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NOTA EXPLICATIVA 
Esta dissertação foi elaborada em formato alternativo, conforme as normas do 

Programa de Pós-Graduação em Farmacologia da Universidade Federal do Paraná 

(UFPR). O trabalho é composto por introdução e objetivos, seguidos do artigo 

científico resultante das atividades desenvolvidas no mestrado, redigido em inglês e 

formatado de acordo com as diretrizes do periódico ao qual foi submetido.  

Inclui, ainda, material suplementar relacionado ao artigo. Ao final, são apresentadas 

as considerações finais, bem como as referências bibliográficas correspondentes ao 

manuscrito científico. 
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RESUMO 
 

O câncer de mama é a neoplasia maligna mais incidente entre mulheres em 
todo o mundo, representando um desafio terapêutico relevante, especialmente nos 
subtipos hormônio-receptor positivos, nos quais a resistência tumoral e a toxicidade 
dos quimioterápicos convencionais limitam a eficácia clínica. Nesse contexto, a 
busca por terapias alternativas mais seguras tem impulsionado o interesse por 
produtos naturais. Pereskia grandifolia Haw. (Cactaceae), conhecida como ora-pro-
nóbis, apresenta elevado valor nutricional e propriedades biológicas já descritas. 
Este estudo avaliou a atividade antitumoral e os mecanismos moleculares das 
frações hidroetanólica (HD) e hexânica (HX) obtidas das folhas de P. grandifolia, 
integrando análises in vitro em células MCF-7 e in vivo em modelos murinos de 
carcinoma de Ehrlich (formas sólida e ascítica). A caracterização fitoquímica revelou 
que a fração HX é predominantemente composta por triterpenos e esteroides, 
enquanto a fração HD apresentou um perfil químico mais complexo. Em ensaios in 
vitro, a fração HX exibiu citotoxicidade acentuada em células MCF-7, enquanto a 
fração HD demonstrou efeito antiproliferativo mais pronunciado, sendo ambas 
capazes de abolir a sobrevivência clonogênica. Para a validação in vivo, 
camundongos fêmeas Swiss inoculados com células de Ehrlich foram tratados por 
via oral durante 21 dias com HD (100 mg·kg ¹), HX (50 mg·kg ¹) ou veículo. Ambas 
as frações inibiram significativamente a progressão do carcinoma sólido de Ehrlich 
(86% para HD e 89% para HX), sem efeito no modelo ascítico, indicando uma 
resposta dependente do microambiente tumoral. As análises moleculares por RT-
qPCR demonstraram que ambas as frações induziram morte celular programada por 
necroptose, evidenciada pela modulação de Ripk1, Ripk3 e Casp8, além da inibição 
da angiogênese, indicada pela redução da expressão de Vegf. Contudo, os 
mecanismos antitumorais diferiram entre as frações. A fração HD promoveu uma 
resposta mais modulada, associada à redução da necrose tumoral, menor infiltração 
inflamatória e diminuição sistêmica de granulócitos e monócitos circulantes. Em 
contraste, a fração HX atuou predominantemente como agente citotóxico, induzindo 
estresse oxidativo, caracterizado pelo aumento de espécies reativas de oxigênio e 
glutationa reduzida, elevado grau de necrose tumoral, supressão de genes 
relacionados à inflamação (Nfkb1), hipóxia (Hif1α) e ciclo celular (Ccnd1), além de 
linfocitose sistêmica. Em conjunto, os resultados demonstram que as frações 
hidroetanólica e hexânica de P. grandifolia apresentam atividade antitumoral 
relevante em modelos pré-clínicos de câncer de mama sólido, mediada por 
mecanismos moleculares distintos e complementares. A convergência na indução de 
necroptose, na inibição da angiogênese e a ausência de toxicidade sistêmica 
reforçam o potencial da espécie como fonte de compostos bioativos para o 
desenvolvimento de estratégias terapêuticas antineoplásicas adjuvantes ou 
alternativas. 

 
 

Palavras-chave: Plantas medicinais; Neoplasias da Mama; Carcinoma de Ehrlich; 
Necroptose; Microambiente Tumoral. 



