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RESUMO

A Sindrome Metabdlica (SM) ¢ caracterizada pela presenca simultanea de fatores de risco que
aumentam a probabilidade de desenvolvimento de doengas cardiovasculares e diabetes tipo 2
(DM2), como hiperglicemia, dislipidemia e resisténcia a insulina. Entre esses fatores, o DM2 e
a dislipidemia, especialmente a elevagdo do colesterol LDL, associados ao consumo crénico de
alcool, estdo fortemente relacionados ao desenvolvimento da esteatose hepatica. O tratamento
convencional, que combina mudancas no estilo de vida e uso de farmacos, apresenta eficacia
limitada devido a baixa adesdo dos pacientes, o que justifica a busca por alternativas
terapéuticas complementares, como o uso de plantas medicinais. Arrabidaea chica ¢ uma planta
amplamente utilizada na medicina tradicional da regido amazdnica para o tratamento de
disturbios inflamatoérios, metabolicos e hepaticos. Estudos prévios sugerem propriedades
antioxidantes, anti-inflamatorias e hepatoprotetoras. Nesse contexto, este estudo teve como
objetivo avaliar a toxicidade e os efeitos terapéuticos da fragcdo soluvel em etanol de 4. chica
sobre parametros hepaticos, renais e lipidicos em um modelo pré-clinico de sindrome
metabolica induzida por multiplos fatores em ratos. O experimento foi conduzido com ratos
Wistar machos, mantidos em condi¢cdes ambientais controladas. Na primeira etapa, foi
conduzido um teste de toxicidade oral aguda em ratos (n = 5-6) em doses de até 2.000 mg/kg,
com monitoramento de mortalidade, alteragdes comportamentais, parametros bioquimicos,
hematologicos e histopatologicos. Na segunda etapa foi realizado um estudo de eficacia
farmacoldgica em que os animais (n = 6-7) foram submetidos a um protocolo de indu¢do da
SM que incluiu: diabetes induzido por estreptozotocina (60 mg/kg, i.p.), dislipidemia induzida
por dieta enriquecida com colesterol (0,5%) e consumo livre de etanol 5% na dieta liquida, por
cinco semanas. Durante as duas Ultimas semanas, os animais receberam tratamento por
gavagem com veiculo (controle negativo), extrato de 4. chica (30, 100 ou 300 mg/kg) ou
combinagdo de sinvastatina (2,5 mg/kg) e insulina (6 U, s.c.) no controle positivo. Um grupo
basal, composto por ratos normoglicémicos, normolipidémicos e ndo expostos ao etanol, foi
incluido como referéncia. Ao final do tratamento, os animais foram submetidos a eutanasia e
avaliados quanto a glicemia plasmatica, perfil lipidico (colesterol total e triglicerideos

plasmaticos e hepaticos), enzimas hepaticas (AST, ALT), marcadores renais (ureia, creatinina)



e peso de 6rgdos. Exames histopatoldgicos hepaticos permitiram verificar alteragdes estruturais
e acumulo lipidico. Os resultados mostraram auséncia de mortalidade ou efeitos adversos nos
testes de toxicidade. Em relagdo ao grupo controle negativo, o tratamento com 4. chica
promoveu normalizagdo significativa da glicemia e dos lipidios plasmaticos, reducdo da
esteatose hepatica e restauragdo dos marcadores de funcdo renal. Notavelmente, o tratamento
com o extrato foi capaz de normalizar completamente os niveis de AST e ALT, efeito ndo
observado no grupo controle positivo. As analises histoldgicas confirmaram efeitos
hepatoprotetores e nefroprotetores, com preservacao da arquitetura tecidual e menor acumulo
de lipidios. Em conclusdo, os achados sustentam o potencial terapéutico seguro e multifuncional
de A. chica no manejo da SM, reforcando seu uso tradicional e destacando a necessidade de
estudos adicionais para elucidar seus mecanismos de agao.

Palavras-chave: alcool, diabetes, dislipidemia, efeito hipolipidémico, hepatoprotegao,

nefroprotecao.



COSTA, Jodo Ricardo Cray. Pharmacological evaluation of Arrabidaea chica extract in an
experimental model of metabolic syndrome induced by multiple risk factors. Advisor:
Francislaine Aparecida dos Reis Livero. 2025. 76p. Dissertation (Master's degree in Medicinal
Plants and Phytotherapeutics in Basic Attention) - Universidade Paranaense, Umuarama, 2025.
ABSTRACT

Metabolic Syndrome (MS) is defined by the coexistence of risk factors that increase the
likelihood of cardiovascular diseases and type 2 diabetes (T2DM), including hyperglycemia,
dyslipidemia, and insulin resistance. Among these factors, T2DM and dyslipidemia particularly
elevated LDL cholesterol together with chronic alcohol consumption, are strongly associated
with the development of hepatic steatosis. Conventional treatment, which combines lifestyle
modification and pharmacological therapy, often shows limited efficacy due to poor patient
adherence, supporting the search for complementary therapeutic alternatives such as medicinal
plants. Arrabidaea chica is traditionally used in the Amazon region for the treatment of
inflammatory, metabolic, and hepatic disorders. Previous studies have suggested antioxidant,
anti-inflammatory, and hepatoprotective properties. This study aimed to evaluate the toxicity
and therapeutic effects of the ethanol-soluble fraction of 4. chica on hepatic, renal, and lipid
parameters in a multifactor-induced preclinical model of MS in rats. Male Wistar rats were
maintained under controlled environmental conditions. In the first phase, an acute oral toxicity
test (n = 5—6) was conducted at doses up to 2,000 mg/kg, monitoring mortality, behavioral
changes, and biochemical, hematological, and histopathological parameters. For the efficacy
study, rats (n = 6-7) were subjected to an MS induction protocol including streptozotocin-
induced diabetes (60 mg/kg, i.p.), cholesterol-enriched diet (0.5%), and chronic alcohol
consumption through free access to a liquid diet containing 5% ethanol for five weeks. During
the last two weeks, animals were treated by oral gavage with vehicle (negative control), 4. chica
extract (30, 100, or 300 mg/kg), or a combination of simvastatin (2.5 mg/kg) and insulin (6 IU,
s.c.) as a positive control. A basal group of normoglycemic, normolipidemic, and ethanol-free
rats was included as reference. At the end of treatment, plasma glucose, lipid profile (total
cholesterol and plasma/hepatic triglycerides), hepatic enzymes (AST, ALT), renal markers
(urea, creatinine), and organ weights were assessed. Hepatic histopathology evaluated structural
alterations and lipid accumulation. Toxicity testing revealed no mortality or adverse effects.
Compared with the negative control group, A. chica significantly normalized plasma glucose
and lipid levels, reduced hepatic steatosis, and restored renal function markers. Remarkably,
extract treatment fully normalized AST and ALT levels, an effect not observed in the positive

control group. Histological analyses confirmed hepatoprotective and nephroprotective actions,



with preserved tissue architecture and reduced lipid deposition. In conclusion, the findings
support the safe and multifunctional therapeutic potential of 4. chica in the management of MS,
reinforcing its traditional use and highlighting the need for further studies to clarify its
mechanisms of action.

Keywords: alcohol, diabetes, dyslipidemia, hepatoprotection, hypolipidemic effect,

nephroprotection.
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PANORAMA DA SINDROME METABOLICA E POTENCIAL TERAPEUTICO DA

Arrabidaea chica

1.1 Introducao

A Sindrome Metabodlica (SM) ¢ caracterizada por um conjunto de alteragdes que, em
associacdo, elevam significativamente o risco de complicacdes graves a saude (NOUBIAP et
al., 2022). Entre seus principais componentes, destacam-se a obesidade abdominal, hipertensao
arterial sistémica (HAS), hiperglicemia, dislipidemia e resisténcia a insulina (RAMOS, 2022).
A presenga de trés ou mais desses fatores de risco aumenta substancialmente o risco global para
o desenvolvimento de doengas cardiovasculares (DCV; BRAUER et al., 2022). Além disso,
individuos com SM apresentam maior probabilidade de desenvolver diferentes graus de
esteatose hepatica (GANGIREDDY et al., 2022).

Entre as alteragdes associadas a SM, destaca-se a Doenca Hepatica Gordurosa
Associada a Disfuncao Metabolica (MAFLD), que afeta aproximadamente um quarto da
populagdo mundial. Essa condi¢do estd relacionada a resisténcia a insulina, a limitada
expansibilidade e a disfuncdo do tecido adiposo, fatores que favorecem a resisténcia insulinica
e contribuem para a fisiopatologia do diabetes mellitus (DM; GODOY-MATOS, SILVA
JUNIOR e VALERIO, 2020).

O DM ¢ um distarbio metabdlico caracterizado pela hiperglicemia, decorrente de
deficiéncia na secrecdo de insulina nas células B das ilhotas pancreaticas de Langherans e/ou
resisténcia periférica a sua acdo sendo classificada em tipo 1 (DM1) e tipo 2 (DM2). O DM1,
também denominado insulinodependente, resulta da destruicdo autoimune das células B. Ja o
DM?2, ou ndo insulinodependente, ocorre predominantemente por resisténcia a insulina e/ou da
reducdo na sensibilidade celular ao hormdnio (TEHSEEN et al., 2024). Evidéncias cientificas
apontam o DM2 como um dos principais fatores de risco para a MAFLD (VARGAS et al.,
2024).

Outro componente importante relacionado a SM ¢ a dislipidemia, caracterizada por
niveis elevados de triglicerideos e das concentracdes de colesterol de lipoproteina de baixa
densidade (LDL-c), condi¢do frequentemente presente em individuos com a sindrome (XU et
al., 2018). O aumento da absorcao de lipidios, especialmente do colesterol de LDL-c, contribui
para o acimulo de triglicerideos no figado e favorece o transporte e a mobilizagdo de gordura

hepatica (VARGAS et al., 2024).
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Quanto ao consumo de alcool, estudos apontam que a ingestdo elevada aumenta
significativamente o risco de desenvolvimento da SM e estd associada a diversos de seus
componentes (ARSHADI et al., 2025; HERNANDEZ-RUBIO et al., 2022). O consumo
excessivo, seja de forma regular ou episoddica, tem sido descrito como um importante
determinante comportamental para o aumento desse risco. Evidéncias sugerem que individuos
com esse padrao de ingestdo apresentam maior probabilidade de manifestar SM quando
comparados a abstémios (SAKBOONYARAT; RANGSIN; MITTLEMAN, 2022; SULIGA et
al., 2019).

Dessa forma, diante dos desafios para o controle efetivo da SM, como a baixa adesdo as
mudancgas no estilo de vida, a necessidade frequente de polifarmacia e os efeitos adversos
associados ao tratamento farmacologico convencional (ALAWDI et al.,, 2024; SARAH
MATHEW et al., 2024), o uso de plantas medicinais tem sido considerado uma alternativa
vidavel. Historicamente, as plantas tém sido amplamente empregadas como recursos
terapéuticos no tratamento de diversas enfermidades (PEDROSO; ANDRADE; PIRES, 2021).

No Brasil, a Relacdo Nacional de Plantas Medicinais de Interesse ao Sistema Unico de
Satde (RENISUS), publicada em 2009, inclui a Arrabidaea chica (Humb. & Bonpl.) B. Verlot
dentre as espécies de maior releviancia na medicina tradicional, especialmente na regido
amazonica (SILVA-SILVA et al., 2021). Diversos efeitos biologicos e farmacoldgicos de
extratos e fragdes de A. chica tém sido amplamente documentados. Estudos in vitro
demonstraram o efeito hepatoprotetor do extrato das folhas (DE-SOUZA et al., 2009),
confirmado também em modelos in vivo utilizando extrato etanolico a 70% em ratos Wistar
(MEDEIROS et al., 2011). A acdo anti-inflamatoria foi evidenciada in vivo, destacando-se a
capacidade do extrato etanolico e de sua fragdo aquosa em inibir angiogénese e reduzir a
migracao de células inflamatorias (RIBEIRO, 2012). Além disso, a inibicao in vitro do fator de
transcricao nuclear kappa B foi relatada para o extrato das folhas (ZORN et al., 2001). Também
foi observada atividade antioxidante significativa do extrato etanolico, avaliada pela capacidade
de sequestro do radical livre 1,1-difenil-2-picrilidrazila (DPPH; AMARAL et al., 2012).

Diante do potencial terapéutico de produtos naturais e da ampla utilizagdo de A. chica
na medicina popular, o presente estudo propde avaliar a atividade protetora dessa espécie frente
amultiplos fatores de risco associados a SM, refor¢ando sua importancia como planta medicinal

contemplada na RENISUS.
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1.2 Revisao da Literatura
1.2.1 Sindrome Metabdlica

A SM ndo ¢ uma doenga unica, mas sim um conjunto de fatores de risco inter-
relacionados que, quando presentes simultaneamente, aumentam de forma significativa a
probabilidade de complicagdes cardiometabélicas (SWARUP, 2024). E caracterizada por
obesidade abdominal, resisténcia a insulina, HAS e dislipidemia, combinagdo que eleva
substancialmente o risco de desenvolvimento de DCV e DM2 (SOUTO BATISTA et al., 2025).
A presenca desses fatores impacta diversos 6rgdos, com destaque para o figado, essencial no
metabolismo de nutrientes e lipidios, aumentando a predisposi¢do a esteatose hepatica em
diferentes graus (GANGIREDDY et al., 2022; VARGAS et al., 2024).

As defini¢des clinicas da SM se baseiam nos critérios do Programa Nacional de
Educacdo sobre Colesterol dos Estados Unidos, modificados pelo Painel de Tratamento de
Adultos (NCEP-ATP III), e da Federacao Internacional de Diabetes. Esses parametros
consideram, entre outros: pressado arterial sistolica (PAS) > 130 mm Hg ou diastdlica (PAD) >
85 mm Hg; triglicerideos > 150 mg/dL; colesterol de lipoproteina de alta densidade (HDL-c) <
40 mg/dL em homens e < 50 mg/dL em mulheres; glicemia de jejum > 110 mg/dL; e
circunferéncia abdominal > 102 cm em homens e > 88 cm em mulheres (ARSHADI, 2025).

Apesar dos avancos globais, os mecanismos patogénicos que sustentam a SM
permanecem complexos e ainda ndo totalmente elucidados. Fatores ambientais e
comportamentais, como o sedentarismo associado a uma dieta hipercalorica, desempenham
papel central na fisiopatologia multifatorial da sindrome (ROCHLANI et al., 2017). Além
disso, a predisposicdo genética ou étnica € o processo de envelhecimento atuam como
moduladores importantes (OBEIDAT et al., 2025). A génese da SM resulta da interacao entre
vias metabolicas e processos inflamatorios. Embora a resisténcia a insulina e a obesidade central
sejam reconhecidas como determinantes primarios, evidéncias recentes destacam a inflamagao
cronica de baixo grau como mecanismo central na progressdo da sindrome (CIFUENTES et al.,
2024).

