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RESUMO GERAL

A obesidade e caracterizada pelo acumulo excessivo de gordura corporal advinda de uma
ingestdo calorica, que ultrapassa o0 gasto energético diario; € um problema de saude mundial
que compromete a qualidade de vida dos individuos e representa fator de risco para diversas
doencas potencialmente fatais. A obesidade esta associada a doencas do trato gastrointestinal,
sendo que no intestino grosso tem-se relacionado a obesidade a maior incidéncia de cancer e
alteracdes na motilidade, no estado inflamatério e na microbiota. O modo de vida
ocidentalizado se caracteriza por oferta abundante de alimentos palataveis, ultraprocessados e
de alta concentracdo energética, o que favorece o aumento da prevaléncia de obesidade.
Extensivas pesquisas tém sido realizadas com objetivo de encontrar compostos Uteis na
prevencdo e/ou tratamento da obesidade a exemplo do Goji Berry (GB) (Lycium barbarum),
caracterizado como alimento funcional que tem se mostrado eficiente no controle da
obesidade. Este trabalho teve como objetivo analisar os efeitos do tratamento e profilaxia com
GB sobre parametros corporais, bioquimicos e morfofisiolégicos e também sobre a inervacdo
intrinseca do colo proximal em ratos Wistar obesos. O modelo experimental de obesidade
utilizado envolve o aumento das quantidades de carboidratos simples na dieta, tornando-a
mais palatavel e induzindo uma maior ingestdo caldrica. Essa alimentacdo simula dietas
humanas baseadas em produtos industrializados ricos em aclcares e de baixo valor
nutricional. Foram analisadas a massa corporal, comprimento naso-anal, massa da gordura
visceral, tempo de transito gastrointestinal, fenétipo de fezes, glicemia, triglicerideos (TG) e
colesterol total (CT) plasmaticos. Além disso, foi realizado estudo histolégico do colo
proximal com mensuragdo da espessura das tunicas e parede total intestinal e quantificada a
populacdo de células caliciformes produtoras de mucinas neutras. Também foi realizado
estudo da populacdo geral de neurbnios e células da glia no plexo mioentérico,
respectivamente, por meio de imunohistoquimica para proteinas HUC/D e S100. Foram
utilizados 50 ratos (Rattus novergicus) da linhagem Wistar, machos, divididos igualmente em
5 grupos experimentais de acordo com a indugéo ou ndo de obesidade e suplementacéo ou nao
com extrato de GB na dose de 250 mg/kg de peso corporal ou volume equivalente de agua,
administrado por gavagem géstrica. O periodo experimental se estendeu dos 21 aos 130 dias
de vida e os animais foram submetidos a eutanasia ap0s este periodo. Os grupos
experimentais foram distribuidos da seguinte forma: Controle + agua (CA), alimentados com
dieta padrdo para roedores dos 21 aos 130 dias e administracdo de gavagem gastrica diaria
com agua dos 70 aos 130 dias; Controle + GB (CGB), alimentados com dieta padrdo para
roedores dos 21 aos 130 dias e administracdo de gavagem gastrica didria com extrato de GB
(250 mg/kg de peso corporal) dos 70 aos 130 dias; Obeso + &gua (OA), alimentados com
dieta rica em carboidratos simples (RCS) dos 21 aos 130 dias e administracdo de gavagem
gastrica diaria com agua dos 70 aos 130 dias; Obeso + GB (OGB), alimentados com dieta
RCS dos 21 aos 130 dias e administracdo de gavagem géstrica diaria com extrato de GB dos
70 aos 130 dias e Obeso profilatico (OPR), alimentados com dieta RCS dos 21 aos 130 dias e
administracdo de gavagem gastrica diaria com extrato de GB dos 21 aos 130 dias. A
normalidade dos dados foi analisada pelo teste de Shapiro-Wilk. Dados ndo paramétricos
foram analisados pelo teste de Kruskal-Wallis seguido pelo pds-teste de Dunn's e dados
paramétricos submetidos a Analise de Variancia (One-way ANOVA) seguida pelo pos-teste
de Tukey. Os dados de distribui¢do de frequéncia foram analisados por teste de Qui-quadrado
com 5% de significancia. A dieta rica em carboidratos simples (RCS) promoveu aumento
significativo na massa corporal final, indice de massa corporal (IMC) e massa da gordura
visceral, levando a um quadro de obesidade efetivo. O tratamento diario com GB por 60 dias
(OGB) apresentou efeito redutor para com a massa corporal final e a massa da gordura
mesentérica dos animais em relacdo ao grupo OA. A profilaxia (OPR) melhorou os



pardmetros biométricos, diminuindo 8,5% do IMC em comparagdo com o grupo OA. O GB
em animais ndo obesos ndo produziu alteracdo na massa final, IMC e gordura visceral. Os
pardmetros bioquimicos sanguineos indicaram glicemia plasmatica de jejum aumentada em
todos os grupos comparados ao grupo CA. Entretanto, este aumento ndo caracteriza um estado
de diabetes por ndo atingir valores acima de 250 mg/dL. O nivel de TG mostrou aumento de
180% no grupo OA em relacdo ao grupo CA. O tratamento (OGB) e profilaxia (OPR) com
extrato de GB ndo apresentaram melhora para os niveis de TG. A dieta RCS (grupo OA) e a
profilaxia com extrato de GB (grupo OPR) ndo influenciaram de forma significativa nos
niveis de CT, por outro lado, o tratamento elevou significativamente o CT (grupo OGB). Para
a fracdo de colesterol HDL, o grupo OPR e o grupo OGB, apresentaram aumento de 13,7% e
37,6%, respectivamente, sendo o Gltimo estatisticamente significativo. Ndo houve influéncia
da dieta ou da suplementacdo com extrato de GB no tempo de trénsito gastrointestinal. Porém,
a dieta RCS reduziu o volume total, a quantidade de agua e o comprimento dos pellets de
fezes. O tratamento com GB (OGB) nédo teve influéncia significativa nesses parametros e a
profilaxia (OPR) elevou significativamente o comprimento dos pellets, tornando-os
equivalentes aos do grupo CA. O diametro dos pellets de fezes foi mantido entre os grupos. A
morfologia e a espessura das tunicas do colo proximal ndo demonstraram diferenca. O indice
de células caliciformes neutras (PAS+) apresentou reducdo de 10% nos animais obesos (OA)
quando comparados ao grupo controle (CA), porém de forma ndo significativa. O tratamento
com GB por 60 dias (OGB) ndo interferiu nesse parametro, entretanto, a profilaxia (OPR)
reverteu esse quadro, aumentando o indice de células caliciformes, tornando-o equivalentes ao
grupo CA. Em geral, os neurbnios do plexo mioentérico estavam organizados em ganglios de
tamanhos e formatos variados, com poucos neurdnios dispersos. Em relagdo ao tamanho e
forma dessas células, encontrou-se neurénios pequenos, médios e grandes. A dieta RCS nédo
causou alteracdo na densidade de neurénios mioentéricos (HUC/D). Por apresentarem grande
variabilidade de tamanho, utilizar uma analise por média ndo é o indicador adequado para
analisar possiveis efeitos sobre o crescimento ou atrofia neuronal. Para isso, é mais
conveniente representar os dados de morfometria neuronal na forma de histogramas de
distribuicdo de frequéncia que revelam as proporcGes de neurdnios pequenos, medios e
grandes. Observou-se que o tratamento com GB por 60 dias em ratos ndo obesos (grupo CGB
versus CA) ndo afeta o crescimento neuronal, mantendo semelhantes as proporcdes de
neurbnios pequenos, médios e grandes. Comparando o grupo CA com os grupos OA, OGB e
OPR observou-se diferenca significativa, com aumento na incidéncia de neurbnios pequenos
nos grupos obesos por dieta RCS. A administracdo de GB por 60 dias ndo demonstrou
diferenca significativa sobre o crescimento neuronal (grupo OA versus grupo OGB). Por
outro lado, o tratamento profilatico por 109 dias (OPR) aumentou, de forma significativa, o
namero de neurénios grandes em relacdo ao grupo OA. O nimero de células da glia ndo
apresentou diferenca significativa entre os grupos, indicando auséncia de efeito da dieta e/ou
do extrato de GB sobre a sobrevivéncia destas células. Concluiu-se com este estudo que a
dieta RCS por 109 dias foi capaz de induzir a obesidade em ratos Wistar, promovendo
reducdo no comprimento do colo proximal sem interferir na organizagdo morfoldgica e
morfomeétrica da parede total e tdnicas deste 6rgdo. O tratamento com extrato GB na dose 250
mg/kg de massa corporal por 60 dias foi responsavel por reduzir a massa corporal final, a
massa da gordura mesentérica e elevar o nivel plasmatico de colesterol HDL. A profilaxia
com extrato GB na dose 250 mg/kg de massa corporal por 109 dias se mostrou eficiente em
reduzir o IMC, reestabelecer o indice de células caliciformes e aumentar a incidéncia de
neurdnios grandes com diminuigdo no nimero de neurénios médios. Dessa forma, a utilizacdo
do extrato de GB torna-se uma alternativa promissora no controle da obesidade.
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GENERAL ABSTRACT

Obesity is characterized by excessive accumulation of body fat resulting from caloric intake,
which exceeds daily energy expenditure; it is a global health problem that compromises the
quality of life of individuals and represents a risk factor for several potentially fatal diseases.
Obesity is associated to diseases of the gastrointestinal tract, and in the large intestine obesity
has been related to a higher incidence of cancer and changes in motility, inflammatory status
and microbiota. The westernized way of life is characterized by an abundant supply of
palatable, ultra-processed and high-energy foods, which favors the increase in the prevalence
of obesity. Extensive research has been carried out in order to find useful compounds in the
prevention and/or treatment of obesity, such as the Goji Berry (GB) (Lycium barbarum),
characterized as a functional food that has been shown to be efficient in controlling obesity.
This study aimed at analyzing the effects of treatment and prophylaxis with GB on body,
biochemical and morphophysiological parameters and also on the intrinsic innervation of the
proximal colon in obese Wistar rats. The experimental model of obesity used involves
increasing the amounts of simple carbohydrates in the diet, making it more palatable and
inducing a higher caloric intake. This diet simulates human diets based on industrialized
products rich in sugars and of low nutritional value. Body mass, naso-anal length, visceral fat
mass, gastrointestinal transit time, stool phenotype, glycemia, plasma triglycerides (TG) and
total cholesterol (CT) were analyzed. In addition, a histological study of the proximal colon
was performed, measuring the thickness of the tunics and total intestinal wall and quantifying
the population of neutral mucin-producing goblet cells. A study of the general population of
neurons and glial cells in the myenteric plexus was also performed, respectively, by means of
immunohistochemistry for HuC/D and S100 proteins. Fifty male Wistar rats (Rattus
novergicus) were used, divided equally into 5 experimental groups according to whether or
not obesity was induced and whether or not they were supplemented with GB extract at a dose
of 250 mg/kg of body weight or equivalent volume. of water, administered by gastric gavage.
The experimental period lasted from 21 to 130 days of life and the animals were euthanized
after this period. The experimental groups were distributed as follows: Control + water (CA),
fed a standard diet for rodents from 21 to 130 days and administration of daily gastric gavage
with water from 70 to 130 days; Control + GB (CGB), fed a standard diet for rodents from 21
to 130 days and daily gastric gavage administration with GB extract (250 mg/kg of body
weight) from 70 to 130 days; Obese + water (OA), fed a diet rich in simple carbohydrates
(RCS) from 21 to 130 days and administration of daily gastric gavage with water from 70 to
130 days; Obese + GB (OGB), fed RCS diet from 21 to 130 days and daily gastric gavage
administration with GB extract from 70 to 130 days and Prophylactic Obese (OPR), fed RCS
diet from 21 to 130 days and administration of daily gastric gavage with GB extract from 21
to 130 days. Data normality was analyzed using the Shapiro-Wilk test. Non-parametric data
were analyzed by Kruskal-Wallis test followed by Dunn's post-test and parametric data
submitted by Analysis of Variance (One-way ANOVA) followed by Tukey's post-test.
Frequency distribution data were analyzed by chi-square test with 5% significance. The diet
rich in simple carbohydrates (RCS) promoted a significant increase in final body mass, body
mass index (BMI) and visceral fat mass, leading to an effective obesity framework. Daily
treatment with GB for 60 days (OGB) had a reducing effect on the final body mass and the
mass of the mesenteric fat of the animals in relation to the OA group. Prophylaxis (OPR)
improved biometric parameters, decreasing BMI by 8.5% compared to the OA group. GB in
non-obese animals produced no change in final mass, BMI and visceral fat. Blood
biochemical parameters indicated increased fasting plasma glucose in all groups compared to
the CA group. However, this increase does not characterize a state of diabetes as it does not
reach values above 250 mg/dL. The TG level showed an increase of 180% in the OA group



