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RESUMO

A doenga hepatica gordurosa associada ao metabolismo (DHGAM) ¢ caracterizada pelo
acumulo de lipidios associado a disturbios metabolicos sistémicos. Fatores como diabetes,
dislipidemia, tabagismo e alcoolismo intensificam sua progressdo, e as terapias disponiveis
ainda sdo limitadas. Nesse cendrio, a etnofarmacologia surge como estratégia promissora para
identificar novos agentes hepatoprotetores. Esta tese, composta por dois estudos, investigou a
seguranga ¢ o potencial terapéutico de Petiveria alliacea e Pereskia grandifolia em modelos
pré-clinicos de DHGAM. No primeiro estudo, avaliou-se a fragdo soluvel em etanol das folhas
de P. alliacea. Ensaios de citotoxicidade em células HepG2 e teste de toxicidade aguda em
ratos Wistar (n = 6) confirmaram sua seguranca. A DHGAM foi induzida em ratos Wistar
machos por diabetes (estreptozotocina, 60 mg/kg, i.p.), dislipidemia (dieta com 0,5% de
colesterol) e consumo de alcool (5%) por cinco semanas. Nas duas ultimas semanas, os animais
foram distribuidos (n = 6-7) e tratados por gavagem com veiculo (C-), P. alliacea (30, 100 ou
300 mg/kg) e sinvastatina (2,5 mg/kg) + insulina (6 UL s.c.; SIM+INSU). Um grupo de ratos
basal foi incluido. O modelo induziu hiperglicemia, aumento de colesterol e triglicerideos
plasmaticos e hepaticos, elevacdo de aspartato e alanina aminotransferase (AST e ALT,
respectivamente), redugdo de defesas antioxidantes hepaticas, aumento da peroxidagao lipidica
e lesdes histopatologicas, como esteatose, inflamagado e degeneracao hepatocelular. Houve dano
renal com alteracoes glomerulares e tubulo-intersticiais. O tratamento com P. alliacea reduziu
parcialmente a glicemia, diminuiu lipidios plasmaticos e hepaticos, normalizou AST e ALT e,
na dose de 300 mg/kg, restaurou completamente os antioxidantes e reduziu lipoperoxidagao,
revertendo também a disfuncdo renal. J& SIM+INSU reduziu glicemia e lipidios, mas sem
restaurar adequadamente enzimas hepaticas nem marcadores oxidativos. O segundo estudo
avaliou a fragdo soluvel em etanol das folhas de P. grandifolia. Ensaios in vitro e teste de
toxicidade aguda em ratos Wistar (n = 6) demonstraram seguranga, € o extrato apresentou
potencial anti-inflamatorio in vitro ao inibir fagocitose e migragdo de macrofagos. Para
avaliacdo terapéutica, a DHGAM foi induzida por diabetes e dislipidemia (mesmos métodos do
estudo um) associadas a exposicao a fumaca de cigarro por quatro semanas. Os animais foram

distribuidos em seis grupos (n = 8) e tratados com veiculo (C-), P. grandifolia (30, 100 ou 300



mg/kg) e SIM+INSU. Ratos ndo expostos aos fatores de risco compuseram o grupo basal. O
modelo causou hiperglicemia, dislipidemia, aumento de AST e ALT, maior lipoperoxidagao,
redu¢do de antioxidantes hepaticos e lesdes histoldgicas, incluindo esteatose macro e
microvesicular e infiltrado inflamatério. O tratamento com P. grandifolia, especialmente 100
mg/kg, reverteu essas alteragdes, normalizando enzimas hepaticas, restaurando defesas
antioxidantes e reduzindo lipoperoxidacao. O efeito hipolipemiante ocorreu tanto com o extrato
quanto com SIM+INSU, embora o tratamento convencional ndo restaurasse plenamente
enzimas hepaticas nem parametros oxidativos. Em conjunto, os resultados demonstram que P.
alliacea e P. grandifolia sdo seguras e eficazes no tratamento pré-clinico da DHGAM,
apresentando a¢dao multialvo e atuando sobre hiperglicemia, dislipidemia, estresse oxidativo e
danos hepaticos e renais, destacando-se como alternativas promissoras para doengas

metabolicas complexas.

Palavras-chave: Anti-inflamatorio. Antioxidante. Erva-de-alho. Hepatoprotetor. Nefroprotetor.

Ora-pro-nobis.
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ABSTRACT

Metabolism-associated fatty liver disease (MAFLD) is characterized by the accumulation of
lipids associated with systemic metabolic disorders. Factors such as diabetes, dyslipidemia,
smoking, and alcoholism intensify their progression, and the available therapies are still limited.
In this scenario, ethnopharmacology emerges as a promising strategy for identifying new
hepatoprotective agents. This thesis, comprised of two studies, investigated the safety and
therapeutic potential of Petiveria alliacea and Pereskia grandifolia in preclinical models of
MAFLD. In the first study, the ethanol-soluble fraction of P. alliacea leaves was evaluated.
Cytotoxicity assays in HepG2 cells and an acute toxicity test in Wistar rats (n = 6) confirmed
their safety. MAFLD was induced in male Wistar rats by diabetes (streptozotocin, 60 mg/kg,
1.p.), dyslipidemia (diet with 0.5% cholesterol), and alcohol consumption (5%) for five weeks.
In the last two weeks, the animals were distributed (n = 6—7) and treated by gavage with vehicle
(C-), P. alliacea (30, 100 or 300 mg/kg), and simvastatin (2.5 mg/kg) + insulin (6 Ul, s.c.;
SIM+INSU). A basal group of rats was included. The model induced hyperglycemia, increased
plasma and hepatic cholesterol and triglycerides, elevation of aspartate and alanine
aminotransferase (AST and ALT, respectively), reduction of hepatic antioxidant defenses,
increased lipid peroxidation, and histopathological lesions, such as steatosis, inflammation, and
hepatocellular degeneration. There was also renal damage with glomerular and tubulo-
interstitial changes. Treatment with P. alliacea partially reduced glycemia, decreased plasma
and hepatic lipids, normalized AST and ALT, and at the 300 mg/kg dose, completely restored
antioxidants and reduced lipoperoxidation, also reversing renal dysfunction. SIM+INSU
reduced glycemia and lipids, but without adequately restoring hepatic enzymes or oxidative
markers. The second study evaluated the ethanol-soluble fraction of P. grandifolia leaves. In
vitro assays and an acute toxicity test in Wistar rats (n = 6) demonstrated safety, and the extract
showed anti-inflammatory potential in vifro by inhibiting macrophage phagocytosis and
migration. For therapeutic evaluation, MAFLD was induced by diabetes and dyslipidemia
(same methods as study one) associated with cigarette smoke exposure for four weeks. The
animals were distributed into six groups (n = 8) and treated with vehicle (C-), P. grandifolia

(30, 100 or 300 mg/kg), and SIM+INSU. Rats not exposed to risk factors comprised of the basal



group. The model caused hyperglycemia, dyslipidemia, increased AST and ALT, greater
lipoperoxidation, reduced hepatic antioxidants, and histological lesions, including macro- and
microvesicular steatosis and inflammatory infiltrate. Treatment with P. grandifolia, especially
100 mg/kg, reversed these changes, normalizing hepatic enzymes, restoring antioxidant
defenses, and reducing lipoperoxidation. The hypolipidemic effect occurred with both the
extract and SIM+INSU, although the conventional treatment did not fully restore hepatic
enzymes or oxidative parameters. Collectively, the results demonstrate that P. alliacea and P.
grandifolia are safe and effective in the preclinical treatment of MAFLD, showing a multi-
target action and acting on hyperglycemia, dyslipidemia, oxidative stress, and hepatic and renal

damage, standing out as promising alternatives for complex metabolic diseases.

Keywords: Anti-inflammatory. Antioxidant. Erva-de-alho. Hepatoprotective.

Nephroprotective. Ora-pro-nobis.
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Figure 5 — Relative (%) hepatic weight (a), % of hepatic lipids (b), and hepatic
histopathological analysis with hematoxylin/eosin and Nile Blue (¢) are presented in the figure.
The study encompasses two groups: normoglycemic, nondyslipidemic, and nonsmoker Wistar
rats (referred to as the basal group) and diabetic, dyslipidemic, and smoker Wistar rats. The
latter group was subjected to treatments with Vehicle (considered the negative control [C—]),
Pereskia grandifolia (administered at doses of 30, 100, and 300 mg/kg), and simvastatin +
insulin (referred to as SIM + INS). The data are expressed as mean + SEM. “p < 0.05, vs. basal;
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Figure 6 — Preclinical ethnopharmacological study examining the impact of Pereskia
grandifolia on metabolic-associated fatty liver disease (MAFLD) in diabetic rats exposed to a
diet high in cholesterol and cigarette smoke. The rats were subjected to various treatments,
including vehicle, P. grandifolia extract at different doses (30, 100, and 300 mg/kg), or a
combination of insulin and simvastatin. The figure showcases the MAFLD model that induced
liver abnormalities, such as increased alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels, disrupted lipid profile, oxidative stress, and significant liver
damage. The results of the study demonstrate the potential of P. grandifolia as a promising
hepatoprotective agent Against MAFLD. The treatment with P. grandifolia extract led to
improvements in metabolic parameters, lipid levels, and liver histology, without causing any

S Tea o) B 100 (611 2RSSR 93



LISTA DE TABELAS

Artigo 1 - Petiveria alliacea L. mitigates hepatorenal dysfunction in an innovative multi-
hit preclinical model of metabolic dysfunction-associated steatotic liver disease
Table 1 — Assessment of clinical signs in Wistar rats treated with vehicle or Petiveria

alliacea extract (300 or 2000 mg/kg), orally, in a single dose..............cooviiiiiiiiiiiininn, 62

Table 2 — The body weight and relative organ weight of Wistar rats treated with vehicle
or Petiveria alliacea extract (300 or 2000 mg/kg), orally, in a single dose, after the 14-day

EXPErMENTAl PEIIOM. .. .cuiiiiiiiiiiiieeie ettt et et e e bee et e e saseenseesnaeenseenenes 63

Table 3 — Hematological parameters of Wistar rats treated with vehicle or Petiveria

alliacea extract (300 or 2000 mg/kg), orally, single doSe.........ccceeveeriieniiiiiiiiieieeeeeeeee 65

Table 4 — Hepatic oxidative stress markers in Wistar rats subjected to the MASLD

model and treated with Petiveria alliacea extract or simvastatin + insulin (SIM+INSU) ......69

Artigo 2 - Bridging the gap: exploring the preclinical potential of Pereskia grandifolia in
metabolic-associated fatty liver disease.

Table 1 — Effect of Pereskia grandifolia on fibroblast cell viability: percentage of
viability at 24, 48, and 72 hours, and [Cs50% determination.............ceeecveeeeieeenieeenieeeniee e 89

Table 2 — Effect of Pereskia grandifolia on carcinoma HUH?7 cells viability: percentage
of viability at 24, 48, and 72 hours, and ICs50% determination.............ccccceevueerieerieenieenieenienne 89

Table 3 — Hepatic markers of oxidative stress in diabetic, dyslipidemic, and smoker

Wistar rats that were treated with vehicle, Pereskia grandifolia, and simvastatin + insulin....93



LISTA DE SIGLAS

CAPES Coordenacdo de Aperfeigoamento de Pessoal de Nivel Superior
COPG Coordenadoria de P6s-Graduacgao
CNPq Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico

UNIPAR Universidade Paranaense

DHGAM Doenga hepatica gordurosa associada ao metabolismo
AST Aspartato aminotransferase

ALT Alanina aminotransferase

MASLD Metabolic Dysfunction-Associated Steatotic Liver Disease

OECD Organizacdo para a Cooperagdo e Desenvolvimento Econdmico
GSH Glutationa reduzida

SOD Superdxido dismutase

LPO Lipoperoxidacao

MASH Esteato-Hepatite Associada a Disfungdo Metabodlica

DM2 Diabetes Mellitus Tipo 2

HDL Lipoproteina de alta densidade, do inglés High Density Lipoprotein
LDL Lipoproteina de baixa densidade, do inglés Low-Density Lipoprotein
HepG2 Células de hepatoblastoma

NAFLD Non-alcoholic Fatty Liver Disease
UEPG Universidade Estadual de Ponta Grossa
UFPR Universidade Estadual do Parana

ARRIVE Animal Research: Reporting of in vivo Experiments

SOD Superoxide dismutase
LPO Lipid peroxidation
SIM Simvastatin

INSU Insulin



IC50

PC

NC

MTT

Concentragao inibitoria mediana

Positive control

Negative control

3-(4,5-dimetiltiazol-2yl)-2,5-di- fenil brometo de tetrazolina

Grupo controle negativo



LISTA DE SIMBOLOS

°C

%

mL

ng

mg

dL

IV

IN

Graus Celsius
Marca registrada
Mais ou menos
Molaridade
Porcentagem
Mililitro

Grama
Micrograma
Miligramas
Decilitro
Quilograma
Numero

Menor que
Maior que
Maior ou igual a

Menor ou igual a



1.3

1.4

2.1

2.2

SUMARIO

CAPITULO 1 - REVISAO BIBLIOGRAFICA .......oueererrerrernernsessessssessessenes

Introduciao
RETEIEIICIAS cevveeerererererereeeeeeeeeeeeeeeeeseesseeesssssesssessssssssssssssssssssssssssssssssssssssssssssssssssss

Objetivo

CAPITULO 2 = ARTIGOS ..oueeeerereeressessnsssessessassssssssesssssssssessessassssssssessessases
ARTIGO 1 - Petiveria alliacea L. mitigates hepatorenal dysfunction in an
innovative multi-hit preclinical model of Metabolic Dysfunction-

Associated Steatotic Liver Disease...

| 0710 0010 1110 (1) | DO

Material and Methods

PharmaceuticQl STUAIES. ..............cocuceeeeiriiniiiiieiiiicieeeeeese ettt
ARIMALS ... oo e
Experimental design and treatments. .............ccccccceeceevuueenoenenneeneeneneneenieennes
Euthanasia, sample collection and biochemical analysis................c..cccuuce....
Measurement of hepatic cholesterol and triglycerides................cccccovuevueeucnnnne.
Histopathological GNalYsis.................cccoceeeeviniiiniiiiiiiiiieiceeseee e
Investigation of hepatic antioXidant SYStEM.............cccceceevueeveerversenceineeieeeenieene
SEALISTICAL ANALYSTS ...ttt
RESUIES ccneeeneernieeeetenteneieeeneenaeeteseestecseeseesaeesseseessesssesssesssessesssesssessesssesssessenne
DiSCUSSION...cueceeeerienieentenenentetestentestestesaesessssssessessessesasssssasssssssesasssssnsnsanes
67171 T4 11 TS T1) 1 PO ORI
| 200 13 0 (T OO
ARTIGO 2 - Bridging the gap: exploring the preclinical potential of

Pereskia grandifolia in metabolic-associated fatty liver disease..........cceueeueenee

23

40

50

51

52

55

56

58

58

58

59



TN EOAUCTION. ceeeeeeeeeeerereeeereeeeneeeeeseeesereessesssssssssessssssssssssssssssssssssssssssssssassassassssssssas 84

Material and Methods ........eiceieiviicssninssnicssnicssnnisssssesssssessssnesssssssssssssssssses 84
Preparation of Pereskia grandifolia extract................cccccceeeeevveeecieencieeneenneennn 84
Toxicological STUAIES.............ccuiii e 85
Acute toxicity evaluation of Pereskia grandifolia.................................... 85
Pharmaceutical STUAIES ...............couiiiii i 85
In vitro anti-inflammatory activity of Pereskia grandifolia......................... 85
ARTIMALS ..o 86
Experimental design and treatments...................ccccoeiiiiiiiiiiiiiiiiiiiiiiinn. 86
Euthanasia, sample collection, and biochemical analysis........................... 86
Determination of hepatic and fecal cholesterol and triglyceride levels............ 87
Examination of hepatic antioxXidant SyStem...............c.ccuvueiiiiiiininiannnnnnn. 87
Hepatic histopathological Study.................c.cooiiiiiiiiiiiiiiiiiiiiiiiiaieanen, 87
StAtistical ANALYSIS..........coooiii i 87
RESUILS acueeeeeinnniiiiiinniiiininttiiiiinntncsisnttecsssnnencssssssensssssssnscssssssssssssssasssssssansssssssssssssns 88
DISCUSSION couveririnriiinnensenenssrnessssncsssnessssncssssecssssesssssesssssesssssessssssssssssssssssssssssssssssssnss 92
Conclusion 94
| 2 3 1) 1 T OO 95
CONCLUSAO. 97
ANEXOS ..uuoiiciiniisnicsnnniissecsnisnssseessisssssseessessasssssssssssssssessessasssssssssssssssssssssssssassase 98

ANEXO 1 - Normas do Periddico Naunyn-Schmiedeberg's Archives of
Pharmacology............c.oonoo i 98
ANEXO 2 - Comissao de Etica no Uso de Animais do Setor de Ciéncias Biologicas

da Universidade Federal do Parana (CEUA/BIO — UFPR) ........cccovvieiiiiciiiieeieee, 112



ANEXO 3 - Comité de Etica em Pesquisa Envolvendo Experimentagdo Animal

(CEPEEA) oo eeeeee oo e oo e s e s e s s e s s es s ses e se s seenes



CAPITULO 1

REVISAO BIBLIOGRAFICA

22



23

Petiveria alliacea L. E Pereskia grandifolia Haw.: UMA REVISAO DA LITERATURA
SOBRE OS POTENCIAIS TERAPEUTICOS NA DOENCA HEPATICA
GORDUROSA ASSOCIADA AO METABOLISMO E FATORES DE RISCO
O capitulo 1 foi editado de acordo com as normas da Associagao Brasileira de Normas Técnicas

- ABNT.

1.1 Introducio

1.1.1 Caracterizacdo da Doenca Hepatica Gordurosa Associada ao Metabolismo
(DHGAM)

A DHGAM ¢ definida por sua etiologia metabolica e caracterizada pelo acumulo
excessivo de lipidios no parénquima hepatico, sem que a causa primaria desta condigdo seja o
consumo excessivo de alcool (Younossi ef al., 2023). Em sua base fisiopatoldgica, a resisténcia
insulinica e a consequente toxicidade lipidica promovem o dano celular, ativando mecanismos
de inflamacdo e estresse oxidativo. Essa progressdo pode desencadear a forma mais agressiva
da doenca, a Esteato-Hepatite Associada a Disfuncdo Metabdlica (MASH), e o
desenvolvimento de fibrose hepatica (Allen et al., 2018). Embora a DHGAM seja reconhecida
como a doenca hepatica cronica de maior prevaléncia mundial (Younossi ef al., 2016; Estes et
al., 2018), sua implicagdo clinica mais grave reside no fato de ser um preditor independente de
Doenca Cardiovascular, que representa a principal causa de morte em individuos com
DHGAM. Portanto, a DHGAM ¢ mais apropriadamente vista como um sinal organico da
severidade da disfungcdo metabodlica sistémica, intensificando o risco cardiometabolico
(Chalasani et al., 2018; Polyzos et al., 2019).

Por representar um desafio hepatolégico cronico de magnitude global (Estes et al.,
2018), a DHGAM sustenta a prevaléncia de esteatose hepatica metabolica, que atinge
aproximadamente 25% da populacdo mundial, configurando uma verdadeira epidemia
silenciosa (Younossi ef al., 2016). Essa distribui¢dao, contudo, ndo ¢ uniforme, demonstrando
uma forte correlagdo com a prevaléncia crescente da obesidade e Diabetes Mellitus Tipo 2
(DM2), que estdao entre os principais fatores etiologicos da doenga (Chalasani et al., 2018;
Younossi et al., 2023). O aumento exponencial dessa condi¢ao impde uma carga significativa
sobre os sistemas de satide, uma vez que a progressao para as formas mais avancadas, como a
MASH e a fibrose hepatica, estd se tornando uma das causas primdrias de cirrose com indicagao
de transplante hepatico em todo o mundo (Estes et al., 2018). O reconhecimento dessa
prevaléncia alarmante ressalta a urgéncia de estratégias eficazes de prevencdo, rastreio e

tratamento para amenizar seu impacto na saide publica global (Younossi et al., 2016).

1.2 Revisao da literatura
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1.2.1 Fatores de risco propulsores da DHGAM

A correlagdo acentuada entre a DHGAM e o risco elevado de complicacdes
cardiovasculares e metabdlicas € solidificada pela alta frequéncia de comorbidades interligadas,
como o DM2, que manifesta uma forte associacdo com a DHGAM, acometendo até dois tercos
de individuos diabéticos, e favorecendo a progressao para a fibrose hepatica avangada
(Chalasani et al., 2018). Além disso, a dislipidemia com perfil aterogénico, caracterizada por
niveis elevados de colesterol LDL (Lipoproteina de baixa densidade) e baixos de colesterol
HDL (Lipoproteina de alta densidade), ¢ um elemento metabolico relevante que contribui
diretamente para a progressao simultanea da lesao hepatica e da aterosclerose sist€émica (Bence
et al.,2020). Outros habitos de vida, como o tabagismo, que induz estresse oxidativo e prejudica
a fun¢do endotelial, e o consumo alcodlico, mesmo que moderado, exacerbam o dano hepatico
e elevam o risco cardiometabolico (Eslam et al., 2020)

O DM2 nio ¢ apenas um fator de risco relevante para a DHGAM, como também um
componente que estabelece com ela uma relacdo fisiopatologica bidirecional e sinérgica. A
prevaléncia da DHGAM atinge uma propor¢do alarmante, ultrapassando 60% em individuos
diagnosticados com DM2, sendo essa coexisténcia um preditor de prognodsticos clinicos
negativos (Younossi et al., 2019; Tomah et al., 2020). Essa associagdo ¢ impulsionada
primariamente pela resisténcia a insulina, um mecanismo central que promove tanto a
hiperglicemia quanto o aumento da sintese hepatica de lipidios, resultando no acimulo de
gordura e no consequente dano celular (Gastaldelli ef al., 2019; Maldonado-Rojas et al., 2024).
Além de ser um catalisador para o desenvolvimento da DHGAM, a presenga do DM2
demonstrou ser um fator que acelera significativamente a progressao da fibrose hepatica,
aumentando o risco de cirrose e de suas complicagdes relacionadas, incluindo o carcinoma
hepatocelular (Powell ef al., 2021). Portanto, o rastreio e o manejo terapéutico otimizado da
DHGAM em pacientes com DM2 sdo essenciais, visando interromper esse ciclo vicioso e
reduzir o risco de morbimortalidade associada a ambas as condi¢des (Tomah et al., 2020).

A dislipidemia, em particular o perfil aterogénico, ¢ considerada um dos fatores
metabolicos centrais que impulsionam tanto o surgimento quanto o agravamento da DHGAM.
Esse desarranjo no metabolismo lipidico, tipificado pela hipertrigliceridemia, baixos niveis de
colesterol HDL e a predominancia de lipoproteinas LDL densas e pequenas, ndo € apenas um
sinal da doenca, mas um motor fisiopatologico ativo (Katsiki et al., 2016; Zhang et al., 2021).
A relagdo com a DHGAM se da pela excessiva oferta de dcidos graxos livres na circulagdo, que
sobrecarregam a capacidade metabolica do figado, resultando na toxicidade lipidica aos

hepatocitos, iniciando uma cadeia de eventos que inclui disfungdo mitocondrial e resisténcia a
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insulina, o que leva a esteatose e, posteriormente, ao quadro inflamatorio hepatico (Ress et al.,
2016).