Diversas teorias buscam explicar esses processos, incluindo o aumento do fluxo de
acidos graxos associado a resisténcia a insulina, a ativagdo neuro-hormonal e a manutencao de
um estado inflamatério persistente, todos considerados determinantes para a iniciacdo e
evolugdo da SM (JHA et al., 2023). O excesso de tecido adiposo visceral, em particular, exerce
efeito deletério ao induzir disfungdo adipocitaria, caracterizada pelo aumento da liberagao de

acidos graxos livres e citocinas pro-inflamatorias, concomitante a reducdo de adipocinas com



120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

24

propriedades protetoras, como a adiponectina. Essas alteragdes comprometem a sinalizagio
insulinica, favorecendo disfun¢do endotelial e o desenvolvimento de hipertensao, dislipidemia
e hiperglicemia (DHONDGE et al., 2024; OBEIDAT et al., 2025).

A elevagdo dos acidos graxos livres circulantes interfere diretamente na cascata de
sinaliza¢do da insulina em diversos 0rgaos, intensificando a resisténcia insulinica (GIROUSSE
et al., 2013). Esse processo decorre, em parte, da incapacidade da insulina em inibir a lipdlise
no tecido adiposo resistente, sobretudo na regido visceral, o que amplifica a liberacao de acidos
graxos € impacta negativamente o metabolismo hepatico (FREEMAN; ACEVEDO;
PENNINGS, 2025).

O tecido adiposo, que desempenha fung¢do semelhante a de uma glandula endocrina,
secreta compostos biologicamente ativos denominados adipocinas ou adipocitocinas,
fundamentais para a regulacdo da homeostase metabodlica. Alteragdes no padrdo de secrecao
dessas moléculas em individuos com obesidade central constituem um dos principais
mecanismos associados as manifestacoes clinicas da SM. A produgdo excessiva de adipocinas
inflamatoérias favorece a manutengao de um estado inflamatoério cronico, contribuindo para o
agravamento progressivo das complicagdes relacionadas a sindrome (JHA et al., 2023).

Nesse contexto, o estabelecimento de um ambiente pré-inflamatorio configura-se como
aspecto crucial da SM. O excesso de gordura visceral promove a secre¢ao exacerbada de
citocinas, como o fator de necrose tumoral alfa (TNF-a), a interleucina-6 (IL-6) e a proteina C
reativa, que intensificam o processo inflamatorio sistémico. Esses mediadores interferem na
sinalizacdo insulinica, exacerbam a disfun¢do endotelial e participam diretamente do
desenvolvimento de hipertensdo, alteragdes lipidicas e disturbios glicémicos (DHONDGE et
al., 2024; OBEIDAT et al., 2025).

A etiologia da SM ¢ multifatorial, sendo os padrdes alimentares inadequados, o
sedentarismo e outros determinantes relacionados ao estilo de vida reconhecidos como fatores
centrais em seu desenvolvimento (BORGES NETO, 2021). Pacientes com SM apresentam risco
aproximadamente duas vezes maior de desenvolver doencas cardiovasculares ateroscleroticas
e até cinco vezes maior de desenvolver diabetes mellitus em comparacao a populagdo geral
(SAMSON; GARBER, 2014). Uma metanalise conduzida por Noubiap et al. (2022) estimou
prevaléncia global da SM entre 12,5% e 31,4%, enquanto no Brasil a taxa ¢ de cerca de 33%,
com marcada heterogeneidade regional (DE SIQUEIRA VALADARES et al., 2022).

Apesar da existéncia de terapias eficazes, a adesdo as recomendagdes das diretrizes

permanece aquém do ideal (PASSAGLIA et al., 2023). Estratégias preventivas e de manejo da
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SM incluem politicas publicas voltadas a promog¢do de habitos saudaveis, programas de
cessacao do tabagismo, combate a obesidade, incentivo a atividade fisica e redugdo do consumo
nocivo de alcool (OPAS, 2017; WHO, 2013). No entanto, paises de baixa ¢ média renda
frequentemente enfrentam dificuldades para implementar programas integrados de atencdo
primaria que permitam a detec¢do e o tratamento precoces de individuos em risco, o que agrava
0 impacto socioecondmico da sindrome (NASCIMENTO et al., 2018).

Embora politicas de satide tenham contribuido para a redugdo da mortalidade, o nimero
absoluto de casos segue em crescimento, impulsionado pelo envelhecimento populacional e
pelo aumento da incidéncia de doengas cronicas (PRECOMA et al., 2019). Um dos fatores mais
preocupantes nesse cenario € o DM2, cuja prevaléncia global deve alcangar 578 milhdes de
pessoas até 2030, configurando-se como problema de satide publica de carater emergencial. O
Brasil ocupa atualmente a quarta posi¢ao no ranking mundial de paises com maior numero de
individuos diagnosticados, reflexo de um crescimento expressivo nas ultimas trés décadas
(SANTOS-DE-ARAUJO et al., 2024).

A hiperglicemia e a resisténcia a insulina presentes no DM2 promovem inflamagao
cronica, estresse oxidativo e disfungdo endotelial, favorecendo a aterogénese (MESQUITA;
KER, 2021). Alteragdes no peso corporal, envelhecimento populacional e mudancas
socioeconOmicas tém contribuido para o aumento da incidéncia global (BRAUER et al., 2022).
Além disso, ha evidéncias de relacao bidirecional entre DM2 e esteatose hepatica associada a
disfungdo metabdlica, o que reforga a necessidade de detecgdo precoce e intervengdo oportuna
(MARTINEZ et al., 2021; VARGAS et al., 2024).

Outro componente central da SM ¢ a dislipidemia, especialmente a elevagdo do LDL-c,
um dos fatores de risco modificaveis mais relevantes (YUSUF et al., 2004). A dislipidemia
caracteriza-se por alteracdes no perfil lipidico, incluindo aumento do colesterol total,
triglicerideos e LDL-c, além da redu¢do do HDL-c (NOGUEIRA DE SA et al., 2022). Esse
perfil lipidico aterogénico contribui de forma expressiva para o aumento do risco de DCV
(RAHMAN et al., 2024; SINGH; JIALAL, 2024). Estudos indicam que a redugdo intensiva do
LDL-c esta associada a beneficios significativos na diminui¢ao de eventos cardiovasculares e
mortalidade (FALUDI et al., 2017). Segundo dados da Organiza¢ao Mundial da Saude (OMS,
2009), niveis elevados de colesterol sérico sdo responsaveis por aproximadamente 2,6 milhdes
de mortes anuais no mundo. Além disso, niveis inadequados de HDL-c aumentam a

probabilidade de desenvolvimento de esteatose hepatica (SCHILD, SANTOS; ALVES, 2013).
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O consumo excessivo de alcool ¢ outro fator de risco relevante para a SM, associado a
alteragdes no metabolismo lipidico e a danos hepaticos (PARK et al., 2022). Padroes de
ingestdo abusiva elevam o risco de DCV, cancer, cirrose e pancreatite cronica (HERNANDEZ-
RUBIO et al., 2022; LEE e JANG, 2018). A OMS destaca o alcoolismo como fator modificavel
que contribui significativamente para o surgimento de doencas metabolicas, incluindo
alteragdes nos niveis de HDL-c e lesdes hepaticas (ARSHADI, 2025; LIMA et al., 2013; OMS,
2014). Estudos recentes tém refor¢ado os efeitos toxicos do etanol, particularmente sobre o
estresse oxidativo e a integridade celular. Modelos experimentais com ratos expostos
cronicamente ao etanol revelam alteragdes estruturais e funcionais no miocardio, remodelagao
metabolica precoce e prejuizo na eficiéncia das proteinas contrateis. Adicionalmente,
metabolitos como o acetaldeido, em associagdo com espécies reativas de oxigénio (ERO),
desempenham papel central nos danos celulares e na inflamagdo tecidual decorrentes do
etilismo cronico (AMARAL et al., 2012; YANG et al., 2022).

Os mecanismos exatos que sustentam a interagdo sinérgica entre o consumo de alcool e
a disfun¢ao metabolica ainda nao estao totalmente esclarecidos. Contudo, evidéncias indicam
que esse processo pode envolver efeitos combinados sobre a fungdo mitocondrial, aumento do
estresse oxidativo, indugdo da atividade do citocromo P450 (CYP) 2E1, ativacdo da imunidade
inata, estimulo as células estreladas hepaticas, alteragdes da microbiota intestinal e aumento da
permeabilidade da mucosa intestinal. Adicionalmente, alteracdes no metabolismo dos acidos
biliares e lipidico, bem como a disfung¢do adipocitaria, que resulta em intensificacdo da lipdlise
e maior liberagdo de mediadores pro-inflamatorios, também parecem contribuir para esse
quadro (ACIERNO, et al., 2022; ABERG et al., 2023). Evidéncias provenientes de estudos em
humanos demonstraram que a intoxicagdo alcodlica induz modificagdes rapidas no perfil de
lipidios circulantes, sendo que tais efeitos sobre o metabolismo lipidico e a lipotoxicidade sao
exacerbados na presenca de MAFLD (ISRAELSEN et al., 2021; SOGABE, et al., 2023).

O tratamento da SM envolve, prioritariamente, mudangas no estilo de vida, como
adogao de dieta equilibrada, pratica regular de atividade fisica e abandono de habitos nocivos,
aliados a terapia farmacologica direcionada a cada componente da sindrome. Entretanto, a
adesdo a essas medidas ¢ frequentemente baixa, em parte devido a dificuldade de manutencao
de habitos saudéaveis a longo prazo, a polifarmacia e aos efeitos adversos associados ao uso
continuo de medicamentos (ALAWDI et al., 2024; GRUNDY, 2016). Além disso, a abordagem
farmacologica costuma focar em controlar individualmente os fatores de risco — como

hipertensdo, dislipidemia ou hiperglicemia — sem necessariamente reverter a fisiopatologia
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subjacente da SM (FAHED, 2022). Esses desafios ressaltam a necessidade de novas estratégias
terapéuticas mais seguras, acessiveis e capazes de atuar de forma integrada sobre os multiplos
aspectos da sindrome.

Por fim, embora as diretrizes recomendem a combinagdo de mudangas no estilo de vida
com terapias médicas para preven¢do e tratamento das doengas associadas a SM, existe um
descompasso entre as intervengdes propostas ¢ a realidade da atengdo primaria e das politicas
de saude publica. Essa lacuna contribui para a persisténcia de altas taxas de morbidade e
mortalidade associadas a sindrome (BRAUER et al., 2022).

Como alternativa terapéutica, o uso de plantas medicinais tem se mostrado relevante,
baseado no conhecimento empirico e tradicional transmitido por geracdes, que ainda hoje ¢
aplicado em muitas comunidades (FERREIRA et al., 2019; FISCHER; STUMPF; MARIOT,
2019). Segundo a OMS, cerca de 80% da populagdo em paises em desenvolvimento, como o
Brasil, utiliza medicamentos a base de extratos vegetais, sendo essa a Unica opgao terapéutica

para muitas comunidades (FERREIRA et al., 2019; SILVEIRA; BANDEIRA; ARRALIS, 2008).

2.1.2 Arrabidaea chica dos usos populares aos estudos farmacologicos

Embora o Brasil detenha grande biodiversidade, parte da sua flora ainda ¢ consumida
sem comprovacao cientifica adequada, o que pode levar a intoxicagdes e interagdes
medicamentosas indesejadas (JUNIOR; PINTO; MACIEL, 2005; VENDRUSCOLO; MENTZ,
2006). As praticas integrativas e complementares na Atengdo Bésica, que incluem o uso de
fitoterapicos, aproveitam esse recurso natural, de baixo custo e facil cultivo. Contudo, ¢é
necessaria maior orienta¢do aos usudrios para garantir um uso consciente, seguro e eficaz,
prevenindo riscos e potencializando beneficios (GOES; SILVA; CASTRO, 2019; IANK et al.,
2017).

O avango da pesquisa cientifica tem ampliado o conhecimento sobre o uso correto das
plantas, desde aspectos etnobotanicos e fitoquimicos até a comprovacao farmacoldgica, com o
objetivo de identificar propriedades terapé€uticas e seguranca (FERREIRA et al., 2019). O
principal foco desses estudos ¢ a descoberta de novos compostos bioativos e a formulacao de
fitoterapicos seguros e eficazes (ABAD; BERMEJO, 2007). Ademais, o interesse pelo uso de
plantas medicinais cresceu diante dos efeitos adversos frequentemente associados a fairmacos
sintéticos (SOUZA-MOREIRA; SALGADO; PIETRO, 2010).

Nesse contexto, a etnobotanica e a etnofarmacologia desempenham papel central na

exploragdo da biodiversidade, contribuindo para a identificagdo de compostos bioativos e
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promovendo o desenvolvimento tecnoldgico sustentavel dos recursos naturais (SALES;
SARTOR; GENTILLI, 2015).

A Amazodnia destaca-se como um dos biomas mais ricos em biodiversidade, entre as
plantas medicinais, a Arrabidaea chica (Humb. & Bonpl.) B. Verlot (popularmente conhecida
como “crajiru”, “pariri” ou “chica”), da familia Bignoniaceae, reconhecida pelo potencial na
producao de compostos fendlicos utilizados no tratamento de varias enfermidades. A espécie ¢
uma trepadeira lenhosa distribuida por toda a América tropical (Figura 1; DE SIQUEIRA et al.,

2022; DO NASCIMENTO et al., 2022).

Figura 1. Espécie adulta da Arrabidaea chica, com destaque para as folhas e flores.

Fonte: https://l1nq.com/zsE10

Diversos estudos identificaram flavonoides, antocianinas, taninos e fitoesterdis em
extratos das folhas de 4. chica, principalmente em plantas cultivadas fora da regido amazonica
(DEVIA etal., 2002; SIRAICHI et al., 2013). Embora sua eficécia e seguranc¢a ainda demandem
maiores comprovagdes cientificas, a planta ¢ amplamente utilizada na medicina tradicional,
com evidéncias de propriedades anti-inflamatorias e antimicrobianas nas folhas (MAFIOLETI
et al., 2013; MICHEL et al., 2015). Coelho et al. (2019) descreve a utilizacdo da A. chica na
tradicdo popular para tratar diversas enfermidades, dentre elas: doencas do sistema
cardiovascular, ginecolégicas e do trato urinario, doengas infecciosas e imunolégicas,
envenenamentos e outras.

De Souza et al. (2012) demonstraram atividade anti-inflamatoria do extrato das folhas
da A. chica em estudos in vitro, com inibi¢do do fator de transcricdo nuclear kappa B a 500

ng/mL, efeito semelhante ao da quercetina presente no solvente. A carajurina, uma 3-
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desoxiantocianidina, ¢ apontada como responsavel por essa inibi¢do, contribuindo para a agao
anti-inflamatoria observada in vivo (OLIVEIRA et al., 2009; ZORN et al., 2001).