compared to the CA group. Treatment (OGB) and prophylaxis (OPR) with GB extract did not
improve TG levels. The RCS diet (OA group) and GB extract prophylaxis (OPR group) did
not significantly influence the CT levels, on the other hand, the treatment significantly
increased the CT (OGB group). For the HDL cholesterol fraction, the OPR group and the
OGB group showed an increase of 13.7% and 37.6%, respectively, the latter being statistically
significant. There was no influence of diet or GB extract supplementation on gastrointestinal
transit time. However, the RCS diet reduced the total volume, the amount of water and the
length of the feces pellets. Treatment with GB (OGB) had no significant influence on these
parameters and prophylaxis (OPR) significantly increased the length of the pellets, making
them equivalent to those of the CA group. The diameter of stool pellets was maintained
between groups. The morphology and thickness of the tunics of the proximal neck showed no
difference. The neutral goblet cell index (PAS+) showed a reduction of 10% in obese animals
(OA) when compared to the control group (CA), but not significantly. Treatment with GB for
60 days (OGB) did not interfere in this parameter, however, prophylaxis (OPR) reversed this
situation, increasing the goblet cell index, making it equivalent to the CA group. In general,
myenteric plexus neurons were organized into ganglia of varying sizes and shapes, with few
scattered neurons. Regarding to the size and shape of these cells, small, medium and large
neurons were found. The RCS diet did not change the density of myenteric neurons (HuUC/D).
As they present great variability in size, using an average analysis is not the appropriate
indicator to analyze possible effects on neuronal growth or atrophy. For this, it is more
convenient to represent the neuronal morphometric data in the form of frequency distribution
histograms that reveal the proportions of small, medium and large neurons. It was observed
that treatment with GB for 60 days in non-obese rats (CGB versus CA group) does not affect
neuronal growth, keeping the proportions of small, medium and large neurons similar.
Comparing the CA group to the OA, OGB and OPR groups, a significant difference was
observed, with an increase in the incidence of small neurons in the obese groups by RCS diet.
GB administration for 60 days showed no significant difference on neuronal growth (OA
group versus OGB group). On the other hand, prophylactic treatment for 109 days (OPR)
significantly increased the number of large neurons compared to the OA group. The number
of glial cells showed no significant difference between the groups, indicating no effect of diet
and/or GB extract on the survival of these cells. It was concluded with this study that the RCS
diet for 109 days was able to induce obesity in Wistar rats, promoting a reduction in the
length of the proximal neck without interfering in the morphological and morphometric
organization of the total wall and tunics of this organ. Treatment with GB extract at a dose of
250 mg/kg of body mass for 60 days was responsible for reducing the final body mass, the
mass of mesenteric fat and increasing the plasma level of HDL cholesterol. Prophylaxis with
GB extract at a dose of 250 mg/kg of body mass for 109 days proved to be efficient in
reducing BMI, reestablishing the goblet cell index and increasing the incidence of large
neurons with a decrease in the number of medium neurons. Thus, the use of GB extract
becomes a promising alternative in the control of obesity.

KEYWORDS: obesity, large intestine, goblet cells, enteric nervous system.
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RESUMO

O Goji Berry (GB) (Lycium barbarum), caracterizado como alimento funcional, tem se
mostrado eficiente no controle da obesidade. Neste estudo foi avaliado o efeito da
suplementacdo com extrato de GB (250 mg/kg) em ratos Wistar machos, dos 70 aos 130 dias
(grupo OGB) e dos 21 aos 130 dias (grupo OPR), com obesidade induzida por dieta rica em
carboidratos simples (RCS). A dieta RCS ndo alterou a morfologia e espessura da parede
intestinal no colo proximal, mas levou ao aumento na proporcdo de neurdnios pequenos no
plexo mioentérico. A utilizagdo de extrato de GB em animais obesos, promoveu a diminuicéo
da massa corporal, da massa da gordura mesentérica, aumento do colesterol HDL e
reestabelecimento do percentual de células caliciformes. Os resultados indicam que a
utilizacdo de extrato de GB torna-se uma alternativa promissora no controle da obesidade.

PALAVRAS-CHAVE: obesidade, intestino grosso, células caliciformes, sistema nervoso
entérico
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ABSTRACT

Goji Berry (GB) (Lycium barbarum), characterized as a functional food, has been shown to be
efficient in preventing obesity. In this study, the effect of supplementation with GB extract
(250 mg/kg) was evaluated in male Wistar rats, from 70 to 130 days (OGB group) and from
21 to 130 days (OPR group), with obesity induced by a diet rich in simple carbohydrates
(RCS). The RCS diet didn’t change the morphology and thickness of the intestinal wall in the
proximal colon, but led to an increase in the proportion of small neurons in the myenteric
plexus. The GB extract usage in obese animals promoted a decrease in body mass, mesenteric
fat mass, an increase in HDL cholesterol and reestablishment of the percentage of goblet cells.
The results indicate that the use of GB extract becomes a promising alternative in the obesity
prevention.

KEYWORDS: obesity, large intestine, goblet cells, enteric nervous system
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1. INTRODUCAO

A Organizacdo Mundial da Saude (OMS) considera a obesidade como uma epidemia
mundial associada principalmente ao perfil alimentar e de atividade fisica (WHO, 2022). A
obesidade pode ser definida como excesso de gordura corporal em relacdo a massa magra em
um nivel que compromete a saude dos individuos (Oliveira et al., 2003). O desenvolvimento
destas condicBes é considerado multifatorial e depende da interacdo de fatores genéticos,
metabdlicos, sociais, comportamentais e culturais (Kolotkin et al., 2001). Além disso, a
obesidade pode decorrer da associacéo entre o sedentarismo e desordens enddcrinas, como o
hipotireoidismo (Tavares, Nunes & Santos, 2010).

Decorrente da obesidade estdo associados quadros de hipertensdo, distarbios
cardiovasculares, diabetes tipo 2, esteatose hepatica (Hotamisligil, 2006) e alguns tipos de
cancer (Guh et al., 2009; Masci et al., 2018). A obesidade estd diretamente relacionada a
distdrbios de motilidade gastrointestinal (Xing & Chen, 2004) como constipacao e retardo no
transito colonico (Anitha et al., 2016).

O aumento na prevaléncia de obesidade configura, em longo prazo, uma ameaga a
sustentabilidade do tratamento desses individuos, tendo em vista que os gastos do setor
publico com doencas relacionadas a obesidade representam uma parte significativa do
orcamento de varios paises (Bahia & Araujo, 2014). As consequéncias econdmicas desta
doenca e doencas associadas ndo se limitam aos elevados custos médicos, mas incluem
também os custos indiretos ou sociais, tais como: diminui¢do da qualidade de vida, problemas
de ajustes sociais, perda de produtividade, incapacidade com aposentadorias precoces e morte
(Bahia & Aradjo, 2014).

Associar dietas com reduzida quantidade de gordura e agUcar a atividade fisica regular
tem-se mostrado eficaz na reducdo de massa corporal (Amani & Gill, 2013; Hu, 2013).
Entretanto, muitas pessoas sentem dificuldades em se manter por muito tempo em dietas, uma
vez que o habito de vida ocidentalizado se caracteriza por oferta abundante de alimentos
palataveis, praticos e de alta concentracdo energética. A pratica de atividades fisicas é ainda
mais dificil de ser mantida, por questdes climaticas, disponibilidade financeira, dentre outros
fatores (Santos, Portela & Vieira, 2012), tornando de extrema importancia a busca por
solugdes que minimizem este quadro.

Assim como os farmacos industrializados, algumas plantas medicinais tém se
mostrado eficientes no controle da obesidade, bem como nos sintomas da sindrome

metabolica (Amagase & Farnsworth, 2011). O fruto do Lycium barbarum, amplamente
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conhecido como Goji Berry (GB) é utilizado como medicamento e alimento funcional h&d mais
de 2000 anos no leste da Asia, especialmente na China (Youyuan et al., 2019). O GB é rico
em polissacarideos, carotendides, vitaminas, aminoacidos, minerais e compostos fenolicos
(Crepaldi et al., 2018; Qian et al., 2017). Nos ultimos anos, a demanda por GB aumentou
devido a seus potenciais efeitos benéficos para a saide humana (Rocchetti et al., 2018).

O conceito de alimentos funcionais foi inicialmente introduzido no Japdo em meados
de 1980, em referéncia a alimentos utilizados como parte de uma dieta normal que
demonstraram beneficios metabdlicos, fisiologicos ou que reduzem os riscos de doencas
cronicas, além de suas fungdes basicas nutricionais (Costa & Rosa, 2016).

Estudos recentes indicam que o extrato do GB apresenta uma série de atividades
bioldgicas (Cheng et al. 2015), entre elas, efeito antienvelhecimento, antioxidante (Li, Ma &
Liu, 2007; Niu et al., 2008), anticancerigeno (Mao et al., 2011; Miao et al., 2010; Shen & Du,
2012), antifadiga (Luo, Yan & Zhang, 2000), antiviral (Wang et al., 2010), hipoglicémico (Li,
2007; Luo et al., 2004; Yang et al., 2014), hipolipemiante (Luo et al., 2004), neuroprotetor
(Rui et al., 2012; Yu et al., 2005), de reducdo da circunferéncia abdominal (Amagase &
Farnsworth, 2011), modulacdo do sistema imune e efeito protetor no sistema reprodutor (Li &
Zhou, 2007; Wang et al., 2002). Em ratos Wistar obesos por dieta RCS tratados por 60 dias
com GB (250 mg/Kg massa corporal) foram constatados efeitos hipoglicemiantes,
hipolipemiantes, reducdo no ganho de massa corporal e na capacidade gliconeogénica
hepatica (Crepaldi et al., 2018).