 
 

ABSTRACT 
 

Breast cancer is the most prevalent malignant neoplasm among women 
worldwide, representing a significant therapeutic challenge, particularly in hormone 
receptor–positive subtypes, in which tumor resistance and the toxicity associated 
with conventional chemotherapeutic agents limit clinical efficacy. In this context, the 
search for safer alternative therapies has driven growing interest in natural products. 
Pereskia grandifolia Haw. (Cactaceae), commonly known as ora-pro-nóbis, exhibits 
high nutritional value and well-documented biological properties. This study 
evaluated the antitumor activity and molecular mechanisms of hydroethanolic (HD) 
and hexane (HX) fractions obtained from P. grandifolia leaves, integrating in vitro 
analyses using MCF-7 cells and in vivo assays in murine models of Ehrlich 
carcinoma (solid and ascitic forms). Phytochemical characterization revealed that the 
HX fraction is predominantly composed of triterpenes and steroids, whereas the HD 
fraction exhibited a more complex chemical profile. In vitro assays demonstrated that 
the HX fraction exerted pronounced cytotoxicity in MCF-7 cells, while the HD fraction 
showed a more marked antiproliferative effect; both fractions were able to abolish 
clonogenic survival. For in vivo validation, female Swiss mice inoculated with Ehrlich 
tumor cells were orally treated for 21 days with HD (100 mg·kg ¹), HX (50 mg·kg ¹), 
or vehicle. Both fractions significantly inhibited the progression of solid Ehrlich 
carcinoma (86% for HD and 89% for HX), with no effect observed in the ascitic 
model, indicating a tumor microenvironment–dependent response. Molecular 
analyses by RT-qPCR demonstrated that both fractions induced programmed cell 
death via necroptosis, as evidenced by the modulation of Ripk1, Ripk3, and Casp8, 
in addition to the inhibition of angiogenesis, indicated by reduced Vegf expression. 
However, distinct antitumor mechanisms were observed between the fractions. The 
HD fraction promoted a more modulated response, associated with reduced tumor 
necrosis, lower inflammatory infiltration, and a systemic decrease in circulating 
granulocytes and monocytes. In contrast, the HX fraction acted predominantly as a 
cytotoxic agent, inducing oxidative stress characterized by increased reactive oxygen 
species and reduced glutathione levels, extensive tumor necrosis, suppression of 
genes related to inflammation (Nfkb1), hypoxia (Hif1α), and cell cycle regulation 
(Ccnd1), as well as systemic lymphocytosis. Collectively, these findings demonstrate 
that the hydroethanolic and hexane fractions of P. grandifolia exhibit relevant 
antitumor activity in preclinical models of solid breast cancer, mediated by distinct 
and complementary molecular mechanisms. The convergence in necroptosis 
induction and angiogenesis inhibition, together with the absence of systemic toxicity, 
reinforces the potential of this species as a source of bioactive compounds for the 
development of adjuvant or alternative antineoplastic therapeutic strategies. 

 
Keywords: Medicinal Plants; Breast Neoplasms; Ehrlich Tumor; Necroptosis; Tumor 
Microenvironment. 
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1 INTRODUÇÃO 
1.1 CÂNCER DE MAMA: DEFINIÇÃO E INCIDÊNCIA 

O câncer de mama (CM) é uma doença caracterizada pela proliferação 

descontrolada de células anormais do tecido mamário, resultando na formação de 

um tumor com capacidade de invasão e disseminação (INCA, 2023). Trata-se do 

tipo de câncer mais frequente entre as mulheres em todo o mundo e da principal 

causa de morte por câncer nessa população, configurando um relevante problema 

de saúde pública (Łukasiewicz et al., 2021; Dvir et al., 2024). 