A correlagdo entre a DHGAM e a dislipidemia ¢ tdo forte que a presencga de perfis
lipidicos alterados ¢ observada em uma alta porcentagem de pacientes com Sindrome
Metabolica e obesidade, refor¢ando a natureza sistémica da DHGAM (Younossi ef al., 2019).
Além de ser um precursor da esteatose e acelerar a progressao da lesdo hepatica para estagios
avancados, o padrio dislipidémico intensifica drasticamente o risco de eventos
cardiovasculares, considerados como principal causa de morte nesses pacientes, € contribuindo
diretamente para a formagdo da placa aterosclerdtica. Assim, o sucesso no tratamento da
DHGAM exige uma estratégia que aborde simultaneamente a reducdo da gordura hepatica e a
normalizacdo do perfil lipidico para diminuir a morbimortalidade (Katsiki et al., 2016; Rao et
al., 2023).

O tabagismo representa um fator de risco modificavel de grande relevancia e
intimamente associado & etiopatogenia e ao agravamento da DHGAM (Messner; Bernhard,
2014; Pan et al., 2015). Isso ocorre devido a multipla toxicidade dos componentes da fumacga
do cigarro, que atuam negativamente no metabolismo sistémico, configurando um potente
indutor da resisténcia a insulina. A diminui¢ao na sensibilidade celular a insulina é um evento
crucial que desregula o controle da glicose e dos lipidios, promovendo a hiperglicemia, que ¢
um dos preditores da DHGAM (Sun; Liu; Ning, 2012; Liu et al., 2021). Adicionalmente, a
exposi¢do cronica ao tabaco compromete a integridade do sistema vascular, caracterizando-se
pela disfuncdo endotelial e desequilibrio no sistema nervoso autonomo, geralmente manifestado
pelo aumento do tonus simpatico (Berlin et al., 2012). No contexto da satde hepatica, esses
mecanismos de resisténcia insulinica, inflamacgao sistémica e lesdo microvascular, se somam
para intensificar o acimulo de gordura e o subsequente dano hepatico, solidificando o
tabagismo como um catalisador da DHGAM (Zhang ef al., 2023).

O risco para o desenvolvimento da DHGAM aumenta de forma diretamente
proporcional a carga tabagica acumulada, usualmente medida em “pack-years”. Um estudo de
analise populacional, observou que o risco de DHGAM ¢ maior entre fumantes atuais e aqueles
que cessaram o habito recentemente, sendo que o risco aumenta com o numero de anos-mago
fumados, indicando uma relagdo dose-dependente (Jang et al., 2023; Joe et al., 2025). Essa
associacao epidemioldgica ¢ sustentada pela compreensdo dos mecanismos fisiopatologicos: a
fumaga do cigarro acelera a DHGAM por meio da ativagdo de vias metabdlicas e vasculares,
promovendo o estresse oxidativo, a inflamagdo cronica e, de forma central, a resisténcia a
insulina, elementos-chave que levam a esteatose e a progressao da doenga hepatica (Jang et al.,

2023).
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Entende-se que o agravante dessa associacdo estd no impacto do tabagismo sobre a
mortalidade dos pacientes com DHGAM. Um estudo de coorte revelou um efeito patogénico
significativo do tabagismo na sobrevida dos tabagistas, onde os resultados apontaram que o
tabagismo atual aumentou o risco de mortalidade por todas as causas em 109% em mulheres
com DHGAM, quando comparadas as ndo fumantes. Este risco foi ainda mais acentuado em
mulheres com uma alta carga tabagica (acima de 10 pack-years), sugerindo uma interacao
particularmente perigosa entre o hdbito e o sexo bioldgico na progressao da doenga hepatica
para desfechos fatais (Charatcharoenwitthaya et al., 2020).

Considerando a relevancia da cessagdo do tabagismo no contexto geral de saude, ¢
necessario compreender que seu efeito direto na prevaléncia de DHGAM ¢é complexo. Uma
meta-analise recente, ao comparar ex-fumantes com fumantes atuais, concluiu que a
prevaléncia de DHGAM em ex-fumantes ndo era significativamente menor, e em alguns casos,
era até ligeiramente superior, sugerindo que a cessagdo do fumo por si s6 pode nao ser um fator
de prote¢do imediato contra a prevaléncia da doenga (Zhang et al., 2023). Essa ressalva pode
ser parcialmente explicada pelo ganho de peso frequentemente associado a interrup¢do do
tabaco, um fator que, por sua vez, ¢ um forte preditor da DHGAM. Contudo, outros estudos
reforcam que a prevaléncia de DHGAM ¢ inversamente associada a duracao da cessagao,
indicando que o tempo de abstinéncia € benéfico e diminui o risco metabodlico (Joe et al., 2025).
Coletivamente, esses dados enfatizam que o tabagismo ¢ um fator de risco que atua
primariamente na aceleragao da fisiopatologia e dos desfechos de mortalidade, e seu controle €
essencial no manejo da DHGAM.

O consumo de alcool também atua como agente de lesdao hepdatica através de vias
fisiopatologicas complexas, as quais contribuem para a exacerbacdo e o desenvolvimento da
DHGAM. A toxicidade do alcool, primeiramente, deriva do seu metabolismo: ap6s a ingestao,
o etanol ¢ majoritariamente processado no figado pela enzima dalcool desidrogenase
(Cederbaum, 2012), resultando na producao de subprodutos toxicos, como o acetaldeido. Este
processo promove o estresse oxidativo decorrente da geracao excessiva de espécies reativas de
oxigénio, que excedem as capacidades de defesa celular (Liu, 2014). Adicionalmente, o 4lcool
¢ um estimulo para a inflamag¢do sistémica e hepatica, elevando os niveis de citocinas pro-
inflamatérias, como o fator de necrose tumoral alfa (TNF-a), um fator que facilita o dano
hepatocelular e a progressao da esteatohepatite (Szabo, 2015; Sun; Wang, 2021). Esse contexto
prejudicial é ainda mais comprometido pela alteragdo na microbiota intestinal e pelo aumento
da permeabilidade da barreira intestinal (Slevin et al., 2020), permitindo que endotoxinas
atinjam o figado e agravem as disfun¢des metabolicas desencadeadas por inflamagao hepatica

e resisténcia a insulina (Jeon et al., 2020).
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Ainda que a classifica¢do da doenca hepatica alcodlica esteja relacionada ao uso cronico
e elevado de alcool, abrangendo um espectro de lesdes graves (Crabb et al., 2020), a ingestao
alcoolica em qualquer nivel estd associada ao aumento da incidéncia e da taxa de progressao da
DHGAM (Policarpo et al., 2022). Em uma sociedade onde tendéncias indicam um aumento no
uso de alcool (Braun ef al., 2021; Abrantes et al., 2022), muitas vezes ligadas a mecanismos
cerebrais de refor¢o que podem evoluir para a dependéncia (Avena et al., 2006), a coexisténcia
de fatores de risco metabodlicos proprios da DHGAM e a ingestdo alcoolica criam um impacto

relativo negativo no tecido hepatico (Volkow et al., 2007).

1.2.2 Abordagem diagnostica da DHGAM

O processo diagnoéstico da DHGAM, deve considerar ndo apenas a esteatose, mas
também a concomitancia de pelo menos um critério cardiometabodlico, como a presenca de
obesidade, DM2, ou outras evidéncias de desregulacdo metabdlica em individuos ndo obesos
(Rinella; Sookoian, 2024, Nguyen; Vo, 2025). Embora a bidpsia hepatica ainda represente o
padrdo-ouro por sua capacidade insubstituivel de diferenciar a esteatose simples da forma mais
progressiva, e de mensurar o grau exato de fibrose (Eslam et al., 2020), sua natureza invasiva
e os custos associados limitam sua aplicagdo como ferramenta de rastreamento populacional.
Diante disso, a rotina clinica depende cada vez mais de métodos nao invasivos para identificar
individuos de maior risco e evitar bidopsias desnecessarias. Assim, a deteccao inicial da esteatose
¢ frequentemente realizada pela ultrassonografia, por ser acessivel, enquanto a estratificacdo do
risco de doenca avancada e fibrose utiliza ferramentas mais avancadas, incluindo a Elastografia
de Transi¢do (FibroScan) e escores séricos como o Indice de Fibrose-4 (FIB-4), que
demonstraram utilidade clinica superior na classificacdo de pacientes com DHGAM (Rinella;

Sookoian, 2024; Nguyen; Vo, 2025).

1.2.3 Estratégias terapéuticas convencionais para a DHGAM

O tratamento da DHGAM encontra na modifica¢do intensiva do estilo de vida seu
elemento central e mais eficaz. A estratégia ndo farmacolodgica sustenta o alicerce fundamental
para a reversdao da doenca hepatica (Lipscombe et al., 2018; Khatib et al., 2022), por ser uma
abordagem que visa a reducao do peso corporal e a melhoria do perfil metabdlico, dois fatores
etiologicos cruciais na patogénese da DHGAM (Eslam et al., 2020; Rinella et al., 2023).
Estudos evidenciam que uma perda de peso sustentada de 5% a 7% do peso inicial ¢ suficiente
para promover uma reducdo significativa da esteatose hepatica, enquanto perdas >10%
frequentemente conduzem a resolucao da esteato-hepatite e at¢ mesmo a regressao da fibrose

(Khatib et al., 2022; Sanyal et al., 2025). As intervengdes mais recomendadas englobam a
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adocdo de padrdes alimentares sauddveis e a pratica regular de exercicios fisicos, sendo a
combinagdo dessas medidas a mais potente para a condigdo hepatica e cardiovascular
(Lipscombe et al., 2018).

A intervencao medicamentosa ¢ reservada para pacientes com DHGAM que apresentam
risco mais elevado de progressdo, tipicamente aqueles com fibrose avancada ou a forma
inflamatoria, ou para aqueles em que as mudangas no estilo de vida nao foram suficientes para
controlar as comorbidades metabdlicas (Godoy-Matos et al., 2023). Uma classe de
medicamentos inicialmente desenvolvida para o diabetes, os agonistas do receptor do peptideo-
1 semelhante ao glucagon (AR GLP-1), surgiu como um tratamento promissor, demonstrando
eficacia notavel. A Semaglutida, por exemplo, alcangou a resolucdo histologica da esteato-
hepatite sem piora da fibrose em ensaios de fase 3, além de induzir perda de peso significativa
(Sanyal et al., 2025). Outra op¢ao relevante para a terapia convencional ¢ a Pioglitazona, um
agente sensibilizador de insulina que se mostrou capaz de reduzir a gordura hepatica e melhorar
a inflamacao e a fibrose, sendo recomendada para pacientes com quadro inflamatério hepatico
estabelecido e diabetes ou pré-diabetes (Godoy-Matos et al., 2023). Contudo, os custos
elevados destes medicamentos bem como a especificidade que ndo incorpora todos os
mecanismos envolvidos na DHGAM, além das alteragdes hepaticas, diarreia, cefaleia e nduseas
decorrentes do uso, mantém os recursos farmacologicos disponiveis em um degrau de limitagao.

A busca por terapias que atuem diretamente no figado e nos processos de fibrose
impulsionou o desenvolvimento de novas moléculas. Um avango notavel ¢ o surgimento dos
agonistas seletivos do receptor 5 do hormonio tireoidiano (THR-8), como o Resmetirom, que
acelera o metabolismo hepatico de lipidios e demonstrou impacto significativo no tratamento
da MASH e na melhoria da fibrose (Harrison et al., 2024). Além disso, medicamentos que
modulam as vias metabolicas e inflamatorias, como os inibidores do cotransportador de sddio-
glicose 2 (ISGLT2) e outros agentes, indicam que o futuro do tratamento farmacologico da
DHGAM sera direcionado para a terapia combinada, buscando interferir na esteatose,
inflamacao, e na fibrose por meio de mecanismos de agdo sinérgicos (Harrison et al., 2024;
Rinella et al., 2023). A complexidade da DHGAM destaca a necessidade de tratamentos que
controlem as comorbidades, especialmente a dislipidemia e a hipertensdo, para reduzir o risco

cardiovascular associado (Lipscombe et al., 2018).

1.2.4 Modelos experimentais para o estudo de DHGAM
Os ratos e camundongos sdo amplamente empregados na pesquisa translacional da
DHGAM devido a sua alta similaridade fisioldgica e genética com os humanos, o que os

posiciona como modelos ideais para estudos comparativos (Lima et al., 2016; Guzzardi et al.,
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2021). As vantagens de utilizar roedores transcendem as questdes de manejo e custo, que sdo
favoraveis, e se concentram principalmente em seu ciclo de vida curto e na facilidade de
manipulacdo genética e ambiental, permitindo a observagdo da progressdo da doenga em um
curto espago temporal (Zamani-Garmsiri et al., 2021). A relevancia desses modelos ¢
evidenciada pela capacidade de reproduzir as caracteristicas-chave da DHGAM humana,
incluindo esteatose, inflamacao hepatica, fibrose e, crucialmente, as comorbidades metabolicas
como obesidade, resisténcia a insulina e dislipidemia, que sdo essenciais para a definicdo da
doenca (Liou et al., 2019; Velazquez et al., 2019).

A DHGAM ¢ classicamente induzida em roedores por meio de modificagdes dietéticas
que simulam os fatores de risco nutricionais humanos, sendo o uso de dietas ricas em gordura,
em frutose, ou a combinacdo de ambas as abordagens mais utilizadas para reproduzir o espectro
da doenca, da esteatose simples a MASH (Kawano et al., 1992, Kundu et al., 2020). Modelos
de dieta de longa duragdo, que chegam a 16 a 20 semanas ou mais, permitem a progressao da
esteatose simples para a MASH e, em algumas linhagens genéticas especificas, o
desenvolvimento de fibrose avangada e até carcinoma hepatocelular, espelhando a evolugdo
clinica observada em pacientes humanos (Karatzas et al., 2018; Cui et al., 2020; Vale et al.,
2020). Essa inducao, por meio de dieta controlada, ¢ fundamental para o estudo detalhado da
fisiopatologia, desde os mecanismos de lipogénese induzidos pela frutose, conforme descrito
em estudos iniciais (Bray, 1977), até a avaliacdo da eficicia de novas terapias farmacolodgicas
que visam interromper o ciclo de inflamacao e a fibrose hepaticas (Guzzardi ef al., 2021).

Apesar de grande parte dos estudos avaliarem os fatores de risco para DHGAM
isoladamente, h4d uma tendéncia instalada em investigar multiplos fatores associados para
simular seu impacto global na progressao da doenca de forma simultanea. Neste contexto, o
desenvolvimento e validagdo de novos modelos multi-hit que associem sincronicamente 0s
principais fatores de risco como dislipidemia, consumo de 4lcool, tabagismo e DM2, apresenta-
se como um avanco essencial que torna os estudos de DHGAM cada vez mais robustos e
aplicaveis na pesquisa translacional (Siintar, 2020) Assim, alguns protocolos experimentais
comprometidos com esse avango tdo necessario, além de induzir o DM2 e associar uma dieta
hipercalorica para a instalacdo da dislipidemia (Auth et al., 2022; Albuquerque et al., 2023),
incorporam a indugdo do tabagismo em ratos, conforme demonstrado por Albuquerque et al.
(2023), que utilizaram camaras fechadas para exposi¢do a fumaca do cigarro, simulando o
tabagismo ativo. Essa metodologia de exposi¢do a fumacga, permite aos pesquisadores avaliar
os efeitos sistémicos do tabagismo, como o aumento do estresse oxidativo e a amplificagcdo de
respostas inflamatorias, o que € extremamente relevante para o estudo da DHGAM, visto que

o tabagismo ¢ um conhecido fator de risco que acelera a progressao da fibrose hepatica e agrava
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as disfungdes metabolicas, proporcionando assim um modelo mais complexo e representativo
da doenga humana (Lo et al., 2011; Barbosa et al., 2020; Dwivedi et al., 2020; Mendes et al.,
2021).

A pesquisa translacional em DHGAM exige refinamento dos modelos experimentais
para que os resultados pré-clinicos alcancem a aplicagdo clinica eficaz. Neste sentido, o
aprimoramento continuo na indugao da doenca em roedores, seja por meio de dietas especificas
ou pela inclusdo de cofatores de risco como o tabagismo, busca uma correspondéncia patologica
cada vez mais proxima da DHGAM humana, da esteatose a fibrose. Essa precisao € crucial para
fornecer dados robustos e fidedignos sobre a fisiopatologia e a eficacia de novas terapias a partir
de modelos mais representativos, o que ¢ fundamental para garantir a translagdo do

conhecimento cientifico € o sucesso terapéutico (Siintar, 2020).

1.2.5 O perfil fitoquimico promissor de Petiveria alliacea L.: da etnofarmacologia a
validacio cientifica

Apesar de subestimada, a diversidade da flora brasileira ainda é considerada a maior do
mundo (Forzza et al., 2018), com mais de 50.000 espécies reconhecidas (Brazil Flora Group,
2020). Neste contexto, a P. alliacea L., popularmente identificada em diversas regides
brasileiras pelos nomes de guiné, erva-de-alho, tipi ou amansa-senhor, € uma espécie herbacea
perene pertencente a familia Phytolaccaceae e ao género Petiveria (Cronquist, 1988; Neves et
al., 2006). Esta familia botanica engloba um niimero significativo de géneros e espécies,
amplamente distribuidos em zonas tropicais, com destaque para P. alliacea enquanto membro
mais reconhecido de seu género (Duarte et al., 2005; Marchioretto et al., 2014).
Morfologicamente, a planta ¢ caracterizada como um subarbusto de crescimento ereto (Figura
1), que geralmente alcanca de meio a um metro de altura, apresentando a marcante
particularidade de exalar um odor semelhante ao do alho, apresentando folhas alternadas e

simples (Duarte et al., 2005).
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Figura 1. Subarbusto adulto de Petiveria alliacea.

Fonte: Giehl, 2025.

A ampla relevancia desta espécie na medicinal tradicional estd diretamente ligada a sua
extensa distribuicdo geografica, sendo considerada nativa de vastas dareas tropicais e
subtropicais do continente americano (Marchioretto et al., 2014). Seu habitat natural se estende
desde a Amazodnia e o Caribe até a América Central e do Sul, abrangendo uma notavel presenca
em diversos estados do Brasil. A capacidade adaptativa de P. alliacea em diferentes ambientes
levou & sua naturalizagdo e uso em regides fora de sua area de origem, inclusive na Africa
Subsaariana. Essa dispersao cultural impulsionou a consolidagao da planta como um importante
objeto de estudo etnofarmacoldgico, promovendo pesquisas em busca da validagdo cientifica
de seus multiplos usos terapéuticos (Neves et al., 2006).

Tradicionalmente, P. alliacea apresenta um rico histérico etnobotanico, com um
repertdrio amplo na medicina tradicional (Taylor, 2002; Magalhaes ef al., 2022) seja através de
suas raizes ou folhas, que constituem as estruturas de maior interesse popular, ou outras partes
utilizadas na preparagdo de extratos (Paz Perafan; Montenegro, 2024; Santiago et al., 2025). O
uso oral do infuso ou cha sdo indicados na medicina popular para o alivio de quadros
sintomaticos inespecificos, como febre, dor de cabeca, congestdo e outras dores generalizadas,
além de auxiliar no manejo de resfriados comuns (Taylor, 2002; Santiago et al., 2025). Ja as
preparagdes de uso topico envolvem o macerado ou a infusdo concentrada das folhas, que sdao
aplicados externamente para amenizar dores musculares e tratar contusdes, evidenciando a
versatilidade da espécie principalmente no tratamento empirico de desordens agudas (Taylor,
2002).

Estudos farmacoldgicos tém fornecido evidéncias que confirmam as ag¢des analgésica e
anti-inflamatoria de P. alliacea, corroborando seu uso tradicional para alivio da dor e contusdes

(Casagrande et al., 2023; Carbolim et al., 2025). Além disso, extratos da planta exibem uma
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consideravel capacidade antioxidante, justificando o uso popular como agente depurativo e
protetor (Beltreschi et al., 2019; Bremm et al., 2020). Outras descobertas importantes sobre
esta planta incluem o potencial antimicrobiano, a agdo citotoxica contra células tumorais e a
influéncia em mecanismos neurais, indicando que o arsenal terapéutico da espécie € vasto e
merece aprofundamento (Guimaraes et al., 2022; Carbolim et al., 2025).

O interesse cientifico em P. alliacea envolve sua rica composi¢ao fitoquimica, que
abrange classes de metabdlitos secundarios como flavonoides, cumarinas, esterdis, triterpenos
e alcaloides, reconhecidos por suas propriedades bioativas (Abdul Raheem et al., 2018;
KAnmodi et al., 2022). No entanto, acredita-se que o diferencial quimico mais marcante da
espécie seja a presenca de compostos organossulfurados volateis, responsaveis pelo odor
alidceo caracteristico da planta (Kim et al., 2005), com destaque para o dibenzil trissulfeto, um
polissulfeto lipossoluvel que ¢ frequentemente identificado como um dos principais
responsaveis por atividades farmacoldgicas como a citotoxicidade e o potencial antiparasitario
(Kim et al., 2005; Luz et al., 2016). Embora tanto as folhas quanto as raizes sejam ricas em
constituintes ativos, pesquisas indicam que as raizes podem apresentar maior concentracao de
alguns desses organossulfurados, enquanto as folhas demonstram alta concentra¢do de outros
metabolitos como flavonoides, o que poderia justificar a extra¢do de diferentes partes da planta
para usos terapéuticos especificos (Luz et al., 2016; Arogbodo et al., 2021).

Para avaliar a atividade anti-inflamatoria de P. alliacea, um estudo in vivo utilizou ratos
Wistar tratados com o extrato etandlico bruto das raizes da planta, e como resultado obteve uma
significativa inibi¢do do processo inflamatorio agudo em comparacdo com o d&cido
acetilsalicilico, agindo mais especificamente na reducao do acumulo de células de defesa, como
neutrofilos e células mononucleares, na regido da inflamacgado induzida por carragenina (Lopez-
Martins et al., 2002). Em pesquisas mais recentes, o extrato aquoso das folhas de P. alliacea
foi testado em camundongos para avaliar seu impacto na inflamagdo associada a distirbios
metabolicos, revelando um efeito promissor ao modular biomarcadores inflamatorios cruciais,
0 que indica uma possivel aplicacdo no manejo de componentes cronicos da inflamagao
sistémica (Olajubutu et al., 2022; Fatimah et al., 2024).

Além de suas propriedades anti-inflamatorias, P. alliacea tem sido estudada por seu
potencial antimicrobiano e antifungico, frequentemente atribuidos aos seus compostos
organossulfurados e flavonoides, com eficacia comprovada in vitro contra diversos patogenos.
E o que se observa no estudo de Machado e Ramos (2020), que utilizaram o extrato etanélico
de folhas secas da planta para testar sua eficdcia no combate a fungos de interesse agricola e de
saude, como o Aspergillus flavus. Outro estudo in vitro destacou o potencial antibacteriano do

extrato etandlico 80% das folhas e raizes de P. alliacea, revelando atividade contra
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microrganismos clinicamente relevantes, incluindo Staphylococcus aureus, Pseudomonas
aeruginosa ¢ Klebsiella pneumoniae (Lozano et al., 2021). Em um estudo adicional, uma
analise in vitro demonstrou que o tratamento com o extrato acetato de etila das folhas, caule e
raizes de P. alliacea apresentou eficacia contra um espectro relevante de patdégenos, incluindo
bactérias Gram-positivas (Staphylococcus aureus, Bacillus subtilis), Gram-negativas
(Escherichia coli) e fungos (Candida albicans, Aspergillus fumigatus). (Khadka et al., 2023).