Com relacdo a ingestdo caldrica, o trato gastrointestinal (TGI) desempenha um papel
central no controle do consumo de alimentos, digestdo e absorcdo de nutrientes. O
desempenho bem sucedido dessas funcbes depende de uma motilidade gastrointestinal intacta
e bem coordenada, pois, ela ndo apenas regula as taxas nas quais 0s nutrientes estdo sendo
processados, mas também participa do controle do apetite e da saciedade (Xing & Chen,
2004). Alteracdes na motilidade gastrointestinal em individuos obesos podem contribuir para
o0 desenvolvimento e manutengéo da obesidade e mudanca do comportamento alimentar (Xing
& Chen, 2004). A motilidade do intestino é resultado do controle integrado da contracdo e
relaxamento das camadas musculares pela acdo dos horménios liberados em resposta a
refeicdo e do sistema nervoso entérico (SNE) (Barrett, 2015).

O SNE representa a porgdo mais complexa do sistema nervoso autdbnomo e esta
dedicado a inervacdo intrinseca do TGI. O SNE é formado por neurdnios, células da glia e

pelas conexdes entre essas células e outros tipos celulares. A maioria dos neurbnios entéricos
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se organiza em dois plexos, o plexo mioentérico e o plexo submucoso. Segundo Gabella
(1989), alteracdes no numero e tamanho dos neurénios do plexo mioentérico estdo associadas
a variacOes na espessura da tunica muscular, tecido alvo responsavel pela manutencdo e
plasticidade destes neurdnios.

Na parede do intestino grosso, encontramos a mucosa colonica, organizada em criptas
longas, revestidas por epitélio simples cilindrico constituido por enterdcitos, abundantes
células caliciformes e poucas células enteroendocrinas, entre outras células (Gartner & Hiatt,
2007; Kierszenbaum & Tres, 2012). As secrecbes das células caliciformes compdem a
barreira da mucosa colénica que atua como a primeira linha de defesa contra lesdes fisicas e
quimicas causadas por alimentos ingeridos, microrganismos e produtos microbianos (Kim &
Ho, 2010). Essa barreira pode ser prejudicada em respostas a estimulos, como hormonios
(neuropeptideos) e aumento de mediadores inflamatorios (citocinas e lipidios) (Dharmani et
al., 2008; Laboisse et al., 1996).

Considerando os potenciais efeitos benéficos do GB em individuos obesos e o
envolvimento do TGI nas alteracdes induzidas ou decorrentes da obesidade, este estudo tem
como objetivo analisar os efeitos do tratamento e a profilaxia do GB sobre a morfofisiologia e

a inervacdo intrinseca do colo proximal em ratos Wistar obesos.

2. MATERIAIS E METODOS

Os procedimentos experimentais foram submetidos e aprovados pela Comissdo de
Etica no Uso de Animais da Universidade Estadual de Maringa (UEM) sob protocolo de n°
2072240419 (Anexo ).

2.1 Delineamento experimental

Foram utilizados 50 Rattus novergicus da linhagem Wistar, machos. Os animais foram
fornecidos pelo Biotério Central da UEM no dia do desmame (21 dias de idade) com
aproximadamente 60 g de peso corporal. Durante o experimento os animais foram mantidos
em caixas de polipropileno (3 ou 2 animais por caixa), no biotério do Departamento de
Ciéncias Fisiologicas sob ciclos regulares de iluminacdo (12h claro: 12h escuro), temperatura
controlada (22 £ 2 °C) e exaustéo de ar.

Os animais foram organizados nos grupos experimentais: Controle + agua (CA),
alimentados com dieta padréo para roedores dos 21 aos 130 dias e administracdo de gavagem
gastrica diaria com agua dos 70 aos 130 dias; Controle + GB (CGB), alimentados com dieta

padréo para roedores dos 21 aos 130 dias e administracdo de gavagem gastrica diaria com
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extrato de GB (250 mg/kg de peso corporal) dos 70 aos 130 dias; Obeso + &gua (OA),
alimentados com dieta rica em carboidratos simples (RCS) dos 21 aos 130 dias e
administracdo de gavagem gastrica diaria com agua dos 70 aos 130 dias; Obeso + GB (OGB),
alimentados com dieta RCS dos 21 aos 130 dias e administracdo de gavagem gastrica diaria
com extrato de GB dos 70 aos 130 dias e Obeso profilatico (OPR), alimentados com dieta
RCS dos 21 aos 130 dias e administracdo de gavagem gastrica didria com extrato de GB dos
21 aos 130 dias.

2.2 Indugéo a obesidade

Os animais com 21 dias de idade pertencentes aos grupos obesos foram alimentados
com dieta RCS. Para este preparado, foi utilizada racdo comercial para roedores (Nuvilab,
Curitiba, Brasil) triturada, com adicdo de leite condensado (Nestlé, Minas Gerais, Brasil),
acucar cristal (Alto Alegre, Sdo Paulo, Br) e 4gua (Crepaldi et al., 2018; Lima et al., 2008).
Os valores nutricionais das dietas utilizadas estdo representados na Tabela 1. Os animais
tiveram acesso livre a agua e alimento. A racdo foi preparada uma vez por semana e mantida

sob refrigeracéo.

Tabela 1. Valores nutricionais da dieta padréo para roedores (informacgoes do fabricante) e da
dieta RCS (Lima et al., 2008).

Valores Nutricionais Dieta padréo Dieta RCS
Calorias (kcal/100g de dieta) 292 318
Carboidratos (%0) 57,2 68
Proteinas (%) 30 16
Gorduras (%) 12,5 16
Agua (%) 12,5 27

2.3 Preparacéo do Goji Berry e acompanhamento dos grupos

O extrato de GB com composic¢éo descrita por Crepaldi et al., (2018), foi adquirido em
farmacia de manipulacdo (Florien, Maringa, Brasil), diluido em agua (250 mg/mL) e
administrado diariamente nos animais por gavagem gastrica (0,1 mL/100 g de peso corporal).

A dosagem utilizada (250 mg/kg) foi estabelecida de acordo com os testes de eficacia
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descritos por Luo et al. (2004). O consumo de racdo de todos os animais foi registrado uma
vez por semana, bem como a massa corporal. Aos 130 dias de idade, os ratos foram pesados e
mensurado o comprimento naso-anal para obtencdo do IMC (massa/(comprimento naso-
anal)?, em g.cm?) (Nery et al., 2011).

2.4 Tempo de transito gastrointestinal

Setenta e duas horas antes da eutandsia, os ratos receberam por gavagem 0,3 mL de
uma solugdo contendo 3% de corante Carmim hidro 52% e 0,5% de etilcelulose liquido
(Corantec — S&o Paulo SP, Brasil). Os animais foram acomodados em caixas separadas, sem
cepilho, em local com temperatura controlada (22 + 2 °C), e fornecimento livre de alimento e
agua e mantidos nessas condi¢bes por um periodo maximo de 12 horas a partir da
administragdo da solucdo e observados a cada 15 minutos. O horério da administracdo da
solugéo e da eliminacdo do primeiro pellet fecal marcado com corante de cada animal foi

registrado e a diferenca entre esses horarios foi expressa em minutos.

2.5 Andlise do fendtipo das fezes

Durante a Ultima semana do experimento foi realizada a analise do fen6tipo dos pellets
de fezes (Aktar et al., 2018). Para isso, os animais foram isolados em caixas de polipropileno
das 19h as 7h do dia seguinte, momento em que foram reagrupados. Foram coletados todos 0s
pellets de fezes de cada caixa/animal, contados e pesados. Em seguida, com auxilio de
paquimetro, 10 pellets de cada caixa/animal foram escolhidos de forma aleatéria e medidos
guanto ao comprimento e diametro. Por fim, todos os pellets coletados foram mantidos
overnight em estufa a 60 °C, seguido a isso, pesados para obtencdo da massa seca. A
quantidade de agua contida nos pellets foi determinada pela diferenca entre a massa Umida e

Seca.

2.6 Coleta de dérgéos e tecidos

Para a analise da glicemia de jejum, foi extraida uma gota de sangue da ponta da cauda
de cada animal e realizada a mensuragdo com tira-teste e medidor portatil (FreeStyle Optium
H, Abbott, Sdo Paulo-SP, Brasil). Em seguida, os animais foram submetidos a eutanasia apos

jejum noturno por aprofundamento de anestesia (tiopental 120 mg/kg de peso corporal
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associado a lidocaina 5 mg/kg, intraperitoneal) para remog¢do do intestino grosso, gorduras
viscerais e sangue. O sangue foi coletado por puncéo cardiaca e amostras foram centrifugadas
para separacdo de soro e plasma e armazenadas em freezer -80 °C para as analises
bioquimicas. As amostras de gordura periepididimal, retroperitoneal e mesentérica foram

pesadas e as amostras de colo proximal foram mensuradas e fixadas em paraformaldeido 4%.

2.7 Analises bioquimicas

O sangue coletado foi deixado em um tubo sem anticoagulante para obtencéo do soro,
posteriormente utilizado para dosagem de triglicerideos (TG), colesterol total (CT),
lipoproteina de alta densidade (HDL) e célculo do Indice Aterogénico (CT/HDL). As
amostras foram centrifugadas a 3000 rpm por 15 minutos e armazenadas em freezer -80 °C.
As analises foram realizadas com kits comerciais (Gold Analisa Diagnostica Ltda — Minas
Gerais MG, Brasil) de acordo com as especificacdes do fabricante em espectrofotdmetro

semiautomatizado Bioplus 2000.

2.8 Preparacdo das amostras do colo proximal

Apos a coleta, foi realizada a mensuracdo do comprimento e largura do intestino
grosso, em seguida separado e mensurado o comprimento do colo proximal. Os segmentos do
colo proximal destinados a imunohistoquimica, foram lavados em tampéo fosfato salinado
(PBS 0,1 M pH 7,4) preenchidos com paraformaldeido 4% e suas extremidades amarradas,
formando “bexigas”, deixadas imersas no mesmo fixador por 3 horas. Em seguida, as
“bexigas” foram abertas e as amostras armazenadas em PBS com azida sédica 0,08%.

Sob estereomicroscopio amostras de aproximadamente 1 cm de comprimento foram
abertas pela margem mesocélica e microdissecadas para remocdo das tdnicas mucosa,
submucosa e parte da muscular circular para obtencdo dos preparados totais de membrana, 0s
quais foram utilizados para evidenciacdo dos neurbnios e das células da glia do plexo

mioentérico (Costa et al., 1980).
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2.9 Imunohistoquimica (HUC/D e S100)

Os preparados totais foram submetidos as técnicas imunohistoquimicas e realizadas de
acordo com Vicentini et al. (2018) para a marcacdo da populacdo geral de neurbnios
mioentéricos (HUC/D) e das células da glia (S100).