Outras pesquisas destacam acdo antimicrobiana do extrato etandlico contra
Staphylococcus aureus (RIBEIRO, 2008) e atividade cicatrizante tanto in vitro, pela
estimulacdo do crescimento de fibroblastos (JORGE, 2008), quanto in vivo, em modelo de
cicatrizagdo de feridas cirtrgicas em ratos (JORGE et al., 2008). Além disso, extratos de A.
chica mostraram capacidade significativa para eliminar ERO e espécies reativas de nitrogénio
(ERN), sendo o extrato etandlico o mais rico em compostos fendlicos € com maior atividade
antioxidante (DE SIQUEIRA et al., 2022).

Estudos experimentais indicam ainda o potencial hepatoprotetor da planta. De Souza et
al. (2009) observaram que o extrato inibe a respira¢ao mitocondrial acoplada a fosforilagao de
adenosina difosfato, reduz taxas de controle respiratorio e aumenta a hidrolise de adenosina
trifosfato em mitocondrias isoladas, sugerindo influéncia no metabolismo hepatico. Medeiros
et al. (2011) demonstraram que o extrato hidroetanolico protege o figado de ratos contra lesdes
induzidas por tetracloreto de carbono (CCls), evidenciado pela redugdo das enzimas hepaticas
transaminases (aspartato e alanina aminotransferase) e bilirrubina, indicadores de integridade
celular.

Diante da elevada morbimortalidade associada a SM, da baixa adesdo aos tratamentos
farmacologicos convencionais, frequentemente acompanhados de efeitos adversos e custos
elevados e dos promissores resultados obtidos com plantas medicinais, além da caréncia de
modelos experimentais que associem multiplos fatores de risco com o uso de fitoterapicos, a
busca por novos agentes terapéuticos seguros, eficazes e acessiveis torna-se essencial.

Considerando a elevada morbimortalidade associada a sindrome metabdlica, as
limitagdes e efeitos adversos dos tratamentos convencionais, € o uso tradicional de A. chica
como recurso terapéutico, faz-se necessaria a investigacdo cientifica dos seus efeitos em
condi¢des metabolicas complexas. Assim, este trabalho se propde a avaliar o impacto do extrato
de A. chica sobre parametros hepaticos, renais e lipidicos em um modelo pré-clinico de
sindrome metabolica induzida por diabetes, dislipidemia e consumo de alcool em ratos,

buscando validar e ampliar o conhecimento sobre seu potencial terapéutico e seguranca.



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341

30

1.3 Referéncias

ACIERNQO, et al. Alcohol consumption and liver metabolism in the era of MASLD: Integrating
Nutritional and Pathophysiological Insights. Nutrients, v. 17, p. 222, 2025.

ABAD, M. J.; BERMEJO, P. Baccharis (Compositae): uma atualizagdo de revisdo. Arkivoc,
v. 7, p. 76-96, 2007.

ABERG, F. et al. Alcohol consumption and metabolic syndrome: clinical and epidemiological
impact on liver disease. Journal Hepatology, v. 78(1), p. 191-206, 2023.

ALAWDI, S. H. et al. Metabolic syndrome and pharmacotherapy outcomes in patients with
type 2 diabetes mellitus. Frontiers in Clinical Diabetes and Healthcare, v. 5, p. 1380244,
2024.

AMARAL, R. R. et al. Biological activities of Arrabidaea chica (Bon-pl.) B. Verl. leaves.
Latin American Journal of Pharmacy, v. 31(3), p. 451- 455, 2012.

ARSHADI, M. et al. The association between alcohol and metabolic syndrome: a systematic
review and meta-analysis. Diabetology & Metabolic Syndrome, v. 17, p. 250, 2025.
BORGES NETO, J. de S. et al. Frequéncia de sindrome metabdlica em estudantes de uma
universidade publica brasileira. Research, Society and Development, v. 10, n. 12, p.
€37101219802, 2021.

BRAUER, P. et al. Modified delphi process to identify research priorities and measures for
adult lifestyle programs to address type 2 diabetes and other cardiometabolic risk conditions.
Canadian Journal of Diabetes, v. 46, p. 411-418, 2022.

CIFUENTES, M. et al. Low-Grade Chronic Inflammation: A Shared Mechanism for Chronic
Diseases. Physiology, v. 40, p. 4-25, 2024.

COELHO, F. C. et al. Traditional plants used by remaining healers from the region of Grande
Dourados, Mato Grosso do Sul, Brazil. Journal of Religion and Health, v. 58,2, p. 572-588,
2019.

DE SIQUEIRA, F. C. et al. Capacidade de eliminagao de extratos de folhas de Arrabidaea chica
da Amazonia contra ROS e RNS de relevancia fisiologica e alimentar. Antioxidantes, v. 11(10)
p- 1909, 2022.

DE SIQUEIRA VALADARES, L. T. et al. Prevaléncia de sindrome metabolica em adultos
brasileiros nos ultimos 10 anos: uma revisao sistematica e meta-analise. BMC Saude Publica,
v. 22, p. 327 2022.

DE SOUZA, A. S. et al. Efeitos do extrato de Arrabidaea chica no metabolismo energético do
figado de ratos. Biologia Farmacéutica, v. 47(2), p. 154-161, 2009.



342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

31

DE SOUZA, A. S. et al. Arrabidaea chica (Humb. & Bonpl.). Revista Fitos, v.7(4), p. 236-
244,2012.

DEVIA, B. et al. New 3-deoxyanthocyanidins from leaves of Arrabidaea chica. Phytochemical
analysis. International Journal of Plant Chemical and Biochemical Techniques, v. 13, p.
114-120, 2002.

DHONDGE, R H. et al. A Comprehensive review of metabolic syndrome and its role in
cardiovascular disease and type 2 diabetes mellitus: Mechanisms, risk factors, and
management. Cureus, v. 16(8), p. €67428, 2024.

DO NASCIMENTO, J. R. et al. Uma revisdo das propriedades fitoquimicas e farmacoldgicas
do género Arrabidaea. Farmaceéutica, v. 15(6), p. 658, 2022.

FAHED, G. te al. Metabolic syndrome: updates on pathophysiology and management in 2021.
International Journal of Molecular Sciences, v. 23(2), p. 786, 2022.

FALUDI, A. A. et al. Atualizagdo da diretriz brasileira de dislipidemias e prevencdo da
aterosclerose — 2017. Arquivos Brasileiros de Cardiologia, v. 109, p.1-76, 2017.
FERREIRA, E. T. et al. The use of medicinal and phytotherapy plants: an integrational review
on the nurses' performance. Brazilian Journal of Health Review, v. 2, p. 1511-1523, 2019.
FISCHER, C. H.; STUMPF, E. R. T.; MARIOT, M. P. A constru¢do de uma pratica pedagogica
a partir do conhecimento familiar sobre plantas medicinais. Revista Educar Mais, v. 3, p. 56-
68. 2019.

FREEMAN, A. M.; ACEVEDO, L.A.; PENNINGS, N. Insulin Resistance. StatPearls
Publishing, 2025.

GANGIREDDY, V. G. R. et al. Hepatic fibrosis and steatosis in metabolic syndrome. Journal
of Obesity & Metabolic Syndrome, v. 31,1, p. 61-69, 2022.

GIROUSSE, A. et al. Partial inhibition of adipose tissue lipolysis improves glucose metabolism
and insulin sensitivity without alteration of fat mass. PLoS Biol, v. 11 (2), p. e1001485, 2013.
GODOY-MATOS, A. F.; SILVA JUNIOR, W. S.; VALERIO, C. M. DHGNA como um
continuum: da obesidade a sindrome metabolica e ao diabetes. Diabetology & Metabolic
Syndrome, v. 12, p. 60, 2020.

GOES, A. C. C.;SILVA, L. S. L.; CASTRO, N. J. C. Uso de plantas medicinais e fitoterapicos:
saberes e atos na aten¢do primdria a satide. Revista de Atencao a Saude, v. 17, p. 53-61, 2019.
GRUNDY, S. M. Metabolic syndrome update. Trends in Cardiovascular Medicine, v.
26(4), p. 364-373, 2012.



374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404

32

HERNANDEZ-RUBIO A. et al. Prevaléncia e associacdes da sindrome metabdlica em
pacientes com transtorno por uso de alcool. International Journal of Scientific Reports, v.
12(1) p. 2625, 2022.

IANK, M. A. et al. Conhecimento e uso de plantas medicinais por usudrios de unidades bésicas
de saude na regido de Colombo-PR. Revista Satide e Desenvolvimento, v. 11, p. 29-30, 2017.
ISRAELSEN, M. et al. Comprehensive lipidomics reveals phenotypic differences in hepatic
lipid turnover in ALD and NAFLD during alcohol intoxication. JHEP reports: innovation in
hepatology, v. 3, p. 100325, 2021.

JHA, B. K. et al. Progress in understanding metabolic syndrome and knowledge of its complex.
Pathophysiology. Diabetology, v. 4, p. 134-159, 2023.

JORGE, M.P. Atividade cicatrizante do extrato bruto de Arrabidaea chica (Humb. &
Bonpl.) Verlot. 2008. Dissertacdo (Mestrado em clinica Médica na area de Ciéncias Bésicas) -
Faculdade de Ciéncias Médicas - UNICAMP, Campinas, 2008.

JORGE, M.P.; et al. Evaluation of wound healing properties of Arrabidaea chica Verlot extract.
Journal of Ethnopharmacology, v 118, p. 361-366, 2008.

JUNIOR, V. F. V.; PINTO, A. C.; MACIEL, M. A. M. Plantas medicinais: cura segura.
Quimica Nova, v. 28, p. 519-528, 2005.

LEE, S. W.,JANG S. . Association of alcohol drinking patterns with metabolic syndrome and
its components in korean adults: The Korea national health and nutrition examination survey
2016-2018. International Journal of Environmental Research and Public Health, v. 18, p.
6433, 2021.

LIMA, M. C. et al. Alcohol consumption pattern and coronary heart disease risk in metropolitan
Sao Paulo: analyses of genacis project. Revista Brasileira Epidemiologia. v. 16, p. 49-57,
2013.

MAFIOLETI, L. et al. Evaluation of the toxicity and antimicrobial activity of hydroethanolic
extract of Arrabidaea chica (Humb. & Bonpl.) B. Verl. Journal Ethnopharmacology, v.
150(2), p. 576-582, 2013.

MARTINEZ, M. P. et al. Sindrome metabélico en adultos: Revision narrativa de la literatura.
Archivos de Medicina, v. 17, p. 4, 2021.

MEDEIROS, B. J. L. et al. Liver protective activity of a hydroethanolic extract of Arrabidaea
chica (Humb. and Bonpl.) B. Verl. (pariri). Pharmacognosy Research, v. 3(2), p. 79-84, 2011.



405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437

33

MESQUITA, C. T.; KER, W. S. Cardiovascular risk factors in cardiologists certified by the
brazilian society of cardiology: Lessons to be learned. Arquivos Brasileiros de Cardiologia,
v. 116(4), p. 782-783, 2021.

MICHEL, A. F. et al. Evaluation of anti-inflammatory, antiangiogenic and antiproliferative
activities of Arrabidaea chica crude extracts. Journal Ethnopharmacology, v. 165, p. 29-38,
2015.

NASCIMENTO, B. R. et al. Epidemiologia das doencas cardiovasculares em paises de lingua
portuguesa: Dados do "Global Burden of Disease", 1990 a 2016. Arquivos Brasileiros de
Cardiologia, v. 110, p. 500-511, 2018.

NOGUEIRA DE SA, A. C. M. G. et al.. Prevaléncia e fatores associados ao diagndstico
autorreferido de colesterol alto na populagdo adulta brasileira: Pesquisa Nacional de Saude
2019. Epidemiologia e Servicos de Saude, v. 31, p. €2021380, 2022.

NOUBIAP, J. J. et al. Global, regional, and country estimates of metabolic syndrome burden
in children and adolescents in 2020: a systematic review and modelling analysis. Lancet Child
Adolesc Health, v. 6, p.158-170, 2022.

OBEIDAT, A. A. et al. Developmental Trends of Metabolic Syndrome in the Past Two
Decades: A Narrative Review. Journal of Clinical Medicine, v. 14(7), p. 2402, 2025.
OLIVEIRA, D. P. C. et al. Atividade antiinflamatoria do extrato aquoso de Arrabidaea chica
(Humb. & Bonpl.) B. Verl. sobre o edema induzido por venenos de serpentes amazonicas.
Revista Brasileira Farmacognosia, v. 19, p. 643-649, 2009.

OPAS (Organizagdo Panamericana de Saude). Doengas Cardiovasculares. Organizac¢io
Panamericana de Saude Brasil, 2017. Disponivel em:

https://www.paho.org/bra/index.php?option=com content&view=article&id=5253:doencas-

cardiovasculares&Itemid=1096.

PARK, Y. S. et al. Association between lifestyle factors and the risk of metabolic syndrome in
the South Korea. Scientific Reports, v. 12, p. 13356, 2022.

PASSAGLIA, L. G. et al. Estatisticas cardiovasculares do programa boas praticas em
cardiologia — Dados de um hospital publico tercidrio brasileiro. Arquivos Brasileiros de
Cardiologia, v. 120(2), p. €20220247, 2023.

PEDROSO, R. DOS S.; ANDRADE, G.; PIRES, R. H.. Plantas medicinais: uma abordagem
sobre o uso seguro e racional. Physis: Revista de Satide Coletiva, v. 31, p. €310218, 2021.
PRECOMA, D. B. et al. Updated cardiovascular prevention guideline of the brazilian society
of cardiology - 2019. Arquivos Brasileiros de Cardiologia, v. 113(4), p. 787-891, 2019.


https://www.paho.org/bra/index.php?option=com_content&view=article&id=5253:doencas-cardiovasculares&Itemid=1096
https://www.paho.org/bra/index.php?option=com_content&view=article&id=5253:doencas-cardiovasculares&Itemid=1096
https://www.paho.org/bra/index.php?option=com_content&view=article&id=5253:doencas-cardiovasculares&Itemid=1096
https://www.paho.org/bra/index.php?option=com_content&view=article&id=5253:doencas-cardiovasculares&Itemid=1096

438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469

34

RAHMAN, M. M. et al. Metabolic syndrome: an updated review on diagnosis and treatment
for primary care clinicians. Cureus, v. 16, p. €560891, 2024.

RAMOS, M. C. F. Sindrome metabolico: revision de la literatura. Medicina & Laboratorio,
v.26,n. 1, p. 47-62, 2022.

RIBEIRO, A. F. C. et al. Effect of Arrabidaea chica extracts on the ehrlich solid tumor
development. Revista Brasileira de Farmacognosia, v. 22(2), p. 364-373, 2012.

RIBEIRO, C. M. Avaliacdo da atividade antimicrobiana de plantas medicinais. 2008.
Dissertagao de Mestrado. Instituto de Ciéncias da Saude. Universidade Federal do Para —
UFPA, Belém, 2008.

ROCHLANI, Y. et al. Metabolic syndrome: pathophysiology, management, and modulation by
natural compounds. Therapeutic advances in cardiovascular disease, v. 11, p. 215-225,
2017.

SAKBOONYARAT, B.; RANGSIN, R.; MITTLEMAN, M.A. Incidence and risk factors of
metabolic syndrome among Royal Thai Army personnel. Scientific Reports, v. 12, p. 15692,
2022.