O CM é uma doença altamente heterogênea, apresentando variações 

biológicas tanto entre pacientes quanto entre subpopulações celulares dentro de um 

mesmo tumor (Lüönd et al., 2021). Clinicamente, a expressão de marcadores 

moleculares específicos permite a classificação do CM em diferentes subtipos, 

incluindo os tumores receptor hormônio-positivos, caracterizados pela expressão de 

receptores de estrógeno e/ou progesterona (ER+/PR+), aqueles com 

superexpressão do receptor do fator de crescimento epidérmico humano 2 (HER2+) 

e os tumores triplo-negativos, definidos pela ausência da expressão desses 

receptores (Lüönd et al., 2021; Orrantia-Borunda et al., 2022). O CM triplo negativo 

representa aproximadamente 15–20% de todos os carcinomas mamários e está, em 

geral, associado a pior prognóstico, com elevadas taxas de invasão e mortalidade 

(Yin et al., 2020; Li et al., 2022). Em contraste, o subtipo receptor hormonal positivo 

apresenta maior prevalência na população e está associado a altas taxas de recidiva 

(Szostakowska et al., 2018; Li et al., 2024). Diante da heterogeneidade do CM, as 

terapias também mudam entre os subtipos, como citado adiante.  

 

1.2 MICROAMBIENTE TUMORAL 

A interação dinâmica entre as células neoplásicas e o estroma hospedeiro 

estabelece um microambiente tumoral (TME) permissivo, fundamental para a 

manutenção da viabilidade celular e disseminação da doença. O estabelecimento 

desse microambiente favorece a aquisição de capacidades biológicas distintivas que 

orquestram a transformação maligna e a progressão tumoral, conforme 

esquematizado na Figura 1 (Hanahan, 2022). 
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Figura 1. As características fundamentais do câncer: capacidades biológicas adquiridas durante o 
desenvolvimento tumoral. Fonte: Adaptado de Hanahan (2022). 

 

 Como mencionado, o tumor de mama está inserido em um ecossistema 

complexo e heterogêneo composto por células estromais, proteínas da matriz 

extracelular (MEC), citocinas, quimiocinas e vesículas extracelulares (Sharma et al., 

2025). Nesse contexto, sabe-se que as células cancerosas frequentemente 

“educam” ou reprogramam as células do hospedeiro para sustentar seu próprio 

crescimento e disseminação. Células imunes infiltrantes, como os macrófagos 

associados ao tumor (TAMs) e as células supressoras derivadas da linhagem 

mieloide (MDSCs), apresentam elevada plasticidade funcional, podendo exercer 

papéis antitumorais ou pró-tumorais. Contudo, durante a progressão tumoral, 

observa-se predominantemente um desequilíbrio favorável ao fenótipo pró-tumoral e 

imunossupressor (Rannikko & Hollmén, 2024; Kundu et al., 2024). Além disso, o 

microambiente tumoral é caracterizado por um estado de inflamação crônica e 

desbalanço redox, no qual a secreção persistente de citocinas pró-inflamatórias e o 

aumento das espécies reativas de oxigênio (ROS) promovem a ativação de vias de 

sinalização intracelular, como a do NF-κB (Aboelella et al., 2021; Cao et al., 2024). 

Consequentemente, esse cenário não apenas favorece a progressão da doença, 
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mas também estabelece mecanismos de proteção celular que dificultam a eficácia 

das terapias convencionais. 

 

1.3 TRATAMENTOS ATUAIS E LIMITAÇÕES 

O tratamento do CM fundamenta-se em uma estratégia multimodal, que 

combina intervenções locais e sistêmicas. As modalidades terapêuticas incluem a 

ressecção cirúrgica do tumor primário e a radioterapia, associadas a regimes de 

quimioterapia, que podem ser administrados em caráter neoadjuvante ou adjuvante - 

além de terapias endócrinas e terapias alvo-moleculares, prescritas conforme o perfil 

imuno-histoquímico do tumor (Fisusi & Akala, 2019). No contexto do CM receptor 

hormonal positivo, as terapias endócrinas constituem o principal pilar do tratamento 