Os preparados totais foram lavados 3 vezes durante 10 minutos com PBS 0,1 M (pH
7,4) e TRITON X-100 0,05% (PBS-T) e deixados em solucdo de bloqueio por 2 horas a fim
de se evitar ligagdes inespecificas. Foram entdo incubados em solugdo contendo os anticorpos
primarios anti-HUC/D (mouse, 1:500; A21271 Invitrogen, USA) e anti-S100 (rabbit, 1:500;
A16257, Invitrogen, USA) durante 48 horas em estufa a 36 °C. Ap6s a incubacdo, 0s
preparados totais foram lavados 3 vezes, 10 minutos cada banho, em PBS+Triton X-100 e
incubadas em nova solugdo com os anticorpos secundarios Alexa Fluor 546 anti-mouse
(1:500; A10036, Invitrogen, USA) e Alexa Fluor 488 anti-rabbit (1:500; A21206, Invitrogen,
USA) durante 2 horas e por fim realizadas 3 lavagens com PBS por 10 minutos. Os
preparados totais foram montados entre lamina e laminula com ProLong Gold antifade
reagent (Invitrogen, USA).

As analises quantitativas foram realizadas por meio de imagens capturadas por camera
de alta resolucdo acoplada ao microscopio de fluorescéncia (Olympus FSX100, Olympus
Microscopy, Europa) e transferidas para o computador através do programa Axio Vision Rel
(v. 4.6). As imagens foram analisadas através do programa Image-Pro Plus, (v. 4.5.029;
Media Cybernetics, Silver Spring, MD, EUA). Foram quantificados todos os corpos celulares
presentes em 40 imagens/animal, capturadas na porcdo intermediaria da circunferéncia
intestinal na objetiva de 20x e os resultados foram expressos como neurdnios/cm?, sendo a
area de cada imagem 0.01442 cm?,

Posteriormente foram mensuradas aleatoriamente as areas de 100 corpos celulares
neuronais/animal com o auxilio do software de analise de imagens Image-Pro Plus. Os dados
referentes a mensuracdo foram tabulados e divididos em histogramas de frequéncia com
intervalos arbitrarios de 100 pm?. Este procedimento destaca a gama de variagdo das areas

neuronais.

2.10 Histologia

Amostras do colo proximal foram abertas na borda mesocolica, fixadas em

paraformaldeido 4% durante 6 horas, desidratadas em série de concentracBes crescentes de
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alcool, diafanizadas em xilol e incluidas em parafina para obtencdo de cortes histoldgicos
semi-seriados com 6 pum de espessura, em microtomo (Leica RM2145). Os cortes foram
corados com hematoxilina e eosina (HE) com objetivo de avaliar a morfologia e a espessura
das tunicas mucosa, muscular e parede intestinal total.

A analise morfométrica foi realizada por amostragem de imagens capturadas em
objetiva de 10x em microscopio dptico Olympus BX41 com cdmera de alta resolugdo (Q
Color 3, Olympus American, INC), acoplado a um computador com programa computacional
Q-Capture. As avaliagbes foram realizadas em 20 pontos aleatdrios/corte em cinco
cortes/animal por meio do Sistema de Analise de Imagens Image-Pro Plus, com resultados

E€Xpressos em pm.

2.11 Evidenciacao de células caliciformes (PAS*)

A histoquimica com acido periédico de Schiff (PAS) evidencia as mucinas neutras
produzidas pelas celulas caliciformes. Inicialmente foi realizada a desparafinizacdo com xilol,
seguido da hidratacdo em sequéncia de banhos de &lcool com concentragfes decrescentes.
Posteriormente, realizada a oxidacdo com acido periodico 1% por 5 minutos. A seguir, foi
tratado com reativo de Schiff por 15 minutos, seguido de 3 banhos em agua sulfurosa. A
contra coloracéo foi feita com hematoxilina por um minuto. Apds coloragdo, os cortes foram
desidratados em sequéncia de banhos de alcool em concentragdo crescente, diafanizados com
xilol e montados entre lamina e laminula com ProLong Gold antifade reagent (Invitrogen,
USA).

As laminas foram analisadas em microscépio 6ptico Olympus BX41 com camera de
alta resolucdo Q Color 3, acoplado a um computador com programa Q-Capture. Com a
objetiva de 40x foram capturadas 50 imagens/animal em regiGes sem pregas. Foram
quantificadas 2500 células epiteliais/animal e utilizada a formula: indice de Células
Caliciformes = (nimero de células caliciformes/2500 células epiteliais) x 100 (Soares et al.,
2015).

2.12 Andlise estatistica

Todos os conjuntos de dados foram expressos como mediatdesvio padrdo (DP) e
submetidos a anélise de normalidade pelo teste de Shapiro-Wilk. Dados ndo paramétricos

foram analisados pelo teste de Kruskal-Wallis seguido pelo pés-teste de Dunn's. Dados
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paramétricos foram submetidos & Analise de Variancia (One-way ANOVA), seguido pelo
pos-teste de Tukey para comparacao de médias. Os dados de distribuicao de frequéncia foram
analisados por teste de Qui-quadrado. O nivel de significancia adotado foi de 5%. A analise
estatistica e a construcdo dos graficos foram realizadas usando o programa Prisma versédo 5.0
(GraphPad, San Diego- CA, EUA).

3. RESULTADOS E DISCUSSAO

3.1 Paré@metros biométricos e plasmaticos
3.1.1 Parametros biométricos

Os animais pertencentes ao grupo OA apresentaram aumento significativo (Figura 1)
na massa corporal final, indice de massa corporal (IMC) e gordura visceral (somatoria das
gorduras periepididimal, retroperitoneal e mesentérica) quando comparados ao grupo controle
(CA) que fez ingestdo de dieta padrdo para roedores. Resultados semelhantes foram obtidos
com a mesma dieta por outros autores (Crepaldi et al., 2018; Lima et al., 2008), com dieta rica
em carboidratos e gorduras (HCHF) (Abu-Elsaad & El-Karef, 2017) e dieta hiperlipidica
(HFD) (Beraldi et al., 2019; Zhao, Li & Xiao, 2005), comprovando a eficiéncia deste modelo
experimental em induzir obesidade.

O tratamento com GB por 60 dias (grupo OGB) resultou em reducéo significativa da
massa corporal (8,4%) em relacdo ao grupo OA. Houve também diminui¢do do IMC (5%) e
da massa das gorduras (16,3%), estas de maneira ndo significativa. A profilaxia, avaliada em
animais tratados com GB por 109 dias (grupo OPR), se mostrou eficiente com relacdo ao
IMC, que teve reducdo significativa de 8,5% quando comparado ao grupo OA. O tratamento
com GB em animais controle (CGB) ndo produziu alteragdes na massa final, IMC e gordura

visceral.
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Figura 1. Parametros biométricos de ratos Wistar: massa corporal final (A), IMC (B), somatéria das
gorduras viscerais (C) aos 130 dias de vida, alimentados com dieta comercial para roedores sem
suplementagdo de extrato de Goji Berry (CA) ou com suplementacdo entre os 70 e 130 dias (CGB),
dieta RCS sem suplementacéo de extrato de GB (OA) ou com suplementagdo entre os 70 e 130 dias
(OGB) ou com suplementagdo entre os 21 e 130 dias (OPR). Dados apresentados como médiatDP.
n=10 por grupo. a p<0,05 vs CA; b p<0,05 vs CGB; ¢ p<0,05 vs OA; Sendo (A) e (C) por one-way
ANOVA/Tukey; e (B) por Kruskal-Wallis/Dunn's.

O aumento da massa corporal nos animais alimentados com a dieta RCS ocorre pelo
aumento no percentual de gordura e também pode ser atribuido a diminuicdo da massa
muscular; reducdo do musculo gastrocnémio foi constatada em ratos alimentados com dieta
RCS (Crepaldi et al., 2018). A redugdo na massa muscular também pode ser relacionada ao
menor teor de proteinas presente nessa dieta. Santos et al., (2016) em ratos alimentados com
uma dieta pobre em proteinas e rica em carboidratos (LPHC) relataram reducéo de 36% na
massa muscular do musculo extensor longo dos dedos.

Houve efeito positivo do extrato de GB com reducdo da massa corporal em animais

RCS tratados por 60 dias, o qual pode ser atribuido ao predominio de polissacarideos na

25



composi¢do. Os polissacarideos sdo 0s principais constituintes funcionais do extrato de GB,
compondo cerca de 40,81% do extrato (Crepaldi et al.,, 2018). O tratamento com
polissacarideos isolados de GB reduziu o0 ganho de massa em camundongos (Li et al., 2014) e
em ratos alimentados com a dieta RCS (Crepaldi et al., 2018) e a dieta HFD (Zhao, Li, &
Xiao, 2005).

Os polissacarideos sdo componentes das fibras alimentares (Anderson et al., 2009;
Tungland & Mayer, 2002). Quando ingeridas na dieta, as fibras alimentares atrasam o tempo
de digestdo, levando a secrecdo de horménios que promovem sensacdo de saciedade,
prolongando o periodo de reincidéncia da fome e reduzindo o consumo calérico nas refei¢oes
subsequentes (Bernaud & Rodrigues, 2013). Ainda, os alimentos ricos em fibras tém uma
densidade energética menor quando comparados aos alimentos ricos em gorduras ou agucares
(Ribeiro, Gutierrez & Rabbo, 2009). Dessa forma, alimentos ricos em fibras poderiam
estrategicamente substituir a energia (calorias) dos demais alimentos néo ingeridos na dieta
(Rolls, 2000).

A tabela 2 apresenta a massa (g) das gorduras periepididimal, retroperitoneal e
mesentérica que somadas constituem a massa de gordura visceral. Todos os depoésitos de
gordura estdo significativamente aumentados no grupo OA quando comparados ao grupo CA.
O extrato de GB (grupo OGB) atuou de forma a diminuir significativamente a massa da
gordura mesentérica quando comparado ao grupo OA, demonstrando que o tratamento com
GB por 60 dias apresenta efeito positivo. Uma vez que, 0 excesso de gordura visceral é
considerado como um dos principais indicadores da sindrome metabolica e esta associada a

diminuicdo no tempo de vida média e maxima (Muzumdar et al., 2008).

Tabela 2. Massa (g) das gorduras periepididimal, retroperitoneal, mesentérica e gordura visceral total
em ratos Wistar machos, alimentados com dieta padrdo (CA), com suplementacdo de extrato de GB
dos 70 aos 130 dias (CGB) e dieta rica em carboidratos simples (OA) com suplementacdo de extrato
de GB dos 70 aos 130 dias (OGB) e dos 21 aos 130 dias (OPR).

CA CGB OA OGB OPR

Gordura periepididimal (9/100g)*  1,62+0,32 1,41+0,21 221+0,39% 186+0,51 2,20+ 0,29%
Gordura retroperitoneal (g/100g)? 1,64+0,33 186+054 2,79+065® 223+052 2,08+021
Gordura mesentérica (g/100g)* 1,48+0,36 1,49+0,37 214+047® 159+050° 1,85+0,26
Gordura visceral total (g/100g)? 474+095 476+095 665+202®° 568+142 6,13+0,67

Dados apresentados como médiatdesvio padrdo, n=10 por grupo. 1Andlise de Variancia One-way ANOVA
seguido de pds-teste de Tukey. -Analise de Kruskall-Wallis seguido de po6s-teste de Dunn’s. a p<0,05 vs CA; b
p<0,05 vs CGB; ¢ p<0,05 vs OA.
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3.1.2 Parametros plasmaéticos

A tabela 3 apresenta os parametros plasmaticos de glicemia, CT, colesterol HDL, TG e

indice Aterogénico nos diferentes grupos experimentais.