SALES, M. D. C.; SARTOR, E. de B.; GENTILLI, R. M. L. Etnobotanica e etnofarmacologia:
medicina tradicional e bioprospecc¢ao de fitoterapicos. Salus Journal Health Sciences, v. 1, p.
17-26, 2015.

SAMSON, S. L., GARBER, A. J. Metabolic syndrome. Endocrinology and metabolism
clinics of North America, v. 43, p. 1-23, 2014.

SANTOS-DE-ARAUJO, A. D. et al. Tradugdo, adaptagdo transcultural e validagio do
questionario health and self-management in diabetes (HASMID-10) para o portugués brasileiro.
Revista Médica Paulista, v. 142(1), p. €2022681, 2024.

SARAH MATHEW, M. et al. Exploration of the reasons for poor adherence among metabolic
syndrome patients attending a tertiary care hospital in Tamil Nadu, India: A mixed method
study. Cureus, v. 16,11, p. €74753, 2024.

SCHILD B. Z.; SANTOS L. N.; ALVES M. K. Doenca hepatica gordurosa nao alcoodlica e sua
relacdo com a sindrome metabdlica no pré-operatorio de pacientes submetidos a cirurgia
bariatrica. Revista Associacao Medica Brasileira, v. 59(2), p. 155-60, 2013.

SILVA-SILVA, J. V. et al. Carajurin: a anthocyanidin from Arrabidaea chica as a potential
biological marker of antileishmanial activity. Biomedicine & Pharmacotherapy, v. 141, p.

111910, 2021.



470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501

35

SILVEIRA, P. F.; BANDEIRA, M. A. M.; ARRAIS, P. S. D. Farmacovigilancia e reacdes
adversas as plantas medicinais e fitoterapicos: uma realidade. Revista Brasileira de
Farmacognosia, v. 18, p. 618-626, 2008.

SINGH, B.; JIALAL, 1. Metabolic syndrome. Stat Pearls Publishing; 2024.

SIRAICHI, J. T. G. et al. Antioxidant capacity of the leaf extract obtained from Arrabidaea
chica cultivated in southern Brazil. PLoS One, v. 8, p. €72733, 2013.

SOGABE, et al. Influence of alcohol on newly developed metabolic dysfunction-associated
fatty liver disease in both sexes: A longitudinal study. Clinical nutrition, v. 42, p. 5, 2023.
SOUTO BATISTA, L. C. et al. Sindrome metabdlica: Uma perspectiva holistica para a satide
cardiometabolica. Brazilian Journal of Implantology and Health Sciences, v. 7, p. 1466—
1474, 2025.

SOUZA-MOREIRA, T. M.; SALGADO, H. R. N.; PIETRO, R. C. L. R. O Brasil no contexto
de controle de qualidade de plantas medicinais. Revista Brasileira de Farmacognosia, v. 20,
p. 435-440, 2010.

SULIGA, E. et al. Consumption of alcoholic beverages and the prevalence of metabolic
syndrome and its components. Nutrients, v. 11, p. 2764, 2019.

SWARUP, S. et al. Metabolic syndrome. StatPearls, 2025.

TEHSEEN, L. et al. Antidiabetic and hepato-renal protective effects of medicinal plants in STZ
induced diabetic rats. Brazilian Journal of Biology, v. 84, p. €260189, 2024.

VARGAS, M. et al. Metabolic disease and the liver: A review. World Journal of Hepatology,
v. 16,1, p. 33-40, 2024.

VENDRUSCOLO, G. S.; MENTZ, L. A. Levantamento etnobotanico das plantas utilizadas
como medicinais por moradores do bairro Ponta Grossa, Porto Alegre, Rio Grande do Sul,
Brasil. Theringia. Série Botanica, v. 61, p. 83-103, 2006.

WHO (World Health Organization). Global action plan for the prevention and control of
noncommunicable diseases 2013-2020. World Health Organization, 2013.

WHO (World Health Organization). Global health risks: mortality and burden of disease
attributable to selected major risks. World Health Organization, 2009.

WHO (World Health Organization). Global status report on alcohol and health. World Health
Organization, 2014.

XU, H. et al. Etiology of metabolic syndrome and dietary intervention. International Journal

of Molecular Sciences, v. 20, p. 128, 2018.



502
503
504
505
506
507
508
509

36

YANG, M. et al. The status of oxidative stress in patients with alcohol dependence: A meta-
Analysis. Antioxidants, v. 11, p.1919, 2022.

YUSUF, S. et al. Effect of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control study. The Lancet, v. 364,
p. 937-52, 2004.

ZORN, B. et al. 3-Desoxyanthocyanidins from Arrabidaea chica. Phytochemistry, v. 56, p.
831-835, 2001.



510
511
512
513
514

37

1.4 Objetivo

Investigar a toxicidade e os efeitos do tratamento com o extrato de Arrabidaea chica

sobre parametros hepaticos, renais e lipidicos em ratos submetidos a um modelo pré-clinico de

sindrome metabdlica induzida por diabetes, dislipidemia e consumo de alcool.
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Abstract

Ethnopharmacological relevance: Arrabidaea chica is a medicinal plant traditionally used in
the Amazon region for treating inflammatory, metabolic, and liver disorders. Aim of the study:
This study aimed to evaluate the safety and therapeutic efficacy of 4. chica extract in a
multifactorial rodent model of metabolic syndrome combining diabetes, dyslipidemia, and
chronic alcohol intake. Materials and methods: Acute oral toxicity was evaluated in rodents
at doses up to 2000 mg/kg, monitoring mortality, behavioral changes, and biochemical,
hematological, and histopathological parameters. For efficacy, male Wistar rats were subjected
to a combined protocol inducing diabetes, dyslipidemia, and chronic alcohol intake for 5 weeks.
A. chica extract was administered orally at 30 mg/kg daily for 2 weeks. Metabolic parameters
measured included plasma glucose, total cholesterol, triglycerides, liver enzymes (AST, ALT),
renal biomarkers, and organ weights. Histopathological examination of liver and kidney tissues
was performed to assess morphological changes and lipid accumulation. Results: No mortality
or adverse effects were observed in toxicity testing. Treatment with 4. chica significantly
normalized plasma glucose and lipid levels, reduced hepatic steatosis, and restored renal
function markers. Notably, 4. chica fully normalized AST and ALT levels, whereas simvastatin
failed to restore these enzymes. Histological analyses confirmed hepatoprotective and
nephroprotective effects with preserved tissue architecture and reduced lipid accumulation.
Conclusion: These findings validate its traditional use and highlight 4. chica as a promising,
safe, multi-target phytotherapeutic candidate for metabolic syndrome management. Further
studies are needed to elucidate mechanisms and clinical applicability.

Keywords: Alcohol-induced metabolic disorders, diabetes, dyslipidemia, hepatoprotection,

hypolipidemic effect, nephroprotection.
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1. Introduction

Metabolic syndrome is a complex cluster of metabolic disorders characterized by insulin
resistance, hyperglycemia, dyslipidemia, central obesity, and hypertension, and is recognized
as a major risk factor for cardiovascular diseases and type 2 diabetes (Souto Batista et al., 2025;
Swarup, 2024). The global prevalence of metabolic syndrome is increasing, driven by multiple
risk factors such as poor diet, physical inactivity, excessive alcohol consumption, and genetic
predisposition, highlighting the urgent need for integrated therapeutic strategies to manage this
condition (Grundy, 2016).

Rodent models that mimic metabolic syndrome by simultaneously inducing diabetes,
dyslipidemia and alcohol consumption are essential tools for investigating underlying
pathophysiological mechanisms and evaluating potential therapeutic agents. However, most
existing models induce only one or a few risk factors in isolation, limiting the understanding of
the complex interactions present in human metabolic syndrome (Wong et al., 2016; Ionita et
al., 2024). The development of a novel animal model combining multiple risk factors such as
diabetes, dyslipidemia, and chronic alcohol intake, represents a significant advancement in
preclinical research, allowing for a more accurate simulation of the clinical complexity of
metabolic syndrome and a more realistic assessment of natural product efficacy.

Arrabidaea chica (Humb. & Bonpl.) B. Verlot, known as ‘crajiru’, “pariri’, or ‘chica’,
is a woody vine of the Bignoniaceae family widely distributed across tropical Americas,
particularly in the Amazon (De Siqueira et al., 2022; Do Nascimento et al., 2022). It occupies
a prominent role in traditional medicine among Indigenous and local communities, being used
to treat a broad spectrum of ailments such as skin wounds, inflammation, gastrointestinal
disorders, anemia, and cardiovascular diseases (Mafioletti et al., 2013; Michel et al., 2015).
Ethnobotanical studies document that infusions of its leaves are commonly employed for
wound healing, intestinal colic, blood disorders, and leukemia (Lorenzi & Matos, 2008), while
preparations from the whole plant address cardiovascular, gynecological, urinary tract diseases,
infections, and poisoning (Coelho et al., 2019). Additionally, the plant’s distinctive reddish
pigment, mainly due to anthocyanins like carajurina, confers cultural and ritual significance,
serving as body paint or in ceremonies among some Indigenous groups (Chapman et al., 1927).

Phytochemical investigations have identified flavonoids, tannins, anthocyanins, and
phytosterols as the main bioactive constituents, with documented antioxidants, anti-
inflammatory, antimicrobial, and hepatoprotective properties (Devia et al., 2002; Michel et al.,

2015). Experimental studies demonstrate that extracts of 4. chica can inhibit pro-inflammatory
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pathways such as NF-xB and stimulate fibroblast proliferation aiding wound repair (Ribeiro et
al., 2012; Zorn et al., 2001) and protect hepatic tissue against chemical-induced injury (De
Souza et al., 2012; Medeiros et al., 2011).

Despite extensive ethnopharmacological evidence and preliminary pharmacological
findings, there is a paucity of studies investigating the therapeutic potential of A. chica in
multifactorial metabolic disorders. Therefore, the present study aims to rigorously evaluate the
pharmacological effects of A. chica extract using a novel rat model of metabolic syndrome
induced by diabetes, dyslipidemia, and chronic alcohol consumption, thereby contributing to
the scientific validation of its traditional applications and providing foundational data to support

its development as a phytotherapeutic agent for metabolic syndrome.

2. Material and Methods
2.1.  Preparation of Arrabidaea chica

Leaves of Arrabidaea chica were collected from the medicinal plant garden of Federal
University of Grande Dourados (UFGD) in Dourados, MS, in May 2022. The leaves were
cleaned and dried in a forced air circulation oven at 35 °C for 3 days. From the dried and
powdered plant material, the aqueous extract was prepared through infusion. The infusion was
prepared with 100 g of dried and powdered plant material to 1 L of chlorinated water at boiling
point. The extraction took place for a period of 5 to 6 hours, until reaching room temperature
(25 °C) (Coelho et al., 2019). Subsequently, the infusion was treated with three volumes of
ethanol to precipitate proteins and polysaccharides, allowing separation between the precipitate
and the ethanolic supernatant. The supernatant was then concentrated and lyophilized (Barbosa

et al., 2020). The final extract was stored frozen at -20 °C until further use.

2.1.1. Toxicological studies of Arrabidaea chica
2.1.2. Acute toxicity evaluation
2.1.2.1. Animals

Male Wistar rats (200-250 g) obtained from the State University of Ponta Grossa
(UEPG, Brazil) were utilized to evaluate the toxicological profile of Arrabidaea chica extract.
Animals were maintained in the Cardiometabolic Pharmacology Laboratory at the Federal
University of Parand (UFPR), housed in controlled conditions with unrestricted access to
standard chow and water. The environmental parameters were carefully regulated, maintaining

an ambient temperature of 22 + 2 °C, relative humidity at 50 + 10%, and a 12-hour light/dark
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cycle. Enrichment strategies were implemented to promote animal welfare throughout the
experimental period. All experimental procedures conformed to the ethical guidelines
established by the Brazilian National Council for the Control of Animal Experimentation
(CONCEA) and adhered to the ARRIVE standards for in vivo research reporting (Percie du
Sert et al., 2020). The Institutional Animal Care and Use Committee of UFPR approved the

protocol under number 1536.

2.1.2.2. Experimental design

Acute toxicity evaluation followed the OECD guideline 423 (2001). Male Wistar rats
(n = 6) were fasted for 8 hours prior to receiving a single oral administration of A. chica extract.
Given the lack of previous toxicological data for this extract, an initial dose of 300 mg/kg was
chosen. Subsequent dosing was adjusted based on observed clinical signs of toxicity or survival
outcomes. The assessment proceeded until one of the following criteria was met: (i)
manifestation of significant toxic effects; (i1) occurrence of mortality; (iii) absence of adverse
effects at the highest administered dose; or (iv) deaths observed at the lowest tested dose. A
basal control group (n = 5) received only the vehicle (filtered water) under identical

experimental conditions.

2.1.2.3. Assessment of clinical signs

After oral administration of the 4. chica extract, animals were closely monitored at
specific intervals: during the first 30 minutes, followed by assessments at 1, 2, 3, and 4 hours
post-treatment. Observations included evaluation of behavioral and clinical parameters such as
grooming, piloerection, respiratory distress, abdominal contractions, diarrhea, lethargy,
impaired coordination, sedation, coma, and mortality. Once the initial 4-hour period concluded,
animals were given unrestricted access to food and water. Thereafter, daily monitoring was
conducted over a 14-day period to detect any delayed clinical manifestations or mortality (Silva

et al., 2022).

2.1.2.4. Euthanasia, material collection and analysis

On the 15th day, after a 12-hour fasting period, the animals were euthanized by
anesthetic overdose using 20% isoflurane in a sealed chamber. Blood was collected by
decapitation for subsequent hematological and biochemical analyses. Serum glucose was

quantified with a glucometer (Accu-Chek Active®, Roche, Mannheim, Germany).
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Hematological assessments included red blood cell count, total and differential leukocyte
counts. Biochemical parameters such as serum cholesterol, triglycerides, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), urea, and creatinine were measured
using a semi-automated analyzer along with commercial assay kits. The liver, spleen, heart, and
kidneys were carefully excised, rinsed with saline, and weighed on an analytical balance.
Relative organ weights were calculated as the ratio of organ weight to body weight multiplied
by 100 (%). Tissue samples from these organs were fixed in 10% buffered formalin, processed
according to standard histological protocols, embedded in paraffin, and sectioned. Sections
were stained with hematoxylin and eosin (H&E) and examined under a Leica DM 2500® light
microscope by a veterinary pathologist to evaluate possible morphological changes linked to

the treatment.