P. alliacea também tem demonstrado potencial terapéutico relevante no ambito
neurologico através de estudos relacionados a fungdo cognitiva. A partir do extrato aquoso das
folhas utilizado para tratar ratos, foi possivel observar efeito ansiolitico e antidepressivo,
quando estes foram submetidos a testes cognitivo-comportamentais (Caicedo-Pinto et al.,
2019). Outro estudo de relevancia utilizou o extrato etandlico das folhas de P. alliacea para
tratar camundongos com comprometimento significativo de memoria e aprendizagem. Os
resultados indicaram uma melhora aparente nos parametros de memoria e aprendizado
mediados pela redugdo do estresse oxidativo, além de promover a melhora cognitiva e de
memoria (Silva et al., 2015; Zavala-Ocampo ef al., 2024).

Considerando a potencial agao do extrato de P. alliacea no metabolismo, Mustika et al.
(2021) utilizaram uma nanoformulagdo do extrato das folhas da planta para tratar ratos Wistar
com diabetes induzido por estreptozotocina. Os resultados apontam que o tratamento com o
extrato nanoemulsionado ndo apenas promoveu a reducao da resisténcia a insulina, conforme
medido pelo indice HOMA-IR (Homeostatic Model Assessment-Insulin Resistance), mas
também reduziu significativamente os niveis séricos de citocinas pro-inflamatorias, como a

Interleucina 6 (IL-6) e o TNF-a.

1.2.6 Do uso popular a vitrine cientifica: aspectos botinicos e fitoquimicos e potencial
medicinal de Pereskia grandifolia Haw.

No contexto da diversidade da flora brasileira, 483 espécies da familia Cactaceae foram
identificadas, das quais 206 sdao consideradas nativas do Brasil (Zappi; Taylor, 2020). Pereskia
grandifolia Haw., popularmente conhecida como ora-pro-ndbis, tem sido uma das espécies
mais utilizadas na medicina popular, especialmente nas regides Sudeste e Nordeste do Brasil.
Com suas folhas extremamente mucilaginosas, destaca-se por suas propriedades terap€uticas e
alto valor nutricional. E utilizada principalmente como emoliente na medicina tradicional e na
industria farmacéutica (Farago ef al., 2004).

Além de seu uso popular na medicina tradicional, a ora-pro-nébis é considerada um
vegetal nao convencional que encontrou seu lugar na culinaria regional brasileira (Souza ef al.,

2014). O uso da planta como suplemento alimentar natural ou componente de novos alimentos,
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suplementos e formulagdes farmacéuticas impulsionou a exploragdo dessa espécie (Maciel et
al., 2019), e tem despertado interesse na industria alimenticia como suplemento devido ao seu
alto potencial proteico (Mercé ef al., 2001).

A familia Cactaceae inclui o género Pereskia e suas 17 espécies, que se originam em
regidoes temperadas e tropicais e se distribuem principalmente em areas de climas secos e
quentes. No Brasil, seu dominio fitogeografico se concentra na Caatinga, Mata Atlantica,
Cerrado, Pampa e Pantanal (Santos et al., 2021; Torres et al., 2022). As plantas deste género
tém folhas grandes, verde-brilhantes, semelhantes as da ligustrina. Sao faceis de cultivar, tém
crescimento rapido e floracdo abundante. Podem ser classificadas como arbustos (até trés
metros de altura), trepadeiras ou mesmo arvores suculentas (atingindo 5-20 m de altura). Suas
flores podem aparecer isoladas ou em cachos, geralmente semelhantes as flores da roseira (Sim
etal.,2010a).

Uma espécie do género € P. grandifolia, nativa da flora brasileira, variando em tamanho
de arbustivo a arboreo, de 3 a 6 m de altura, cujas folhas sdo espessas, simples, ovais, suculentas,
mucilaginosas e ligeiramente carnudas (Farago et al., 2004). Seu caule ¢ lenhoso e bem
desenvolvido e possui flores terminais dispostas em apices. Seu tronco possui muitos espinhos
e pode medir até 20 cm de diametro. A epiderme do limbo ¢ uniestratificada, coberta por uma
cuticula lisa e fina que possui estdmatos paraciticos em ambos os lados. Em vista frontal, as
células apresentam uma parede anticlinal em formato poligonal. As folhas sao
caracteristicamente anfiestomaticas, apresentando estdomatos predominantemente do tipo
paracitico, inseridos no mesmo nivel das demais células epidérmicas. O mesofilo esta
posicionado dorsoventralmente e consiste em parénquima paligadico atipico, cujas c€lulas sdo
relativamente grandes e ndo muito alongadas, correspondendo a cerca de dois ter¢os do
mesofilo. Este conjunto de tecidos multiestratificados também apresenta espagos intercelulares
reduzidos com pequenos feixes vasculares colaterais que sdo circundados por uma bainha
parenquimatica e distribuidos por todo o mesoéfilo (Manfron, 2004).

A nervura principal de P. grandifolia tem formato plano-convexo. Subjacente a
epiderme, o clorénquima ¢ interrompido e substituido pelo parénquima fundamental, que ¢
acompanhado por trés grandes feixes vasculares colaterais e geralmente dois feixes menores
que estdo dispostos em um arco aberto. Na regido laminar, sdo evidentes grandes células com
mucilagem, além de idioblastos que consistem em células parenquimaticas que contém drusas
de oxalato de calcio em vactolos que ocupam grande parte do protoplasto (Manfron, 2004). As

principais caracteristicas botanicas de P. grandifolia sdo apresentadas na Figura 2.
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Figura 2. Inflorescéncia e folhas de P. grandifolia arbustiva jovem

Fonte: Taylor et al., 2015.

P. grandifolia é uma planta perene cujas flores t€ém pigmentac¢do rosa-arroxeada (Sim et
al., 2010b). Ela também produz pequenos frutos que compdem a dieta de algumas espécies de
aves, que também sdo responsaveis por sua dispersdo bioldgica (Souza et al., 2016). De acordo
com Massocatto et al. (2022), a espécie que € nativa do Brasil, também ¢ amplamente cultivada
em paises tropicais e pode ser conhecida por outros nomes populares menos frequentes que ora-
pro-nobis, como groselha barbados e cacto rosa.

Com base no crescente uso de plantas alimenticias n3o convencionais como
componentes incomuns dos cardapios didrios, a ora-pro-ndbis esta presente em uma lista
diversificada de plantas que compdem esse grupo. No entanto, essa espécie vegetal ainda ¢
relativamente pouco explorada em relagdo ao seu uso popular, com uma escassez de estudos
pelas comunidades técnico-cientificas. Assim, a disseminagdo de suas possiveis aplicagdes
nutracéuticas tem sido dificil, embora tenha sido comprovado que ela ¢ uma excelente fonte de
nutricdo adequada para o consumo humano (Liberato et al., 2019).

No Brasil, as folhas de P. grandifolia sao consideradas alimentos vegetarianos nao-
convencionais, com €nfase em certas regioes, como Diamantina, Minas Gerais, onde 77% da
populacao inclui esse vegetal rico em suas principais refei¢des didrias (Dias et al., 2005). O uso
convencional de P. grandifolia tem sido especialmente relacionado a prevencao da deficiéncia

de ferro, anemia, osteoporose, cancer e constipagdo. Além de ser uma rica fonte de nutrientes
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para a dieta humana, ela também pode melhorar parametros biologicos, como triglicerideos e
glicose sérica (Almeida; Corréa, 2012).

Na medicina tradicional, as folhas de P. grandifolia, devido ao seu conteudo
mucilaginoso, tém potencial uso na induastria alimenticia como agente emulsificante e
estabilizante (Lima Junior et al., 2013). As folhas também sdo utilizadas no tratamento de
doengas associadas a inflamacao, cancer, hipertensao, diabetes mellitus e reumatismo. Além de
aliviar dores de estdomago, ulceras, dores de cabeca, hemorroidas e dermatite atopica.
Considerando as ac¢des potenciais de P. grandifolia que fundamentam seu uso popular, acredita-
se que a planta carregue consigo efeitos anticancerigenos, antitumorais, antirreumaticos,
antiulcerogénicos e antiinflamatorios. As formas de uso relatadas variam desde o consumo de
folhas cruas e refogadas até preparagdes mais elaboradas, como sopas feitas com as folhas
cozidas, as vezes acompanhadas de carne (Nurestri et a/l.,2009; Sim et al., 2010a; Sim et al.,
2010b).

Os primeiros estudos fitoquimicos identificados de P. grandifolia destacaram fragdes
de saponinas que, apos hidrolise, produziram acido oleandlico (Sahu et al.,, 1974).
Posteriormente, um estudo isolou da mesma planta trés alcaloides (p-metoxi-f-hidroxi-3-
feniletilamina, 3-metoxitiramina, e tiramina), além de saponinas e compostos fendlicos
(Doestsch et al., 1980). Pesquisas posteriores destacaram 2,4-di-terc-butilfenol, B-sitosterol,
vitamina E, fitona e uma mistura que continha palmitato de metila, oleato de metila e estearato
de metila. Um extrato hexanico de P. grandifolia consistia em palmitato de metila, linoleato de
metila, a-linolenato de metila e estearato de metila (Nurestri ef al., 2009; Sim et al., 2010a;
Kazama et al., 2012).

Um estudo fitoquimico realizado por Souza et al. (2016) aplicou hidrodestilagdao para
avaliar a composi¢do quimica de Oleos essenciais extraidos de folhas de P. grandifolia,
produzindo 0,09% de o6leo essencial. Entre os componentes mais abundantes estavam
diterpenos oxigenados (55,5%), 6xido de manol (30,1%), ftal (25,1%), N-octadecano (9,2%) e
cis-tujopseno (6,7%). A composicao de folhas frescas de P. grandifolia foi avaliada para
quantificar e identificar seu perfil de carotenoides. Os resultados mostraram niveis varidveis de
22,7 a 31,0 pg/g de B-caroteno e de 6,1 a 8,4 pg/g de a-caroteno, sugerindo que a espécie €
promissora como fonte de pro-vitamina A (Agostini-Costa et al., 2014). Outro estudo
fitoquimico destacou compostos fenolicos ativos, flavonas, flavondis, e antioxidantes em
extratos aquosos e hidroalcodlicos obtidos por refluxo e sonicacdo da mesma planta (Vicente
et al., 2020; Torres et al., 2022).

O dleo essencial de P. grandifolia foi analisado por Souza et al. (2014). Os fitoquimicos

predominantes foram os diterpenos oxigenados fitol (25,1%) e 6xido de manool (30,1%), que
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foram os dois componentes com as maiores concentragdes. Outros compostos que foram
identificados no o6leo essencial da planta foram acetato de 9-decenila (0,9%), desmetil
isotorquatona (0,8%), éter 10-epi-italileno (0,8%), n-heneicosano (4,4%), heptadecano (4,2%),
n-hexadecano (4,2%), nonadecano (2,5%), n-octadecano (9,2%), 6xido de 13-epi-manool
(0,3%), n-pentadecano (1,7%), tetraidrorimueno (1,7%) e cis-tujopsenal (6,7%) (De Moraes ef
al., 2020).

Sim et al. (2010b) investigaram o potencial antioxidante de um extrato metanolico de
P. grandifolia e suas fragcdes (metanol, hexano, acetato de etila e 4gua) usando diferentes testes
in vitro, como a atividade sequestradora de 2,2-difenil-1-picrilhidrazil (DPPH), o ensaio de
poder redutor e o método do B-caroteno. Usando o método de Folin-Ciocalteu, as concentracdes
de compostos fenodlicos (4, 8, 12, 16 e 20 mg/mL) em um extrato metanolico de P. grandifolia
e suas fracOes mencionadas foram determinadas. Em segundo lugar, depois do extrato
metanolico, a fragdo de acetato de etila apresentou a maior quantidade de compostos fenolicos,
além de 2,4-di-terc- butilfenol e a-tocoferol, que podem contribuir para sua propriedade
antioxidante. Estudos também indicaram que a fragdo de acetato de etila de P. grandifolia tinha
a capacidade de sequestrar DPPH, refor¢ando seu potencial atividade antioxidante na prevengao
e reparacdo de lesdes oxidativas. O estudo concluiu que a fragdo de acetato de etila de P.
grandifolia possui consideravel potencial antioxidante.

Um estudo de Philip ef al. (2009) investigou os efeitos antibacterianos in vitro de um
extrato metanodlico e fragdes solliveis em hexano e acetato de etila de folhas de P. grandifolia
contra E. coli, P. aeruginosa, S. aureus e B. subtilis. Os resultados mostraram que a fracdo de
acetato de etila (500 mg/mL) exerceu atividade antimicrobiana contra P. aeruginosa, S. aureus
e B. subtilis, mas nao inibiu o crescimento da bactéria Gram-negativa E. coli.

Outro estudo realizou um ensaio bioautografico, que foi conduzido para avaliar a
atividade anticolinesterasica de um extrato hidroetanolico de folhas e frutos de P. grandifolia
em diferentes concentragdes de massa seca (600, 400, 200, 150, 100, 50 e 25 ng) do extrato que
foi eluido em uma solugdo de diclorometano-metanol (9:1, v/v). Os compostos mais polares
que foram obtidos dos extratos das folhas da planta mostraram maior capacidade de inibir a
acetilcolinesterase, sugerindo uma atividade neuroprotetora promissora (Massocatto et al.,
2022).

Um estudo de Nurestri et al. (2009) investigou a atividade citotoxica de um extrato
metanolico de fragdes foliares de P. grandifolia contra cinco linhagens de células de carcinoma
humano. A fragdo hexanica apresentou atividade contra células de carcinoma espinocelular
nasofaringeo (KB), e a fracdo de acetato de etila promoveu forte citotoxicidade contra células

KB e células de adenocarcinoma de mama humano (MCF-7), além disso, nao foi identificada
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citotoxicidade em células de fibroblastos humanos normais (MRC-5). As propriedades
citotoxicas foram atribuidas principalmente ao antioxidante 2,4-di-terc-butilfenol, que ¢
amplamente utilizado na indastria de plasticos, mas ainda precisa ser analisado
biogeneticamente.

A atividade diurética e hipotensora de uma infusao e extrato etandlico de folhas de P.
grandifolia foi analisada em ratos Wistar normotensos. Para avaliar o efeito diurético, os
animais foram tratados oralmente com 3, 10, 30 e 300 mg/kg dos extratos em dose Unica
(diurese aguda) ou doses didrias durante sete dias (diurese prolongada). Os resultados foram
comparados com animais tratados com hidroclorotiazida, um diurético tiazidico. Os diferentes
tratamentos ndo alteraram os niveis de ureia, creatinina ou aldosterona, nem a atividade da
enzima conversora de angiotensina. O tratamento agudo e prolongado com 30 mg/kg do extrato
etandlico de P. grandifolia reduziu a excre¢do de potdssio e cloro, sem influenciar os niveis de
sodio, enquanto o tratamento prolongado com a mesma dose promoveu diurese. Reducdes
significativas nos niveis de vasopressina e na pressao arterial média também foram observadas,
indicando que a atividade diurética do extrato pode estar relacionada a liberacao de arginina-
vasopressina (Kazama et al., 2012).

Os efeitos antiobesidade de P. grandifolia foram investigados em um estudo com ratos
Wistar que foram submetidos a dietas hipercaldricas compostas por racdo comercial (Biobase
Bio- tec Rat and Mice, 46%), leite condensado adogado (46%) e 6leo de milho (8%) durante 10
semanas, e em seguida, tratados durante quatro semanas com uma dieta fracionada com porgoes
de farinha produzida a partir das folhas secas de P. grandifolia em propor¢des de 5% e 10%.
Apos o tratamento, tecidos hepaticos foram coletados e avaliados quanto a presenca de
esteatose, que foi classificada como ausente, leve, moderada e grave quando o
comprometimento do o6rgdo excedeu 75%. A analise dos dados indicou uma agdo trés vezes
mais eficaz na reducdo do peso corporal para a dieta fracionada com 10% de farinha de folhas
em comparacao com a fracdo de 5%, além de apresentar o menor indice de massa corporal. A
analise histologica do tecido hepatico mostrou que ambos os grupos tratados com P. grandifolia
nas propor¢des de 5% e 10% apresentaram goticulas lipidicas no citoplasma classificadas como
leves e sem caracteristicas de esteatose, enquanto o grupo controle apresentou um indice muito
alto de goticulas lipidicas no citoplasma, caracterizando esteatose grave. Os resultados
indicaram a eficacia da farinha de P. grandifolia na reducao do peso corporal e dos niveis de
lipidios no figado, sugerindo seu potencial para o tratamento da obesidade e de doencgas
hepaticas (Almeida et al., 2016).

Diante do exposto, apesar do historico etnofarmacoldgico e dos achados pré-clinicos

que evidenciam agdes anti-inflamatodrias, antioxidantes, protetoras e metabdlicas de Petiveria
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alliacea e Pereskia grandifolia, ainda ha uma lacuna significativa na validagdo cientifica da
seguranga toxicologica da terapéutica clinica e de seu potencial no manejo da DHGAM. A
complexidade e a natureza multifatorial da DHGAM, impulsionada pela associacdo de
comorbidades como diabetes, dislipidemia, tabagismo e consumo de alcool, destacam a
necessidade de modelos experimentais multi-hit que mimetizem essa interagdo de risco na
progressao da doenca. Portanto, o presente estudo buscou avaliar a seguranga toxicoldgica e
caracterizar os efeitos farmacoterapéuticos de extratos de P. alliacea e P. grandifolia em
modelos experimentais de DHGAM associando multiplos fatores de risco, fornecendo uma
base robusta que contribua para o avango de alternativas mais eficientes no tratamento desta

condigao.
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1.4 Objetivo

Investigar o potencial terapéutico e os efeitos farmacologicos de Petiveria alliacea e
Pereskia grandifolia em modelos experimentais de doenga hepatica associada a multiplos
fatores de risco metabolicos, como dislipidemia, diabetes € consumo de alcool ou tabagismo,
bem como avaliar a seguranca toxicoldgica aguda de ambas as espécies por meio de testes in

Vivo € in Vitro.
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Purpose: Metabolic dysfunction-associated steatotic liver disease (MASLD) is a prevalent chronic liver disorder

often accompanied by metabolic and extrahepatic complications, including renal dysfunction. Effective therapies

are limited. Petiveria alliacea L., a medicinal plant traditionally used for diabetes and liver disorders, has not been

systematically evaluated in MASLD-related syndromes. Here, we assessed the toxicological safety and therapeutic

efficacy of P. alliacea in a novel preclinical multi-hit model of MASLD-associated hepatorenal dysfunction,

combining diabetes, dyslipidemia, and ethanol exposure. Methods: In vitro cytotoxicity was evaluated in HepG2

cells, and acute oral toxicity was assessed in male Wistar rats. MASLD hepatorenal syndrome was induced by

combined diabetes, dyslipidemia, and ethanol exposure over five weeks. Animals received vehicle, P. alliacea

(30, 100, or 300 mg/kg), or simvastatin plus insulin during the last three weeks. Serum biochemical parameters,

hepatic and renal histology, and hepatic oxidative stress markers were analyzed. Results: P. alliacea extract

maintained HepG2 cell viability and caused no behavioral, hematological, biochemical, or histopathological

alterations, confirming safety. In MASLD rats, the extract partially reduced hyperglycemia and dose-dependently

lowered plasma and hepatic cholesterol and triglycerides while normalizing liver enzymes. The 300 mg/kg dose

fully restored hepatic antioxidant defenses, reduced lipid peroxidation, and reversed renal dysfunction.

Conclusion: P. alliacea exerts hepatoprotective and nephroprotective effects in MASLD, supporting its potential

as a therapeutic agent for complex metabolic disorders.

Keywords: Alcohol; Diabetes; Dyslipidemia; Guiné; Hepatoprotection; Nephroprotection.
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1. Introduction

Metabolic dysfunction-associated steatotic liver discase (MASLD), formerly known as non-alcoholic
fatty liver disease (NAFLD), is a multifactorial condition characterized by hepatic steatosis (=5% fat accumulation
in hepatocytes), often accompanied by obesity, insulin resistance, dyslipidemia, and chronic inflammation
(Chalasani et al. 2018; Polyzos et al. 2019; Eslam et al. 2020). MASLD has emerged as the most prevalent chronic
liver disorder worldwide, affecting approximately 25-30% of the adult population, and is projected to increase by
over 30% by 2030 due to the rising incidence of diabetes mellitus and obesity (Estes et al. 2018; Younossi et al.
2023).

Recent evidence indicates that MASLD is not limited to hepatic impairment but rather represents a
multisystemic disorder strongly associated with the development of extrahepatic complications, particularly
cardiovascular disease and chronic kidney disease (Sinn et al. 2020; Jung et al. 2022; Park et al. 2025). These
comorbidities frequently coexist in clinical settings and have contributed to the conceptualization of hepatorenal
syndrome, a condition in which hepatic metabolic dysfunction exacerbates renal injury. This interplay is mediated
by shared pathophysiological mechanisms, including insulin resistance (Alkerwi et al. 2017; Duan et al. 2019;
Younossi et al. 2019; Thongnak et al. 2020; Krishnan et al. 2024), lipid accumulation (Hsu et al. 2021; Liang et
al. 2020; Chen et al. 2023), endothelial dysfunction (Stinghen et al. 2009; Recio-Mayoral et al. 2011; Yilmaz et
al. 2011; Pasarin et al. 2012; Chen et al., 2015; Wang et al. 2019; Jiang et al. 2020), oxidative stress (Kim and
Vaziri 2010; Li and Liu 2024), chronic inflammation (Tonelli ez al. 2005; Amdur et al. 2016; Monseu et al. 2016),
and gut microbiota dysbiosis (Tang et al. 2015; Jackel et al. 2017; Nanto-Hara et al. 2020). Current therapeutic
options for MASLD and associated hepatorenal dysfunction are limited, costly, and often associated with adverse
effects, especially when multiple comorbidities are present.

Preclinical models are essential for understanding MASLD pathophysiology and testing potential
therapies. Traditional single-hit models, such as high-fat diet or chemical induction, often fail to reproduce the
complex metabolic and extrahepatic complications observed in patients. In contrast, multi-hit models, which
combine factors such as dyslipidemia, hyperglycemia, and ethanol exposure, more accurately mimic the
multifactorial nature of MASLD and its progression to hepatorenal dysfunction. These models allow evaluation of
therapeutic interventions in a context that closely reflects the clinical scenario, providing a robust platform to
assess hepatoprotective and nephroprotective agents (Cui ef al., 2024; Fu ef al., 2024; Dua et al., 2025).