Tabela 3. Perfil glicémico, perfil lipidico (CT, HDL e TG) e indice Aterogénico em ratos Wistar
machos, alimentados com dieta padréo (CA), com suplementacdo de extrato de GB dos 70 aos 130
dias (CGB) e dieta rica em carboidratos simples (OA) com suplementacdo de extrato de GB dos 70
aos 130 dias (OGB) e dos 21 aos 130 dias (OPR).

CA CGB OA OGB OPR
Glicemia (mg.dL?)! 69,20 + 5,53 84,30+7,80° 83,00+£5,44* 87,10+10,30° 82,40 % 3,102
CT (mg.dL ! 7450+13,68 86,94+8,83  74,24+10,29 100,5+23,04* 75,21 + 16,98¢
HDL (mg.dL-1)? 41,20+ 14,38 46,44 +7,27 39,17+9,19 53,90 £ 10,51° 44,55+ 8,91
TG (mg.dL)? 68,95+20,87 73,33+1572 193,7+7556% 254,4+67,10® 1834 + 66,50
indice Aterogénico? 1,66+0,33 1,89+0,14 1,98 £ 0,45 1,86 £ 0,22 169+£0,12

Dados apresentados como médiatdesvio padrdo, n=10 por grupo. i1Anélise de Varidncia One-way ANOVA
seguido de pos-teste de Tukey. 2Analise de Kruskall-Wallis seguido de pds-teste de Dunn’s. a p<0,05 vs CA; b
p<0,05 vs CGB; ¢ p<0,05 vs OA; d p<0,05 vs OGB.

A glicemia plasmaética de jejum encontrava-se aumentada em todos os grupos quando
comparados ao grupo CA. Entretanto esse aumento ndo caracteriza um estado de diabetes por
ndo atingir valores acima de 250 mg/dL para roedores (Henrigues, Helm & Simeone, 2013).
Crepaldi et al. (2018) também ndo obtiveram diferenca nos valores de glicemia de jejum para
ratos obesos por dieta RCS e tratamento com GB por 60 dias.

Diversos estudos mostram que os polissacarideos do fruto de GB tendem a afetar o
peso corporal, glicemia, metabolismo lipidico, além de alterar os estados oxidativos e
inflamatdrios responsaveis por complicacdes patoldgicas do diabetes de forma a melhorar
esses parametros (Cheng et al., 2015; Kulczynski & Gramza-Michalowska, 2016; Masci et al.,
2018). Efeito hipoglicemiante em ratos com diabetes induzida por estreptozotocina e
tratamento por 3 semanas com 10 mg/kg de polissacarideos isolados de GB resultaram em
reducdo significativa no nivel de glicose plasmatica (Zhao, Li & Xiao, 2005).

Com relacdo ao perfil lipidico (Tabela 3), observou-se efeito da dieta RCS na taxa de
TG com aumento de 180%, porém com manutencdo do colesterol total e do HDL entre os
animais do grupo OA em relagdo ao grupo CA, o0 que repercutiu na auséncia de alteracGes
significativas no indice Aterogénico. Este indice é utilizado para estimar o risco de
aterosclerose devido ao aumento do colesterol no sangue, assim sua reducdo indica

diminuicdo do risco de doencas cardiovasculares. Aumento nos triglicerideos também foi
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observado por Crepaldi et al., (2018) em ratos alimentados com a dieta RCS e por Abu-Elsaad
& El-Karef (2017) em ratos que receberam dieta HCHF.

Como demonstrado na Tabela 3, o extrato de GB elevou o CT no grupo OGB e
apresentou auséncia de efeito sobre o TG. Para a fracdo de colesterol HDL tanto o grupo OPR
quanto o grupo OGB demonstraram aumento respectivamente de 13,7% e 37,6%, sendo o
ultimo estatisticamente significativo. Crepaldi et al., (2018) demonstra reducdo do CT em
ratos Wistar submetidos as mesmas condi¢fes experimentais.

Yang et al., (2021) relatam aumento de HDL em camundongos tratados com 50 mg/kg
de extrato de GB, e sugerem que a administracdo de polissacarideos de GB modulou
notavelmente a razdo HDL/LDL levando a efeitos positivos do tratamento em modificar a
mobilizacdo de colesterol e triglicerideos do plasma para o figado (Li et al., 2016; Wang et
al., 2015). O HDL desempenha um papel importante no efluxo de triglicerideos e colesterol
dos tecidos periféricos para o figado, onde pode ser catabolizado durante a circulagdo (Yang
et al., 2021), reduzindo desta forma a gordura abdominal. Ressalta-se que a gordura
mesentérica no grupo OGB também encontrava-se significativamente reduzida.

O extrato de GB ao promover o aumento de HDL mantém o indice Aterogénico sem

diferencas significativas, embora tenha diminuido 6% no grupo OGB e 14,6% no grupo OPR.

3.2 Transito gastrointestinal e fenotipo de fezes

Os resultados para o estudo de transito gastrointestinal e fenétipo de fezes estdo
apresentados na Tabela 4. O tempo de transito gastrointestinal ndo foi afetado diretamente
pela dieta RCS. Observacdes semelhantes foram descritas por Kunz et al., (2019) e Beraldi et
al., (2019) em ratos obesos por dieta HFD. O tratamento (grupo OGB) e a profilaxia (grupo
OPR) com GB também ndo influenciaram esse pardmetro.
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Tabela 4: Tempo de trénsito gastrointestinal (TTG) e fendtipo de fezes avaliado em ratos Wistar
machos, alimentados com dieta padrdo (CA), com suplementacdo de extrato de GB dos 70 aos 130
dias (CGB) e dieta rica em carboidratos simples (OA) com suplementacdo de extrato de GB dos 70
aos 130 dias (OGB) e dos 21 aos 130 dias (OPR).

CA CGB OA OGB OPR

TTG (min)! 597,1+£112,3 619,2+101,6 514,0+1335 5505+92,97 598,9 65,60
N° de pellets fecais* 3853+4,34 34,01+429 20,86+243® 2314+243% 20,50+ 3,53®
Peso timido (g)* 11,76 £ 1,08 10,47 +1,77 541+1,15%® 5,19 +0,51% 6,09 + 0,49%
Peso seco (g)* 5,11+0,39 491+0,63 241+032®% 251+031*® 2,61+0,38®
# peso Umido e seco (g)* 6,66 + 0,77 5,56 + 1,242 3,01 +0,90%® 2,63 +0,34% 3,48 +0,34®
Comprimento (cm)! 1,49 £ 0,05 1,47 £0,08 1,41 £ 0,062 1,36 + 0,06% 1,51 +0,06%
Diametro (cm)? 0,64 + 0,04 0,65+ 0,03 0,57 £ 0,04 0,57 £ 0,02 0,61 0,02

Dados apresentados como médiatdesvio padrdo. N=10 por grupo. *Analise de Varidncia One-way ANOVA
seguido de pds-teste de Tukey. 2Analise de Kruskall-Wallis seguido de pés-teste de Dunn’s. a p<0,05 vs CA; b
p<0,05 vs CGB; ¢ p<0,05 vs OA; d p<0,05 vs OGB,;

A andlise do fendtipo de fezes permite avaliar de forma macroscopica o
comportamento do bolo fecal relacionado a motilidade intestinal, visto que, os pellets sélidos
naturais sao impulsionados a uma velocidade mais lenta do que o material viscoso ou liquido
(Spencer et al., 2016). N&o foi observada diferenca macroscépica nos pellets de fezes entre os
grupos. No momento da coleta a maioria dos pellets apresentava estrutura intacta e contetdo
de consisténcia solida. Né&o foi identificada presenca de fezes moles ou sanguinolentas.

A dieta RCS promoveu alteracdo no volume total de fezes, estimado pelo peso Umido
dos pellets, com reducéo significativa para os animais obesos (OA) quando comparados ao
grupo controle (CA). O mesmo padrdo foi observado em modelos de inducdo de obesidade
por dieta HFD em camundongos (Kunz et al., 2019).

A diferenca entre 0 peso Umido e 0 peso seco, que caracteriza a quantidade de agua
presente nas fezes, também se mostrou reduzido nos animais obesos (OA), resultado também
observado por Beraldi et al., (2019) com menor teor de dgua nas fezes de ratos obesos por
dieta HFD. O comprimento dos pellets de fezes dos animais obesos (OA) foi estatisticamente
menor quando comparados aos animais controle (CA) e ndo apresentou efeito sobre o
diametro. O tratamento com GB por 60 dias (OGB) néo teve acdo aparente sobre o fendtipo
de fezes. A profilaxia por 109 dias (OPR) aumentou de forma significativa apenas o
comprimento dos pellets de fezes em relagéo aos grupos OA e OGB.

O consumo alimentar dos animais no mesmo periodo em que foi realizada a avaliagcéo
do fenotipo de fezes apresentou como média: 7,15 + 0,48 g/100g no grupo CA; 6,39 + 1,14
g/100g no grupo CGB; 5,03 + 0,55% g/100g no grupo OA; 6,32 + 1,00¢ g/100g no grupo OGB

e 6,29 £ 0,49 g/100g no grupo OPR. As letras sobrescritas indicam diferenca estatisticamente
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significante, a p<0,05 vs CA; b p<0,05 vs CGB; ¢ p<0,05 vs OA (Kruskal-Wallis seguido
pelo pos-teste de Dunn’s). Desta forma, a menor ingestdo alimentar dos animais tratados com
a dieta RCS nesse periodo, com diferenca significativa no grupo OA quando comparado com
CA e CGB, pode ser um dos fatores para a reducao do volume das fezes.

E possivel perceber que houve diminuigdo significativa no volume de fezes também
dos grupos obesos que receberam extrato de GB (OGB e OPR), porém estes ndo tiveram
diminuicdo significativa no consumo alimentar quando comparados aos grupos controle (CA).
Isso pode ser explicado pela composicdo do extrato de GB que receberam. Os frutos de GB
contém diversas moléculas bioativas, principalmente polissacarideos (Skenderidis et al.,
2019), em 100 g de fruto de GB, 3,63 g sdo de fibras alimentares (Ili¢ et al., 2020). A dieta
rica em polissacarideos vegetais pode equilibrar as comunidades microbianas (Turnbaugh et
al., 2009), estimulando o crescimento de bactérias com propriedades prebioticas (Zhu et al.,
2020), sendo a biomassa bacteriana responsavel por pelo menos 30% da matéria seca das
fezes (Roberfroid, Gibson & Delzenne, 2009).

A racdo comercial para roedores (Nuvilab, Curitiba, Brasil) contém 7 g de fibra
alimentar a cada 100 g de racdo (dados fornecidos pelo fabricante). No preparo da dieta RCS
foi utilizada ragcdo comercial para roedores (395 g) sendo acrescida de leite condensado (395
g), acucar (83,8 g) e agua (102,9 mL). Isso torna a dieta RCS pobre em fibras quando
comparada a dieta padrdo. Desta forma, a baixa quantidade de fibras na dieta RCS e a alta
quantidade de carboidratos simples favorece a absorcdo e retencdo de dgua no organismo,
pelo efeito osmotico que os carboidratos possuem, contribuindo para a reducdo do peso seco
das fezes.