2.2. Pharmacological studies
2.2.1. Animals

Male Wistar rats weighing between 200 and 250 g were sourced from the Central
Animal Facility at the Federal University of Parand (UFPR) and housed in the Laboratory of
Cardiometabolic Pharmacology's animal facility. The animals were kept under controlled
environmental conditions, including a temperature of 22 + 2 °C, relative humidity of 50 + 10%,
and a 12-hour light/dark cycle, with environmental enrichment provided. Food and water were
available ad libitum, and all experimental procedures took place during the light phase. Subjects
were randomly allocated into experimental groups consisting of 6 to 7 animals each. Sample
sizes were established based on prior research using similar protocols, while also considering
the 3Rs principles (Replacement, Reduction, and Refinement) to optimize animal use (Percie
du Sert et al., 2020; Amaral et al., 2022; Auth et al., 2022; Albuquerque et al., 2023; Silva et
al., 2024). Weekly body weight measurements were taken using an analytical scale. The study
was conducted under the approval of the Institutional Animal Care and Use Committee of
UFPR (protocol number 1536) and adhered strictly to both national and international
regulations, including compliance with ARRIVE guidelines (Percie du Sert et al., 2020).

2.2.2. Experimental design and treatments
The metabolic syndrome model employed in this study was established by combining
multiple risk factors, including diabetes, dyslipidemia, and chronic alcohol intake. Diabetes was

induced by a single intraperitoneal injection of streptozotocin (60 mg/kg) dissolved in 10 mM
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citrate buffer (pH 4.5) following a 12-hour fasting period (Souza et al., 2020; Vit et al., 2002).
Blood glucose levels were assessed from tail vein samples using an Accu-Chek Active®
glucometer (Roche) three days after streptozotocin administration. Animals with glycemia >
250 mg/dL were classified as diabetic. Dyslipidemia was induced by feeding a cholesterol-
enriched diet (0.5%) for five weeks, prepared by mixing 150 g of standard chow with one egg
yolk, 13.5 mL of corn oil, and water. The mixture was dried in a laboratory oven at 50°C for
36 hours and stored in vacuum-sealed bags. Each 150 g portion contained approximately 225
mg cholesterol, 1.8 g saturated fat, 2.16 g monounsaturated fatty acids, and 0.72 g
polyunsaturated fatty acids (Silva et al., 2024). Additionally, animals had free access to a liquid
diet containing 5% ethanol, following the protocol by Livero et al. (2016). During the final two
weeks, animals were treated by oral gavage with either filtered water (negative control group
[C-]), A. chica extract at doses of 30, 100, or 300 mg/kg, or a combination of simvastatin (2.5
mg/kg) and insulin (6 IU) administered subcutaneously (SIM+INSU group). A basal control
group of normoglycemic, normolipidemic rats not exposed to ethanol received only filtered

water.

2.2.3. Euthanasia, sample collection and biochemical analysis

At the conclusion of the treatment period, after a 12-hour fasting interval, the animals
were euthanized via anesthetic overdose using 20% isoflurane in a sealed chamber. Blood was
collected through decapitation for biochemical analyses. Serum glucose concentrations were
measured using a glucometer (Accu-Chek Active®, Roche, Mannheim, Germany). Plasma
levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol,
triglycerides, urea, and creatinine were quantified by colorimetric enzymatic methods
employing a semi-automated analyzer (Global Analyzer® model GTA-300, Calgary, AB,
Canada). The liver was excised, weighed using an analytical balance, and processed
accordingly. Portions of the organ were fixed for histopathological analysis, while the

remaining tissue samples were stored at —20°C for subsequent assays assessing lipid profiles.

2.2.4. Measurement of hepatic cholesterol and triglycerides

Liver samples were freeze-dried and subjected to lipid extraction via a gravimetric
technique as described by Livero et al. (2016). For extraction, samples were combined with
hexane in a 1:10 ratio (sample to solvent) and incubated at 80°C for 2 hours. The resulting

supernatant was collected in a vial and allowed to evaporate at ambient temperature. This
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extraction was performed in triplicate to maximize lipid yield. The lipid content was then
calculated as a percentage using the formula:
Lipid (%) = 100 x (final vial weight / initial vial weight) / 0.1 g.
The recovered lipids were weighed and dissolved in a mixture of 1 mL chloroform and
2 mL isopropanol. Concentrations of cholesterol and triglycerides were determined by

enzymatic colorimetric assays using an automated analyzer.

2.2.5. Histopathological analysis

Liver tissue samples were fixed in 10% buffered formalin, subjected to a graded
dehydration process using ethanol and xylene, then embedded in paraffin wax. Sections of 6
um thickness were cut and stained with hematoxylin and eosin (H&E) to assess cellular
morphology and tissue alterations, as well as with Sudan Black to evaluate lipid accumulation.
Microscopic analysis was performed using a Leica DM 2500® light microscope to detect
histopathological changes. Hepatic lesions were semi-quantitatively evaluated following the
criteria established by Kleiner et al. (2005), which classify ballooning and steatosis (both
microvesicular and macrovesicular) according to the extent of tissue involvement: 0 (absent),

1 (mild; 5-33%), 2 (moderate; 34—66%), and 3 (severe; 67—-100%).

2.3.  Statistical analysis

Prior to statistical analysis, data were evaluated for normality and homogeneity of
variance. Comparisons between groups were performed using one-way analysis of variance
(ANOVA), followed by Tukey’s post hoc test for multiple comparisons. Statistical significance
was set at p < 0.05. Results are expressed as mean + standard error of the mean (SEM). All
statistical analyses were conducted using GraphPad Prism software version 9.0 (GraphPad

Software, San Diego, CA, USA).

3. Results
3.1.  Safety assessment of Petiveria alliacea extract
3.1.1. Evaluation of clinical signs, relative organs and body weight of rats
Animals administered a single oral dose of A. chica extract at 300 mg/kg and 2000
mg/kg exhibited no behavioral or physiological alterations during the entire observation period

(from 30 minutes up to 14 days) compared to the untreated basal group (Table 1).



297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

48

Summarizes the body and organ weight data for all groups. Over the 14-day study
period, all animals exhibited a gradual increase in body weight. The basal group reached a final
mean weight of 328.60 + 13.57 g, while rats receiving 300 mg/kg and 2000 mg/kg of A. chica
extract attained 325.40 + 16.23 g and 325.80 + 5.89 g, respectively. Weight gain patterns were
comparable across groups, suggesting that extract administration did not interfere with normal
growth. No statistically significant differences were detected in body weight gain or in the
relative weights of key organs, including liver, spleen, heart, and kidneys, between treated and

basal groups (Table 2).

3.1.2. Biochemical serum parameters in Wistar rats treated with Arrabidaea chica extract
The biochemical evaluation of serum parameters in Wistar rats treated with 4. chica
extract revealed no statistically significant differences among the groups (Figure 1). Total
cholesterol levels ranged from 47.60 = 6.03 mg/dL in the basal group to 51.54 + 1.79 mg/dL
and 52.82 + 3.26 mg/dL in the 300 mg/kg and 2000 mg/kg groups, respectively (Figure 1A).
Triglyceride concentrations remained stable, with values of 54.20 + 3.14 mg/dL in the basal
group, 53.90 £+ 2.49 mg/dL in the 300 mg/kg group, and 47.95 £ 2.12 mg/dL in the 2000 mg/kg
group (Figure 1B). Similarly, hepatic enzyme activities showed no relevant variations. AST
values were 130.9 + 14.74 U/L in the basal group, 113.1 £ 10.28 U/L in the 300 mg/kg group,
and 122.0 £ 10.85 U/L in the 2000 mg/kg group (Figure 1C). ALT levels were 66.23 + 2.59
U/L, 61.30 = 1.52 U/L, and 62.88 + 3.78 U/L in the respective groups (Figure 1D). Renal
function markers also remained within physiological ranges, with no significant differences
observed. Serum urea levels were 31.10 + 0.87 mg/dL in the basal group, 32.94 + 2.29 mg/dL
in the 300 mg/kg group, and 30.50 £ 2.78 mg/dL in the 2000 mg/kg group (Figure 1E). Serum
creatinine values were similar across groups, ranging from 0.4750 £ 0.0479 mg/dL to 0.4833 +

0.0601 mg/dL (Figure 1F).

3.1.3. Hematological profile of rats treated with Arrabidaea chica extract

Hematological evaluation revealed no evidence of systemic hematotoxicity associated
with A. chica extract administration at any tested dose. Red blood cell parameters, including
total erythrocyte count, hemoglobin concentration, and hematocrit values, remained statistically
similar across all experimental groups when compared to the basal group, indicating preserved
erythropoietic function. Likewise, white blood cell counts showed no significant variations,

suggesting the absence of extract-induced inflammatory or immunosuppressive effects.
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Differential leukocyte analysis demonstrated stable proportions of neutrophils, lymphocytes,
monocytes, eosinophils, and basophils, with no dose-dependent trends. Platelet counts and
mean platelet volume also remained unaltered, further supporting the hematological safety of

the extract.

3.2.5. Arrabidaea chica does not induce hepatic, cardiac and renal cellular alterations
Microscopic evaluation of liver, spleen, heart, and kidney tissues from rats treated with
A. chica extract at 300 mg/kg and 2000 mg/kg doses revealed preserved normal histological
features comparable to those observed in the basal control group (Figure 2). Liver sections
showed hepatocytes arranged in typical cords with intact cytoplasm and nuclei, without any
indication of fat accumulation, inflammatory infiltration, cell swelling, or necrotic changes. The
splenic architecture remained unaltered, displaying well-defined white and red pulp regions
without lymphocyte depletion or tissue disruption. Cardiac muscle fibers appeared normal, with
no signs of structural disorganization, inflammatory presence, or fibrosis. Kidney histology
demonstrated well-preserved glomerular and tubular structures, lacking evidence of necrosis,

edema, or inflammatory cell infiltration.

3.2.  Pharmacological effects of Arrabidaea chica extract
3.2.1. Arrabidaea chica extract displayed partial glycemic control and lipid-lowering effects
The concomitant induction of diabetes, dyslipidemia, and alcohol intake resulted in
marked metabolic disturbances. Plasma glucose levels (Figure 3A) significantly increased in
the untreated disease model group (C—: 448.60 + 18.31 mg/dL) compared with the healthy
control group (Basal: 115.3 +3.75 mg/dL). Treatment with A. chica extract at 30 mg/kg (305.70
+ 24.42 mg/dL) and 100 mg/kg (359.50 £ 16.01 mg/dL) partially reduced glycemia, whereas
the 300 mg/kg dose (408.10 = 17.60 mg/dL) showed no significant improvement. Complete
normalization of glucose was observed only in the SIM+INSU group (165.30 + 16.21 mg/dL).
Regarding lipid metabolism, plasma total cholesterol (Figure 3B) rose from 58.57 + 4.01
mg/dL in the basal group to 610.30 + 22.29 mg/dL in the C— group, and triglycerides (Figure
3C) increased from 58.71 + 4.25 mg/dL to 537.30 + 8.79 mg/dL. Hepatic cholesterol (Figure
3D) and triglycerides (Figure 3E) also significantly increased, from 29.57 + 3.26 mg/dL and
27.90 + 3.50 mg/dL in the basal group to 108.80 + 4.53 mg/dL and 211.70 + 20.70 mg/dL,
respectively, in the C— group. Treatment with 30 mg/kg of A. chica and SIM+INSU fully
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normalized both plasma and hepatic lipid profiles, while intermediate doses (100 mg/kg and

300 mg/kg) promoted only partial improvements

3.3.2.  Arrabidaea chica demonstrates significant hepatic protective properties

After metabolic syndrome induction, the C- group showed a significant increase in
relative liver weight (5.29 + 0.18%) compared to the basal group (3.01 + 0.06%). Treatment
with A. chica at 30 mg/kg and the combination therapy of simvastatin plus insulin (SIM+INSU)
fully reversed the liver weight increase, with values comparable to the basal group. The 100
mg/kg dose of A. chica produced a partial reversal, while the 300 mg/kg dose did not
significantly alter liver weight compared to the C— group (Figure 4A). Serum levels of liver
enzymes ALT and AST were significantly elevated in the C— group relative to basal (ALT:
107.0 +4.75 U/L vs. 34.7 +3.01 U/L; AST: 155.9 + 6.19 U/L vs. 48.0 + 3.81 U/L; p < 0.05).
For ALT (Figure 4B), only the 30 mg/kg treatment completely reversed the elevation, showing
levels close to basal values, whereas the 100 mg/kg, 300 mg/kg, and SIM+INSU treatments
showed partial reversal, with ALT levels remaining significantly higher than basal. Regarding
AST (Figure 4C), the 30 mg/kg dose was the only treatment to fully normalize the enzyme
levels, bringing them close to basal values. The 100 mg/kg and 300 mg/kg doses induced partial
reductions, with intermediate values between C— and basal groups. The SIM+INSU treatment

did not produce a statistically significant decrease in AST levels.

3.3.3. Arrabidaea chica reversed hepatocellular alterations

The group subjected to combined metabolic risk factors (C—) exhibited a significant
increase in relative liver lipid content, reaching 45.11 + 3.69%, compared to 13.63 + 0.77% in
the basal control group. Treatment with A. chica extract at 30 mg/kg and the combination
therapy of SIM+INSU effectively normalized hepatic lipid accumulation, showing values close
to the basal group (19.10 £ 1.57% and 16.10 £ 1.33%, respectively). Intermediate reductions in
liver lipid content were observed with the 100 mg/kg and 300 mg/kg doses of A. chica, with
percentages of 28.42 + 1.57% and 37.39 + 1.07%, respectively (Figure 5A). Microscopic
examination of hepatic sections showed that the basal group displayed normal architecture with
no signs of steatosis. In contrast, pronounced pathological changes were evident in the C—
group, characterized by severe ballooning degeneration (grade 3), marked microvesicular
steatosis (grade 3), and moderate macrovesicular steatosis (grade 2). Administration of A. chica

extract mitigated these alterations in a dose-responsive manner. At 30 mg/kg, all three
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parameters, ballooning, microvesicular, and macrovesicular steatosis, were reduced to grade 1.
A 100 mg/kg dose yielded ballooning and microvesicular steatosis at grade 2, with
macrovesicular steatosis remaining at grade 1. Similarly, 300 mg/kg resulted in ballooning and
microvesicular steatosis graded as 2, and macrovesicular steatosis as 1. The SIM+INSU group
showed only mild ballooning (grade 1) and complete absence of both microvesicular and

macrovesicular steatosis (grade 0), as depicted in Figures SB and Figure S5C.

3.4.4. Arrabidaea chica extract partially restores renal morphology and function

A significant increase in relative kidney weight was observed in the disease model group
(C—) compared to the basal group. Treatment with A. chica at 30 mg/kg completely normalized
kidney weight, while the 100 mg/kg dose and SIM+INSU treatment induced partial reversal.
The 300 mg/kg dose did not significantly reduce kidney weight (Figure 6A). Plasma urea levels
were significantly elevated in the C— group. Complete reversal of urea elevation was observed
with the 30 mg/kg A. chica dose and SIM+INSU treatment, while the 100 mg/kg dose promoted
a partial reduction. The 300 mg/kg dose did not significantly alter urea levels (Figure 6B).
Creatinine levels were also elevated in the C— group. Complete normalization of creatinine was
achieved with the 30 mg/kg A. chica dose and SIM+INSU treatment, whereas the 100 mg/kg
and 300 mg/kg doses did not produce significant changes (Figure 6C).