sistêmico, sendo consideradas o padrão terapêutico nessa condição (Loibl et al., 

2021). Essas terapias atuam reduzindo os níveis de estrogênio ou bloqueando a 

estimulação tumoral mediada por esse hormônio, por meio do uso de inibidores da 

aromatase (Ex. letrozol e exemestano), moduladores seletivos dos receptores de 

estrogênio (SERM; Ex. tamoxifeno e toremifeno) ou degradadores seletivos dos 

receptores de estrogênio (SERD; fulvestranto) (Drãgãnescu & Carmocan, 2017). Em 

casos selecionados, podem ser associadas à quimioterapia, com impacto na 

redução da mortalidade (Łukasiewicz et al., 2021). O tratamento quimioterápico 

inclui a aplicação simultânea de 2 a 3 dos seguintes fármacos: carboplatina, 

ciclofosfamida, 5-fluorouracil/capecitabina, taxanos (paclitaxel, docetaxel) e 

antraciclinas (doxorrubicina, epirrubicina). A escolha do fármaco adequado é de 

grande importância, uma vez que diferentes subtipos moleculares de câncer de 

mama respondem de maneira distinta à quimioterapia (Łukasiewicz et al., 2021; 

Fisher et al., 1998.) Mais recentemente, a terapia biológica com trastuzumabe e 

pertuzumabe, por exemplo, passou a ser indicada em pacientes com câncer de 

mama HER2-positivo; enquanto abemaciclibe e everolimo também podem ser 

utilizados no câncer de mama HER2-negativo e ER-positivo  (Kwapisz, 2017; Royce 

e Osman, 2015; Łukasiewicz et al., 2021). 

Entretanto, as terapias atualmente empregadas no tratamento do CM ainda 

apresentam limitações clínicas relevantes. A eficácia da quimioterapia e das terapias 

endócrinas pode ser comprometida pelo desenvolvimento de mecanismos de 

resistência, reduzindo a resposta em longo prazo. Além disso, os eventos adversos 

associados a esses tratamentos impactam negativamente a qualidade de vida e a 
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adesão das pacientes (Telang, 2023; Zafar et al., 2025). Esse cenário reforça a 

necessidade de novas alternativas terapêuticas mais eficazes e menos tóxicas, 

evidenciando o potencial de compostos bioativos para superar essas limitações. 

 

1.4 PRODUTOS NATURAIS BIOATIVOS E Pereskia grandifolia 

O estudo de produtos naturais tem se consolidado como uma estratégia 

promissora na busca por novos fármacos antineoplásicos. Os fitoquímicos 

representam uma vasta classe de moléculas bioativas capazes de atuar 

simultaneamente em múltiplos alvos moleculares, favorecendo a modulação de vias 

de sinalização complexas envolvidas na progressão tumoral e na resistência a 

fármacos (Devaraji & Thanikachalam, 2025). Fitoquímicos como flavonóides, 

alcaloides, terpenóides e ácidos fenólicos já demonstraram resultados positivos em 

ensaios pré-clinicos, com mecanismos envolvendo a inibição da proliferação celular, 

indução da apoptose, supressão da angiogênese e prevenção de metástases 

(Zhang et al., 2024).  

Nesse contexto, destaca-se a Pereskia grandifolia Haw. (Cactaceae). 

Popularmente vinculada ao grupo das plantas conhecidas como 'ora-pro-nóbis', 

trata-se de uma espécie nativa da flora brasileira, valorizada pelo alto teor 

nutricional, e frequentemente utilizada na culinária e na medicina tradicional para o 

tratamento de diversas enfermidades. Morfologicamente, apresenta folhas ovais 

constituídas por mucilagem e cristais de oxalato de cálcio, caules dotados de 

espinhos e inflorescências de coloração rosa ou rosa-escuro (Laverde Junior et al., 

2022), conforme ilustração da figura 2. Em estudos prévios, a composição 

fitoquímica da planta indicou a presença de terpenóides, esteróides, alcaloides e 

compostos fenólicos, incluindo flavonoides e glicosídeos (Amaral et al., 2025). 