Natural products have emerged as promising alternatives for managing complex metabolic syndromes
(Rodrigues et al. 2020; Stintar 2020; Lopes et al. 2023; Silva et al. 2024). Petiveria alliacea L. (Phytolaccaceae),
Guinea henweed, commonly known in Brazil as “guiné”, “tipi”, or “erva-de-alho”, is a medicinal plant widely
distributed across Latin America (Cronquist 1988; Duarte ez al. 2005; Neves et al. 2006). It has been traditionally
used in folk medicine for a variety of ailments, including pain, inflammation, infections, diabetes, liver congestion,
and urinary disorders (Taylor 2002; Beltreschi ef al. 2019; Bremm et al. 2020; Guimaraes ef al. 2022; Magalhaes
et al. 2022; Casagrande et al. 2023; Paz Perafan and Montenegro Paz 2024; Carbolim et al. 2025; Santiago et al.
2025). Preclinical studies have demonstrated a broad pharmacological spectrum, including antimicrobial (Guedes
etal. 2009; Oyeleke et al. 2021; Khadka et al. 2023), anti-inflammatory (Lopez-Martins et al. 2002; Cruz Salomon
et al. 2022; Olajubutu ef al. 2022; Fatimah et al. 2024), mnemonic (Silva et al. 2015; Zavala-Ocampo et al. 2024),
anxiolytic and antidepressant (Caicedo-Pinto et al. 2019), antifungal (Machado and Ramos, 2020; Khadka e? al.
2023), antioxidant (Zavala-Ocampo et al. 2022; Carlosama et al. 2024), and antitumoral effects (Murillo et al.
2023; Prada et al. 2023; Rojas et al. 2023; Carlosama et al. 2024). More recently, ethnobotanical surveys and



56

experimental evidence have highlighted its potential hepatoprotective, hypoglycemic, and nephroprotective
properties (Randle ef al. 2018; Mustika et al. 2021; Conceigdo et al. 2023). However, its therapeutic efficacy in
complex metabolic conditions such as MASLD-associated hepatorenal syndrome remains largely unexplored
(Urueiia et al. 2008; Silva et al. 2024).

Considering the traditional use of P. alliacea for liver and kidney-related ailments, and the growing
interest in natural therapies for multisystemic metabolic disorders, here, we evaluated the toxicological safety and
therapeutic potential of P. alliacea in a novel multi-hit preclinical model combining diabetes, dyslipidemia, and
ethanol exposure. We hypothesized that P. alliacea extract exerts hepatoprotective and nephroprotective effects
in MASLD by modulating oxidative stress and lipid metabolism. The study aimed to: (i) assess acute toxicological
safety; (i1) evaluate hepatoprotective and nephroprotective effects; and (iii) provide preclinical evidence supporting

its ethnopharmacological use in chronic metabolic disorders.

2. Material and Methods
2.1. Reagents

Ammonium ferric sulfate (Exodo Cientifica®, Sumaré, Brazil), dipotassium phosphate (Exodo
Cientifica®, Sumaré, Brazil), ethanol (Exodo Cientifica®, Sumaré, Brazil), eosin (Exodo Cientifica®, Sumaré,
Brazil), formalin (Exodo Cientifica®, Sumaré, Brazil), Hayem’s solution (Exodo Cientifica®, Sumaré, Brazil),
Harris hematoxylin (Exodo Cientifica®, Sumaré, Brazil), hydrochloric acid (Exodo Cientifica®, Sumaré, Brazil),
monopotassium phospate (Exodo Cientifica®, Sumaré, Brazil), pyrogallol (Exodo Cientifica®, Sumaré, Brazil),
sodium citrate dihydrate (Exodo Cientifica®, Sumaré, Brazil), sulfuric acid (Exodo Cientifica®, Sumaré, Brazil),
butylated hydroxytoluene (Synth®, Diadema, Brazil), chloroform (Biotec®, Curitiba, Brazil), isopropanol (Biotec®,
Curitiba, Brazil), Doxorubicin (Sigma-Aldrich®, Missouri, USA), Ellman’s reagent - DTNB (Sigma-Aldrich®,
Saint Louis, USA), MTT (Sigma-Aldrich®, Missouri, USA), saline solution (Sigma-Aldrich®, Saint Louis, USA),
streptozotocin (Sigma-Aldrich®, Missouri, USA), xylenol orang'e (Sigma-Aldrich®, Saint Louis, USA), EDTA
(Neon Reagentes®, Suzano, Brazil), methanol (Neon Reagentes®, Suzano, Brazil), glutathione-reduced (USB®,
Cleveland, USA), hexane (Dinamica®, Indaiatuba, Brazil), isoflurane (Isoforine®, Cristalia, Itapira, Brazil),
paraffin (Allkimia®, Campinas, Brazil), xylene (Allkimia®, Campinas, Brazil), simvastatin (Novartis®, Basel,
Switzerland), tris (Invitrogen™, Carlsbad, USA), Turk’s solution (NewProv®, Pinhais, Brazil), trichloroacetic acid

(Proquimios®, Bangu, Brazil).

2.2. Preparation of Petiveria alliacea

The aerial parts of P. alliacea were collected in April 2022 in Dourados, Mato Grosso do Sul, Brazil
(22°11'43.8"S, 54°56'06.4"W). A voucher specimen (no. 1651) was authenticated and deposited at the Herbarium
of the Federal University of Grande Dourados (UFGD). The botanical identification was confirmed using the
World Flora Online (WFO) Plant List online database, accessed on June 1st, 2022. To obtain the purified aqueous
extract, the aerial parts were washed and dried in a forced-air circulation oven at 35°C for three days. The dried
material was ground into powder and subjected to infusion following the method described by Souza et al. (2020).
Specifically, 100 g of the powdered material was infused in 1 L of boiling chlorinated water. The extraction process
lasted 5 to 6 hours, allowing the mixture to cool naturally at room temperature (25°C). Subsequently, three volumes

of ethanol were added to the infusion to precipitate insoluble components. The resulting precipitate was removed
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by filtration, and the ethanol-soluble fraction was lyophilized and stored at —20°C. The final yield of the extract
was 9.31%.

2.3. Toxicological studies of Petiveria alliacea
2.3.1.  Invitro assessment of cell viability

The impact of P. alliacea extract on cell viability was evaluated using the 3-(4,5-dimethylthiazol-2yl)-
2,5-diphenyl tetrazoline bromide (MTT) colorimetric assay. HepG2 cells were seeded in 96-well flat-bottom plates
(Corning® Costar® 3596, Corning Inc., NY, USA) at a density of 2 x 10* cells per well in complete Dulbecco's
Modified Eagle Medium (DMEM) and allowed to adhere for 24 h at 37 °C in a humidified atmosphere with 5%
CO:s.. Cells were subsequently treated with increasing concentrations of P. alliacea extract (10-900 pg/mL) for 24,
48, or 72 h. Doxorubicin (1 pM; D1515, Sigma-Aldrich, St. Louis, MO, USA) served as a positive control, and
cells treated with vehicle (filtered water) were used as the negative control. At the end of each exposure period, 10
pL of MTT solution (0.5 mg/mL; CT02, Sigma-Aldrich) was added to each well and incubated for 4 h. The
supernatant was then carefully removed, and the formazan crystals formed were dissolved in 100 pL of dimethyl
sulfoxide (DMSO; D2650, Sigma-Aldrich). Absorbance was measured at 570 nm using a microplate
spectrophotometer (Multiskan™ FC, Thermo Fisher Scientific). Cell viability was expressed as the percentage of

absorbance relative to untreated control cells. All experiments were performed in independent triplicates.

2.3.2. Acute toxicity evaluation
2.3.2.1. Animals

The toxicological evaluation of P. alliacea extract was conducted using male Wistar rats (200-250 g)
obtained from the State University of Ponta Grossa (UEPG, Brazil). Animals were housed under controlled
laboratory conditions at the Laboratory of Cardiometabolic Pharmacology, Federal University of Parana (UFPR),
with ad libitum access to food and water. Environmental parameters were maintained at a temperature of 22 + 2 °C,
relative humidity of 50 + 10%, and a 12-hour light/dark cycle. Environmental enrichment was provided to promote
animal welfare. All procedures were performed in accordance with the current guidelines of the Brazilian National
Council for the Control of Animal Experimentation (CONCEA) and the ARRIVE (Animal Research: Reporting
of In vivo Experiments) guidelines for ethical animal research, ensuring minimization of animal use and adherence
to best practices (Percie du Sert ef al. 2020). The experimental protocol was approved by the Institutional Animal

Care and Use Committee of UFPR (approval number: 1536).

2.3.2.2.  Experimental design

Acute toxicity was assessed according to guideline 423 of the Organization for Economic Cooperation
and Development (OECD, 2001). After an 8-hour fasting period, male Wistar rats (n = 6) received a single oral
dose of P. alliacea extract. Due to the absence of prior toxicological studies on this extract, an initial dose of 300
mg/kg was selected. Subsequent doses were determined based on the presence or absence of clinical signs of
toxicity or mortality. The acute toxicity evaluation continued until one of the following endpoints was reached: (i)
a dose produced relevant toxic effects; (ii) mortality occurred; (iii) no adverse effects were observed at the highest
dose; or (iv) deaths occurred at the lowest dose. A basal control group (7 = 5) received the vehicle (filtered water)

under the same experimental conditions, and all the data were included in the statistics.
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2.3.2.3. Assessment of clinical signs

Following oral administration of the P. alliacea extract, animals were observed at predetermined time
points: within the first 30 minutes, and then at 1, 2, 3, and 4 hours post-treatment. Behavioral and clinical signs
were monitored, including grooming behavior, piloerection, dyspnea, abdominal constriction, diarrhea,
prostration, ataxia, sedation, coma, and mortality. After the initial 4-hour observation period, animals were allowed
free access to food and water. Subsequently, they were monitored daily for 14 days for the presence of clinical

signs or death (Silva et al. 2022).

2.3.2.4.  Euthanasia, material collection and analysis

On day 15, following a 12-hour fasting period, animals were euthanized by anesthetic overdose using
isoflurane (20%) in a saturated chamber. Blood samples were collected via decapitation for hematological and
biochemical analyses. Serum glucose levels were measured using a glucometer (Accu-Chek Active®, Roche,
Mannheim, Germany). Hematological parameters, including erythrocyte count, total leukocyte count, and
differential leukocyte count, were determined. Serum levels of cholesterol, triglycerides, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), urea, and creatinine were measured using a semi-
automatic biochemical analyzer and commercial diagnostic kits. The liver, spleen, heart, and kidneys were
excised, rinsed in saline solution, and weighed using an analytical balance. Relative organ weights (%) were
calculated as (organ weight/body weight) x 100. Representative tissue samples were fixed in 10% buffered
formalin, processed using standard histological procedures, embedded in paraffin, and sectioned. Histological
sections were stained with hematoxylin and eosin (H&E) and examined under a light microscope (Leica DM

2500%) by a veterinary pathologist to assess morphological alterations potentially associated with the treatment.

2.4. Pharmacological studies
2.4.1. Animals

Male Wistar rats (200-250 g) were obtained from the Central Animal Facility of the Federal University
of Parana (UFPR) and housed in the animal facility of the Laboratory of Cardiometabolic Pharmacology. Animals
were maintained under standard environmental conditions (temperature 22 + 2 °C; relative humidity 50 = 10%;
12-hour light/dark cycle), with environmental enrichment, and had free access to food and water. All experiments
were conducted during the light phase of the cycle. Animals were randomly assigned to experimental groups (n =
6-7). Sample size was determined based on previous studies employing similar experimental designs and in
accordance with the principles of the 3Rs (Replacement, Reduction, and Refinement) (Percie du Sert et al. 2020;
Auth et al. 2022; Albuquerque et al. 2023; Amaral et al. 2023; Silva et al. 2024). Body weight was measured
weekly using an analytical balance. The experimental protocol was approved by the Institutional Animal Care and
Use Committee of UFPR (approval number: 1536). All procedures complied with relevant national and

international regulations and adhered to the ARRIVE guidelines (Percie du Sert et al. 2020).

2.4.2. Experimental design and treatments

The MASLD model used in this study was established by combining multiple risk factors, including
diabetes, dyslipidemia, and ethanol intake. Diabetes was induced via a single intraperitoneal injection of
streptozotocin (60 mg/kg) dissolved in 10 mM citrate buffer (pH 4.5) following a 12-hour fasting period (Vit et

al.2002; Souza et al. 2020). Blood glucose levels were measured from tail vein samples using a glucometer (Accu-
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Chek Active®, Roche, Mannheim, Germany) three days after streptozotocin administration. Animals presenting
glycemia > 250 mg/dL were classified as diabetic. Dyslipidemia was induced by feeding a cholesterol-enriched
diet (0.5%) for five weeks, as described by Silva et al. (2024). This diet was 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 of cholesterol,
1.8 g of saturated fat, 2.16 g of monounsaturated fatty acids, and 0.72 g of polyunsaturated fatty acids. Additionally,
animals received free access to a liquid diet containing 5% ethanol, following the protocol by Livero et al. (2016).
During the final two weeks of the experiment, animals were treated by oral gavage with either filtered water
(negative control group [C—]), P. alliacea 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 consisting
of normoglycemic, normolipidemic rats not exposed to ethanol received only filtered water. The experimental

design is present in Figure 1.

EXPOSURE TO THE RISK FACTORS (duabetes, dyshpidemia and sthan
Ay 4

TREATMENT 4

Fig 1. Experimental design. The model of metabolic dysfunction-associated steatotic liver disease was induced
with diabetes, dyslipidemia, and ethanol in male Wistar rats during five weeks. In the last three weeks of the
experiment the baseline group and the negative control group were treated with vehicle (filtered water, 1 mL/kg).
Meanwhile the other three groups were treated with the P. alliacea extract (30, 100 and 300 mg/kg) and one group
received the standard treatment with simvastatin + insulin. After the treatment the therapeutic effects of P. alliacea

were evaluated. Visual elements created using Canva and Biorender.

2.4.3.  Euthanasia, sample collection and biochemical analysis

At the end of the treatment period, and following a 12-hour fast, animals were euthanized by anesthetic
overdose using isoflurane (20%) in a saturated chamber. Blood samples were collected via decapitation. Serum
glucose levels were determined using a glucometer (Accu-Chek Active®, Roche, Mannheim, Germany). Plasma
levels of ALT, AST, total cholesterol, triglycerides, urea, and creatinine were measured using colorimetric

enzymatic assays in a semi-automatic analyzer (Global Analyzer®, model GTA-300, Calgary, AB, Canada). The
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liver and kidneys were excised, weighed using an analytical balance, and dissected. One portion of each organ was
fixed for histological evaluation, while the remaining tissue was stored at —20°C for subsequent analyses of

oxidative stress parameters and lipid content.

2.4.4.  Measurement of hepatic cholesterol and triglycerides

Liver samples were lyophilized and processed for lipid extraction using the gravimetric method (Livero
et al. 2016). For this analysis, samples were mixed with hexane at a ratio of 1:10 (sample:solvent) and incubated
at 80°C for 2 hours. The supernatant was transferred to a vial and allowed to evaporate at room temperature. This
extraction procedure was repeated three times to ensure maximal lipid recovery. Lipid content was expressed as a
percentage and calculated using the following formula:

Lipid (%) = 100 x (final weight of vial / initial weight of vial) / 0.1 g

The extracted lipids were weighed and resuspended in a solution of 1 mL chloroform and 2 mL
isopropanol. Cholesterol and triglyceride concentrations were quantified using enzymatic colorimetric assays on

an automated analyzer.

2.4.5. Histopathological analysis

Liver and kidney samples were collected immediately after necropsy, rinsed in saline solution to remove
residual blood, fixed in 10% neutral-buffered formalin for at least 48 hours, dehydrated through graded ethanol
and xylene series, embedded in paraffin, and sectioned at 6 um (liver) and 4 pm (kidney). Sections were stained
with hematoxylin and eosin (H&E) to assess cellular architecture and tissue alterations and examined under a Leica
DM 2500® light microscope by a board-certified veterinary pathologist blinded to the treatment groups. Hepatic
lesions were semi-quantitatively scored according to the classification by Kleiner et al. (2005), which evaluates
ballooning and microvesicular and macrovesicular steatosis based on the percentage of affected parenchyma,
graded on a scale from 0 to 3: 0 (no lesions), 1 (mild, 5-33%), 2 (moderate, 34—66%), and 3 (severe, 67—100%).
Renal evaluation considered three main lesion categories: tubular (degeneration, necrosis, edema), glomerular
(degeneration, necrosis, glomerulonephritis), and inflammatory infiltrates (presence of polymorphonuclear or
mononuclear cells in the interstitium). Each parameter was scored on a semi-quantitative scale from 0 to 3, where
0 indicates absence of lesions, 1 mild lesions (focal, <25% of parenchyma), 2 moderate lesions (multifocal, 25—
50%), and 3 severe lesions (diffuse, >50%). Scores were assigned individually to each kidney section, and group
medians were calculated for statistical comparison. Representative photomicrographs were obtained to illustrate

typical findings in each experimental group.

2.4.6.  Investigation of hepatic antioxidant system

To assess the antioxidant status of hepatic tissues, liver samples were homogenized at a ratio of 1:10 (w/v)
using potassium phosphate buffer (0.1 M, pH 6.5). For the determination of superoxide dismutase (SOD) activity
and lipid peroxidation (LPO) levels, the homogenates were centrifuged at 9,700 rpm for 20 minutes at 4°C.
Quantification of SOD and LPO was performed following the methodologies described by Gao et al. (1998) and
Jiang et al. (1992), respectively. For reduced glutathione (GSH) quantification, 100 pL of the homogenate was
mixed with 80 puL of 12.5% trichloroacetic acid, vortexed, and centrifuged at 3,000 rpm for 15 minutes at 4°C.
GSH levels were determined in the supernatant according to the protocol established by Sedlak and Lindsay

(1968).
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2.5. Statistical analysis

Statistical analyses were performed following an initial assessment of data distribution and homogeneity
of variance. One-way analysis of variance (ANOVA) was conducted to compare means among groups, followed
by the Tukey post hoc test. The significance level of p < 0.05 was established. Data are presented as mean +
standard error of the mean (S.E.M.). All analyses were carried out using GraphPad Prism version 9.0 (GraphPad

Software, San Diego, CA, USA).

3. Results
3.1. Safety assessment of Petiveria alliacea extract
3.1.1.  Impact of P. alliacea on HepG?2 cell viability

Treatment of HepG2 cells with P. alliacea extract demonstrated that low to intermediate concentrations
had minimal impact on cell viability, whereas higher concentrations and prolonged exposure resulted in
measurable reductions in metabolic activity (Figure 2). At 24 h, viability remained above 70% at concentrations
up to 300 pg/mL, with significant decreases observed only at 900 pg/mL. The median inhibitory concentration
(ICso) at this time point was relatively high (1297 pg/mL), indicating that short-term exposure to moderate doses
does not compromise cellular viability. After 48 h, viability remained above 70% for concentrations up to 100
pg/mL, with notable reductions appearing at higher doses. The ICso decreased to 583.3 pug/mL, consistent with a
moderate, time-dependent effect becoming relevant primarily at concentrations > 300 ug/mL. At 72 h, the impact
was more pronounced, though cells maintained approximately 70-80% viability at concentrations < 100 pg/mL.
A steep decline was observed from 300 ng/mL onwards, with an ICso of 309.5 pg/mL. Overall, this temporal
profile indicates that the extract exerts a progressive effect at higher doses and longer exposures, while lower
concentrations are well tolerated even after 72 h. Doxorubicin (1 uM), used as a positive control, caused a sharp
decrease in viability under all conditions, confirming assay sensitivity. Statistical analysis revealed significant
differences (p < 0.001) primarily at higher concentrations (> 100 pg/mL after 48 h and > 300 pug/mL after 72 h)

compared with untreated controls.
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Fig 2. Effect of P. alliacea on cell viability. HepG2 cells after 24, 48, and 72 h of treatment with Petiveria alliacea

extract at different concentrations (10, 30, 100, 300, and 900 pg/mL). Saline solution was used as the negative

control (NC), and doxorubicin (200 pg/mL; 2%) as the positive control (PC). Statistical analysis was performed

by one-way ANOVA followed by Tukey’s post hoc test. *p < 0.001 vs NC.

3.1.2. Evaluation of clinical signs, relative organs and body weight of rats

Animals orally treated with a single dose of P. alliacea extract at dose of 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), when compared to the untreated basal group (Table 1).

Table 1. Assessment of clinical signs in Wistar rats treated with vehicle or Petiveria alliacea extract (300 or 2000

mg/kg), orally, in a single dose

Clinical sign - Time
30 min lh 2h 3h 4h 14 days

Self-cleaning absence 0/5 0/5 0/5 0/5 0/5 0/5

Piloerection 0/5 0/5 0/5 0/5 0/5 0/5

Dyspnea 0/5 0/5 0/5 0/5 0/5 0/5

Abdominal constriction 0/5 0/5 0/5 0/5 0/5 0/5

Basal Diarrhea 0/5 0/5 0/5 0/5 0/5 0/5
(vehicle) Prostration 0/5 0/5 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 0/6 0/6 0/6 0/6 0/6

Piloerection 0/6 0/6 0/6 0/6 0/6 0/6

Dyspnea 0/6 0/6 0/6 0/6 0/6 0/6

e | Abdominal constriction 0/6 0/6 0/6 0/6 0/6 0/6

—g) 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

S “ | 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
E 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
;‘NE Self-cleaning absence 0/6 0/6 0/6 0/6 0/6 0/6
E Piloerection 0/6 0/6 0/6 0/6 0/6 0/6
§ Dyspnea 0/6 0/6 0/6 0/6 0/6 0/6
e &0 | 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

S | Prostration 0/6 0/6 0/6 0/6 0/6 0/6

S 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
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Body and organ weight data for all groups are presented in Table 2. Throughout the 14-day experimental
period, a progressive increase in body weight was observed in all groups. The basal group showed consistent
weight gain, reaching a final average of 328.60 = 13.57 g on day 14. Similarly, rats treated with 300 mg/kg and
2000 mg/kg of the extract also demonstrated a steady increase in weight, with final body weights of 328.70 + 8.00
gand 333.70 £ 11.73 g, respectively. The pattern of weight gain in treated groups closely mirrored that of the basal
group, indicating that administration of P. alliacea extract did not adversely affect normal body weight
progression. No statistically significant differences were found in weight gain between control and treated animals.
Additionally, the relative weights of vital organs—including liver, spleen, heart, and kidneys—were evaluated,

and no significant differences were observed between the extract-treated groups and the basal group.

Table 2. The body weight and relative organ weight of Wistar rats treated with vehicle or Petiveria alliacea extract

(300 or 2000 mg/kg), orally, in a single dose, after the 14-day experimental period

Extract of Petiveria alliacea

Basal
300 mg/kg 2000 mg/kg
Body weight (g)
14-day 328.60 = 13.57 328.70 = 8.00 333.70£11.73
Relative organ weight (%)
Liver 3.31+0.097 3.07 +£0.052 3.01+0.143
Spleen 0.18 £ 0.009 0.18 £0.007 0.17+0.013
Heart 0.36 +0.009 0.37 +£0.009 0.31+0.017
Kidneys 0.77 £0.032 0.74 £ 0.030 0.66 +0.030

Values are expressed as mean + S.E.M., n = 5-6. Data are presented as mean + S.E.M., n = 5-6. Statistical analysis

was performed using one-way ANOVA followed by Tukey's post hoc test.