Sendo assim, 0 aumento no comprimento dos pellets fecais dos animais do grupo OPR
poderia ser justificado pela presenca de fibras alimentares no extrato de GB ingerido, visto
gue mudancas na dieta podem modificar o conteido das fezes (Fathallah, Bouchard & de
Parades, 2017).

3.3 Morfometria intestinal

Independente do grupo experimental ndo foram detectadas diferencas significativas
guanto ao comprimento total e largura do intestino grosso (colo proximal e colo distal)
(Tabela 5). O intestino grosso apesar de menor atuagdo na absorcdo de nutrientes,
desempenha papel importante na digestdo, na absorcdo de agua e eletrolitos, no transito de

matéria fecal e na producéo de vitaminas lipossoluveis (Levy et al, 2006). A parede intestinal
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apresenta consideravel plasticidade, e pode manifestar alteragdes e comportamento
diferenciado nas tdnicas em diferentes tipos de dietas, inclusive as que induzem a obesidade
(Bertrand, 2013).

Tabela 5. Biometria do intestino grosso, espessura da parede, tunicas intestinais e indice de células
caliciformes no colo proximal de ratos Wistar machos, alimentados com dieta padrdo (CA), com
suplementacdo de extrato de GB dos 70 aos 130 dias (CGB) e dieta rica em carboidratos simples (OA)
com suplementacdo de extrato de GB dos 70 aos 130 dias (OGB) e dos 21 aos 130 dias (OPR).

CA CGB OA OGB OPR
Comp. IG (cm)! 1156 +1,42 1315+172 1122+132 1090+1,91° 11,00+1,41
Larg. IG (cm)? 162+0,21 1,35+0,18 1,42 +£0,24 1,51+0,25 1,46 £ 0,19
Comp. Colo proximal (cm)! 5,50 + 1,18 6,22+0.71 4,67 +£0,75° 4,80+ 0,95° 5,20 + 0,67
Parede Total (um)? 337,9+4115 3553+54,75 396,5+69,45 409,4+56,07 401,9+ 74,27
T. Mucosa (um)* 188,0+ 22,61 202,4+22,61 221,6+48,07 238,7+32,41 2353+ 36,36
T. Muscular (um)?* 150,0 +40,23 152,8 +4556 164,8+51,20 177,6+34,85 171,0+52,48
PAS* (%)* 21,65+2,14 16,38+1,43% 1955+1,72° 19,08+239 22,55+ 1,34

Dados apresentados como médiatdesvio padrdo, n=7 por grupo. ‘Andlise de Variancia One-way ANOVA
seguido de pds-teste de Tukey. 2Anélise de Kruskall-Wallis seguido de pés-teste de Dunn’s. a p<0,05 vs CA; b
p<0,05 vs CGB; ¢ p<0,05 vs OA, d p<0,05 vs OGB.

A dieta influenciou o comprimento do colo proximal com reducdo significativa no
grupo obeso (OA) e obeso tratado com GB (OGB) (Tabela 5). Outros estudos revelam
resultados semelhantes com inducdo de obesidade por diferentes dietas inclusive com reducédo
na area do colo proximal e distal de camundongos (Beraldi et al., 2014). O grupo CGB néo
apresentou influéncia significativa do extrato de GB nesses parametros.

A morfologia do colo proximal no que se refere a organizacdo de suas tunicas,
mucosa, submucosa e muscular, foi mantida entre os grupos, como demonstrado na Tabela 5.
Dentre 0os componentes da dieta o teor de proteinas € um dos elementos de grande influéncia
sobre a dindmica celular e consequente alteracdes na espessura da parede intestinal e suas
tunicas. A reducdo da espessura da tinica mucosa de diferentes segmentos gastrointestinais de
ratos € um resultado frequente em modelos de desnutricdo proteica e/ou calérica (Natali,
Miranda-Neto & Orsi, 2000). Com relacdo ao colo proximal, Hermes et al., (2008)
verificaram reducgdo na tanica mucosa, na profundidade das criptas e manutencéo na espessura
da parede total e tGnica muscular em ratos desnutridos. Schoffen et al., (2005) também
obtiveram reducéo significativa na espessura da tinica mucosa e conservacao na espessura da
tunica muscular no colo proximal de ratos idosos alimentados com dieta hipoproteica (8% de

proteinas). A dieta RCS, utilizada nesse experimento, possui reducdo de 50% no teor de
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proteinas quando comparada a dieta padrdo para roedores, o que ndo foi suficiente para
interferir na espessura das tunicas mensuradas.

O indice de células caliciformes produtoras de mucinas neutras (PAS*) ndo se mostrou
significativamente diferente nos animais obesos quando comparados ao grupo controle, apesar
de ser observada reducdo na ordem de 10%. O muco produzido por células caliciformes
representa a linha de frente na defesa de bactérias patogénicas e sdo responsaveis por bloquear
a penetracao, fixacdo epitelial e translocacéo de bactérias para o tecido hospedeiro (Johansson
& Hansson, 2016).

O tipo de dieta pode modificar a producdo de mucinas (Sharma, 1995), o que
implicaria em variagBes no nimero das células caliciformes. Truter et al., (2016) obtiveram
reducdo de células caliciformes produtoras de mucinas neutras nas criptas do intestino grosso
(colo proximal e distal) de ratos alimentados com dieta hipercalorica (HCD). O menor aporte
de nutrientes também promoveu reducdo do numero de células caliciformes no colo proximal
em ratos (Schoffen et al., 2014).

A dieta HFD reduziu o numero de células caliciformes no jejuno de ratos obesos
(Scoaris et al., 2010), j& em camundongos foi observada manutencdo deste nimero no
duodeno e jejuno e reducdo no ileo (Soares et al., 2015). Como a obesidade pode induzir
inflamagdo no TGI, a reducéo no numero de células caliciformes neutras é considerada uma
resposta inflamatdria em animais que recebem dieta com alto teor calérico (Deplancke &
Gaskins, 2001; Frazier et al., 2011; Kim & Ho, 2010), o que nédo foi constatado de forma
estatisticamente significante em nosso estudo.

O tratamento com GB por 60 dias ndo interferiu nesse parametro, entretanto, a
profilaxia com o extrato aumentou o nimero de células caliciformes neutras tornando-as
equivalentes ao grupo CA, o que pode ser associado a um quadro de maior eficiéncia na
barreira mucosa. Ding et al., (2021) observaram aumento no nimero de células caliciformes
no colo de camundongos suplementados com 200 mg/kg de polissacarideos isolados de GB
durante 14 semanas.

O aumento no numero de células caliciformes no grupo OPR, possivelmente esta
associado a presenca de fibras alimentares no extrato de GB, administrado por 109 dias. As
fibras quando adicionadas a dieta sdo capazes de modular a composi¢do da microbiota, como
um possivel mecanismo de normalizacdo da dindmica das células do epitélio intestinal
(Sharma, 1995).

32



Houve reducdo significativa no nimero de células caliciformes (PAS+) do grupo
controle tratado (CGB) quando comparado com o grupo controle (CA), divergindo dos
resultados obtidos por Ding et al., (2021) que verificaram aumento no namero de células
caliciformes e também na expressdao da mucina 2 (uma das principais proteinas que formam o
muco) no colo de camundongos alimentados com dieta padrdo para roedores tratados com 200
mg/kg de polissacarideos isolados de GB. A diminui¢do no numero das células caliciformes
como efeito do extrato de GB na auséncia de obesidade indica a necessidade de investigacoes

que visem elucidar a questao dose efeito do extrato de GB em condic¢des normais de dieta.

3.4 Inervacdo intrinseca do colo proximal

A populacdo de neurbnios do plexo mioentérico (HUC/D*) no colo proximal
encontrava-se organizada em ganglios de tamanhos variados, com corpos celulares de
formatos arredondados e piriformes, envolvidos por numerosos corpos celulares gliais (S-
100%), com poucos neurdnios dispersos no espago interganglionar (Figura 2). Arranjos
semelhantes sdo observados em todo trato gastrointestinal, sendo relatados no estbmago de
ratos (De Sousa & Miranda Neto, 2009), no intestino delgado (Soares et al., 2015) e no colo
proximal e distal de camundongos Swiss (Beraldi et al., 2019). Ndo foram detectadas
diferencas nesse padréo entre 0s grupos experimentais.

3.4.1 Quantificacdo de neurdnios e células da glia

Processos patoldgicos ou até mesmo a coleta dos tecidos pode causar uma alteracdo no
tamanho do intestino, concentrando ou diluindo o nimero de neurénios presentes na area
analisada (Gabella, 1989; Phillips & Powley, 2007). Assim, os dados para densidade neuronal
e glial foram corrigidos (Cowen et al., 2000) de acordo com a &rea total do intestino grosso.
Para tanto, foi atribuido como fator de correcéo padréo o grupo CA representado pelo valor 1.
Em seguida, calculado gquanto que, em média o intestino grosso dos animais dos demais
grupos equivalem ao do grupo CA. Os valores calculados como fator de corre¢do foram 0,92;
0,80; 0,67 e 0,77 respectivamente para os grupos CGB, OA, OGB e OPR.
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Figura 2 — Arranjo morfologico do plexo mioentérico e quantificacdo de neurdnios e células da glia
do colo proximal de ratos Wistar machos, alimentados com dieta padrdo (CA), com suplementacdo de
extrato de GB dos 70 aos 130 dias (CGB) e dieta rica em carboidratos simples (OA) com
suplementagdo de extrato de GB dos 70 aos 130 dias (OGB) e dos 21 aos 130 dias (OPR).
Sobreposi¢do das imagens de imunohistoquimica (A) com marcacao para neurénios por HUC/D* (B) e
células gliais S100* (C). Densidade média de neurénios mioentéricos (D) e de células gliais (E). Dados
apresentados como médiatdesvio padrdo, n=6 por grupo, a p<0,05 vs CA one-way ANOVA/Tukey.

A densidade de neurénios mioentéricos (HuC/D) no colo proximal de ratos do grupo
obeso controle (OA) néo diferiu de forma significativa quando comparado ao grupo CA. O
tratamento com extrato de GB (OGB) diferiu significativamente do grupo controle CA, de
forma a reduzir a densidade neuronal e a profilaxia com GB (OPR) ndo se mostrou efetiva em

alterar esse parametro (Figura 2D).
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A literatura diverge com relagdo a densidade neuronal mioentérica (aumento, reducdo
ou manutencdo) em modelos de obesidade. Beraldi et al., (2014) ndo observaram diferenca
significativa quanto a populacdo geral de neurdnios no colo proximal em camundongos
tratados com dieta HFD por oito semanas, entretanto em um periodo maior, 17 semanas,
obtiveram redugdo na densidade de neurdnios mioentéricos. Nezami et al., (2014) também
constataram reducdo no numero de neurdnios nitrérgicos e colinérgicos no colo proximal de
camundongos alimentados com dieta HFD, associado a um aumento significativo na apoptose
de células neuronais.

No intestino delgado, Soares et al., (2015), obtiveram aumento significativo na
densidade neuronal da populagdo de neur6nios imunorreativos para miosina-V (16%, p <
0,01) e subpopulagdo imunorreativas para nNOS (28%, p < 0,01) do ileo de camundongos
alimentados com dieta HFD.