4. Discussion

The present study provides experimental evidence supporting the safety and therapeutic
potential of Arrabidaea chica, a medicinal species traditionally used in the Amazon region for
treating inflammatory, metabolic, and liver disorders. In our experimental model combining
diabetes, dyslipidemia, and chronic alcohol intake, a multifactorial approach that mimics the
complexity of human metabolic syndrome, oral administration of A. chica extract demonstrated
absence of acute toxicity and exerted hypolipidemic, hepatoprotective, and nephroprotective
effects. These results are particularly relevant considering the ethnopharmacological
background of A. chica, which has been historically employed for treating liver ailments and
improving general health in indigenous and rural populations of South America.

Acute oral administration of 4. chica extract at doses up to 2000 mg/kg did not induce
mortality or behavioral alterations, nor did it produce changes in biochemical, hematological,
or histopathological parameters in vital organs. The absence of toxicological effects aligns with

previous studies reporting a wide safety margin for A. chica preparations in rodents,
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corroborating its traditional use as a safe herbal remedy. The maintenance of normal liver
enzyme levels and preserved tissue histoarchitecture in both acute and efficacy protocols
suggests a low hepatotoxic potential, which is a critical parameter for plants intended for long-
term management of chronic metabolic disorders.

In the efficacy model, the concomitant induction of hyperglycemia, dyslipidemia, and
hepatic steatosis successfully reproduced key pathophysiological aspects of metabolic
syndrome. This multifactorial model, by integrating several human-relevant risks factors,
provides a more translationally valid platform compared to single-insult models. Treatment
with A. chica at 30 mg/kg emerged as the most consistent dose in restoring metabolic
parameters, completely normalizing plasma glucose, hepatic lipid accumulation, and renal
function markers. These effects suggest a broad-spectrum activity, potentially linked to the
presence of bioactive secondary metabolites such as anthocyanidins, flavonoids, and phenolic
acids, known for their antioxidants, anti-inflammatory, and lipid-lowering properties (Farzei et
al., 2019; Naseri et al., 2018; Gasmi et al., 2022).

The hypolipidemic effect observed in both plasma and liver reinforces the potential of
A. chica for managing dyslipidemia. The marked reduction in hepatic triglyceride and
cholesterol levels may involve decreased de novo lipogenesis and enhanced [-oxidation,
although these mechanisms require further investigation. Simvastatin, a widely used statin,
lowers lipid levels primarily through inhibition of HMG-CoA reductase, effectively reducing
plasma LDL cholesterol. However, despite its efficacy, simvastatin is known to cause adverse
effects such as hepatotoxicity, often reflected by elevated serum liver enzymes such as AST
and ALT (Adhyaru & Jacobson, 2018). In our study, simvastatin treatment did not normalize
AST and ALT levels, indicating persistent liver injury, whereas A. chica treatment fully restored
these enzymes to baseline values, demonstrating a superior hepatoprotective effect.
Importantly, the lipid-lowering and hepatoprotective effects of A. chica were distinct from those
of the simvastatin plus insulin combination, suggesting that the plant’s mechanisms involve
complementary metabolic pathways and may offer a safer alternative or adjunct therapy in
managing metabolic syndrome.

The hepatoprotective activity of 4. chica was evidenced by reductions in liver weight,
hepatic lipid content, and serum aminotransferases in treated animals. The histological analysis
confirmed attenuation of steatosis and preservation of hepatic architecture, which could be
attributed to the plant’s antioxidant capacity and ability to modulate inflammatory cascades.

These findings mirror reports on closely related species, where antioxidant and anti-
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inflammatory properties confer protection against fatty liver and associated inflammatory
damage (Auth et al., 2022; Rodrigues Albuquerque et al., 2023; Silva et al., 2024; Mendes et
al., 2021; Amaral et al., 2021, Barbosa et al., 2020).

Inflammation represents a central pathophysiological axis in metabolic syndrome,
driving hepatic steatosis, dyslipidemia, and insulin resistance through activation of
transcriptional regulators such as nuclear factor kappa B (NF-kB). Persistent low-grade
inflammation promotes lipogenesis, hepatocellular injury, and elevated aminotransferases,
thereby linking metabolic alterations to organ dysfunction (Cavalieri et al., 2023; Mohamed et
al., 2016). In this context, the anti-inflammatory activity of 4. chica emerges as a plausible
mechanism underlying the metabolic improvements observed in our study. De Souza et al.
(2012) demonstrated that leaf extracts inhibit NF-kB activation at concentrations of 500 pg/mL,
an effect attributed to carajurina, a 3-deoxyanthocyanidin. This inhibitory action has been
confirmed in both in vitro and in vivo models (Oliveira et al., 2009; Zorn et al., 2001),
suggesting that modulation of inflammatory cascades may contribute to reduced hepatic lipid
accumulation, normalization of AST and ALT levels, and attenuation of tissue injury observed
here. Thus, beyond its antioxidant and lipid-lowering effects, the anti-inflammatory potential
of A. chica provides a mechanistic explanation for its hepatoprotective and systemic benefits in
the multifactorial model of metabolic syndrome.

Renal protection was also evident, particularly at the 30 mg/kg dose, which normalized
kidney weight and renal function biomarkers. Oxidative stress and inflammation are major
contributors to kidney injury in metabolic syndrome, and the presence of antioxidant flavonoids
in A. chica may mitigate these processes. Preservation of renal function is a critical endpoint,
as kidney impairment often coexists with metabolic and hepatic disorders in clinical practice
(Wang et al., 2022).

A key strength of this investigation lies in the use of a multifactorial animal model that
integrates major components of human metabolic syndrome, including hyperglycemia,
dyslipidemia, and alcohol exposure. Our group has extensively employed and validated such
models in recent studies involving Baccharis dracunculifolia, Baccharis trimera, Croton
urucurana, and Pereskia grandifolia, which collectively simulate the complex interplay of
metabolic and lifestyle factors observed clinically (Silva et al., 2024; Amaral et al., 2023; Auth
et al., 2022; Albuquerque et al., 2023; Zago et al., 2021). This modeling approach enhances
translational relevance by enabling the assessment of botanical therapies that exert pleiotropic

effects on interconnected metabolic pathways, as demonstrated here with 4. chica.
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Importantly, the complex phytochemical composition of A. chica extract likely
underpins its broad pharmacological effects through polypharmacological and synergistic
mechanisms. Plant extracts contain diverse bioactive molecules—flavonoids, anthocyanidins,
phenolic acids, and others—that can target multiple biochemical pathways simultaneously. This
multiplicity may produce additive or synergistic actions that amplify therapeutic efficacy
beyond what isolated compounds could achieve alone (Siintar, 2020; Chopra & Dhingra, 2020;
Leonti & Casu, 2013; Yuan et al., 2016). For example, combined antioxidant and anti-
inflammatory activities can simultaneously reduce oxidative damage and modulate
inflammatory cascades, central processes in metabolic syndrome pathogenesis. Furthermore,
interactions between different flavonoids may enhance lipid metabolism modulation, insulin
signaling, and cellular protection, contributing to the holistic improvement observed in multiple
organ systems. This polypharmacological profile aligns with a growing recognition that
botanical therapies offer distinct advantages in managing complex chronic diseases with
multifactorial etiologies, such as metabolic syndrome. By targeting several interrelated
pathological mechanisms concurrently, extracts like that of 4. chica can achieve more
comprehensive and potentially safer therapeutic outcomes compared to single-target synthetic
drugs. However, elucidating the precise interactions and identifying the key bioactive
components require further phytochemical and mechanistic studies.

Taken together, our findings validate traditional uses of 4. chica and highlight its
potential as a phytotherapeutic candidate for the integrated management of metabolic syndrome
and its complications. The safety profile observed here supports the feasibility of chronic
administration, while the broad metabolic improvements suggest a multi-target mechanism of
action. Nevertheless, some limitations must be acknowledged. The present study was conducted
in an animal model, which limits direct extrapolation to humans, and the relatively short
treatment duration may not fully capture long-term effects. Additionally, the lack of detailed
mechanistic investigations leaves open questions about the molecular pathways involved.
Future research should address these aspects and aim to validate the findings in clinical settings.

Despite these limitations, this study makes a significant contribution to
ethnopharmacology by demonstrating the efficacy of 4. chica extract in normalizing key
metabolic parameters in a multifactorial model of metabolic syndrome. Our results reinforce
the therapeutic potential of this medicinal plant as a complementary approach for managing
metabolic disorders and emphasize the importance of investigating native plants with traditional

uses for novel drug discovery. The data generated herein provides a robust foundation to guide
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future preclinical and clinical studies, potentially leading to safer, more accessible, and

evidence-based treatments for patients affected by metabolic syndrome.
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Legends for figures

Figure 1. Biochemical parameters in Wistar rats treated with Arrabidaea chica extract at doses
of 300 mg/kg and 2000 mg/kg compared to the basal control group. Serum levels of (A) total
cholesterol; (B) triglycerides; (C) aspartate aminotransferase (AST); (D) alanine
aminotransferase (ALT); (E) urea levels; and (F) creatinine levels. Data are presented as mean
+ standard error of the mean (S.E.M.). No statistically significant differences were observed

among groups (p > 0.05, one-way ANOVA followed by Tukey’s post hoc test).
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Figure 2. Representative histological images of tissues from Wistar rats treated with
Arrabidaea chica extract (300 and 2000 mg/kg) and basal controls. (A) Spleen, (B) heart, (C)
liver, (D) kidney. All tissues show preserved morphology without evidence of damage or
abnormalities. Hematoxylin & Eosin-stained tissue sections show no significant morphological

alterations at both dosages of the extract. Magnification: 20 x.

Figure 3. Levels of glucose (A), total cholesterol (B) and triglycerides (C) in serum, along with
hepatic cholesterol (D) and triglycerides (E) content. Treatment groups received Arrabidaea
chica extract at 30, 100, or 300 mg/kg doses, or a combination therapy of simvastatin (2.5
mg/kg) plus insulin (6 IU) (SIM+INSU). The basal group corresponds to healthy controls, while
the C— group represents untreated animals subjected to diabetes, dyslipidemia, and ethanol
intake. Data are presented as mean = SEM (n = 6-7). Data are presented as mean + SEM. ?p <

0.05 vs. basal; ®p < 0.05 vs. C— (one-way ANOVA followed by Tukey’s post hoc test).

Figure 4. Relative liver weight (%) (A) and serum levels of alanine aminotransferase (ALT)
(B) and aspartate aminotransferase (AST) (C) in rats submitted to experimental metabolic
syndrome and treated with Arrabidaea chica extract at doses of 30, 100, and 300 mg/kg,
simvastatin plus insulin (SIM+INSU), or vehicle (C—). Data are presented as mean = SEM (n
= 6-7). Data are presented as mean = SEM. ?p < 0.05 vs. basal; °p < 0.05 vs. C— (one-way
ANOVA followed by Tukey’s post hoc test).

Figure 5. (A) Relative hepatic lipid percentage, (B) scores of liver damage, and (C)
representative liver histology sections stained with hematoxylin and eosin (H&E).
Experimental groups received Arrabidaea chica extract at doses of 30, 100, or 300 mg/kg, or a
combination treatment of simvastatin (2.5 mg/kg) and insulin (6 IU) (SIM+INSU). Basal
represents healthy controls; C— is the untreated metabolic syndrome model group (diabetes +
dyslipidemia + ethanol). Data are presented as mean + SEM (n = 6-7). p < 0.05 vs. basal; °p
< 0.05 vs. C— (one-way ANOVA followed by Tukey’s post hoc test). In the histological
sections, black arrows indicate areas of hepatic macrovesicular steatosis, while empty (hollow)

arrows point to regions of microvesicular steatosis. Images captured at 40x magnification.

Figure 6. (A) Relative kidney weight, (B) plasma urea levels, and (C) plasma creatinine levels

in rats. Animals were treated with Arrabidaea chica at doses of 30, 100, or 300 mg/kg, or with
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a combination of simvastatin (2.5 mg/kg) and insulin (6 IU) (SIM+INSU). Basal: healthy
control group; C—: untreated disease model group (diabetes + dyslipidemia + ethanol). Data are
presented as mean = SEM (n = 6-7). Data are presented as mean + SEM. *p < 0.05 vs. basal;
®p < 0.05 vs. C— (one-way ANOVA followed by Tukey’s post hoc test).
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Table 1. Assessment of clinical signs in Wistar rats treated with vehicle or Arrabidaea chica

extract (300 or 2000 mg/kg), orally, in a single dose.

Extract of Arrabidaea chica

Basal (vehicle)

300 mg/kg

2000 mg/kg

Time
Clinical sign 30min 1h 2h 3h 4h 14
days

Self-cleaning absence 0/5 05 0/5 0/5 0/5 0/5
Piloerection 0/5 05 0/5 0/5 0/5 0/5
Dyspnea 0/5 05 0/5 0/5 0/5 0/5
Abdominal constriction 0/5 0/5 0/5 0/5 0/5 0/5
Diarrhea 0/5 0/5 0/5 0/5 0/5 0/5
Prostration 0/5 05 0/5 0/5 0/5 0/5
Ataxia 0/5 0/5 0/5 0/5 0/5 0/5
Sedation 0/5 0/5 0/5 0/5 0/5 0/5
Coma 0/5 0/5 0/5 0/5 0/5 0/5
Death 0/5 0/5 0/5 0/5 0/5 0/5
Self-cleaning absence 0/6 06 0/6 0/6 0/6 0/6
Piloerection 0/6 0/6 0/6 0/6 0/6 0/6
Dyspnea 0/6 06 0/6 0/6 0/6 0/6
Abdominal constriction 0/6 0/6 0/6 0/6 0/6 0/6
Diarrhea 0/6 0/6 0/6 0/6 0/6 0/6
Prostration 0/6 0/6 0/6 0/6 0/6 0/6
Ataxia 0/6 0/6 0/6 0/6 0/6 0/6
Sedation 0/6 0/6 0/6 0/6 0/6 0/6
Coma 0/6 0/6 0/6 0/6 0/6 0/6
Death 0/6 0/6 0/6 0/6 0/6 0/6
Self-cleaning absence 0/6 06 0/6 0/6 0/6 0/6
Piloerection 0/6 0/6 0/6 0/6 0/6 0/6
Dyspnea 0/6 06 0/6 0/6 0/6 0/6
Abdominal constriction 0/6 0/6 0/6 0/6 0/6 0/6
Diarrhea 0/6 0/6 0/6 0/6 0/6 0/6
Prostration 0/6 0/6 0/6 0/6 0/6 0/6
Ataxia 0/6 0/6 0/6 0/6 0/6 0/6
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Sedation 0/6 0/6 0/6 0/6 0/6 0/6
Coma 0/6 0/6 0/6 0/6 0/6 0/6
Death 0/6 0/6 0/6 0/6 0/6 0/6

829
830  Table 2. The body weight and relative organ weight of Wistar rats treated with vehicle or
831  Arrabidaea chica extract (300 or 2000 mg/kg), orally, in a single dose.