3.1.3. Biochemical serum parameters in Wistar rats treated with Petiveria alliacea extract

The biochemical evaluation of serum parameters in Wistar rats treated with P. alliacea extract
demonstrated no statistically significant alterations across the assessed markers (Figure 3). Total cholesterol
showed a non-significant increase, with the control group presenting 47.60 + 6.03 mg/dL (Figure 3a). Triglyceride
levels remained unchanged, with the basal group showing 54.20 + 3.14 mg/dL and no differences detected among
the treated groups (Figure 3b). Similarly, the hepatic enzymes AST and ALT did not show significant changes.
ALT levels were 66.23 + 2.59 U/L (Figure 3c¢), while AST levels in the control group were 130.90 + 14.74 U/L
(Figure 3d). Renal function markers also remained stable, with urea concentrations at 31.10 + 0.86 mg/dL in the
basal group (Figure 3e). Serum creatinine levels were comparable across groups: 0.47 + 0.04 mg/dL in the basal

group, 0.46 £ 0.03 mg/dL in the 300 mg/kg group, and 0.46 £+ 0.03 mg/dL in the 2000 mg/kg group (Figure 3f).
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Fig 3. Serum biochemical parameters of Wistar rats treated orally with a single dose of Petiveria alliacea extract
(300 or 2000 mg/kg) or vehicle (filtered water). Measured parameters include (a) total cholesterol, (b)
triglycerides, (c¢) alanine aminotransferase (ALT), (d) aspartate aminotransferase (AST), (e) urea, and (f)

creatinine. n = 5-6 per group. Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test.

3.1.4. Hematological profile of rats treated with Petiveria alliacea extract

Hematological parameters did not show significant alterations among the groups treated with vehicle or
P. alliacea. Regarding red and white blood cell counts, no significant differences were observed between the
extract-treated groups and the basal group. Similarly, the analysis of leukocyte subtypes revealed no significant
changes in basophils, neutrophils, or lymphocytes. A slight but statistically significant difference was observed in

monocyte levels in the 300 mg/kg (0.01 £ 0.01 x 103 cells/uL) and 2000 mg/kg (0.02 + 0.03 x 103 cells/uL) groups
compared to the basal group (Table 3).

Table 3. Hematological parameters of Wistar rats treated with vehicle or Petiveria alliacea extract (300 or 2000

mg/kg), orally, single dose

Extract of Petiveria alliacea
Parameter Basal

300 mg/kg 2000 mg/kg

Red blood cells (10° mm/pL) 8.14+0.49 9.33+0.13 6.14+0.16
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Leukocyte (10° mm/uL) 3.98+£0.56 3.35+0.20 3.87+0.40
Rods (10° mm/uL) 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
Segmented (10° mm/uL) 0.02+0.00 0.01 £0.00 0.01 £0.00
Lymphocyte (10> mm/uL) 0.05+0.00 0.05+0.00 0.05+0.00
Monocyte (10° mm/uL) 0.00 +0.00 0.01 £0.00* 0.02 £ 0.00*
Eosinophil (10° mm /pL) 0.00 £ 0.00 0.00+0.00 0.00+0.00

Values are expressed as mean = S.E.M., n= 5-6. Statistical analysis was performed using one-way ANOVA

followed by Tukey's post hoc test.  p < 0.05 vs. Basal.

3.2.5. Petiveria alliacea does not induce hepatic, cardiac and renal cellular alterations

Histopathological analysis of liver, spleen, heart, and kidney tissues from rats treated with both doses
(300 mg/kg and 2000 mg/kg) of P. alliacea extract revealed no significant tissue alterations when compared to the
basal group. The microscopic evaluation demonstrated preservation of normal histoarchitecture across all organs
examined. In hepatic tissue, hepatocytes were arranged in regular cords with well-preserved cytoplasm and nuclei,
without evidence of steatosis, inflammatory infiltrates, ballooning degeneration, or necrosis. Similarly, the spleen
exhibited intact white and red pulp regions, with no signs of lymphoid depletion or architectural disruption. Cardiac
tissue analysis revealed normal myocardial fibers, with no signs of cellular disorganization, inflammatory cell
infiltration, or interstitial fibrosis. Renal tissue sections maintained preserved glomerular and tubular morphology,
with no indications of tubular necrosis, interstitial edema, or inflammatory changes. No morphological differences
were detected between the extract-treated groups and the basal control, supporting the histological safety of P.

alliacea at the tested doses (Figure 4).

Liver Spleen Heart Kidney

Fig 4. Histopathological analysis of the liver, spleen, heart, and kidney from Wistar rats treated with
Petiveria alliacea (P) extract (300 mg/kg and 2000 mg/kg), compared to the basal (vehicle) group. Representative
H&E-stained tissue sections show no significant morphological alterations in the liver, heart, or kidney at both

dosages of the extract. Magnification: 20 x.
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3.2. Pharmacological effects of Petiveria alliacea extract

3.2.1. Petiveria alliacea exhibits a median hypoglycemic effect, and demonstrates significant hepatic protective
properties

After diabetes induction, a marked increase in serum glucose levels was observed in the C— group (448.60
+ 18.31 mg/dL) compared to the basal group, which remained normoglycemic (115.30 + 3.75 mg/dL). Co-
administration of SIM+INSU significantly reduced blood glucose levels (165.30 £ 16.21 mg/dL), while treatment
with P. alliacea partially reversed hyperglycemia (Figure 5a). The combined effects of diabetes, dyslipidemia,
and alcohol consumption led to considerable hepatic alterations, as evidenced by elevated levels of the liver
enzymes ALT (107.00 £3.81 U/L) and AST (155.90 + 6.18 U/L), compared to the basal group (48.00 + 3.81 U/L).
Notably, administration of P. alliacea at a dose of 300 mg/kg completely reversed the elevated ALT and AST
levels (Figure 5b and 5S¢, respectively). Treatment with lower doses (30 mg/kg and 100 mg/kg) partially reversed

hepatic alterations, while the SIM+INSU combination was not effective.
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Fig 5. Serum levels of (a) glucose, (b) alanine aminotransferase (ALT), and (c) aspartate aminotransferase (AST).
Basal: healthy rats, not subjected to the disease model, treated with vehicle. C—: diabetic, dyslipidemic rats exposed
to ethanol, treated with vehicle. P. alliacea: diabetic, dyslipidemic rats exposed to ethanol, treated with P. alliacea
extract (30, 100, or 300 mg/kg). SIM+INSU: diabetic, dyslipidemic rats exposed to ethanol, treated with
simvastatin (2.5 mg/kg) plus insulin (6 IU). n = 6-7 per group. 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).

3.3.2. Petiveria alliacea extract exerted median lipid-lowering effects

The concomitant induction of diabetes, dyslipidemia, and alcohol intake resulted in a marked elevation
of plasma lipid levels. Total cholesterol reached 610.30 = 22.29 mg/dL, and triglycerides reached 537.30 + 8.78
mg/dL in the untreated control group exposed to all risk factors (C— group), compared to 58.71 = 4.25 mg/dL
observed in the basal group. Treatment with P. alliacea extract at doses of 30, 100, and 300 mg/kg led to a
reduction in both triglycerides and cholesterol levels in all treated groups (Figure 6a and 6b, respectively). While
the effect was partial at all tested doses, a progressive decrease in lipid levels was observed across increasing
doses. In contrast, animals treated with the combination of SIM+INSU exhibited plasma lipid values comparable
to those of the basal group, indicating complete reversal of the induced dyslipidemia (Figure 6a and 6b). The
disease model group (C-), exposed to diabetes, dyslipidemia, and ethanol intake, exhibited a marked increase in
hepatic triglyceride levels (211.70 + 20.72 mg/dL) compared to the basal group (27.90 + 3.50 mg/dL). Treatment
with P. alliacea extract at doses of 30 and 100 mg/kg resulted in a dose-dependent reduction in triglyceride content,
reaching 126.60 + 6.44 and 83.88 + 4.52 mg/dL, respectively. Administration of the 300 mg/kg dose led to a

statistically significant reduction (51.89 +3.59 mg/dL), as did the combination therapy with simvastatin and insulin
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(34.16 +2.80 mg/dL), with both treatments restoring triglyceride levels to values close to those observed in healthy
controls (Figure 6¢). A comparable trend was observed in hepatic cholesterol levels. In the C— group, cholesterol
increased significantly to 108.80 + 4.53 mg/dL, compared to 29.57 + 3.26 mg/dL in the basal group. Treatment
with P. alliacea extract at doses of 30 and 100 mg/kg led to a partial reduction, with levels decreasing to 71.65 +
9.32 and 58.54 + 3.50 mg/dL, respectively. Administration of the 300 mg/kg dose resulted in a statistically
significant reduction to 38.96 + 1.88 mg/dL. Similarly, the SIM+INSU group exhibited a significant decrease in
hepatic cholesterol to 32.29 + 2.78 mg/dL, with values approaching those observed in the basal group (Figure 6d).
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Fig 6. Serum levels of (a) triglycerides and (b) total cholesterol, and hepatic levels of (¢) triglycerides and (d)
cholesterol. Basal: healthy rats, not subjected to the disease model, treated with vehicle. C—: diabetic, dyslipidemic
rats exposed to ethanol, treated with vehicle. P. alliacea: diabetic, dyslipidemic rats exposed to ethanol, treated
with P. alliacea extract (30, 100, or 300 mg/kg). SIM+INSU: diabetic, dyslipidemic rats exposed to ethanol, treated
with simvastatin (2.5 mg/kg) plus insulin (6 IU). n = 6-7 per group. 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)

3.3.3.  Petiveria alliacea reversed hepatocellular alterations

A significant increase in relative liver weight was observed in the group exposed to multiple risk factors
(C- group), with values reaching 5.62 £ 0.121 g, compared to 3.00 £ 0.05 g in the basal group. Treatment with P.
alliacea extract at a dose of 300 mg/kg resulted in an intermediate reduction of this parameter. Animals treated
with the combination of SIM+INSU showed a partial normalization of liver weight, with a value of 5.00 = 0.06 g
(Figure 7a). Moreover, the presence of risk factors led to a marked increase of 230.63% in hepatic lipid content

in the C— group relative to the basal group (13.63 = 0.77%). In contrast, administration of P. alliacea extract at
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300 mg/kg effectively normalized lipid accumulation, while the 30 mg/kg and 100 mg/kg doses resulted in partial
attenuation of hepatic lipid levels (Figure 7b). Histological analysis of liver tissue revealed no evidence of steatosis
in the basal group. In contrast, the C— group exhibited marked hepatic alterations, with ballooning degeneration
graded as 3, microvesicular steatosis as grade 3, and macrovesicular steatosis as grade 2. Treatment with P. alliacea
extract resulted in dose-dependent attenuation of steatotic features. Animals treated with 30 mg/kg displayed
ballooning grade 2, microvesicular steatosis grade 2, and macrovesicular steatosis grade 2. At the 100 mg/kg dose,
findings included ballooning grade 2, microvesicular steatosis grade 2, and macrovesicular steatosis grade 1. The
highest dose, 300 mg/kg, resulted in ballooning grade 1, microvesicular steatosis grade 1, and macrovesicular
steatosis grade 2. The SIM+INSU group exhibited minimal histological changes, with ballooning grade 1, and no

evidence of microvesicular or macrovesicular steatosis, with grade 0 for both (Figure 7¢ and 7d).
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Fig 7. Relative liver weight (a), percentage of hepatic lipid content (b), and representative histological sections of
the liver stained with hematoxylin and eosin (H&E) (c¢). Basal: healthy rats, not subjected to the disease model,
treated with vehicle. C—: diabetic, dyslipidemic rats exposed to ethanol, treated with vehicle. P. alliacea: diabetic,
dyslipidemic rats exposed to ethanol, treated with P. alliacea extract (30, 100, or 300 mg/kg). SIM+INSU: diabetic,
dyslipidemic rats exposed to ethanol, treated with simvastatin (2.5 mg/kg) plus insulin (6 IU). n = 6-7 per group.
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). In the histological sections, black arrows highlight areas of hepatic steatosis (fatty degeneration).

Images captured at 20x magnification.

3.3.4.  Petiveria alliacea restores hepatic antioxidant defenses and reduces lipid peroxidation

Evaluation of oxidative stress markers in the liver revealed significant disturbances in animals subjected
to the combination of risk factors (Table 4). SOD activity was significantly reduced in the C— group (25.14 £ 1.06)
compared to the basal group (39.12 + 0.97). Treatment with P. alliacea at 30 mg/kg (32.36 £ 1.42) and 100 mg/kg
(34.77 £ 1.12), as well as SIM+INSU (31.56 + 0.65), partially restored SOD activity, whereas the 300 mg/kg dose
normalized enzyme activity (41.40 + 0.54), with values not statistically different from the basal group. Similarly,

GSH levels were markedly depleted in the C— group (10.48 + 2.25) relative to basal animals (58.46 + 2.14). Partial
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recovery of GSH was observed with P. alliacea at 30 mg/kg (26.39 + 2.93), 100 mg/kg (36.48 £+ 4.02), and with
SIM+INSU (33.15 + 3.10). Full restoration was achieved with the 300 mg/kg dose (61.36 + 1.36), which was not
statistically different from basal values. In parallel, LPO was significantly increased in the C— group (155.20 +
10.16) compared to the basal group (56.63 + 3.66). Treatment with P. alliacea at 30 mg/kg (95.25 + 4.42), 100
mg/kg (79.93 +£3.05), and SIM+INSU (82.89 + 3.30) partially reversed this increase. Complete normalization was
observed with the 300 mg/kg dose (61.60 £ 2.99), which showed no statistical difference from basal values.

Table 4. Hepatic oxidative stress markers in Wistar rats (n=6-7) subjected to the Metabolic dysfunction-associated

steatotic liver disease (MASLD) model and treated with Petiveria alliacea extract or simvastatin + insulin.

Extract of Petiveria alliacea (mg/kg)

Basal C- 30 100 300 SIM+INS

SOD  39.12+0.97 25.14 £ 1.06* 3236+ 1.42%  3477+£1.12°  41.40+£0.54> 31.56+0.65®
GSH 58.46+2.14 10.48 £2.25° 26.39+£2.93% 3648 +4.02" 61.36+1.36° 33.15+3.10®

LPO  56.63+3.66 15520+10.16° 95.25+4.42®® 79.93+3.05®° 61.60+2.99®  82.89+3.30%

C-, negative control, SIM+INS, simvastatin + insulin; GSH, reduced glutathione (ug GSH/g of tissue); LPO,
lipoperoxidation (nmol LPO/g of tissue); SOD, superoxide dismutase (U SOD/g of tissue). Values are expressed
as mean = S.E.M.. Statistical analysis was performed using one-way ANOVA followed by Tukey's post hoc test.
ap < 0.05 vs. basal; ° p < 0.05 vs. C—.

3.3.5.  Petiveria alliacea ameliorates renal dysfunction and histopathological damage

A significant increase in relative kidney weight was observed in the group exposed to the combination of
risk factors (C— group), with a mean value of 1.17 £0.04 g, compared to 0.71 = 0.01 g in the basal group. Treatment
with P. alliacea extract at a dose of 300 mg/kg effectively normalized kidney weight (0.82 £ 0.01 g). In contrast,
the SIM+INSU group exhibited a partial reduction in this parameter (1.01 = 0.02 g) (Figure 8a). In parallel, renal
function markers were markedly elevated in the C— group, as evidenced by increased plasma levels of urea (69.86
+ 3.48 mg/dL) and creatinine (74.17 + 1.51 mg/dL), indicating renal impairment associated with the metabolic
disorder. Treatment with P. alliacea extract at 300 mg/kg resulted in complete reversal of these elevations, with
urea and creatinine levels reduced to 26.57 = 1.77 mg/dL and 32.67 + 2.80 mg/dL, respectively. The lower doses
of P. alliacea (30 and 100 mg/kg) produced partial nephroprotective effects, with intermediate reductions in both
renal markers. The SIM+INSU group showed modest improvements in urea and creatinine levels, but the
reductions were less pronounced than those observed with the 300 mg/kg dose of P. alliacea (Figure 8b and 8c,

respectively).
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Fig 8. Relative kidney weight (a); plasma urea levels (b); and plasma creatinine levels (c¢). Basal: healthy rats, not
subjected to the disease model, treated with vehicle. C—: diabetic, dyslipidemic rats exposed to ethanol, treated
with vehicle. P. alliacea: diabetic, dyslipidemic rats exposed to ethanol, treated with P. alliacea extract (30, 100,
or 300 mg/kg). SIM+INSU: diabetic, dyslipidemic rats exposed to ethanol, treated with simvastatin (2.5 mg/kg)
plus insulin (6 IU). n = 6-7 per group. Data are presented as mean = SEM. ? p < 0.05 vs. basal; ° p < 0.05 vs. C—
(one-way ANOVA followed by Newman-Keuls’s post hoc test).

Histological evaluation revealed preserved renal architecture in the basal group (tubular score: 0;
glomerular score: 0; inflammation score: 0). In contrast, the C— group exhibited marked pathological alterations,
with severe multifocal to diffuse tubular necrosis and degeneration (tubular score: 3), occasional moderate
glomerular involvement (glomerular score: 2), and severe multifocal inflammatory infiltrates (inflammation score:
3), frequently associated with proteinuria. In the P. alliacea 30 mg/kg group, acute tubular necrosis was the
predominant finding (tubular score: 2), accompanied by mild to moderate glomerular alterations (glomerular score:
1), and mild inflammation (inflammation score: 1). Two animals in this group displayed normal histology. The
100 mg/kg group showed a higher incidence of glomerular lesions (glomerular score: 2), including acute multifocal
nephritis, chronic nephritis with moderate multifocal necrosis, membranous glomerulonephritis, and mild
glomerulonephritis. Tubular damage remained moderate (tubular score: 2), and inflammation was generally mild
to moderate (inflammation score: 1). One animal in this group presented normal renal morphology. Administration
of P. alliacea at 300 mg/kg was associated with improved renal histology, with most animals showing normal
tissue (tubular score: 0; glomerular score: 0—1; inflammation score: 0). Mild acute glomerulonephritis (score 1)
was observed in two animals, and one case of mild glomerular degeneration with necrosis was recorded. The
SIM+INSU group presented heterogeneous findings, including chronic pyelonephritis, chronic proliferative
multifocal glomerulonephritis, and myeloid substance accumulation with tubular degeneration (tubular score: 1;

glomerular score: 2; inflammation score: 1), while two animals exhibited normal histology (Figure 9).
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Fig 9. Representative histological sections of the kidneys stained with hematoxylin and eosin (H&E). Basal:
healthy rats, not subjected to the disease model, treated with vehicle. C—: diabetic, dyslipidemic rats exposed to
ethanol, treated with vehicle. P. alliacea: diabetic, dyslipidemic rats exposed to ethanol, treated with P. alliacea
extract (30, 100, or 300 mg/kg). n = 6-7. SIM+INSU: diabetic, dyslipidemic rats exposed to ethanol, treated with
simvastatin (2.5 mg/kg) plus insulin (6 IU). Symbols: large black arrow, marked necrosis and multifocal severe
tubular degeneration; large white arrow outlined in black, acute tubular necrosis; black-headed arrow, mild
glomerulonephritis; white-headed arrow outlined in black, chronic pyelonephritis. Images captured at 40x

magnification

4. Discussion

The present study provides the first integrated evaluation of the safety and therapeutic potential of
Petiveria alliacea in a multifactorial rat model of metabolic dysfunction-associated steatotic liver disease
(MASLD), induced by the concomitant exposure to diabetes, dyslipidemia, and ethanol intake. This experimental
approach mimics the complex clinical scenario in which multiple risk factors act synergistically to accelerate liver
and kidney injury, thereby offering a relevant platform for assessing both the safety and efficacy of the extract.

An additional innovative aspect of this study is the implementation of a multi-hit preclinical model that
combines diabetes, dyslipidemia, and ethanol exposure to emulate the multifactorial pathophysiology of MASLD.
Unlike conventional single-hit models, which typically reproduce isolated metabolic alterations, this approach
induces simultaneous hepatic and renal dysfunction, better reflecting the complexity observed in patients with
advanced disease. Importantly, the inclusion of chronic low-dose ethanol exposure acts as a metabolic aggravator,
exacerbating oxidative stress and lipid peroxidation. This factor amplifies the severity of steatosis and accelerates
the onset of renal injury, thereby producing a more clinically relevant and translational phenotype (Acierno et al.,
2025). The concurrent metabolic insults act synergistically to reproduce the cascade of cellular and systemic
disturbances typical of MASLD progression, strengthening the predictive validity of the model for testing

hepatoprotective and nephroprotective interventions.
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Our in vitro results demonstrated that P. alliacea extract was non-cytotoxic to HepG2 cells at all tested
concentrations, indicating a high degree of biocompatibility with hepatic cells. This absence of cytotoxicity
suggests that the extract preserves fundamental cellular functions, supporting its potential safety for further
pharmacological or nutraceutical applications. Given that HepG2 cells are a well-established model of human
liver, these findings provide meaningful insights into the hepatic tolerability of the extract and highlight its
translational relevance for future preclinical studies (Gomez-Lechon et al. 2014).

Acute oral toxicity testing in rodents (limit dose: 2000 mg/kg) revealed no signs of behavioral alterations,
physiological distress, or mortality during the 14-day observation period. These results are consistent with
ethnobotanical reports describing the traditional use of P. alliacea without immediate harmful effects (Lawal et
al. 2024; Cruz-Salomoén et al. 2022). The lack of adverse effects at this dose places the extract within the least
toxic category according to OECD guideline 423, indicating low acute toxicity potential. Taken together, these
preliminary safety data support the potential of P. alliacea extract for further investigation, including subchronic
toxicity testing and pharmacological efficacy studies. Although limited to acute exposure, the present results
provide an initial scientific basis for its safe use in future preclinical applications. Notably, relative organ weights,
clinical signs, hematological parameters, and histopathological analyses remained unchanged across treatment
groups, confirming the absence of systemic or organ-specific toxicity. Importantly, the absence of hepatotoxic or
nephrotoxic histological findings provides strong support for the extract's safety. These findings fill a significant
gap in the toxicological validation of P. alliacea, which until now had limited preclinical toxicodynamic
documentation, particularly under standardized laboratory conditions.

In the MASLD model, untreated animals displayed clear signs of metabolic and hepatic dysfunction,
including elevated plasma cholesterol and triglycerides, increased hepatic lipid accumulation, and marked
histopathological alterations characterized by steatosis, ballooning, and inflammation. Treatment with P. alliacea
extract ameliorated these alterations in a dose-dependent manner. The 300 mg/kg dose significantly reduced
hepatic cholesterol and triglyceride content, restoring them to levels approaching those of basal animals, and
substantially improved histological architecture, with reductions in steatosis and ballooning. These
hepatoprotective effects were comparable to those achieved with simvastatin combined with insulin, underscoring
the pharmacological relevance of the extract. Notably, serum AST and ALT levels remained unchanged across
groups, suggesting that the extract exerted protective rather than hepatotoxic actions.

Oxidative stress is a central mechanism in MASLD progression (Karkucinska-Wieckowska et al. 2021),
and this was corroborated by the observed reductions in antioxidant defenses and the increase in lipid peroxidation
in untreated animals. P. alliacea treatment restored the antioxidant balance, with the 300 mg/kg dose completely
normalizing SOD and GSH levels while reducing lipid peroxidation to basal values. Lower doses and the
pharmacological control produced only partial improvements. These results strongly suggest that the protective
effects of P. alliacea are mediated by its antioxidant properties.