No processo de neurodegeneracdo entérica, diversos fatores sdo associados, tais como
0 estresse oxidativo (Voss et al., 2013), alteragcbes na microbiota intestinal (Cani et al., 2007)
ou inflamacdo associada a obesidade (Tehrani et al., 2012). A obesidade é uma doenca
crbnica caracterizada por inflamacdo persistente de baixo grau que afeta a motilidade
intestinal. Anormalidades motoras sugerem que a obesidade tem efeitos no SNE (Lakhan &
Kirchgessner, 2011). Estudos relataram que a dieta HFD est4 diretamente relacionada a
alteracdo na microbiota e aumento da permeabilidade intestinal deixando o organismo mais
propenso a infec¢bes (Sharkey, 2015).

A auséncia de diferencas significativas na densidade neuronal mioentérica entre 0s
grupos pode estar diretamente relacionado com a manutencdo da espessura da tunica
muscular. Essa relacdo ja estabelecida em varios trabalhos, vai de encontro ao descrito por
Gabella (1989), ao ressaltar que alteragdes no numero e tamanho dos neurdnios do plexo
mioentérico estdo associadas a variagfes na espessura da tGnica muscular, tecido alvo
responsavel pela manutencdo e plasticidade destes neurdnios.

As células gliais sdo essenciais para a integridade e funcdo gastrointestinal,
orquestrando diversas fungdes na plasticidade do sistema digestorio, incluindo um importante
papel na regulacdo da neurotransmisséo, da resposta imune e da motilidade, por exemplo
(Sharkey, 2015).

Né&o foram obtidas diferencas significativas na quantificacdo de células da glia entre os
grupos (Figura 3E), indicando auséncia de efeito da dieta e/ou do tratamento. Estudos revelam

gue o numero de células gliais entéricas pode ser influenciado tanto pela idade quanto pela
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dieta, sugerindo que fatores ambientais sdo capazes de influenciar o nimero dessas células
(McClain et al., 2014; Schoffen et al., 2005; Stenkamp-Strahm, 2013), 0 que ndo ocorreu em
nosso modelo experimental, indicando auséncia de efeito sobre o numero de células

(neurdnios e glias) que compdem os ganglios mioentéricos.

3.4.2 Mensuragéo do perfil celular de neuronios

A mensuracdo do perfil celular de neurdnios, apresentou como média 413,6 £ 25,54
pm?2 no grupo CA; 421,4 + 27,11 um? no grupo CGB; 362,6 + 32,70 um? no grupo OA; 359,2
+ 31,65 pm?2 no grupo OGB e 361,3 £ 46,51 um? no grupo OPR, resultado este que néo
apresenta diferenca significativa entre os grupos (Kruskal-Wallis seguido pelo pés-teste de
Dunn’s). Os neurdnios mioentéricos exibem grande variabilidade de tamanho e forma e o uso
de média ndo expressa todo o leque de variacdo nos tamanhos dos corpos celulares neuronais
(Sousa, 2013). Devido a isso, 0s dados para mensuragdo neuronal foram convertidos em
distribuices de frequéncia com intervalos de classes arbitrarios de 100 pm?, sendo os
neurdnios considerados pequenos menores que 350 um2, médios de 350 a 650 um?2 e grandes
maiores que 650 um2. Os resultados foram representados em histogramas, como demonstrado

na Figura 3.
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Figura 3 — Histograma de distribuicdo de frequéncia em funcdo do tamanho de neurbnios
mioentéricos do colo proximal de ratos Wistar alimentados com dieta padrdo (CA), com
suplementagdo de extrato de GB dos 70 aos 130 dias (CGB) e dieta rica em carboidratos simples (OA)
com suplementacdo de extrato de GB dos 70 aos 130 dias (OGB) e dos 21 aos 130 dias (OPR). CA x
CGB p>0,05 (A); CA x OA p<0,05 (B); CA x OGB p<0,05 (C); CA x OPR p<0,05 (D); OA x OGB
p>0,05 (E); OA x OPR p<0,05 (F). Teste de Qui-quadrado.
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O grupo CA quando comparado ao grupo CGB né&o apresentou diferenca significativa
em relacdo a distribuicdo de frequéncia na area do perfil celular, ou seja, o tratamento com
GB por 60 dias em ratos ndo obesos nédo alterou o tamanho das células neuronais.

Comparando o grupo CA com os grupos OA, OGB e OPR obtivemos diferenca
significativa, como demonstrado pelas Figuras 3B, 3C e 3D. Os animais obesos, pertencentes
aos grupos OA, OGB e OPR tiveram uma quantidade maior de neurdnios pequenos, quando
comparados ao grupo CA, gue teve uma quantidade maior de neur6nios grandes. O tratamento
com GB por 60 dias ndo apresentou diferenca estatistica, quando comparamos o grupo OA
com OGB, porém, o tratamento profilatico por 109 dias aumentou, de forma significativa, o
namero de neur6nios grandes e diminuiu 0 nimero de neurdnios médios em relagdo ao grupo
OA.

Resultados semelhantes foram encontrados por Beraldi et al., (2019) no colo distal de
camundongos Swiss alimentados com dieta HFD. Em outro estudo, oS mesmos autores
observacdo um padrdo divergente, com reducdo na area dos corpos celulares da populacao
geral, da subpopulacdo nitrérgica e de neurdnios imunorreativos para VIP no colo proximal e
distal de camundongos alimentados com dieta HFD por 17 semanas (Beraldi et al., 2014).

A reducdo no tamanho neuronal pode ser consequéncia de distdrbios metabdlicos e
estruturais causados pelo excesso de &cidos graxos saturados presentes na dieta HFD (Soares
et al.,, 2015). Estes distarbios podem gerar disfungdo mitocondrial e aumento do estresse
oxidativo, reduzindo a disponibilidade de substratos energéticos, levando a uma diminuicéo
da atividade metabdlica (Wang et al., 2015). Estes fatores podem contribuir com a alta
prevaléncia de neurdnios pequenos nos animais submetidos a dieta RCS uma vez que essa
alimentacdo também possui um valor elevado de gordura quando comparada a dieta padrao
para roedores.

Os estudos que encontramos em sua maioria séo realizados com a dieta HFD que ja é
uma dieta padronizada e bem descrita na literatura. Sendo este, o primeiro estudo realizado

com a dieta RCS a fim de avaliar seus efeitos na inervagéo intrinseca do colo proximal.

4. CONCLUSAO

A dieta RCS teve eficiéncia obesogénica nos animais testados sem efeitos sobre a
morfologia e morfometria da parede total e tGnicas do colo proximal. O tratamento com
extrato de GB na dose de 250 mg/kg de peso corporal por 60 dias foi responsavel por reduzir

a massa corporal final, a massa da gordura mesentérica e elevar o nivel plasmético de
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colesterol HDL. Esse tratamento ndo influenciou os pardmetros morfométricos e a inervacao
intrinseca do colo proximal. A profilaxia com extrato GB por 109 dias reduziu o IMC,
reestabeleceu o indice de células caliciformes no epitélio colénico e aumentou a incidéncia de
neurdnios grandes e reducdo no numero de neurénios médios. A utilizacdo do extrato de GB é

uma alternativa promissora no controle da obesidade.

5. APOIO FINANCEIRO
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Certificamos que a proposta intitulada "EFEITOS DO GOJI BERRY (Lycium barbarum) SOBRE A MORFOFISIOLOGIA DO INTESTINO
DELGADO E O METABOLISMO HEPATICO DE RATOS OBESOS", protocolada sob o CEUA n® 2072240419 (o oozz27), sob a
responsabilidade de Maria Montserrat Diaz Pedrosa e equipe; Isabela Ramos Mariano; Maria Raquel Marcal Natali; Rosangela
Fernandes Garcia; Nayra Thais Delatorre Branquinho - que envolve a producdo, manutencdo efou utilizacdo de animais
pertencentes aa filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica ou ensina - esta de acordo com
o0s preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem como com as normas
editadas pelo Conselho Nacional de Controle da Experimentacio Animal (CONCEA), e foi aprovada pela Comisséo de Etica no Uso
de Animais da Universidade Estadual de Maringa (CEUA/UEM) na reunido de 07/06/2019.

We certify that the proposal "Effects of Goji berry (Lycium barbarum) on the morphophysiclogy of the small intestine and the liver
metabolism of obese rats", utilizing 100 Heterogenics rats (100 males), protocol number CEUA 2072240419 o goz227), under the
responsibility of Maria Montserrat Diaz Pedrosa and team; Isabela Ramos Mariano; Maria Raguel Marcal Natali; Rosangela
Fernandes Garcia; Nayra Thais Delatorre Branquinho - which involves the production, maintenance andfor use of animals belonging
to the phylum Chordata, subphylum Vertebrata (except human beings), for scientific research purposes or teaching - is in
accordance with Law 11.794 of October 8, 2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the National
Council for Control of Animal Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of the State
University of Maringa (CEUA/UEM) in the meeting of 06/07/2019.

Finalidade da Proposta: Pesquisa
Vigéncia da Proposta: de 06/2019 a 03/2022 Area: Dfs-Fisiologia
Origem: Biotério Central da UEM

Espécie: Ratos heterogénicos sexo: Machos idade: 21 a 22 dias N: 100
Linhagem: Wistar Peso: 50a6lg

Local do experimento: manutencio dos grupos durante o periodo de acompanhamento/tratamento (21 a 150 dias): biotério setorial
do DFS (bloco H79 salas 119 e 123) experimentos de incubacao de hepatdcitos, dosagens, remocao de tecidos etc: laboratdrio de
fisiologia (bloco H79 sala 112) experimentos in vivo: sala 114a bloco H79

Maring4, 10 de junho de 2019

Sraonmon @“'\'\ 8™

Profa. Dra. Tatiana Carlesso dos Santos Dr. Claudemir Martins Soares
Coordenadora da CEUAJUEM Coordenador Adjunto da CEUA/UEM
Universidade Estadual de Maringa Universidade Estadual de Maringa
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GUIDE FOR AUTHORS

INTRODUCTION

Journal of Functional Foods follows the publishing practices by Elsevier. Please read carefully
this guide and especially the "Essentials" at the end of the file before submitting your article.

Original research articles, review papers, perspective commentaries and opinion pieces, and rapid
communications.

1. Research papers - original full-length research papers which have not been published
previously,except in a preliminary form, and which should not exceed 7,500 words. (excluding
abstract, references and no more than 8 tables and illustrations)
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. (exlcuding
abstract, references and no more than 8 tables and illustrations)

3. Perspective commentaries and opinion pieces - These should be concise, on hot topics and
describecutting-edge developments and technologies. They should not exceed 2000 words.
4, Rapid communications - Short communications of up to 3000 words, describing work that

may beof a preliminary nature but which merits immediate publication.