Adicionalmente, diversas atividades biológicas promissoras já foram descritas em 

modelos in vivo e in vitro, tais como propriedades antioxidantes, citotóxicas, 

antimicrobianas, antiobesidade, diuréticas, hipotensivas, moluscicidas, inibidoras da 

acetilcolinesterase e hepatoprotetoras, somadas a avaliações de sua toxicidade 

(Albuquerque et al., 2025). Nesse âmbito, Nurestri et al. (2009) conduziram o estudo 

pioneiro avaliando o potencial citotóxico de diferentes extratos de P. grandifolia em 

linhagens de células cancerosas, incluindo o câncer de mama receptor hormonal 

positivo. Entretanto, ainda há escassez de dados na literatura, sobretudo em 

modelos in vivo, voltados para a elucidação do potencial e dos mecanismos 
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antitumorais da espécie, evidenciando a necessidade de investigações 

complementares. O presente estudo foi executado para preencher, pelo menos em 

parte, esta lacuna, utilizando modelos in vitro e in vivo de CM. 

 

 

 

Figura 2. Inflorescência e folhas de um arbusto jovem de P. grandifolia destacando a coloração rosa-
vibrante das flores e o formato das folhas. Fonte: Taylor et al. (2015). 

 

1.5 MODELO TUMORAL DE EHRLICH 

O Tumor de Ehrlich é um modelo experimental de neoplasia mamária murina 

amplamente utilizado em estudos pré-clínicos, permitindo a avaliação da eficácia de 

agentes antitumorais, bem como de aspectos imunológicos, inflamatórios e 

comportamentais associados à progressão tumoral (Feitosa et al., 2021). Descrito 

inicialmente por Paul Ehrlich em 1906 como um adenocarcinoma mamário 

espontâneo em camundongos, caracteriza-se por elevada capacidade proliferativa, o 

que possibilitou o estabelecimento de linhagens transplantáveis. Dependendo da via 

de inoculação, o tumor pode se apresentar na forma ascítica, após inoculação 

intraperitoneal, ou sólida, quando inoculado por via subcutânea ou intramuscular 

(Ozaslan et al., 2011; Radulski et al., 2023). Entre suas principais características 

destacam-se o crescimento rápido, a ausência de regressão espontânea e a alta 

transplantabilidade em diferentes linhagens de camundongos (Radulski et al., 2023). 

Em virtude dessas características, particularmente o rápido desenvolvimento e a 
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reprodutibilidade do modelo, o Carcinoma de Ehrlich foi selecionado para o presente 

estudo.  

 

1.6 LINHAGEM CELULAR MCF-7 

A linhagem MCF-7 consolidou-se como um dos modelos celulares humanos 

de câncer de mama mais amplamente estudados. Caracterizada pela dependência 

de estrogênio, tem sido utilizada há mais de quatro décadas como uma ferramenta 

fundamental para a investigação da biologia tumoral e para a avaliação de novas 

abordagens terapêuticas (Garroni et al., 2024). Embora tenha sido isolada a partir de 

um sítio metastático, a MCF-7 apresenta baixo potencial invasivo e agressivo, sendo 

considerada o modelo clássico para o estudo do câncer de mama receptor hormonal 

positivo (Comşa et al., 2015). 

Em virtude dessas características, que se assemelham às das células de 

Ehrlich, esta linhagem foi selecionada para investigar os efeitos do tratamento com 

P. grandifolia in vitro. 

 

2  OBJETIVOS  
2.1 OBJETIVO GERAL  

Avaliar a atividade antitumoral das frações hidroetanólica (HD) e hexânica 

(HX) das folhas de P. grandifolia Haw. em modelo in vitro, utilizando a linhagem 

celular de adenocarcinoma mamário humano (MCF-7), e in vivo, no modelo murino 

de Carcinoma de Ehrlich (nas formas sólida e ascítica), bem como investigar os 

possíveis mecanismos envolvidos na resposta antineoplásica. 

 

2.2 OBJETIVOS ESPECÍFICOS  

1. Obter e caracterizar a fração hidroetanólica (HD) e hexânica (HX) das 

folhas de Pereskia grandifolia, por meio de triagem fitoquímica; 

2.  Avaliar a citotoxicidade e o potencial antiproliferativo das frações HD e 

HX na linhagem de adenocarcinoma mamário humano (MCF-7), determinando a 

viabilidade celular, proliferação e capacidade clonogênica in vitro; 

3. Investigar a atividade antitumoral in vivo no modelo de Carcinoma de 

Ehrlich na forma ascítica e na forma sólida, monitorando a evolução tumoral; 