Renal impairment was also evident in the C— group, with increased relative kidney weight, elevated
plasma urea and creatinine levels, and histopathological evidence of tubular necrosis, glomerular injury, and
inflammatory infiltrates. Treatment with P. alliacea at 300 mg/kg completely reversed these alterations,
normalizing renal function markers and restoring tissue integrity, while lower doses produced partial effects. The
nephroprotective efficacy of the extract at the highest dose surpassed that of the pharmacological control,
reinforcing its potential in conditions of metabolic stress. These findings resonate with ethnopharmacological uses

of P. alliacea in kidney-related disorders, now supported by experimental validation.
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Collectively, the data presented here demonstrate that P. alliacea is safe and exerts significant
hepatoprotective, nephroprotective, and antioxidant effects in a complex and clinically relevant model of MASLD.
The extract not only attenuated biochemical and histological markers of disease but also restored redox
homeostasis, with effects that in several parameters were comparable or superior to those of conventional
pharmacological treatment. These results underscore the ethnopharmacological relevance of P. alliacea and
highlight its potential as a complementary therapeutic resource for metabolic and chronic liver diseases. However,
caution is warranted when extrapolating to humans. The identification of active compounds, elucidation of
molecular mechanisms, and evaluation of long-term safety and pharmacokinetics remain essential steps before
clinical translation.

Despite only partial correction of hyperglycemia and dyslipidemia, P. alliacea displayed comparable or
superior tissue-protective effects relative to simvastatin plus insulin. The extract notably reversed elevated renal
markers and normalized kidney weight, highlighting its multi-organ protective profile. These results expand the
pharmacodynamic spectrum of P. alliacea, previously explored primarily for antioxidant, immunomodulatory, or
anti-inflammatory properties (Mustika et al. 2021; Cruz-Salomon et al. 2022; Zavala-Ocampo et al. 2022).

This study contributes to the growing body of evidence supporting the repositioning of medicinal plants
as nutraceuticals or phytotherapeutics for chronic disease management (Sarkar et al. 2024; Siddiqui ef al. 2024).
The broad-spectrum safety and organ-protective effects demonstrated by P. alliacea in this study provide a
promising foundation for future clinical trials or functional food development. Importantly, the extract could
represent a cost-effective alternative or adjuvant in public health systems targeting populations with limited access
to conventional polypharmacy. Additionally, our approach integrates biochemical, histological, and functional
data, aligning with recent regulatory frameworks emphasizing comprehensive safety and efficacy profiling of
natural products. The data also contribute toward standardizing P. alliacea as a potential candidate for inclusion
in official pharmacopoeias or public health lists such as RENISUS (Brazil’s National List of Medicinal Plants of
Interest to SUS).

Some limitations should be acknowledged. Mechanistic studies were not performed, leaving the
molecular pathways underlying the extract’s effects to be elucidated. The MASLD model was assessed under acute
treatment conditions; long-term studies are needed to evaluate sustained efficacy. Furthermore, while the extract
exerted moderate glucose-lowering effects, its lipid-lowering and tissue-protective actions were more pronounced,
suggesting that P. alliacea may act primarily as a tissue-protective agent rather than a potent metabolic modulator,

a distinction with potential clinical implications for combinatory therapies.

Conclusion

Petiveria alliacea is a safe and promising botanical candidate with multi-organ protective effects,
particularly in the context of hepatic and renal complications associated with metabolic syndrome. These results
warrant further exploration into its mechanisms of action, chronic effects, and clinical applicability. Future studies
should also investigate the potential synergistic actions of P. alliacea when combined with conventional

treatments, as well as its incorporation into functional foods or phytopharmaceutical formulations.
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Metabolic-associated fatty liver disease (MAFLD) is a complex condition characterized by steatosis and metabolic disturbances.
Risk factors such as diabetes, dgarette smoking, and dyslipidaemia contribute to its development and progression. Effective and
safe therapies for MAFLD are urgently needed Pereskia grandifolia has shown potential as an alternative treatment, but its
effectiveness against liver disease remains unexplored. This research aims to determine the hepatoprotective properties of
P. grandifolia using a model of MAFLD. The study was carried out through various phases to assess the safety and efficacy of the
ethanol-soluble fraction of P. grandifolia. Initially, an in vitro assay was performed to assess cell viability. This was followed by an
acute toxicity test conducted in rats to determine the safety profile of the extract. Subsequently, the anti-inflammatory properties
of P. grandifolia were examined in macrophages. For the MAFLD study, diabetic Wistar rats were made diabetic and exposed to
a high fat diet and cigarette smoke, for 4 weeks. During the last 2 weeks, the rats were orally given either the vehicle (negative
control group; C-), P. grandifolia (30, 100, and 300 mg/kg), or insulin in addition to smvastatin. A basal group of rats not exposed
to these risk factors was also assessed. Blood samples were collected to measure cholesterol, triglycerides, glucose, ALT, and AST
levels. Liver was assessed for lipid and oxidative markers, and liver histopathology was examined. P. grandifolia showed no signs of
toxicity. It demonstrated anti-inflammatory effects by inhibiting phagocytosis and macrophage spreading. The MAFLD model
induced liver abnormalities, including increased AST, ALT, disrupted lipid profile, oxidative stress, and significant hepatic
damage. However, P. grandifolia effectively reversed these changes, highlighting its potential as a therapeutic agent. These findings
emphasize the significance of P. grandifolia in mitigating hepatic consequences assodated with various risk factors.



1. Introduction

Metabolic-associated fatty liver disease (MAFLD) is an in-
creasingly prevalent health concern globally [1]. Tt entails the
buildup of fatty deposits within the liver, causing in-
flammation, fibrosis, and harm to the liver. MAFLD has now
become the prevailing chronic liver ailment worldwide and
is influenced by a combination of genetic, environmental,
and behavioral factors [2]. Obesity, insulin resistance, type 2
diabetes, dyslipidaemia, tabagism, and sedentary lifestyle are
some of the risk factors associated with MAFLD. Therefore,
effectively tackling this condition necessitates a compre-
hensive approach that considers all these aspects [3].

Diabetes mellitus significantly increases the risk of MAFLD
development and progression. Insulin resistance, a hallmark of
diabetes, promotes hepatic lipid accumulation by altering fatty
acid oxidation and increasing de novo lipogenesis. Hyper-
glycemia and chronic inflammation also contribute to liver
injury, fibrosis, and the progression of MAFLD [4, 5] Cigarette
smoking has been recognized as an independent risk element
for MAFLD particularly in individuals with diabetes. Smoking-
induced oxidative stress and systemic inflammation exacerbate
insulin resistance, promote hepatic lipid accumulation, and
increase the risk of liver injury and inflammation [6, 7. Finally,
dyslipidacmia, characterized by elevated low density lipopro-
tein and tnglycerides levels, frequently coexists with MAFLD
and contributes to hepatic steatosis by increasing lipid delivery
to the liver and impairing hepatic lipid metabolism. It promotes
inflaimmation, oxidative stress, and fibrosis, exacerbating
MAFLD progression [8].

It is important to note that the combination of diabetes,
cigarette smoking, and dyslipidaemia can have a synergistic
impact on MAFLD development and progression. These
factors interact through various pathways, including oxi-
dative stress, chronic inflammation, impaired lipid meta-
bolism, and insulin resistance, resulting in amplified liver
damage and fibrosis. Their combined effects can accelerate
disease progression and increase the risk of complications
[9, 10]. In this way, understanding the influence of diabetes
mellitus, cigarette smoking, and dyslipidaemia on MAFLD is
essential for comprehensive disease management strategies.

One of the main challenges in the treatment of MAFLD
1s its multifactorial nature, and unfortunately, there is no
specific approved pharmacological treatment for the con-
dition. Given the interplay between diabetes, cigarette
smoking, dyslipidaemia, and MAFLD, comprehensive
management strategies are crucial. Multidisciplinary ap-
proaches that target glycemic control, smoking cessation,
and dyslipidaemia management are essential in MAFLD
treatment. However, the drugs currently available for the
treatment of the disease have limited eficacy and exert
significant adverse effects [11].

In this line, animal models with multiple risk factors
associated with MAFLD can provide valuable information
on the complex pathogenesis of the disease and potential
therapeutic targets. The proposition of these animal models

84

Evidence-Based Complementary and Alternative Medicine

is justified by the need to address the complex nature of
MAFLD and the limited effectiveness of current treatments
[12-15]. By utilizing these models, it is possible to enhance
the likelihood of identifying promising therapeutic candi-
dates for further development and clinical trials [16].

Under these circumstances, medicinal plants are ac-
knowledged as a valuable reservoir for the exploration and
advancement of novel pharmaceuticals. For centuries, tra-
ditional communities have taken advantage of the thera-
peutic properties of various plant species to address a broad
spectrum of illnesses. Today, scientific research is shedding
light on the vast potential of medicinal plants as a valuable
reservoir of phytochemicals constituents. Medicinal plants
offer a vast repertoire of bioactive compounds that have the
potential to act as a reservoir for the identification of novel
drugs [17).

Pereskia grandifolia Haw, (Cactaceae), commonly known
as “ora-pro-naébis,” has a variety of medicinal properties that
have been recognised and utilized for centuries. This tropical
plant is a valuable resource in traditional medicine due to its
numerous therapeutic benefits. Its leaves are traditionally used
for dietary supplementation (due to their rich protein content)
and for their antioxidant, antitumor, anti-inflammatory,
lipid-lowering, antidiabetic, and hypotensive effects [18-22].
However, pharmacological research into its effectiveness in
treating liver disorders remains lacking. Considering the ex-
tensive traditional use of P. grandifolia for addressing liver
conditions and its promising medicinal properties, it is
plausible to explore this species as a potential hepatoprotective
agent, particularly for liver diseases associated with multiple
risk factors. Hence, this study aims to establish a preclinical
model of MAFLD incorporating dyslipidaemia, diabetes, and
smoking, with the objective of assessing the hepatoprotective
actions of P. grandifolia.

2. Materials and Methods

2.1, Preparation of Pereskia grandifolia Extract, The leaves of
P. grandifolia were gathered in June 2021 at the Medicinal
Plants Garden of Paranaense University (UNIPAR), situated
at an elevation of 430 meters above sea level (523°46'11.3"-
W53°16'412"). A voucher sample (number 142) was archived
in the UNIPAR herbarium. The plant underwent a drying
process in an oven and subsequent spraying. The infusion
extract was prepared using the approach detailed in Barbosa
et al. [12]. The crushed leaves (100g) were utilized for the
infusion extraction, employing 1L of boiling water. The re-
sultant infusion was stored in an amber flask for 5hours.
Following filtration, 95% ethanol was introduced to the in-
fusion at a 1:3 (v/v) ratio to precipitate proteins and poly-
saccharides, resulting in a separated heterogeneous phase,
which was then filtered out. The ethanol-soluble fraction
underwent concentration using a rotary evaporator and
subsequent lyophilization. The accuracy of the plant name
was verified on https://www.theplantlist.org and was con-
firmed to be accurate.
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2.2, Toxicological Studies

221 In Vitro Cytotoxicity of Pereskia grandifolia. The
3-(4,5-dimethylthiazol-2,5-diphenyl) tetrazolium bromide
(MTT) cytotoxicity assay was conducted according to the
method previously described by Tsuboy et al. [23]. Mouse
dermal fibroblasts (NIH/3T3, ATCC#® CRL-1658™) and
hepatocellular carcinoma HUH7 cells were seeded into
96-well microtiter plates and incubated in culture medium
for 24 hours at 37°C with 5% CO;. When the cells reached
approximately 75% confluence after 24hours, they were
exposed to five different concentrations of P. grandifolia
(100, 200, 400, 800, and 1,600ug/mL). For the negative
control (NC), the extract was substituted with a physiolog-
ical solution, while for the positive control (PC), it was
replaced with 2% (v/v) Tween 80. The treatments were
conducted for 24, 48, and 72 hours.

2.2.2. Acute Toxicity Evaluation of Pereskia grandifolia

(1) Animals. The toxic impacts of the P. grandifolia extract
were investigated in adult male Wistar rats weighing between
300 and 400 g, sourced from Maringa State University. These
rats were accommodated in the vivarium of the laboratory for
preclinical research of UNIPAR, with unrestricted access to
both liquid and solid diets, while maintaining precise en-
vironmental conditions (temperature: 22°C+2°C; relative
humidity: 50% £ 10%; and 12-hour light/dark cycle). Ethical
clearance for the animal study protocols was granted by the
Ethics Committee in Research involving Animal Experi-
mentation of UNIPAR (protocol no. SPP2020031000167).
The animals were provided with environmental enrichment
to enhance their overall well-being All guidelines and rec-
ommendations pertaining to animal welfare, induding
minimizing the number of animals used and transparent
reporting of animal research, were diligently followed [24].

2) Experimental Design. The assessment of acute toxiaty
followed the guidelines outlined by the Organization for
Economic Cooperation and Development (OECD) guide-
line 423. The initial dose administered was 300 mg/kg due to
the absence of prior information on P. grandifolia extract.
Subsequent animal groups received either higher or lower
fixed doses based on the presence or absence of signs of
toxiaty or mortality. This iterative process continued until
the dose causing evident toxicity was identified or no more
than one death occurred, when no effects were observed at
the highest dose, or when deaths were noted at the lowest
dose. The P. grandifolia extract was administered orally via
gavage in a single dose after an 8-hour fast. Following
treatment, the rats underwent an additional 4-hour fasting
period. A control group of animals (1 =6), treated with the
vehicle (filtered water), was included for companson.

(3) Assessment of Clinical Signs. After the administration of
P. grandifolia, the animals were carefully observed at des-
ignated time intervals, which included the initial 30 minutes,
as well as 1, 2, 3, and 4hours post-treatment. A range of

85

behavioral parameters and clinical signs were recorded,
encompassing self-grooming, piloerection, labored breath-
ing (dyspnea), abdominal constriction, diarrhea, weakness
(prostration), lack of coordination (ataxia), drowsiness
(sedation), unconsciousness (coma), and mortality. After the
initial 4-hour observation period, the animals were provided
with water and food and observed daily for a total of 14 days
to document any clinical changes and occurrences of

mortality, according to proposed by Silva et al. [25].

(4) Euthanasia, Material Collection, and Analysis. On the
15th day, following a 12-hour fasting period, the rats were
euthanized using deep anesthesia with isoflurane in a satu-
ration chamber (maintaining a concentration of 1-3%).
Blood samples were collected via decapitation for sub-
sequent analysis. Levels of cholesterol, triglycerides, aspar-
tate aminotransferase, alanine aminotransferase, urea, and
creatinine were measured using commercially available kits
within an automated system. Several blood parameters were
recorded, encompassing red blood cell counts, hemoglobin
levels, hematocrit, mean corpuscular volume, mean cor-
puscular hemoglobin, mean corpuscular hemoglobin con-
centration, leukocyte counts, rod-shaped cells, lymphocytes,
and platelet counts. Furthermore, the liver, spleen, heart, and
kidneys were meticulously dissected and weighed using an
analytical balance. Regarding kidney mass, the average mass
between the right and left sides was taken into account. To
calculate the relative organ mass (%), the mass of each organ
was multiplied by 100 and divided by the body weight of the
animal before euthanasia. Small sections of the liver, spleen,
heart, kidney, and brain were carefully excised, rinsed with
chilled saline solution, and then preserved in 10% buffered
formalin. Following established histological procedures, the
tissue sections were stained with hematoxylin and eosin and
subsequently examined by a veterinarian pathologist for
histopathological analysis. The slides containing the tissue
samples were observed using a Leica DM 2500 optical
microscope to identify any cellular alterations resulting from
the administered treatments.

2.3. Pharmacological Studies

23.1. In Vitre Anti-Inflammatory Activity of Pereskia
grandifolia

(1) Treatments of Macrophage Cells. In the entirety of the anti-
mﬂ:nmtoryaperms.tbcdrymﬁ'mnl’gmm
underwent dissolution in distilled water at the
concentrations: 200 ug/mL, 400 ug/mL, and 600 ug/mL Within
the positive control (PC) group, the extract doses were replaced
with dexamethasone (40 ug/mL), whereas the negative control
(NC) group received a substitution of a saline solution.

(2) Culture and Selection of Macrophages. Raw 264.7 murine
macrophages of the ATCC TIB-71 strain were thawed and
cultured in a cell culture flask using Dulbecco’s modified
Eagle medium (DMEM) Ham's F-12 culture medium,
maintained at 37°C with 5% CO,. The cells were allowed to



grow until reached a confluence of 70-80%. Afterward, cell
harvesting was performed using a cell scraper, followed by
cell counting in a Neubauer chamber and centrifugation at
1500 rpm for 5 minutes. The supermnatant was removed, and
the cells were resuspended in the culture medium to attain
the desired concentration for the assessment of spreading

and phagocytosis.

(3) Macrophage Spreading. The methodology employed in this
study was adapted from Fracasso et al. [26]. Prepared slides
were examined using an optical microscope at 400x magni-
fication, with a total count of 100 cells. The calculation of the
inhibition of spreading (%) was performed using the following
formula: (Inhibition of spreading (%) = (E0 - ET)/E0 x 100), In
this equation, 0 represents the average number of cells spread
in the NC group, while ET represents the average number of
spread cells in the treated groups,

(4) Inhibition of Phagocytosis. Prepared slides were examined
using an optical microscope at 400x magnification, and a total
of 100 cells were counted, following the protocol proposed by
Fracasso et al [26]. This experiment was conducted in trip-
licate, The inhibition of phagocytosis (IP) was calculated using
the following formula: (IP (%)= (E0~ ET)/E0 x 100). In this
formula, E0 denotes the average number of cells in the NC
group that phagocytosed zymosan particles, and ET represents
the average number of cells in the treated groups that
phagocytosed these particles.

2.3.2. Animals, The research model involved the development
of male Wistar rats with a weight range of 200-250 g, These
rats were obtained from the central vivarium of the State
University of Maringa and then transferred to the vivarium of
the laboratory for preclinical research of UNIPAR. They were
maintained under carefully regulated environmental condi-
tions, which included a temperature within the range of
22°C+2°C, a relative humidity maintained at 50+ 10%, and
a consistent 12-hour light/dark cycle. The rats had free access
to food and water and were provided with environmental
enrichment. The experiments were conducted during the light
phase. Animals were randomly divided into experimental
groups, with 8 rats per group. The selection of this group size
was based on previous results from similar experimental
protocols and adhered to the 3R principles (reduce, refine, and
replace) [12-14, 27-29]. Weights were assessed on a weekly
basis using an analytical balance. The experimental plan ob-
tained clearance from the Ethics Committee on Animal Use at
Paranaense University, identified by protocol number SPP202
0031000167, All applicable national and international guide-
lines were strictly adhered to throughout the study. The animal
research findings were reported and analyzed in compliance
with the Animal Research Reporting of in vivo Experiments
(ARRIVE) guidelines [24].

2.3.3. Experimental Design and Treatments, The experi-
mental model for metabolically associated fatty liver disease
(MAFLD) in this study encompassed a combination of
various risk factors such as diabetes, dyslipidemia, and
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tobacco smoking. At the onset of the treatment, the animals
were allocated randomly into respective groups. Induction of
diabetes was achieved by subjecting the animals to a 12-hour
fasting period, succeeded by intraperitoneal injection of
streptozotocin (60 mg/kg) diluted in citrate buffer (10 mM,
pH 4.5), following the procedure outlined by Souzaet al. [27].
Three days postdrug administration, peripheral blood sam-
ples were gathered from the lateral tail vein, and blood
glucose levels were determined using an AccuCheck Active
glucose meter (Roche®, Sao Paulo, Brazil). Rats exhibiting
glycemia levels 2250 mg/dL. were categorized as diabetic.
To induce dyslipidemia, the animals were provided with
a standard commercial diet enriched with 0.5% cholesterol
for a duration of 6weeks. This diet comprised 150 g of
standard rodent feed combined with one egg yolk and
13.5mL of corn oil. The mixture was moistened with water,
baked in an oven at 50°C for 36 hours, and subsequently
vacuum-packed. Each 150 g of this diet contained 225 mg of
cholesterol, 1.8 g of saturated fat, 2.16 g of monounsaturated
fatty acids, and 0.72g of polyunsaturated fatty acids. In
addition, the rats were exposed to the smoke from nine
commercial cigarettes (containing 0.8 mg nicotine, 10 mg tar,
and 10 mg carbon monoxide) for | hour daily, 5 days a week.
Diabetic animals were subjected to the specified risk factors
(dyslipidemia and smoking) for a period of 6weeks, fol-
lowing the protocol proposed by Souza et al. [27]. In the final
3 weeks of the experiment, the animals received daily oral
treatment via gavage with either the vehicle (filtered water,
serving as the negative control (C-) group), P. grandifolia
extract (at doses of 30, 100, and 300 mg/kg), or a combination
of simvastatin (2.5mg/kg) and insulin (6 IU, administered
subcutaneously; SIM +INS group). Concurrently, a baseline
group comprising of normoglycemic, nondyslipidemic, and
nonsmoke-exposed rats was treated solely with the vehicle,
The experimental setup is depicted in Figure 1.

2.3.4. Euthanasia, Sample Collection, and Biochemical Analysis,
At the concusion of the four-week experimental period,
subsequent to a 12-hour fasting period, the animals were
humanely euthanized through the administration of deep
isoflurane anesthesia within a saturation chamber (20%). Blood
samples were obtained through decapitation, and plasma was
isolated by centrifugation at 1,500 g for 10 minutes, then
stored at —80°C for subsequent analysis of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), choles-
terol, and triglycerides utilizing the colorimetric enzymatic
method on an automated analyzer (Quick Lab, Drake®, Sio
Paulo, Brazil). The liver was then collected, weighed using an
analytical balance, and promptly sectioned into samples,
One of these samples was rapidly separated and frozen in
liquid nitrogen to evaluate oxidative stress and conduct
biochemical analyses. Another sample was preserved by
submersion in a 10% formalin solution, intended for sub-
sequent histological analysis. In addition, feces accumulated
over a two-day period were directly gathered from the
animal cages on the final day of the experiment. These fecal
samples were preserved at —20°C until processing for the
assessment of cholesterol and triglyceride levels,
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Fioure I: Experimental design:

the model of fatty liver disease associated with metabolism was induced with three nisk factors: diabetes,

dyslipidemia, and smoking, The therapeutic effect of Pereskia grandifolia extract (30, 100, and 300 mg/kg) and standard treatment with
simvastatin + insulin was evaluated. The baseline group of rats not exposed to risk factors was included as the control group.

2.3.5. Determmation of Hepatic and Fecal Cholesterol and
Triglyceride Levels. The freeze-dried liver and fecal speci-
mens underwent lipid extraction using the gravimetric
method outlined by Livero et al. [30]. In thisapproach, liver
and fecal samples were combined with hexane, serving as
the solvent, at a ratio of 1:10 (feces: solvent) and were
heated to 80°C. Following a 12-hour period, the resulting
supernatant was transferred to a second flask and allowed
to evaporate naturally. This extraction process was repeated
three times. The resulting lipid content was then measured
and suspended in a mixture of 1 mL chloroform and 2mlL
isopropanol. The levels of triglycerides and cholesterol in
both liver and fecal samples were determined using the
colorimetric enzymatic technique in an automated ana-
lyzer. The lipid percentage in the liver was computed using
the formula: (lipids [%] =100 x [final flask weight/initial
flask weight]/0.1g).