Graphical Reviews (GRSs) are a short, structured article type, which primarily use illustrative
schematic summaries to convey only key concepts and novel ideas on a major research interest. GRs
are designed to communicate information in a visually appealing representation of the current state
of research on a specific topic. The overall message should be accessible to a broad scientific
audience. GRs have a format of 3-5 (color) schemes/figures, ideally formatted as easily downloadable
(PowerPoint) slides or the like, for use by readers for educational purposes. The text body should
provide the reader with 'backbone' information and context, connecting the material presented in
the figures. GRs cannot include unpublished data, new hypotheses, formal mathematical models, or
meta-analysis. GR Article Structure: Abstract: up to 250 words Body (exclusive of figure
legends): up to 2000 words 3-5 color schemes/figures summarizing the state of the specific topic
covered. Each figure needs to be self-explanatory, including sufficient annotations to allow the
readers to quickly grasp the content of the figure Figure legends must be straight to the point,
providing additional details which deepen the message of the figure itself. Please ensure that the
reader, who may not be a direct expert in the field, can easily grasp the information provided.
References: no more than 25 key articles that exemplify the most significant recent advances in the
field. An example of GR is available here.

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

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

o All figures (include relevant captions)

o All tables (including titles, description, footnotes)

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

Further considerations

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

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

e 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

¢ Journal policies detailed in this guide have been reviewed

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

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

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

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

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Research Council's Guide for the Care
and Use of Laboratory Animals and the authors should clearly indicate in the manuscript that such
guidelines have been followed. The sex of animals must be indicated, and where appropriate, the
influence (or association) of sex on the results of the study.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
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include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'‘Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

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

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

"primary", "secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference
to help identify appropriate language but are by no means exhaustive or definitive.

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.

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

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

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

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

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

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

Please visit our Open Access page for more information.

Language (usage and editing services)

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

Authors whose native language is not English are strongly advised to have their manuscripts checked
by an English-speaking colleague prior to submission.

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

Authors must provide and use an email address unique to themselves and not shared with another
author registered in Editorial Manager, or a department.

Authors are required to submit, with the manuscript, the names, addresses and e-mail addresses of 3
potential referees. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.

The suggested reviewers should not come from the same institute, and should not all come from the
same country.
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A peer review system involving two or more reviewers is used to ensure high quality of manuscripts

accepted for publication. The Managing Editor and Editors have the right to decline formal review of

a manuscript when it is deemed that the manuscript is

1) on a topic outside the scope of the Journal;

2) lacking technical merit;

3) present limited innovation and originality;

4) focused on foods or processes that are of narrow regional scope and significance;5) fragmentary
and providing marginally incremental results; or 6) is poorly written.

PREPARATION

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

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is
responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision is
final and although often disappointing it is not useful to send complaint letters to them. More
information on types of peer review.

Use of word processing software

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

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

Manuscript submissions must be accompanied by a cover letter. The corresponding author must
state explicitly in a paragraph how the paper fits the Aims and Scope of the journal. The cover letter
should also outline the significance and novelty of the work. Make clear in the letter to the editor the
relevance of your paper to the area of the interest for JFF and to the specific research field.

Authors are invited to briefly comment on their expertise in the subject matter and if appropriate,
provide examples of their own related publications on this topic, explaining how the presented
research relates to recently published (or submitted) work from the corresponding author's own
research group.

Any statement regarding ethics, conflict of interest or duplicate submission should be included in the
cover letter.

For Review type of articles, authors must also comment on related reviews published on the topic
and how their manuscript provides relevant new insights and perspective beyond the available
reviews.
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Only submissions following these requests will be considered.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then1.1.1,1.1.2, ...), 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. The last sentence of the introduction should state the aim of the
paper.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published on peer
reviewed articles could be indicated by a reference and only relevant modifications should be
described. Authors must provide all the details about their starting material, the source, the bioactive
components responsible for the observed effects and changes in their content upon processing.
Details of the ethical committees authorization should provide here when necessary. The last
paragraph of the session should provide the details of the statistical methodology.

Results

Results should be clear and concise.The figures to highlight the most relevant findings of the paper
and do not replicate the same data both in figures and tables. Be sure the numbers and the letters
are not too small and in the different colors are clearly distinguishable.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate for the type of article published.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of the Results and Discussion section. The conclusions should be
supported by the study results and not be overstated.

Supplementary material/Appendices

JFF do not encourage the use of supplemnetary material however when providing additional data is
necessary to support paper results and favor the repeatability of the study you can upload this on a
separate file.

Tables and figures should be given separate numbering: Table S1; Figure S1,...

Title page information

o Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
. Author names and affiliations. Please clearly indicate the given name(s) and

family name(s) of each author and check that all names are accurately spelled. 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.

. Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. Ensure that the e-mail address is
given and that contact details are kept up to date by the corresponding
author.

58



. 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.

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.

Abstracts should not exceed 150 words.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information site.

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

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 4 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on our
information site.

Keywords

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

Abbreviations

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

Acknowledgements

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

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

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa].
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It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

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 may not be readily understood by an international readership, units should be put in
full.

Current recognised (IUPAC) chemical nomenclature should be used, although commonly accepted
trivial names may be used where there is no risk of ambiguity.

The use of proprietary names should be avoided. Papers essentially of an advertising nature will not
be accepted.

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).

Formulae must be typewritten, each on a separate line. Leave ample space around the
formulae.Subscripts and superscripts should be clear.All symbols used in the formulae should be
explained in the margin where they are first used. Take special care to show clearly the difference
between zero (0) and the letter O, and between one (1) and the letter .Give the meaning of all
symbols immediately after the equation in which they are first used.All equations should be
numbered serially at the right-hand side in parentheses.The use of fractional powers instead of root
signs is recommended. Levels of statistical significance which can be mentioned without further
explanation are P< 0.05, P< 0.01 and P< 0.001.In chemical formulae, valence of ions must be given as
e.g. Ca2+ and CO2- 3, not as Ca++or CO3 --. Isotope numbers should precede the symbols, e.g. 180.
The repeated writing of complicated chemical formulae in the text is to be avoided where reasonably
possible; instead, the name of the compound followed by its abbreviation (ethylene-diamine-
tetraacetic acid, EDTA) should be given in full. The abbreviation is to be used in the case of a very
long name or in the case of a compound being described as the end product of a gravimetric
determination (e.g. phosphate as P205).

Footnotes

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

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

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

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

oruse fonts that look similar.

Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

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

e Submit each illustration as a separate file.

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

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:

o 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;

o Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

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

Figure captions

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

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

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. )., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.5c.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article.
Heliyon, 19, Article e00205. 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., & Adames, 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, v1.
https://doi.org/10.17632/ xwj98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F., & Jarry, J.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/zenod0.3727209.

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

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

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

This journal 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
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to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code,
models, algorithms, protocols, methods and other useful materials related to the project.

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

Data linking

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

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

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

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

Mendeley Data

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

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

Data statement

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

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their
proof corrections within two days. Corresponding authors will receive an e-mail with a link to our
online proofing system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-prone process
by allowing you to directly type your corrections, eliminating the potential introduction of errors.
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If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative methods
to the online version and PDF.

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

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

ESSENTIALS TO FASTER HANDLING OF PAPERS

Please go carefully through the following points dealing with the main weak points often detectable
in the current submission. The presentation language must be adequate for submission to JFF as an
English journal. If not done adequately, the manuscript may be rejected without review. An English
language editing service is available through Elsevier at:
https://webshop.elsevier.com/languageediting-services/language-editing/ Avoid as much as possible
the use acronyms in the abstract and limit their use also in the text A graphical abstract is mandatory
Double-spaced text of your paper and number both the pages and lines; continuous line numbering
is essential as allow reviewers to easily locate their comments Use 4 Highlights of maximum one line
Do not contact the editor-inchief to ask if your manuscript is suitable for submission to the journal.
This is a decision you have to make. There is no pre-screening of papers outside the electronic
system. All papers should be submitted via the electronic submission system. Authorship, include
only those who have meaningfully contributed to the work; others could be placed in the
acknowledgement section. For more information on authorship please refer to:
https://www.elsevier.com/journal-authors/ethics#tauthorship When suggesting 3 potential reviewers
for your paper, please note that: These should not be from your own institution and possibly no
more than one be from your country. These must be expert in the field and not suggested for other
reasons (such as collaborators of any sort). Please note that your reviewer suggestions will not
always be used. Make clear in the letter to the editor the relevance of your paper to the area of the
interest for JFF and to the specific research field. Novelty of the work and how it contribute to the
knowledge in the field must be highlighted and explained both in the text of the manuscript and
briefly in the cover letter. For review papers list in the cover letter the review recently published on
related topic and explain why the submitted review is needed and differ from those already
published. Proper review and citation of key papers in the field is essential and their absence cause
paper rejection. Especially previous paper from your own group must be highlighted and when
needed explain in the letter to editor while the manuscript bring new results respect to those already
provided in your previous paper. Do not split your research in two or more paper if this is not
absolutely paper. JFF reject papers merely reporting side data from other studies.

Credit must be given to prior work explicitly or else quoting of sentences, paragraphs or tables
without citation is prohibited and results in rejection of papers. It should be noted that all
manuscripts are screened through anti-plagiarism software, and excessive reproduction of previously

65


https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article/share-link
https://www.sciencedirect.com/
https://webshop.elsevier.com/article-services/article-offprints/
https://webshop.elsevier.com/language-editing-services/language-editing/
https://webshop.elsevier.com/language-editing-services/language-editing/
https://www.elsevier.com/journal-authors/ethics#authorship

published text will result in rejection of manuscripts without review. Further information can be
obtained from: https://www.elsevier.com/journal-authors/ethics#writing-an-article Submission to
more than one journal is a very serious breach of publication ethics and such papers will be rejected,
as would be use of other authors' work or even your own without reference citation. Further
information can be obtained from: https://www.elsevier.com/journal-authors/ethics#twriting-an-
article When using human or animal subjects, protocols as well as permission details must be
provided. Further information can be found at: https://www.elsevier.com/journal-
authors/ethicsttconducting-research For full papers the usual length is 7500 words (excluding
references) with no more than 8 illustrations (tables plus figures). For short communication, 2500
words (excluding references) and a maximum of 4 illustrations (tables plus figures) is permitted. For
review articles, it is best to keep them at 10,000-12,000 (excluding references) words. The usual
number of references for full papers is about 40, for short communication 20-25 and for reviews may
vary but usually up to 150. All tables, figures should be understandable without reference to the text
and be able to stand alone; abbreviations must therefore be defined in table headings / footnotes
and figure captions. Abbreviations should also be fully defined on first use in the abstract and the
main text. The style of the Journal of Functional Foods for referencing, both in the text and at the end
must be followed. Please avoid using words that are not usually used or abbreviations that are
confusing. Authors must define the starting materials and details of bioactives responsible for the
observed effects, both by identifying and quantifying them. Structure-activity relationships discussion
is essential in most cases. In case you are asked to revise your manuscript prepare the rebuttal in the
point to point" form writing your answer below the question raised by Editors and reviewers and
indicating which part of the manuscript was modified when necessary. In the revised version all the
modifications respect to the original submission must be highlighted The editor-in-chief or associate
editors should not be contacted for purposes of the review process or otherwise unless there is a
special circumstance. Problems associated with submission and technical issues should be addressed
to Elsevier's staff For retrieving of password and other related issues such as your Elsevier
consolidated account, you also need to contact the Elsevier Publishing Support Center and not the
editors. The review process takes usually between 30 and 60 days. It can be delayed because it is
quite challenging to find good reviewers. Before complaining ask yourself how many times you
decline or even do not reply when you are requested to peer review a paper "
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