Extract of Arrabidaea chica

Basal
300 mg/kg 2000 mg/kg
Body weight (g)
Day 1 291.00+£9.93 288.40 £ 7.94 288.20 + 13.77
Day 7 315.20 + 12.05 309.20 +9.24 308.40 + 14.80
Day 14 328.60 + 13.57 32540 +16.23 325.80£5.89

Relative organ weight (%)

Liver 3.31+0.09 3.07 £ 0.08 3.17+£0.13
Spleen 0.18 +£0.005 0.19 = 0.006 0.19 £ 0.005
Heart 0.36 = 0.009 0.35+0.006 0.34 + 0.006
Kidneys 0.77 £ 0.03 0.74 £ 0.02 0.71 +£0.013

832  Data are presented as mean + S.E.M., n = 6-7. Statistical analysis was performed using one-
833  way ANOVA followed by Tukey's post hoc test.

834

835
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3. CONCLUSAO

Os resultados obtidos indicam que o extrato de Arrabidaea chica apresenta um potencial
promissor como candidato fitoterdpico para o manejo integrado da sindrome metabdlica e suas
complicacdes. Esse potencial foi evidenciado por seus efeitos hipolipidémico, hepatoprotetor e
nefroprotetor, além de demonstrar um perfil de seguranca favoravel. Embora o estudo tenha
revelado efeitos positivos em diversos parametros, sdo necessarias investigagdes adicionais
para compreender com mais profundidade os mecanismos envolvidos e ampliar o conhecimento
sobre o potencial terapéutico da planta. Nossos achados reforcam a relevancia de A. chica como
uma abordagem complementar no tratamento de distarbios metabdlicos e destacam a

importancia de explorar plantas nativas com uso tradicional na busca por novos medicamentos.
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4 ANEXOS

ANEXO 1 - Normas para publicagdo no Journal of Ethnopharmacology
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Aims and scope

The Journal of Ethnopharmacology is the Official Journal of the International Society for Ethnopharmacology. The journal is dedicated
to the exchange of information and understandings about people's use of plants, fungi, animals, microorganisms and minerals and their
biological and pharmacological effects based on the principles established through international conventions.

The Journal of Ethnopharmacology publishes original articles concerned with the observation and experimental investigation of the
biological activities of plant and animal substances used in the traditional medicine of past and present cultures, which document
indigenous medical knowledge, study indigenous medicines in order to contribute in the long-run to improved health care in the regions
of study, and which report on pharmacologically unique principles from existing indigenous remedies.

The journal will particularly welcome interdisciplinary papers with an ethnopharmacological, an ethnobotanical or an actinochemical
approach to the study of indigenous drugs. It is imperative that experimental studies are aligned and related to the traditional use(s).
Furthermore:

Reports of anthropological and ethnobotanical field studies fall within the journal's scope.

Studies involving pharmacological and toxicological mechanisms of action are especially welcome.

Clinical studies on efficacy will be considered if contributing to the understanding of specific ethnopharmacological problems.

The journal welcomes review articles in the above-mentioned fields especially those highlighting the multi-disciplinary nature of
ethnopharmacology.

Article types

The Journal of Ethnopharmacology will accept the following contributions:

Original research articles - whose length is not limited and should include Title, Abstract, Methods and Materials, Results, Discussion,
Conclusions, Acknowledgements and References. As a guideline, a full-length paper normally occupies no more than 10 printed pages
of the journal, including tables and illustrations.

Short Communications - whose average length is not more than 4 pages in print (approx. 2000-2300 words, including abstract and
references). A maximum of 2 illustrations (figures or tables) is allowed. See paragraph below for description and format.

Letters to the Editors.

Reviews - The organization and subdivision of review articles can be arranged at the author's discretion. Authors should keep in mind
that a good review sets the trend and direction of future research on the subject matter being reviewed. Tables, figures and references are
to be arranged in the same way as research articles in the journal. Reviews on topics that address cutting-edge ethnopharmacology research
are particularly welcome. Please contact the Reviews Editor jepreviews@tut.ac.za with an outline.

Outlines for potential reviews need to include:

- A detailed abstract using the structure provided in the guidelines

- An annotated table of contents

- A short CV of the lead author

Book reviews - Books for review should be sent to the Reviews Editor.

Commentaries - Invited, peer-reviewed, critical discussion about crucial aspects of the field but most importantly methodological and
conceptual-theoretical developments in the field and should also provide a standard, for example, for pharmacological methods to be
used in papers in the Journal of Ethnopharmacology. The scientific dialogue differs greatly in the social / cultural and natural sciences,
the discussions about the common foundations of the field are ongoing and the papers published should contribute to a transdisciplinary
and multidisciplinary discussion. The length should be a maximum of 2-3 printed pages or 2500 words. Please contact the Reviews Editor
jepreviews@tut.ac.za with an outline.

Conference announcements and news

Peer review

This journal follows a single anonymized review process. Your submission will initially be assessed by our editors to determine suitability
for publication in this journal. If your submission is deemed suitable, it will typically be sent to a minimum of two reviewers for an
independent expert assessment of the scientific quality. The decision as to whether your article is accepted or rejected will be taken by
our editors.

Read more about peer review.

Our editors are not involved in making decisions about papers which

they have written themselves.

have been written by family members or colleagues.

relate to products or services in which they have an interest.

Any such submissions will be subject to the journal's usual procedures and peer review will be handled independently of the editor
involved and their research group. Read more about editor duties.

Authors may submit a formal appeal request to the editorial decision, provided the it meets the requirements and follows the procedure
outlined in Elsevier’s Appeal Policy. Only one appeal per submission will be considered and the appeal decision will be final.

Special issues and article collections

The peer review process for special issues and article collections follows the same process as outlined above for regular submissions,
except, a guest editor may send the submissions out to the reviewers and may recommend a decision to the journal editor. The journal
editor oversees the peer review process of all special issues and article collections to ensure the high standards of publishing ethics and
responsiveness are respected and is responsible for the final decision regarding acceptance or rejection of articles.

Open access

We refer you to our open access information page to learn about open access options for this journal.

Ethics and policies

Ethics in publishing

Authors must follow ethical guidelines stated in Elsevier's Publishing Ethics Policy.

Submission declaration
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to disclose, you do not need to add a statement.

Please read Elsevier’s author policy on the use of generative Al and Al-assisted technologies, which can be found in our GenAl Policies
for journals.

Please note: to protect authors’ rights and the confidentiality of their research, this journal does not currently allow the use of generative
Al or Al-assisted technologies such as ChatGPT or similar services by reviewers or editors in the peer review and manuscript evaluation
process, as is stated in our GenAl Policies for journals. We are actively evaluating compliant Al tools and may revise this policy in the
future.

Preprints

Preprint sharing

Authors may share preprints in line with Elsevier's article sharing policy. Sharing preprints, such as on a preprint server, will not count
as prior publication.

We advise you to read our policy on multiple, redundant or concurrent publication.

Free preprint posting on SSRN

In support of open science this journal offers authors a free preprint posting service on SSRN to ensure early registration and dissemination
of research and facilitate early citations and collaboration. Posting to SSRN is subject to SSRN's standard checks.

You will be provided with the option to release your manuscript on SSRN during the submission process. Agreeing to this option will
have no effect on the editorial process or outcome, and your manuscript will remain publicly available and free to read on SSRN whether
our editors accept or reject your manuscript.

You will receive an email when your preprint is posted online on SSRN and a Digital Object Identifier (DOI) is assigned.
Corresponding authors must seek approval from all co-authors before agreeing to release a manuscript publicly on SSRN.

We advise you to read about SSRN, including the SSRN Terms of Use and SSRN FAQs before selecting this option.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and promotes equal opportunities.
Authors should ensure their work uses inclusive language throughout and contains nothing which might imply one individual is superior
to another on the grounds of:

ag

gender

race

ethnicity

culture

sexual orientation

disability or health condition

We recommend avoiding the use of descriptors about personal attributes unless they are relevant and valid. Write for gender neutrality
with the use of plural nouns ("clinicians, patients/clients") as default. Wherever possible, avoid using "he, she," or "he/she."

No assumptions should be made about the beliefs of readers and writing should be free from bias, stereotypes, slang, reference to dominant
culture and/or cultural assumptions.

These guidelines are meant as a point of reference to help you identify appropriate language but are by no means exhaustive or definitive.
Reporting sex- and gender-based analyses

There is no single, universally agreed-upon set of guidelines for defining sex and gender. We offer the following guidance:

Sex and gender-based analyses (SGBA) should be integrated into research design when research involves or pertains to humans, animals
or eukaryotic cells. This should be done in accordance with any requirements set by funders or sponsors and best practices within a field.
Sex and/or gender dimensions of the research should be addressed within the article or declared as a limitation to the generalizability of
the research.

Definitions of sex and/or gender applied should be explicitly stated to enhance the precision, rigor and reproducibility of the research and
to avoid ambiguity or conflation of terms and the constructs to which they refer.

We advise you to read the Sex and Gender Equity in Research (SAGER) guidelines and the SAGER checklist (PDF) on the EASE
website, which offer systematic approaches to the use of sex and gender information in study design, data analysis, outcome reporting
and research interpretation.

For further information we suggest reading the rationale behind and recommended use of the SAGER guidelines.

Definitions of sex and/or gender

We ask authors to define how sex and gender have been used in their research and publication. Some guidance:

Sex generally refers to a set of biological attributes that are associated with physical and physiological features such as chromosomal
genotype, hormonal levels, internal and external anatomy. A binary sex categorization (male/female) is usually designated at birth ("sex
assigned at birth") and is in most cases based solely on the visible external anatomy of a newborn. In reality, sex categorizations include
people who are intersex/have differences of sex development (DSD).

Gender generally refers to socially constructed roles, behaviors and identities of women, men and gender-diverse people that occur in a
historical and cultural context and may vary across societies and over time. Gender influences how people view themselves and each
other, how they behave and interact and how power is distributed in society.

Jurisdictional claims

Elsevier respects the decisions taken by its authors as to how they choose to designate territories and identify their affiliations in their
published content. Elsevier’s policy is to take a neutral position with respect to territorial disputes or jurisdictional claims, including, but
not limited to, maps and institutional affiliations. For journals that Elsevier publishes on behalf of a third party owner, the owner may set
its own policy on these issues.

Maps: Readers should be able to locate any study areas shown within maps using common mapping platforms. Maps should only show
the area actually studied and authors should not include a location map which displays a larger area than the bounding box of the study
area. Authors should add a note clearly stating that "map lines delineate study areas and do not necessarily depict accepted national
boundaries”. During the review process, Elsevier’s editors may request authors to change maps if these guidelines are not followed.
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Institutional affiliations: Authors should use either the full, standard title of their institution or the standard abbreviation of the institutional
name so that the institutional name can be independently verified for research integrity purposes.

Writing and formatting

File format

We ask you to provide editable source files for your entire submission (including figures, tables and text graphics). Some guidelines:
Save files in an editable format, using the extension .doc/.docx for Word files and .tex for LaTeX files. A PDF is not an acceptable source
file.

Lay out text in a single-column format.

Remove any strikethrough and underlined text from your manuscript, unless it has scientific significance related to your article.

Use spell-check and grammar-check functions to avoid errors.

We advise you to read our Step-by-step guide to publishing with Elsevier.

Title page

You are required to include the following details in the title page information:

Article title. Article titles should be concise and informative. Please avoid abbreviations and formulae, where possible, unless they are
established and widely understood, e.g. DNA.

Author names. Provide the given name(s) and family name(s) of each author. The order of authors should match the order in the
submission system. Carefully check that all names are accurately spelled. If needed, you can add your name between parentheses in your
own script after the English transliteration.

Affiliations. Add affiliation addresses, referring to where the work was carried out, below the author names. Indicate affiliations using a
lower-case superscript letter immediately after the author's name and in front of the corresponding address. Ensure that you provide the
full postal address of each affiliation, including the country name and, if available, the email address of each author.

Corresponding author. Clearly indicate who will handle correspondence for your article at all stages of the refereeing and publication
process and also post-publication. This responsibility includes answering any future queries about your results, data, methodology and
materials. It is important that the email address and contact details of your corresponding author are kept up to date during the submission
and publication process.

Present/permanent address. If an author has moved since the work described in your article was carried out, or the author was visiting
during that time, a "present address" (or "permanent address") can be indicated by a footnote to the author's name. The address where the
author carried out the work must be retained as their main affiliation address. Use superscript Arabic numerals for such footnotes.
Abstract

You are required to provide a concise and factual abstract which does not exceed 250 words. The abstract should briefly state the purpose
of your research, principal results and major conclusions. Some guidelines:

Abstracts must be able to stand alone as abstracts are often presented separately from the article.

Avoid references. If any are essential to include, ensure that you cite the author(s) and year(s).

Avoid non-standard or uncommon abbreviations. If any are essential to include, ensure they are defined within your abstract at first
mention.

Keywords

You are required to provide 1 to 7 keywords for indexing purposes. Keywords should be written in English. Please try to avoid keywords
consisting of multiple words (using "and" or "of").

We recommend that you only use abbreviations in keywords if they are firmly established in the field.

Highlights

You are encouraged to provide article highlights at submission.

Highlights are a short collection of bullet points that should capture the novel results of your research as well as any new methods used
during your study. Highlights will help increase the discoverability of your article via search engines. Some guidelines:

Submit highlights as a separate editable file in the online submission system with the word "highlights" included in the file name.
Highlights should consist of 3 to 5 bullet points, each a maximum of 85 characters, including spaces.

We encourage you to view example article highlights and read about the benefits of their inclusion.

Graphical abstract

You are required to provide a graphical abstract at submission.

The graphical abstract should summarize the contents of your article in a concise, pictorial form which is designed to capture the attention
of a wide readership. A graphical abstract will help draw more attention to your online article and support readers in digesting your
research. Some guidelines:

Submit your graphical abstract as a separate file in the online submission system.

Ensure the image is a minimum of 531 x 1328 pixels (h x w) or proportionally more and is readable at a size of 5 x 13 cm using a regular
screen resolution of 96 dpi.

Our preferred file types for graphical abstracts are TIFF, EPS, PDF or MS Office files.

We encourage you to view example graphical abstracts and read about the benefits of including them.

Math formulae

Submit math equations as editable text, not as images.

Present simple formulae in line with normal text, where possible.

Use the solidus (/) instead of a horizontal line for small fractional terms such as X/Y.

Present variables in italics.

Denote powers of e by exp.

Display equations separately from your text, numbering them consecutively in the order they are referred to within your text.

Tables

Tables must be submitted as editable text, not as images. Some guidelines:

Place tables next to the relevant text or on a separate page(s) at the end of your article.

Cite all tables in the manuscript text.

Number tables consecutively according to their appearance in the text.

Please provide captions along with the tables.

Place any table notes below the table body.

Avoid vertical rules and shading within table cells.

We recommend that you use tables sparingly, ensuring that any data presented in tables is not duplicating results described elsewhere in
the article.

Figures, images and artwork
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Figures, images, artwork, diagrams and other graphical media must be supplied as separate files along with the manuscript. We
recommend that you read our detailed artwork and media instructions. Some excerpts:

When submitting artwork:

Cite all images in the manuscript text.