2.3.6. Examination of Hepatic Antioxidant System. To ex-
plore the hepatic antioxidant system, the liver samples were
initially homogenized using a 1:10 dilution of potassium
phosphate buffer (0.1 M, pH 6.5). Subsequently, 100 uL of the
homogenate was isolated and combined with 80uL of tri-
chloroacetic aaid (12.5%). The resulting mixture was vortexed
and then centrifuged at 6,000 rotations per minute (rpm) for
15minutes at 4°C to assess the levels of reduced glutathione
(GSH), following the protocol outlined by Sedlak and Lindsay
[31]. The residual homogenate underwent another centnifu-
gation at 9,700 rpm for 20 minutes at 4'C. This additional step
was designed to ascertain the superoxide dismutase (SOD)
activity and lipoperoxidation (LPO) levels, based on the
meth ies established by Gao et al. [32] and hang et al.
[33], respectively.

2.3.7. Hepatic Histopathological Study. A section of the liver
sample was preserved through immersion in a buffered 10%
famahnsolntxnconpnsmgdﬂilledmr 35-40% form-

using akcohol and xylene, and subsequently, nmcmheddtd
in panaffin for ease of handling and sectioning The sections
were cut at a thickness of 6 um and stained with hematoxylin
and eosin to visualize cellular structures and any alterations
[13]. Another liver sample followed a distinct procedure: it was
soaked in sucrose solutions at increasing concentrations (10%,
20%, and 30%) for 24 hours at each level. Following saturation,
the liver sample was stored in a medium known as Tissue Tek
(O.C.T. Sakura) and quickly frozen using liquid nitrogen. The
frozen sample was then sectioned at a thickness of 6 um and
underwent Nile Blue staining, as detailed in the study by Livero
et al. [30]. The stained shdes were examined using an optical
microscope (Leaca DM 2500) to assess cellular abnormalities.
The observed hepatic lesions were categorized on a scale from
0 to 3 based on the of affected tissue: 0 (0%; no
lesions), 0.5 (1-5%; minor lesions), 1 (6-33%; moderate le-
sions), 2 (34-66%; marked lesions), and 3 (67-100%; extensive
lesions) as per the chssification by Mendes et al. [13].

2.4. Statistical Analysis, The collected data underwent
evaluation for homogenaty of variance and adherence to
normal distribution. For comparing means across different
groups, a one-way analysis of variance (ANOVA) was ex-
ecuted. In instances where the data did not meet the as-
sumptions of normality or homogencity of variance, the
Kruskal-Wallis test was employed as an alternative. Fol-
lowing this, post hoc tests, such as the Newman-Keuls or
Dunnett post hoc test, were utilized to discern specific



differences among the means, The threshold for statistical
significance was set at 95% confidence (p < 0.05). Results are
presented as the mean + standard error of the mean (SEM),
The statistical analysis was conducted using GraphPad Prism
9.0 software.

3. Results

3.1. Impact of Pereskia grandifolia on Fibroblast Cell Viability.
Table 1 presents the outcomes of an MTT cytotoxicity assay
conducted on NIH/3T3 mouse dermal fibroblast cells, aiming
to assess the impact of P. grandifolia on cell viability at different
concentrations and time intervals, The groups treated with
varying concentrations of P, grandifolia exhibited diverse ef-
fects on cell viability. Notably, at a concentration of 100 gg/mL
of P. grandifolia, the cell viability remained relatively high.
These results suggest that P, grandifolia at this concentration
did not induce a significant cytotoxic effect on the NTH/3T3 cell
lineage. At higher concentrations of P, grandifolia (200 pg/mL
and 400 ug/mL), the cell viability exhibited a noticeable de-
crease. Moreover, at 400 ug/mL, the viability further declined at
24, 48, and 72 hours. These results suggest that higher con-
centrations of P. grandifolia had a moderate cytotoxic effect on
the NIH/3T3 cells. Interestingly, at 800 ug/mL of P. grandifolia,
the cell viability exhibited a significant decrease at 24 and
48 hours. However, the viability then increased at 72 hours.
This indicates that P. grandifolia at this particular concentration
may have initially induced cytotoxicity, but some cells were able
to recover or adapt over time. At the highest concentration of
P. grandifolia tested (1600 ug/mL), the cell viability was sig-
nificantly reduced, indicating a strong cytotoxic effect of
P. grandifolia on the NIH/3T3 cells. 'The statistical analysis
conducted demonstrated that all treatment groups, except for
the negative control (NC) group, exhibited significant differ-
ences compared to the negative control, The 1C50% for
P. grandifolia in NIH/3T3 cells lineage was determined to be
598.6 ug/mL, 567 ug/mlL, and 5404 ug/ml at 24, 48, and
72 hours. The 1C50% values decrease over time, suggesting that
the inhibitory potency of P. grandifolia increases with longer
exposure periods,

3.2, Impact of Pereskia grandifolia on Carcinoma Cell Type.
Table 2 depict the results of an MTT cytotoxicity assay con-
ducted on HUH7 cells to assess the impact of P. grandifolia on
cell viability. The experiment examined different concen-
trations of the extract and measured viability at various time
points in a carcinoma cell type. The treated groups exhibited
varying effects on cell viability when compared to both the
negative control (NC) and positive control (PC) groups. At a
concentration of 100 ug/mlL of P. grandifolia, cell viability
decreased. These findings indicate a cytotoxic effect of
P. grandifolia on HUH?7 cells at this concentration. Likewise,
at concentrations of 200 ug/mL and 400 ug/mL, cell viability
continued to decrease. At 200 ug/ml, viability was measured at
41.79 £ 0.09%, 37.61 £0.11%, and 17.74 £ 0.28% at 24, 48, and
72 hours. Similarly, at 400 gg/mL, viability was determined to
be 35.99 +0.08%, 3535 £ 0.22%, and 15,62 £ 0.41% at the same
time intervals. These results suggest a dose-dependent cytotoxic
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effect of P, grandifolia on HUH7 cells. At a concentration of
800 ug/mL of P. grandifoha, an interesting observation was
made as cell viability increased. This suggests that P. grandifolia
may have had a different effect on HUH7 cells at this con-
centration, potentially promoting cell growth or survival
Lastly, at the highest tested concentration of the extract
(1600 ug/mL), cell viability decreased once again, indicating
a significant cytotoxic effect of P. grandifolia on HUH7 cells.

The 1C50% value of 183.3 ug/mL at 72hours indicates
that a lower concentration of P. grandifolia is required to
achieve the desired inhibitory effect compared to the values
at 24 and 48 hours. This suggests that longer treatment
durations result in increased potency of P. grandifolia in
inhibiting HUH7 cell growth or viability.

3.3. Pereskia grandifolia Exhibit Anti-Inflammatory Effects.
In phagocytosis, all treatments had significantly different
effects compared to the NC group, which received saline
(Figure 2(a)). P. grandifolia exhibited inhibitory effects on
phagocytosis at concentrations of 200 ug/mL, 400 yg/mL, and
600 ug/ml, reducing it by 43.18+ 1.6%, 47.66+0.99%, and
56.66 + 1.80%, respectively. The PC group, represented by
dexamethasone, inhibited phagocytosis by 70.0%. Spreading
is typically defined as an unsuccessful attempt at phagocytosis,
In cases where no substance or microorganism is present to be
phagocytosed, spreading refers to the action of a responsive
cell that adheres to the slide and produces microvilli [34]. All
treatments administered in this assay exhibited significantly
distinct effects compared to the NC group (Figure 2(b)).
P. grandifolia exhibited the potential to inhibit spreading,
manifesting in the following proportions: 46.99 £ 2.40% at
200 pug/ml, 62,05+ 1.6% at 400 ug/mL, and 66.87 £ 1.06% at
600 ug/mL. This assay substantiates the findings of the
phagocytosis assay, suggesting that P. grandifolia holds
promise in alleviating inflammation symptoms in macro-
phages. This potential is comparable to that of 40 ug/ml
dexamethasone, which reduced spreading by 70.00%.

3.4. Pereskia grandifolia Does Not Induce Any Toxic Effects in
Rats, During the animal acute toxicity assessment, ad-
ministering oral doses of P. grandifolia did not lead to
significant alterations. Specifically, the rats subjected to oral
doses of 300 and 2000 mg/kg of P. grandifolia did not display
any discernible modifications concerning clinical signs, body
weight, or relative mass of essential organs such as the liver,
spleen, kidneys, or heart, in comparison to the control
group. Morcover, there were no notable changes in the
biochemical and hematological profiles, and no cellular
alterations were identified in the liver, spleen, heart, or
kidneys when comparing the experimental groups to the
control group (data were not shown).

3.5. Pereskia grandifolia Did Not Exhibit a Hypoglycemic
Effect But It Demonstrated Significant Hepatoprotective
Properties. Following the induction of diabetes, a signifi-
cant rise in blood glucose levels was observed in the
C-group (566.9 + 16.5 mg/dL) compared to the basal group
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Tance 1: Effect of Pereskia grandifolia on fibroblast cell viability: percentage of viability at 24, 48, and 72 hours, and 1C5,% determination.

Treatments 24h 48h 72h

NC 100 £ 0,323 99 £ 0,03 100 £ 0.47

PC 594 £ 0037 492+£0097° 2.80 £ 0.40*

l00pyml. 9194+ 159 100 £0.758 100+£0.157
200 pg/mlL 8591 £0075° 73654 0517* 93,01 4£0.157*
400 pg/mL 7433 £1.02° 68.68 £ 0.714° 85.37 £ 0.414°
800pyml. 3861 372" 6783 +0621° 20.24 003"
1600 pg/mL 931 £0.06° 1231 £0.68° 543+ 036"

1Cs% 598.6 g Ml 567 pg/mlL. 540.4 pg/ml.

1C50%, half maximal inhibitory concentration; NC, negative controk PC, positive control The data are expressed as mean £ SEM. * p< 0,05, v4 NC (one-way
ANOVA followed by Dunnett's post hoe test).

Tanwk 2: Effect of Pereskia grandifolia on carcinoma HUH? cells viability: percentage of viability at 24, 48, and 72hours, and [1C.,%
determination.

Treatments 24h 48h 72h

NC 100017 100£0.22 100£0.22
PC 3772009 3152015 J13+0221°
100 pg/mlL 51.58 £+ 0.44° 41.07 £0.08° 17.99 £ 0.061"°
200pg,lml. 4179009 376140101 1774 £ 0.169*
400 ig/mL 3599 £ 008" 35354022° 15624023
&)Oﬂyml. 6.01 £055" 13204027 14.28 £ 0,400
lmome 583+025° 1026 £017* 14.28 £ 0.0.370°
1Cs0% 446 ug/ M 5234 pug/ml. 1833 jug/mL.

1C50%, half maximal inhibitory concentration; NC, negative controk PC, positive control The data are expressed as mean £ SEM. * p< 0,05, va NC (one-way
ANOVA followed by Dunnett’s past hoe test).
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Fraune 2: Percentage inhibition of phagocytosis (a) and inhibition of spreading (b) for negative control (NC; physiologic solution 0.9%),
positive comrol (PC; 40 pg/mL, dexamethasone), and P. grandifolia (200 pg/ml., 400 ug/mL, and 600 ug/mL). The data are expressed as

mean + SEM. *p <0.05, vs. NC group (one-way ANOVA followed by Dunnett’s post hoc test).

(933 + 3.1 mg/dL). Administration of SIM + INS resulted in
a decrease in blood glucose levels (141.0 £ 29.1 mg/dL), whereas
treatment with P. grandifolia partially reverse these alterations
(Figure 3(a)). Diabetes, dyshipidaemia, and smoking resulted in
a significant rise of approximately 185.1% in ALT and 174.7%
in AST levels compared to the basal group (46.3 + 2.0 U/L and
1057 £ 43 U/L, respectively). Nonetheless, administering
100 mg/kg of P. grandifolia extract entirely normalized the
heightened levels of ALT and AST. Treatment with 30 and
300mgkg P. grandifolia extract partially restored these
changes, while the combination of SIM+INS showed no
significant effect (Figures 3(b) and 3(c)).

3.6. Pereskia grandifolia Extract Exerted Lipid-Lowering
Effects. Figure 4 illustrates the effects of P. grandifolia treat-
ment on triglycenide and cholesterol levels in the plasma, liver,
and feces. The presence of diabetes, dyslipidaemia, and
smoking significantly increased plasmatic levels of triglycerides
(304.9 £ 21.6 mg/dL) and cholesterol (117.0 £ 6.4 mg/dL) than
in the basal group (304 £1.9mg/dL and 441 £23mg/dL,
respedive!y). These risk factors also induced a significant in-
crease in hepatic triglyceride (833.9%) and cholesterol (394.9%)
levels compared to that of the basal group (30.3+ 1.4 mg/dL
and 418+26mydl, respectively) However, administering
100 mg/kg of P. grandifolia extract and SIM + INS completely
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Fraure 3: Levels of glucose (mg/dL), hepatic damage biomarkers aspartate aminotransferase (AST; U/L), and alanine aminotransferase
(ALT; U/L) in plasma ({a-c), respectively) were measured in normoglycemic, nondyslipidemic, and nonsmoker Wistar rats (basal group) as
well as diabetic, dyslipidemic, and smoker Wistar rats treated with vehicle (negative ;ontrol [C~]), Pereskia Il,grand:folia (30, 100, and
300 mg/kg), or simvastatin + insulin (SIM + INS). The presented data represent mean £ SEM. * p < 0,05, vs. basal, *p < 0,05, vs, C- (one-way
ANOVA followed by Newman-Keuls post hoc test). Glucose and hepatic damage biomarkers levels. Plasma values of (a) glucose (mg/dL),

(b) aspartate aminotransferase (AST; U/L), and (¢) alanine aminotransferase (ALT; U/L).
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Fraure 4: Levels of triglycerides and cholesterol in plasma, liver, and feces ((a and b) respectively) were assessed in normoglycemic,
nondyslipidemic, and nonsmoker Wistar rats (basal group) and diabetic, dyslipidemic, and smoker Wistar rats subjected to treatment with
vehicle (negative control [C-)), Pereskia grandifolia (30, 100, amd 300 mg/kg), and simv.utatm + insulin (SIM + INS). The study involved
n=8 rats per group. The data are expressed as mean + SEM. *p<0.05, vs. basal; "p <0.05, vs. C- (one-way ANOVA followed by

Newman-Keuls post hoc test). Plasma, hepatic, and fecal levels of (a) triglycerides and (b) cholesterol,

normalized these alterations in both the plasma and liver.
Treatment with 30 and 300 mg/kg of P. grandifolia extract
partially reinstated triglyceride and cholesterol levels in both
the plasma and liver. Regarding fecal lipids, the negative
control group exhibited a statistically significant increase in
fecal cholesterol (7593 £ 3.3mg/dL) and tnglyceride (113.7
+ 5.8 mg/dL) levels than in the basal group (75.9 + 3.3 mg/dL
and 123,34 10.6 mg/dL, respectively). Interestingly, none of
the trestments utilized in this study exhibited the capability
to counteract the elevated levels of fecal cholesterol observed
in the negative control group,

3.7. Pereskia grandifolia Reversed Hepatocellular Alterations.
The results depicted in Figure 4 reveal several important
findings regarding liver weight, lipid percentage, and histo-
pathological analyses, First, the relative liver weight in the
C~ group exhibited a notable increase (3.9% +0.1%) than that
in the basal group (2.7% 4 0.19%). However, the administration
of 100 mg/kg P. grandifolia extract and SIM + INS effectively
normalized this parameter (Figure 5(a)). In addition, the risk
factors notably increased the percentage of hepatic lipids
by 7596% in the C~ group than that in the basal group
(18.9% + 0,6%). On the contrary, treatment with 100 mg/kg of
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Fraunk 5: Relative (%) hepatic weight (a), % of hepatic lipids (b), and hepatic histopathological analysis with hematoxylin/eosin and Nile

Blue (¢) are presented in the figure. The study encompasses two

groups normoglycemic, nondyslipidemic, and nonsmoker Wistar rats

(referred to as the basal group) and diabetic, dyslipidemic, and smoker Wistar rats. The latter group was subjected to treatments with vehicle
(considered the negative control [C-|), Pereskia grandifolia (adnums(cred at doses of 30, 100, and 300 mg/kg), and simvastatin + insulin
(referred 10 as SIM + INS), The data are expressed as mean + SEM, *p <0.05, vs. basal; "p < 0.05, vs. C~ (one-way ANOVA followed by
Newman-Keuls post hoc test). In the histopathological analysis, hepatic fatty degeneration (steatosis) is indicated by black closed arrows,
while triglycenides are indicated by white dosed arrows. The magnification used for the images is 20x

P. grandifolia extract and SIM + INS successfully reversed
these changes (Figure 5(b)). Hematoxylin/eosin staining of
liver samples confirmed the presence of steatosis, revealing
macroscopic alterations and indicating successful induction
of hepatic injury (Figure 5(c)). Moreover, Nile Blue stamning
(Figure 5(c)), which highlights triglycerides in pink, verified
the accumulation of lipids. All three risk factors caused
cellular alterations, characterized by steatosis, Conversely, no
microscopic changes were observed in the liver of the basal
group. The combination of the three risk factors resulted in
pronounced hepatic steatosis, yielding a lesion score of 3 in
vehicle-treated animals. However, treatment with SIM + INS
and 100 mg/kg of P. grandifolia extract significantly reduced
lipid droplets, resulting in a lesion score of 0.5. Furthermore,
treatment with 100 mg/kg and 300 mg/kg of P. gramdifolia

extract partially reversed hepatic steatosis, yielding lesion
scores of 1 and 2, respectively (data were not shown),

3.8. Effects of Pereskia grandifolia on Hepatic Redox State.
In the rat study, the concurrent presence of diabetes,
dyslipidemia, and smoking led to hepatic oxidative stress,
These conditions resulted in a decline in the levels of
glutathione (GSH), a crucial antioxidant, while simulta-
neously causing an increase in lipoperoxidation levels
when compared to the control group. However, when
different doses of P. grandifolia were administered, these
negative changes were reversed. Notably, treatment with
P. grandifolia at doses of 30 and 100mg/kg effectively
reduced the heightened activity of SOD observed in the
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C~ group, bringing it closer to the levels seen in the control
group, In contrast, treatment with SIM +INS partially
restored SOD activity, GSH levels, and lipoperoxidation
levels ('Table 3).

4. Discussion

This study explored the hepatoprotective potential of
Pereskia grandifolia utilizing an experimental model that
integrated three significant risk factors for MAFLD: diabetes,
dyslipidacmin, and exposure to tobacco smoke. Rats were
exposed to these risk factors for a span of 4 weeks, leading to
the onset of dyslipidemia, oxidative stress, and evident
hepatic anomalies. Nevertheless, daily administration of an
ethanol-soluble fraction obtained from P, grandifolia leaves
effectively reversed these adverse alterations, signifying its
promise as a hepatoprotective agent (Figure 6),

Animal models that incorporate multiple risk factors are
invaluable for screening new hepatoprotective substances
and enable researchers to comprehensively evaluate the
efficacy and safety of potential treatments under conditions
that closely mirror the complexity of human diseases [35].
By subjecting these models to a combination of risk factors
associated with MAFLD, such as diabetes, dyslipidaemia,
and tobacco use, it becomes possible to assess the effects of
candidate substances on multiple disease mechanisms si-
multaneously. This multifactorial approach provides a more
realistic representation of the disease and enhances our
understanding of how potential treatments may interact
with various aspects of its pathogenesis.

Moreover, the utilization of animal models that in-
corporate multiple risk factors enables the identification of
synergistic effects of pharmacological treatments [36), For
instance, evaluating the efficacy of a substance in a model
encompassing MAFLD, insulin resistance, and other per-
tinent risk factors allows for the assessment of the combined
benefits derived from targeting multiple facets of the disease
simultancously. This approach facilitates an examination of
how a drug effectively ameliorates glucose levels and reduces
liver fat accumulation within such a model, potentially
leading to more pronounced therapeutic benefits compared
to substances exclusively focused on a singular aspect of the
discase. By comprehensively considering the intricate in-
terplay between diverse disease mechanisms, it is possible to
glean valuable insights into potential treatment strategics
that optimize therapeutic outcomes for multifactorial dis-
cases such as MAFLD, The results of this study substantiate
the promising therapeutic effects of P. grandifolia in s model
of MAFLD with multiple risk factors. The observed anti-
oxidative, lipid-lowering, and hepatoprotective effects imply
that the plant operates through multiple synergistic path-
ways within the studied model, thus presenting a multifac-
eted approach to the treatment of MAFLD.

The antioxidant effects of P. grandifolia are of great
importance in the context of MAFLD, as oxidative stress
plays a crucial role in disease progression, Increased levels of
reactive oxygen species and lipid peroxide are associated
with inflammation and oxidative injury in the liver [37]. The
reduction of these markers of oxidative stress following
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administration of the plant extract suggests its ability to
neutralize free radicals and protect liver cells against oxi-
dative damage. Preclinical studies involving multifactorial
risk-induced liver disease previously conducted support the
results of this research and have highlighted the importance
of the antioxidant effect of medicinal plants as a fundamental
component in the construction of therapeutic effect [12-14),

‘The observed hypolipidemic activity is another important
characteristic of the therapeutic effects of P. grandifolia in
MAFLD. The excessive accumulation of lipids, such as tri-
glycerides and cholesterol, in the liver contributes to the
development and progression of the disease [8, 38]. The
decrease in serum lipid levels, especially when assoctated with
the reduction of hepatic fat accumulation observed in his-
tological analysis, suggests that the plant may modulate lipid
metabolism and promote efficient breakdown and trans-
portation of lipids, thereby reducing the lipid burden in the
liver. The effect of the plant on reducing hepatic lipids and
protecting the liver was previously described by Almeida et al.
[22]. Following a 10-week hypercaloric diet, 21 animals were
categorized into three groups and provided distinet diets for
4weeks: control, hypercaloric diet with 5% P. grandifolia
flour, and hypercaloric diet with 10% P, grandifolia flour. Rats
subjected to the flour diet exhibited diminished food intake
and body weight, as well as reduced body mass and Lee
indices in comparison to the control group. In the second
week, the 10% P. grandifolia flour group demonstrated sig-
nificantly lower weight compared to the control group, By the
fourth week, the 10% P. grandifolia flour group experienced
the most notable body weight reduction than the other two
groups, along with lower hepatic lipid levels and reduced liver
weight. However, there was no significant difference in total
lipid and moisture levels between the groups [22]. As ob-
served in the referenced study, the rats were exposed to
a hypercaloric diet and were provided with feed enriched with
10% P. grandifolia for a period of 2weeks, emphasizing
variations in the study design and treatment approach when
compared to the current study,

Furthermore, the observed hepatoprotective effects of
P. grandifolia are particularly encouraging, The decrease in ALT
and AST enzyme activities indicates an enhancement in the
liver's functional integrity and metabolic functioning, implying
a potential safeguard against liver injury [39]. Morcover,
P. grandifolia demonstrates notable anti-inflammatory activity
by inhibiting phagocytosis and macrophage spreading, critical
processes in inflammation, Histological analysis further sup-
ports these findings, revealing a reduction in liver tissue fat
accumulation following treatment with P. grandifolia extract,
These results suggest that the plant may regulate key metabolic
pathways implicated in MAFLD pathogenesis, such as lipo-
genesis, inflammation, and oxidative stress, thereby providing
protection to the liver against damage.