4. Analisar as características histopatológicas do tecido tumoral; 
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5. Determinar o efeito dos tratamentos sobre o microambiente tumoral, 

quantificando biomarcadores de estresse oxidativo e mediadores inflamatórios; 

6. Elucidar os possíveis mecanismos de ação molecular por meio da 

análise da expressão gênica (RT-qPCR) de alvos relacionados à apoptose, 

autofagia, necroptose, angiogênese e ciclo celular, complementada por análise de 

bioinformática (redes proteicas - PPI); 

7. Verificar a toxicidade sistêmica dos tratamentos nos animais portadores 

de tumor, por meio da avaliação de parâmetros hematológicos, bioquímicos e 

histológicos. 
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Abstract 
Background: Pereskia grandifolia is a source of food containing proteins, fibers, 

vitamins and minerals, and its leaves demonstrated antitumor, antioxidant and anti-

inflammatory activities. It has potential for novel anticancer strategies against breast 

tumors. Methods: This study evaluated the antitumor activity of hydroethanolic (HD) 

and hexane (HX) fractions obtained from the leaves of P. grandifolia integrating in 

vitro (MCF-7 cells) and in vivo (Ehrlich tumor) analyses. Results: Phytochemically, 

both extracts contained triterpenes/steroids, HD has coumarins and HX has 

flavonoids and tannins. In MCF-7 cells HX showed strong cytotoxicity (IC  = 37 

μg·mL-1), while HD exerted a potent antiproliferative effect (IC  = 56 μg·mL-1). 

Notably, both extracts abolished clonogenic survival. In female mice, HD (100 mg·kg-

1, p.o./21 days) and HX (50 mg·kg-1, p.o./21 days) inhibited tumor progression of 

Solid Ehrlich Carcinoma model, but not the Ehrlich Ascitic form. Mechanistic analyses 

revealed a shared ability to induce programmed necroptosis (Ripk1, Ripk3, Cas8), 

autophagy (Lc3b), and to reduce Vegf, even with distinct strategies. HX acted as a 

cytotoxic agent, inducing ROS, and reducing the expression of genes related to 

inflammation (Nfkb1) and the cell cycle (Ccnd1) in tumor tissue. HD reduced necrosis 

and inflammatory infiltration, but modulated the systemic immunity, evidenced by 

decreased blood monocytes and granulocytes, while HX selectively increased 

lymphocytes. Conclusion: This study provides strong evidence that P. grandifolia 

holds multiple antitumor activities with a promising in vivo safety profile. These 

features position P. grandifolia as a source of anticancer compounds and support 

further studies aimed at developing synergistic therapeutic strategies. 

 
Keywords: Phytochemicals, Plant extracts, Cancer murine models, Anticancer, 

Gene expression, Immunity 
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1 INTRODUCTION 

Pereskia grandifolia Haw. (Cactaceae), popularly known as “ora-pro-nóbis,” 

is recognized as source of food containing proteins, fibers, vitamins (A, B, and C) and 

minerals (Ca, Zn and Fe). These bioactive compounds render this plant a significant 

contributor to mitigating protein and micronutrient deficiencies (Almeida et al., 2014, 

Silveira et al., 2020). The amino acid profile is mainly constituted of leucine, lysine 

and phenylalanine (Silveira et al., 2020). Also, P. grandifolia has been used for 

centuries for its multiple therapeutic effects. In Malaysia, for instance, it is used to 

treat various diseases, including cancer, diabetes, hypertension, and inflammatory 

and rheumatic conditions (Albuquerque et al., 2025). In recent years, growing 

scientific evidence has confirmed several of these traditional claims, showing that P. 

grandifolia leaf extracts possess marked antioxidant, antimicrobial, cytotoxic, diuretic, 

and hepatoprotective properties (De Castro Campos Pinto & Scio, 2014; Rodrigues 

Albuquerque et al., 2023; Teixeira et al., 2023). The scientific rationale for those 

traditional uses is supported by evidence that the plant is a rich source of bioactive 

compounds such as saponins, phenolic compounds, phytosterols and alkaloids (Sim 

et al., 2010; Oliveira et al., 2025). Recent phytochemical analyses have also 

identified flavonoids such as quercetin and kaempferol derivatives, as well as 

triterpenes, carotenoids, and polysaccharides (Silveira et al., 2020; Teixeira et al., 

2023; Lima et al., 2025). Although the exact phytochemical composition varies 

significantly according to the extraction method, the presence of key classes like 

triterpenes and phenolic compounds supports the investigation of the antitumor 

potential of this species, given their established cytotoxic, anti-inflammatory, and 

immunomodulatory activities (Vukovic et al., 2018). 

