorship statements should be formatted with the names of authors first and CRediT role(s) following.
More details and an example.

Changes to authorship

All authors should have made substantial contributions to all of the following:

e the conception and design of the study, or acquisition of data, or analysis and interpretation of datae
drafting the article or revising it critically for important intellectual content

e final approval of the version to be submitted.

If all 3 of these conditions are not met, a person does not qualify as an author, and any contribution made

by them should be mentioned in the Acknowledgements section of the manuscript.

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: (2) 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
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Copyright

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License Agreement' (see
more information on this). Permitted third party reuse of 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.

Role of the funding source

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.

Subscription or open access: your choice

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 throughour
access programs.

e No open access publication fee payable by authors.

Open access
e Articles are freely available to both subscribers and the wider public with permitted reuse.

¢ An open access publication fee is payable by authors or on their behalf, e.g. by their research funderor
institution.

Regardless of how you choose to publish your article (subscription or open access), the journal will apply
the same peer review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons user
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Open access
Please visit our Open Access page for more information
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PREPARATION
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For questions about the editorial process (including the status of manuscripts under review) or for technical
support on submissions, please visit our Support Center.

Peer review

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
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the relevant editor and their research groups. More information on types of peer review.

Review Policy

The Managing Editor and Editors have the right to decline formal review of a manuscript when it is deemed

that the manuscript

. 1s on a topic outside the scope of the Journal;

. makes no contribution to the advancement of the chemistry of foods

. is lacking technical or scientific merit;

. is focused on foods or processes that are of narrow regional scope and significance;

. is fragmentary and providing marginally incremental results;6. reports only routine work (lacks novelty)
or is poorly written.
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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 'grammarcheck' functions of your word processor.

Article structure

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords, Main text
(Introduction, Material and Methods, Results, Conclusion), Acknowledgements, Appendix,
References, Figure Captions. The corresponding author should be identified with an asterisk and footnote.
All other footnotes (except for table footnotes) should be identified with superscript Arabic numbers. The
title of the paper should unambiguously reflect its contents.

Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
J 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
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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 lowercase 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.
J Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any future queries
about Methodology and Materials. Ensure that the e-mail address is given and that
contact details are kept up to date by the corresponding author.

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

Highlights

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

Abstract

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.

The abstract should not exceed 150 words.

Keywords

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.

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.

Hypotheses

Nearly all scientific papers benefit from inclusion of a statement of hypothesis. Such statements should be
clear, concise, and declarative. The statement should describe the one or more key hypotheses that the work
described in the manuscript was intended to confirm or refute. Inclusion of a hypothesis statement makes
it simple to contrast the hypothesis with the most relevant previous literature and point out what the authors
feel is distinct about the current hypothesis (novelty). It also permits the authors to describe why they feel
it would be important to prove the hypothesis correct (significance). The hypothesis shall be stated in the
introductory section, and the conclusion section shall include your conclusion about whether the hypothesis
was confirmed or refuted, as well as describing any new hypotheses generated by the work described. Here
is an example of a famous, excellent hypothesis statement; declarative, concise, clear, and testable:
"Equal volumes of gases, at the same temperature and pressure, contain
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equal numbers of molecules." Lorenzo Romano Amedeo Carlo Avogadro di Quarega e di
Carreto (Avogadro), 1811

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.

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.

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.

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 [llustration Services to ensure the best presentation of their images and
in accordance with all technical requirements.

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.).

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the article. The list of
compounds will be used to extract relevant information from the NCBI PubChem Compound database and
display it next to the online version of the article on ScienceDirect. You can include up to 10 names of
chemical compounds in the article. For each compound, please provide the PubChem CID of the most
relevant record as in the following example: Glutamic acid (PubChem CID:611). Please position the list of
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compounds immediately below the 'Keywords' section. It is strongly recommended to follow the exact text
formatting as in the example below:

Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride
(PubChem CID: 15865) More information.

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, 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 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.

Statistics
Appropriate application of statistical analysis should be applied throughout the article.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If other
units are mentioned, please give their equivalent in SI. Temperatures should be given in degrees Celsius.
The unit 'billion' is ambiguous and should not be used.

Abbreviations for units should follow the suggestions of the British Standards publication BS 1991. The
full stop should not be included in abbreviations, e.g. m (not m.), ppm (not p.p.m.); % and '/' should be used
in preference to 'per cent' and 'per’. Where abbreviations are likely to cause ambiguity or might not be
understood easily by an international readership, units should be spelled out in full.

Artwork

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.

¢ Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, oruse
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.

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

e Submit each illustration as a separate file.

¢ Ensure that color images are accessible to all, including those with impaired color vision.
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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:

¢ Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have alow
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). Further information on the preparation of electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators can
produce scientific, technical and medical-style images, as well as a full range of charts, tables and graphs.
Image 'polishing' is also available, where our illustrators take your image(s) and improve them to a
professional standard. Please visit the website to find out more.

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.

Tables

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.

References

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.
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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.

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.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Seventh Edition, ISBN 978-1-4338-3215-4, copies of which may be ordered online.

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.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.s¢.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. I., & Lupton, R. A. (2018). The art of writing a scientific article. Heliyon,
19, Article €00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style (4th ed.). Longman (Chapter 4).
Reference to a chapter in an edited book:
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Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S. Jones,
& R.Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). E-Publishing Inc. Reference
to a website:

Powertech Systems. (2015). Lithium-ion vs lead-acid cost analysis. Retrieved from
http://www.powertechsystems.eu/home/tech-corner/lithium-ion-vs-lead-acid-cost-analysis/. Accessed
January 6, 2016 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, vl.
https://doi.org/10.17632/ xwj98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F., & Jarry, .L. (2009, November). The Body Image Behaviours Inventory-
3: Development and validation of the Body Image Compulsive Actions and Body
Image Avoidance Scales. Poster session presentation at the meeting of the Association for
Behavioural and Cognitive Therapies, New York, NY.

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,
March 25). 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.

Video

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.

Data visualization

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

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.

Research data

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

94



data reuse, this journal also encourages you to share your software, code, models, algorithms, protocols,
methods and other useful materials related to the project.

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

Data linking

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

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

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

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

Mendeley Data

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

For more information, visit the Mendeley Data for journals page.
Click HERE to see what happens to your manuscript once it is submitted.

AFTER ACCEPTANCE

Online proof correction

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.

Offprints

The corresponding author will be notified and receive a link to the published version of the open access
article on ScienceDirect. This link is in the form of an article DOI link which can be shared via email and
social networks. For an extra charge, paper offprints can be ordered via the offprint order form which is
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sent once the article is accepted for publication. Both corresponding and co-authors may order offprints at
any time via Elsevier's Author Services.

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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