In the study conducted by Barbosa et al. [12], Wistar rats
with diabetes were subjected to cigarette smoke exposure and
the induction of dyslipidemia for a period of 4 weeks, During
the last two weeks of the experiment, the animals received oral
treatment with different doses of the ethanol-soluble fraction
of Baccharis trimera (30, 100, and 300 mg/kg), vehicle (group
C~), or a combination of insulin and simvastatin (group C+).
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Tanue 3: Hepatic markers of oxidative stress in diabetic, dyslipidemic, and smoker Wistar rats that were treated with vehicle, Pereskia
grandifolia, and simvastatin + insulin.

Pereskia grandifolia (mg/kg)

Basal C- SIM + INS
30 100 300
GSH 184,50 + 3.52 29.50+ 211" 14620 +7.18" 186.20 4 6.01" 15130+ 4.11*° 117.60 4 1097*"
LPO 63914274 194,30 + 3.82° 69,13 +4.70" 5741 +3.22° 74104 215" 121,40 4 9,66""
SOD 12100 4 3,87 1624.2 4 64.30" 12930 4 19.42" 1199.0 4 30,95" 14475 4 2319 1501.8 4 74,29"

C-, negative control; SIM + INS, simvastatin + insulin; GSH, reduced glutathione (ug GSH/g tissue); LPO, upopamddnlnn (nmol LPO/min/mg tissue); SOD,
superoxide dismutase (U SOD/myg of thisue). 1= Bigroup. The data are expressed as mean ¢ SEM. *p <0.05, vs busal; "p < 0.05, vs C~ (one-way ANOVA
followed by Newman-Keuls post hoc test),
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Froune 6: Preclinical ethnopharmacological study examining the impact of Pereskia grandifolia on metabolic-associated fatty liver disease
(MAFLD) in diabetic rats exposed to a diet high in cholesterol and cigarette smoke, The rats were subjected to various treatments, including
vehicle, P. grandifolia extract at different doses (30, 100, and 300 mg/kg), or a combination of insulin and simvastatin. The figure showcases
the MAFLD model that induced liver abnormalities, such as increased AST and ALT levels, disrupted lipid profile, oxidative stress, and
significant liver damage. The results of the study demonstrate the potential of P, grandifolia as a promising hepatoprotective agent against
MAFLD. The treatment with P, grandifolia extract led to improvements in metabolic parameters, lipid levels, and liver histology, without

causing any signs of toxicity.

This experimental model was designed to induce hepatic
steatosis in the animals. Remarkably, the B trimera extract at
doses of 30 and 100 mg/kg showed a significant reduction in
hepatic lipid levels, including cholesterol and triglycerides,
than the animals in the C+ group, Similar results were ob-
served in the group treated with insulin and simvastatin, As
for markers of liver injury, diabetic animals with dyslipidemia
and cigarette smoke exposure treated with the vehicle showed
an increase in ASTand ALT levels than that in the C~ group.
However, all three doses of B, trimera demonstrated efficacy
in reversing this liver damage. The results suggest that this
species holds promise for future studies aimed at the de-
velopment of a hepatoprotective herbal remedy.

Mendes and colleagues [13] proposed an investigative
model associating systemic arterial hypertension, dyslipi-
demia, and smoking as cardiovascular risk factors, Wistar
rats were subjected to a 2K1C Goldblatt hypertension model,
received a diet rich in 0.5% cholesterol and were exposed to 9
commercial cigarettes per day for 8 weeks. During the last
4 weeks, the animals received oral treatment with the
ethanol-soluble fraction of Baccharis trimera (30, 100, and
300 mg/kg) or with a combination of simvastatin (2.5 mg/kg)

and enalapril (15 mg/kg). The results revealed that treatment
with B, trimera was able to reverse all observed alterations,
displaying similar or superior effects to the standard
treatment, indicating its potential as a promising therapy for
cardiovascular and hepatic disorders, especially those as-
soctated with multiple risk factors,

In the study conducted by Auth et al. [14], spontancously
hypertensive rats were exposed to a high-cholesterol diet and
cigarette smoke for a period of 10 weeks. In the final 5 weeks
of this period, the rats were subjected to various treatments
including different doses of Croton wrucurana extract,
simvastatin + enalapril, or o vehicle (serving as the negative
control). This model induced liver damage, leading to an
increase in AST, ALT, cholesterol, and triglyceride levels,
Treatment with C, urncwrana (300 mg/kg) and simvasta-
tin + enalapril effectively mitigated these parameters, suc-
cessfully reversing the hepatic alterations, These findings
underscore the therapeutic potential of C. urncurana extract
in managing cardiovascular and hepatic conditions associ-
ated with multiple risk factors.

Together, the results of this research contribute to the
growing evidence supporting the therapeutic potential of
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medicinal plants in the management of liver diseases,
providing valuable insights for the development of treat-
ments and the advancement of hepatic investigations
[40-42]. It is important to highlight that the observed
therapeutic effects can be attributed to the presence of
bioactive compounds in P, grandifolia, such as phenolic
compounds, flavonoids and saponins, for example [43-45).
However, further research is necessary to identify and
characterize the specific compounds present in the extract
utilized in this study. In addition, delving into the molecular
mechanisms that drive the observed effects is crucial for
a more in-depth understanding.

The results of toxicity tests conducted on P. grandifolia
indicate a high level of tolerance and safety for this plant. Both
in vitro cell cultures and rat studies have demonstrated its
excellent performance. In the cytotoxicity assay, it was observed
that the plant had no significant impact on cell viability and
proliferation, indicating the absence of direct toxicity on the
tested cells. This finding suggests that P. grandifolia does not
compromise the integrity and functionality of the studied cells,
which is a crucial factor to consider in terms of its safety profile.
The IC50% values indicate that P. grandifolia demonstrates
varying inhibitory potencies on cell growth or viability in the
two studied cell lines. P. grandifolia exhibits a relatively higher
potency against HUH7 cells than NTH/3T3 cells. The discovery
of P. grandifolia selective cytotoxic effect on cancer cells holds
great significance in the field of cancer research. Its ability to
preserve cell viability in healthy cells shows promising thera-
peutic potential, as it minimizes the undesirable side effects
commonly associated with many conventional therapies.
Moreover, the plant cytotoxic effect specifically targeting cancer
cells underscores its potential selectivity towards specific
molecular targets present in tumor cells.

In the toxicity assay in rats, administration of P. grandifolia
extract did not result in significant changes in behavior, body
weight, or feeding patterns. No lesions or abnormalities were
observed in organs and blood biochemical parameters, in-
dicating the absence of systemic toxicity and relevant structural
or functional damage in the evaluated tissues. These results
suggest that the plant did not cause immediate adverse effects
in the studied animals and support the potential therapeutic use
of P. grandifolia. However, it is important to note that these
investigations are an initial step in assessing the safety of the
extract. For a comprehensive and more accurate evaluation,
further studies are needed, including testing in more diverse
animal models, long-term toxicity assessment, and eventually
chinical studies in humans [46, 47].

In summary, the results of this study reveal the potential
importance of P. grandifolia as a hepatoprotective agent in
an experimental model of MAFLD, This may have signifi-
cant implications for public health, medical research, and the
appreciation of traditional medicine and culture. MAFLD is
an increasingly prevalent liver disease and is associated with
risk factors such as diabetes, dyslipidaemia, and smoking [2].
By demonstrating that P. grandifolia has hepatoprotective
properties, this study may have an impact on public health
by providing a possible natural therapeutic approach for the
treatment or prevention of MAFLD.
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Furthermore, the discovery of the hepatoprotective effects
of P. grandifolia highlights the potential for further research on
this plant and its therapeutic properties. This could lead to the
development of drugs or treatments derived from the plant,
offering alternatives for addressing liver diseases. In addition,
depending on the region, P, grandifolia may play a significant
role in the traditional medicine of certain communities [48].
This study can provide scientific evidence supporting the
traditional use of the plant as a hepatoprotective agent, helping
to preserve and promote cultural practices and traditional
knowledge related to health.

Although the study provided evidence of the positive
impact of P. grandifolia treatment on dyslipidaemia, oxi-
dative stress, and hepatic abnormalities, the precise mech-
anisms responsible for these effects were not fully clarified.
To gain a comprehensive understanding, further research is
required to unravel the specific molecular targets involved in
the observed hepatoprotective effects. Furthermore, while
this study investigated the effects of P. grandifolia, its chinical
relevance and safety in human subjects have yet to be
established. To address these aspects, additional studies,
including rigorous clinical trials, are necessary. These trials
should focus on evaluating the efficacy of P. grandifolia,
determining the optimal dosage, and assessing potential side
effects when administered to humans. Only through such
comprehensive investigations will it be possible to gain
a clearer understanding of the potential benefits and risks
associated with the use of P. grandifolia in a clinical setting.

5. Conclusion

The experimental model used, which incorporated major
risk factors for MAFLD, provided valuable insights into the
potential therapeutic benefits of P. grandifolia in combating
liver damage. This suggests that P. grandifolia holds promise
as a natural hepatoprotective agent.
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3. CONCLUSAO

1

Petiveria alliacea é uma planta promissora na abordagem terapéutica de
hepatoprotecdo, inclusive nas condigdes hepaticas e renais relacionadas a sindrome
metabolica. Os resultados obtidos requerem investigagdes adicionas sobre a
aplicabilidade clinica de P. alliacea e os efeitos diretos de seu mecanismo de acdo a
longo prazo, bem como suas possiveis interacdes quando associada aos farmacos de
referéncia na terapia medicamentosa convencional.

Os resultados apontam que o modelo experimental utilizado, incorporando os principais
fatores de risco para MAFLD, foi extremamente eficaz para os parametros adotados
neste estudo, fornecendo informagdes significantes acerca dos potenciais terapéuticos
de P. grandifolia e sua atuagdo no combate aos danos hepaticos. O estudo sugere ainda
que P. grandifolia ¢ uma fonte promissora de agentes hepatoprotetores naturais, que
necessita de investigagdes adicionais que possam trazer seguranga na compreensao mais

aprofundada dos mecanismos envolvidos.
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Example statement:

“All authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by [full name], [full name] and [full name]. The first
draft of the manuscript was written by [full name] and all authors commented on previous
versions of the manuscript. All authors read and approved the final manuscript.”

Please refer to the “Authorship Principles ” section below for more information on how to
complete this section.

In addition to the above, manuscripts that report the results of studies involving humans and/or
animals should include the following declarations:

Ethics approval

Authors of research involving human or animal subjects should include a statement that
confirms that the study was approved (or granted exemption) by the appropriate institutional
and/or national research ethics committee (including the name of the ethics committee and
reference number, if available). For research involving animals, their data or biological
material, authors should supply detailed information on the ethical treatment of their animals
in their submission. If a study was granted exemption or did not require ethics approval, this
should also be detailed in the manuscript.

“This study was performed in line with the principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of University B (Date.../No....).”

“This is an observational study. The XYZ Research Ethics Committee has confirmed that no
ethical approval is required.”

For detailed information on relevant ethical standards and criteria, please refer to the sections
on “Research involving human participants, their data or biological material”, “Research
involving animals, their data or biological material”.

Consent to participate

For all research involving human subjects, freely-given, informed consent to participate in the
study must be obtained from participants (or their parent or legal guardian in the case of
children under 16) and a statement to this effect should appear in the manuscript.

Example statement:

“Informed consent was obtained from all individual participants included in the study.”

“Written informed consent was obtained from the parents.”

Please refer to the section on “Informed Consent” for additional help with completing this
information.

Consent to publish
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Individuals may consent to participate in a study, but object to having their data published in a
journal article. If your manuscript contains any individual person’s data in any form (including
any individual details, images or videos), consent for publication must be obtained from that
person, or in the case of children, their parent or legal guardian. This is in particular applicable
to case studies. A statement confirming that consent to publish has been received from all
participants should appear in the manuscript.

Example statement:

“The authors affirm that human research participants provided informed consent for
publication of the images in Figure(s) la, 1b and Ic.”

Please refer to the section on “Informed Consent” for additional help with completing this
information.

Tables

o All tables are to be numbered using Arabic numerals.

e Tables should always be cited in text in consecutive numerical order.

o For each table, please supply a table caption (title) explaining the components of the
table.

o Identify any previously published material by giving the original source in the form of
a reference at the end of the table caption.

o Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

Artwork and Illustrations Guidelines
Electronic Figure Submission

e Supply all figures electronically.

e Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF format.
MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Artwork and Illustrations Guidelines

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF format.
MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Halftone Art

e Definition: Photographs, drawings, or paintings with fine shading, etc.
e [fany magnification is used in the photographs, indicate this by using scale bars within
the figures themselves.
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e Halftones should have a minimum resolution of 300 dpi.
Combination Art

e Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
e Combination artwork should have a minimum resolution of 600 dpi.

Color Art

o Color art is free of charge for online publication.

e If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is to make a xerographic
copy to see if the necessary distinctions between the different colors are still apparent.

o Ifthe figures will be printed in black and white, do not refer to color in the captions.

o Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

e To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

e Keep lettering consistently sized throughout your final-sized artwork, usually about 2—
3 mm (812 pt).

e Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type
on an axis and 20-pt type for the axis label.

e Avoid effects such as shading, outline letters, etc.

e Do not include titles or captions within your illustrations.

Figure Numbering

e All figures are to be numbered using Arabic numerals.

o Figures should always be cited in text in consecutive numerical order.

» Figure parts should be denoted by lowercase letters (a, b, c, etc.).

o Ifan appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,"Al, A2,
A3, etc." Figures in online appendices [Supplementary Information (SI)] should,
however, be numbered separately.

Figure Captions

o Each figure should have a concise caption describing accurately what the figure depicts.
Include the captions in the text file of the manuscript, not in the figure file.

o Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

e No punctuation is to be included after the number, nor is any punctuation to be placed
at the end of the caption.

o Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

o Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.
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Figure Placement and Size

e Figures should be submitted within the body of the text. Only if the file size of the
manuscript causes problems in uploading it, the large figures should be submitted
separately from the text.

e When preparing your figures, size figures to fit in the column width.

e For large-sized journals the figures should be 84 mm (for double-column text areas), or
174 mm (for single-column text areas) wide and not higher than 234 mm.

e For small-sized journals, the figures should be 119 mm wide and not higher than 195
mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s) for both the print and online format. Please be aware that some
publishers do not grant electronic rights for free and that Springer will not be able to refund any
costs that may have occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that

e All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

e Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

e Any figure lettering has a contrast ratio of at least 4.5:1

Generative Al Images

Please check Springer’s policy on generative Al images and make sure your work adheres to
the principles described therein.

Image Manipulation
This journal follows the recommendations formulated by the
Rockefeller University Press

No specific feature within an image may be enhanced, obscured, moved, removed, or
introduced.

Adjustments of brightness, contrast, or color balance are acceptable if they are applied to the
whole image and as long as they do not obscure, eliminate, or misrepresent any information
present in the original, including the background.

The grouping of images from different parts of the same gel, or from different gels, fields, or
exposures must be made explicit by the arrangement of the figure (e.g., dividing lines) and in
the text of the figure legend.
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If the original data cannot be produced by an author when asked to provide it, acceptance of the
manuscript may be revoked.

Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should read the
journal’s Research data policy. We encourage research data to be archived in data repositories
wherever possible.

Submission

e Supply all supplementary material in standard file formats.

e Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

e To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other problems
during downloading.

Audio, Video, and Animations

e Aspect ratio: 16:9 or 4:3

Maximum file size: 2 GB

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v,
3gp

Text and Presentations
e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.
e A collection of figures may also be combined in a PDF file.
Spreadsheets
o Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook),
and .tex can also be supplied.

Collecting Multiple Files
e Itis possible to collect multiple files in a .zip or .gz file.

Numbering
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o If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.
o Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the

animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
o Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

e For each supplementary material, please supply a concise caption describing the content
of the file.

Processing of supplementary files

e Supplementary Information (SI) will be published as received from the author without
any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

e The manuscript contains a descriptive caption for each supplementary material
e Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

Generative Al Images

Please check Springer’s policy on generative Al images and make sure your work adheres to
the principles described therein.

Author contributions

In absence of specific instructions and in research fields where it is possible to describe discrete
efforts, the Publisher recommends authors to include contribution statements in the work that
specifies the contribution of every author in order to promote transparency. These contributions
should be listed at the separate title page.

Examples of such statement(s) are shown below:

* Free text:

All authors contributed to the study conception and design. Material preparation, data collection
and analysis were performed by [full name], [full name] and [full name]. The first draft of the
manuscript was written by [full name] and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.

Example: CRediT taxonomy:

» Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and
investigation: [full name], ...; Writing - original draft preparation: [full name, ...]; Writing -
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review and editing: [full name], ...; Funding acquisition: [full name], ...; Resources: [full
name], ...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement should be
included who had the idea for the article, who performed the literature search and data analysis,
and who drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended
that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA
Science Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the majority of their
work was done. If an author has subsequently moved, the current address may additionally be
stated. Addresses will not be updated or changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and
the order of authors at submission. Changes of authorship by adding or deleting authors, and/or
changes in Corresponding Author, and/or changes in the sequence of authors
are not accepted after acceptance of a manuscript.

o Please note that author names will be published exactly as they appear on the
accepted submission!

Please make sure that the names of all authors are present and correctly spelled, and that
addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases
it may be warranted. Reasons for these changes in authorship should be explained. Approval of
the change during revision is at the discretion of the Editor-in-Chief. Please note that journals
may have individual policies on adding and/or deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration
or acquire an ORCID ID via the submission process.

Deceased or incapacitated authors
For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-
review process, and the co-authors feel it is appropriate to include the author, co-authors should

obtain approval from a (legal) representative which could be a direct relative.

Authorship issues or disputes
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https://www.apa.org/science/leadership/students/authorship-paper.pdf
https://orcid.org/
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In the case of an authorship dispute during peer review or after acceptance and publication, the
Journal will not be in a position to investigate or adjudicate. Authors will be asked to resolve
the dispute themselves. If they are unable the Journal reserves the right to withdraw a
manuscript from the editorial process or in case of a published paper raise the issue with the
authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share

information.
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ANEXO 2 - Comissdo de Etica no Uso de Animais do Setor de Ciéncias Bioldgicas da
Universidade Federal do Parana (CEUA/BIO — UFPR)

MINISTERIO DA EDUCACAO
T MM UNIVERSIDADE FEDERAL DO PARANA
I [l SEToR DE CIENCIAS BIOLOGICAS
i “A COMISSAD DE ETICA NO USO DE ANIMAIS

UFPR

N% 1536
CERTIFICADO

A Comissdo de Efica no Usa de Animais do Setor de Ciéncias Bioldgicas da Universidade Federal do Parand (CEUA/BIO — UFPR), instituida pels
Resolugho N 86/11 do Conselho de Ensino Pesquisa e Extensdo (CEPE], de 22 de dezembro de 2011, CERTIFICA que os procedimentos
utilizando animais no projeto de pesquisa abalxo especificado estio de acordo com a Diretriz Brasileira para o Cuidado & & Utilizagao de Animais
para fins Clentificos e Diddficos (DBCA) estabelecidas pelo Congelho Naclonal de Controle de Expermentacdo Animal (CONCEA) e com as normas
Internacionais para a experimentagio anmal,

STATEMENT

The Ethics Committee for Animal Use ¥om the Biological Sciences Section of the Federal University of Parana (CEUA/BIO ~ UFPR), estabished by

the Resolution N® 86/11 of the Teaching Research and Extension Councll (CEPE) on December 22™ 2011, CERTIFIES that the procedures using
animals in the research project specified below are in agraement with the Brazdian Guidelines for Care and Use of Animals for Scientific and Teaching
purposes established by the National Council for Con¥ol of Animal Experimentation (CONCEA) and with the Intemational guidelines for animal
experimentation,

PROCESSO/PROCESS: 23075,026096/2023-62

APROVADO/APPROVAL: 13/062023 - R.O. 05/2023.

TITULO: Padronizacéo de um modelo de estudo de doanga hepatica para ¥iagem de compostos bioativos com atividade hepatboprotetora.

TITLE: Standardization of a liver disease study model for screening bioactive compounds with hepatoprotective activity.

AUTORES/AUTHORS: Francislaine Aparecida dos Reis Livero.

DEPARTAMENTO/DEPARTAMENT: Farmacologia.

Coordenador(a) da CEUA

et

Documento assnado eletronicamente por ANGELA CRISTINA DA FONSECA DE OLIVEIRA, INSTITUCIONAL, am 0307/2023, &s 1422, conforme art.
19 0L b, da Lei 11.4182006,

Documento assnado elelrancament e por JANAINA MENEZES ZANOVEL! PROFESSOR DO MAGISTERIO SUPERIOR, om 0307/2023, as 1446,
conforme art. 1%, IIl, 0", da Lei 11.4192008




113

ANEXO 3 - Comité de Etica em Pesquisa Envolvendo Experimentacdo Animal (CEPEEA)

UNIVERSIDADE PARANAENSE - UNIPAR
Reconhecida pela Portaria — MEC N.° 1580, de 09/11/93 - D.O.U. 10/11/93
Mantenedora: Associa¢@o Paranaense de Ensino e Cultura - APEC
Coordenadoria de Pés-Graduagio - COPG
UNI P AR COMITE DE ETICA EM PESQUISA ENVOLVENDO EXPERIMENTACAO ANIMAL (CEPEEA)

AOVLESSMUL PARANATNST

CERTIFICADO

Certificamos que o projeto intitulado “PADRONIZACAO DE UM MODELO DE ESTUDO DE DOENCA HEPATICA PARA TRIAGEM
DE COMPOSTOS BIOATIVOS COM ATIVIDADE HEPATOPROTETORA”, protocolo n°. SPP2020031000167, sob a
responsabilidade de FRANCISLAINE APARECIDA DOS REIS LIVERO - que envolve a produgio, manutenglo ¢/ou utilizagio de
animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica (ou ensino) — encontra-se de acordo
com os preceitos da lei n°. 11.794, de 08 de outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009, ¢ com as normas editadas pelo

Conselho Nacional de Controle de Experimentagiio Animal (CONCEA), e foi aprovado pela COMISSAO DE ETICA NO USO DE ANIMAIS
(CEUA). DO(A)Universidade Paranacsnsc — UNIPAR, em reunido de 12/10/2021.

Umuarama, PR 12/10/2021.

Lucilene N. Castilho Monteiro
Secretaria CEPEEA/UNIPAR

Prof Dr. Salviano Trémontin Belettini

UNIVERSIDADE PARANAENSE — UNIPAR

Reconhecida pela Portaria = MEC N.° 1580, de 09/11/93—-D.O.U. 10/11/83
Mantenedora: Associagio Paranaense de Ensino e Cultura - APEC
Coordenadoria de Pés-Graduagiio - COPG

m COMITE DE ETICA EM PESQUISA ENVOLVENDO EXPERIMENTACAO ANIMAL (CEPEEA)
UNIVERSIDADE PALANALNSE

Finalidade ( ) Ensino (X) Pesquisa cientifica

| Vigéncia do Projeto 10/2021 a 12/2022

Espécie/Linhagem Wistar

N° de animais 48

Peso/ldade 200 a 300g / 90 dias

Sexo 48 machos

Biotério da Universidade Estadual Paulista "Jilio de
Origem Mesquita Filho" (UNESP)