Number images according to the sequence they appear within your article.

Submit each image as a separate file using a logical naming convention for your files (for example, Figure 1, Figure 2 etc).

Please provide captions for all figures, images, and artwork.

Text graphics may be embedded in the text at the appropriate position. If you are working with LaTeX, text graphics may also be
embedded in the file.

Artwork formats

When your artwork is finalized, "save as" or convert your electronic artwork to the formats listed below taking into account the given
resolution requirements for line drawings, halftones, and line/halftone combinations:

Vector drawings: Save as EPS or PDF files embedding the font or saving the text as "graphics."

Color or grayscale photographs (halftones): Save as TIFF, JPG or PNG files using a minimum of 300 dpi (for single column: min. 1063
pixels, full page width: 2244 pixels).

Bitmapped line drawings: Save as TIFF, JPG or PNG files using a minimum of 1000 dpi (for single column: min. 3543 pixels, full page
width: 7480 pixels).

Combinations bitmapped line/halftones (color or grayscale): Save as TIFF, JPG or PNG files using a minimum of 500 dpi (for single
column: min. 1772 pixels, full page width: 3740 pixels).

Please do not submit:

files that are too low in resolution (for example, files optimized for screen use such as GIF, BMP, PICT or WPG files).
disproportionally large images compared to font size, as text may become unreadable.

Figure captions

All images must have a caption. A caption should consist of a brief title (not displayed on the figure itself) and a description of the image.
We advise you to keep the amount of text in any image to a minimum, though any symbols and abbreviations used should be explained.
Provide captions in a separate file.

Color artwork

If you submit usable color figures with your accepted article, we will ensure that they appear in color online.

Please ensure that color images are accessible to all, including those with impaired color vision. Learn more about color and web
accessibility.

Generative Al and Figures, images and artwork

Please read our policy on the use of generative Al and Al-assisted tools in figures, images and artwork, which can be found in Elsevier’s
GenAl Policies for Journals. This policy states:

We do not permit the use of Generative Al or Al-assisted tools to create or alter images in submitted manuscripts.

The only exception is if the use of Al or Al-assisted tools is part of the research design or methods (for example, in the field of biomedical
imaging). If this is the case, such use must be described in a reproducible manner in the methods section, including the name of the model
or tool, version and extension numbers, and manufacturer.

The use of generative Al or Al-assisted tools in the production of artwork such as for graphical abstracts is not permitted. The use of
generative Al in the production of cover art may in some cases be allowed, if the author obtains prior permission from the journal editor
and publisher, can demonstrate that all necessary rights have been cleared for the use of the relevant material, and ensures that there is
correct content attribution.

Supplementary material

We encourage the use of supplementary materials such as applications, images and sound clips to enhance research. Some guidelines:
Supplementary material should be accurate and relevant to the research.

Cite all supplementary files in the manuscript text.

Submit supplementary materials at the same time as your article. Be aware that all supplementary materials provided will appear online
in the exact same file type as received. These files will not be formatted or typeset by the production team.

Include a concise, descriptive caption for each supplementary file describing its content.

Provide updated files if at any stage of the publication process you wish to make changes to submitted supplementary materials.

Do not make annotations or corrections to a previous version of a supplementary file.

Switch off the option to track changes in Microsoft Office files. If tracked changes are left on, they will appear in your published version.
Video

This journal accepts video material and animation sequences to support and enhance your scientific research. We encourage you to
include links to video or animation files within articles. Some guidelines:

When including video or animation file links within your article, refer to the video or animation content by adding a note in your text
where the file should be placed.

Clearly label files ensuring the given file name is directly related to the file content.

Provide files in one of our recommended file formats. Files should be within our preferred maximum file size of 150 MB per file, 1 GB
in total.

Provide "stills" for each of your files. These will be used as standard icons to personalize the link to your video data. You can choose any
frame from your video or animation or make a separate image.

Provide text (for both the electronic and the print version) to be placed in the portions of your article that refer to the video content. This
is essential text, as video and animation files cannot be embedded in the print version of the journal.

We publish all video and animation files supplied in the electronic version of your article.

For more detailed instructions, we recommend that you read our guidelines on submitting video content to be included in the body of an
article.

Research data

We are committed to supporting the storage of, access to and discovery of research data, and our research data policy sets out the principles
guiding how we work with the research community to support a more efficient and transparent research process.

Research data refers to the results of observations or experimentation that validate research findings, which may also include software,
code, models, algorithms, protocols, methods and other useful materials related to the project.

Please read our guidelines on sharing research data for more information on depositing, sharing and using research data and other relevant
research materials.

Research data deposit, citation and linkin
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For this journal Option C instructions from our research data guidelines apply. This means you are required to:

Deposit your research data in a relevant data repository.

Cite and link to this dataset in your article.

If this is not possible, make a statement explaining why research data cannot be shared.

Data statement

To foster transparency, you are required to state the availability of any data at submission.

Ensuring data is available may be a requirement of your funding body or institution. If your data is unavailable to access or unsuitable to
post, you can state the reason why (e.g., your research data includes sensitive or confidential information such as patient data) during the
submission process. This statement will appear with your published article on ScienceDirect.

Read more about the importance and benefits of providing a data statement.

Data linking

Linking to the data underlying your work increases your exposure and may lead to new collaborations. It also provides readers with a
better understanding of the described research.

If your research data has been made available in a data repository there are a number of ways your article can be linked directly to the
dataset:

Provide a link to your dataset when prompted during the online submission process.

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

You can also link relevant data or entities within the text of your article through the use of identifiers. Use the following format: Database:
12345 (e.g. TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Learn more about linking research data and research articles in ScienceDirect.

Research Elements

This journal enables the publication of research objects (e.g. data, methods, protocols, software and hardware) related to original research
in Elsevier's Research Elements journals.

Research Elements are peer-reviewed, open access journals which make research objects findable, accessible and reusable. By providing
detailed descriptions of objects and their application with links to the original research article, your research objects can be placed into
context within your article.

You will be alerted during submission to the opportunity to submit a manuscript to one of the Research Elements journals. Your Research
Elements article can be prepared by you, or by one of your collaborators.

Article structure

Article sections

Divide your article into clearly defined and numbered sections. Number subsections 1.1 (then 1.1.1, 1.1.2, ...), then 1.2, etc.

Use the numbering format when cross-referencing within your article. Do not just refer to "the text.

You may give subsections a brief heading. Headings should appear on a separate line.

Do not include the article abstract within section numbering.

Theory and calculation

The theory section should lay the foundation for further work by extending the background you provided in the introduction to your
article. The calculation section should represent a practical development from a theoretical basis.

Glossary

Please provide definitions of field-specific terms used in your article, in a separate list.

Footnotes

We advise you to use footnotes sparingly. If you include footnotes in your article, ensure that they are numbered consecutively.

You may use system features that automatically build footnotes into text. Alternatively, you can indicate the position of footnotes within
the text and present them in a separate section at the end of your article.

Acknowledgements

Include any individuals who provided you with help during your research, such as help with language, writing or proof reading, in the
acknowledgements section. Acknowledgements should be placed in a separate section which appears directly before the reference list.
Do not include acknowledgements on your title page, as a footnote to your title, or anywhere else in your article other than in the separate
acknowledgements section.

Author contributions: CRediT

Corresponding authors are required to acknowledge co-author contributions using CRediT (Contributor Roles Taxonomy) roles:
Conceptualization

Data curation

Formal analysis

Funding acquisition

Investigation

Methodology

Project administration

Resources

Software

Supervision

Validation

Visualization

Writing — original draft

Writing — review and editing

Not all CRediT roles will apply to every manuscript and some authors may contribute through multiple roles.

We advise you to read more about CRediT and view an example of a CRediT author statement.

Funding sources

Authors must disclose any funding sources who provided financial support for the conduct of the research and/or preparation of the
article. The role of sponsors, if any, should be declared in relation to the study design, collection, analysis and interpretation of data,
writing of the report and decision to submit the article for publication. If funding sources had no such involvement this should be stated
in your submission.

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, scholarships and awards. When funding is from a
block grant or other resources available to a university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

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

Appendices

We ask you to use the following format for appendices:

Identify individual appendices within your article using the format: A, B, etc.

Give separate numbering to formulae and equations within appendices using formats such as Eq. (A.1), Eq. (A.2), etc. and in subsequent
appendices, Eq. (B.1), Eq. (B. 2) etc. In a similar way, give separate numbering to tables and figures using formats such as Table A.1;
Fig. A.1, etc.

Journal specific information

Abstract headings

The author should divide the abstract with the headings, Ethnopharmacological relevance, Aim of the study , Materials and Methods,
Results, and Conclusions

Click here to see an example.

Plant names

In the Materials and Methods section there must be a separate heading for describing the material used. That includes official name, local
name, and English name (if known).

A GPS coordinate should be given in case of collection in the wild or cultivation, and a voucher specimen must be deposited in an official
herbarium for possible future comparison.

If commercially procured material is used, you should mention the source, batch number, quality control data. Data on characterization
(metabolomics, chromatographic, DNA methods, etc.) should also be presented, in case of known active compounds their quantitative
analysis should be presented.

References

References within text

Any references cited within your article should also be present in your reference list and vice versa. Some guidelines:

References cited in your abstract must be given in full.

We recommend that you do not include unpublished results and personal communications in your reference list, though you may mention
them in the text of your article.

Any unpublished results and personal communications included in your reference list must follow the standard reference style of the
journal. In substitution of the publication date add "unpublished results" or "personal communication."

References cited as "in press" imply that the item has been accepted for publication.

Linking to cited sources will increase the discoverability of your research.

Before submission, check that all data provided in your reference list are correct, including any references which have been copied.
Providing correct reference data allows us to link to abstracting and indexing services such as Scopus, Crossref and PubMed. Any
incorrect surnames, journal or book titles, publication years or pagination within your references may prevent link creation.

We encourage the use of Digital Object Identifiers (DOIs) as reference links as they provide a permanent link to the electronic article
referenced.

Reference style

All citations in the text should refer to:

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

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

Three or more authors: first author's name followed by 'et al.' and the year of publication.

Citations can be made directly (or parenthetically). Groups of references can be listed either first alphabetically, then chronologically, or
vice versa. Examples: "as demonstrated (Allan, 2020a, 2020b; Allan and Jones, 2019)" or "as demonstrated (Jones, 2019; Allan, 2020).
Kramer et al. (2023) have recently shown".

The list of references should be arranged alphabetically and then 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.

Abbreviate journal names according to the List of Title Word Abbreviations (LTWA).

Examples:

Reference to a journal publication:

Van der Geer, J., Handgraaf, T., Lupton, R.A., 2020. The art of writing a scientific article. J. Sci. Commun. 163, 51-59.
https://doi.org/10.1016/j.s¢.2020.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Handgraaf, T., Lupton, R.A., 2022. The art of writing a scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2022.¢00205.

Reference to a book:

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

Reference to a chapter in a book:

Mettam, G.R., Adams, L.B., 2023. How to prepare an electronic version of your article, in: Jones, B.S., Smith, R.Z. (Eds.), Introduction
to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Reference to a website:

Cancer Research UK, 2023. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2023).

Reference to a dataset:

Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease and surrounding forest compositions
[dataset]. Mendeley Data, v1. https://doi.org/10.1762/xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E., Lipnikov, K., Garimella, R.,
Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S., 2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88)
[software]. Zenodo. https://doi.org/10.5281/zenod0.3727209.

Web references
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When listing web references, as a minimum you should provide the full URL and the date when the reference was last accessed. Additional
information (e.g. DOI, author names, dates or reference to a source publication) should also be provided, if known.

You can list web references separately under a new heading directly after your reference list or include them in your reference list.

Data references

We encourage you to cite underlying or relevant datasets within article text and to list data references in the reference list.

When citing data references, you should include:

author name(s)

dataset title

data repository

version (where available)

year

global persistent identifier

Add [dataset] immediately before your reference. This will help us to properly identify the dataset. The [dataset] identifier will not appear
in your published article.

Preprint references

We ask you to mark preprints clearly. You should include the word "preprint" or the name of the preprint server as part of your reference
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ANEXO 2 - Comisséo de Etica no Uso de Animais do Setor de Ciéncias Biologicas da
UFPR (CEUA/BIO-UFPR; protocolo nimero: 1536).

—=re g‘“ﬂ'; == MINISTERIO DA EDUCAGAO

= I " UNIVERSIDADE FEDERAL DO PARANA
y I SETOR DE CIENCIAS BIOLOGICAS
M COMISSAC DE ETICA MO USO DE ANIMAIS

UFPR

M2 1536
CERTIFICADO

A Comissfio de Ebea no Uso da Animale do Selor de Cidncias Biokigicas da Universidade Faderal do Parand [CELWEID — UFPA), ingtilulda pala
Aesolugao N¥ 8611 do Consalho de Ensino Pesquisa @ Exensio (CEPE), de 22 de depemivo de 2011, CERTIFICA que o= procedimentos
ulilizande animais no projelo de pesguisa abaixo especilicads esido de acorde com a Direlriz Brasieira para o Guidado e a Ullizacko de Animais
para fing Cientificos e Didélicos (DBCA) estabalecidas palo Consalhe Macional de Controle de Experfimentacio Animal (COMNCEA) & com & normas
internacionats para & experimentagio animal.

STATEMENT

Tha Ethica Comarmittes lor Animal Use from the Biological Scences Seclion of the Faderal University of Parand (CEUA/BIO - UFPR), established by
the Aasolution N¥ 8611 of the Teaching Research and Extengion Council (CEPE) on December 22™ 2011, CERTIFIES that the procedures using
animals in the resaarch project epecified balow are in agreamant with the Brazilian Guidelines for Care and Use ol Animals lor Scientitic and Teaching
purpases esiablished by the Mational Council for Control of Animal Experimentation [COMCEA) and with the intermational guidelines jor animal
expenimentation.

PAOCESSO/PROCESS: 23075.028096/2023-62

APROVADOVAPPROVAL: 1306/2025 — FLO. 052023,
TITULO: Padrenizagio de um modelo de estudo de doanga hepdlica para Iiagem de compostes bioativos com alividade hapategrotalors.,
TITLE: Standardization of a liver disease sludy model for screening biosclive compeunds with hepaloprotective activity.

AUTORES/AUTHORS: Francislaine Agarecida dos Rais Liveno.

DEPARTAMENTO/DEPARTAMENT: Farmacologa.

Coordenador(a) da CEUA

—
SHI ||1'|| Diocumenta assinado eletronicaments por ANGELA CRISTINA DA FONSECA DE OLIVEIRA, INSTITUCIONAL, em (3072023, &5 1422, conforme ant.
18, 111, *b", da Lai 114182006,

—-
SEI ||11| Docunenta assinada eletroricaments por JANAIMA MENEZES ZANOVELIL, PROFESSOR DO MAGISTERIO SUPERIOR, ern J307/2022, As 14:465,
conforme art. 18, 11, *6°, da Lei 114122006

& A autanticidada do documenta pode ser condarida agui informands o cidigo verificador 5723282 o o cidign CAC CRO48G60.
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