Specifically, in oncology, the first study assessing the cytotoxic activity of P. 

grandifolia against breast cancer (BC) cells demonstrated in vitro cytotoxic effects in 

the hexane and ethyl acetate fractions (Nurestri et al., 2009). BC remains one of the 

most prevalent and complex malignancies worldwide, accounting for more than 2 

million cases in 2022, which probably will reach 3.36 million new cases in 2045 (Bray 

et al., 2024). Due to its biological/ molecular complexity, BC represents a 

heterogeneous group of tumors and one of the most widely used classifications 

considers three receptors: estrogen receptor alpha (ERα), progesterone receptor 

(PR), and human epidermal growth factor receptor 2 (HER2) (Barzaman et al., 2020; 
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Lüönd et al., 2021). Among these, hormone receptor-positive tumors comprise 

approximately 70% of all cases and are generally associated with better clinical 

outcomes (Howlader et al., 2018; Li et al., 2022). However, therapeutic resistance 

and high recurrence rates remain major challenges in the effective management of 

this subtype (Andrijauskaite and Wargovich, 2022). The search for BC novel 

therapeutic strategies is driven not only by treatment resistance but also by the 

significant adverse effects associated with conventional therapies. Chemotherapeutic 

agents, such as taxanes and platinum derivatives often induce dose-limiting 

toxicities, including common and severe issues like peripheral neuropathy and 

immune-related adverse events. (Burstein et al., 2025; Dalferth et al., 2025).  

In this context, natural products have emerged as a promising source of 

bioactive compounds with antitumor properties and improved safety profiles (Khan et 

al., 2022; Noel et al., 2020; Sayed et al., 2025). Considering the widespread 

traditional use of P. grandifolia, this study tested the hypothesis that its extracts 

possess antineoplastic activity against models of hormone receptor-positive breast 

cancer. To this end, two distinct extracts, namely hydroethanolic-soluble fraction (HD) 

and hexane fraction (HX), were prepared and evaluated in preclinical models of 

breast cancer, including in vitro assays using MCF-7 cells and in vivo employing 

Ehrlich carcinoma cells. Possible mechanisms of action related to oxidative stress, 

inflammation, cell proliferation, and cell death pathways were also investigated. 

 
2 MATERIAL AND METHODS 
2.1 CHEMICALS AND REAGENTS 

RPMI 1640 medium, Fetal bovine serum (FBS) and Penicillin/Streptomycin 

were obtained from Gibco (ThermoFisher Scientific, Grand Island, NY, USA). 

Paraformaldehyde (PFA) (4%), Crystal violet, Glacial acetic acid and Trypsin/EDTA 

solution were sourced from ThermoFisher Scientific (Waltham, MA, USA). Bovine 

serum albumin, 5,5′-Dithiobis-(2-nitrobenzoic acid), Resazurin, Reduced glutathione, 

Xylenol orange, Butylated hydroxytoluene (BHT), Dibasic potassium phosphate, 

Monobasic potassium phosphate, 1 M Tris, Ethylenediaminetetraacetic acid (EDTA), 

Bradford Protein Assay, Tris HCl, p-Nitrofenol, Tetramethylbenzidine, 

Dimethylsulfoxide, Glycine, N-acetyl-beta-D-glucosamine (NAG), 2′,7′-

Dichlorofluorescein diacetate (DCFH-DA), Hydrochloric Acid (HCL) and N,N-

dimethylformamide (DMF) were purchased from Sigma-Aldrich (St. Louis, MO, USA). 
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Trypan blue, Pyrogallol, Ethanol, Methanol, Ferrous ammonium sulfate, Hydrogen 

peroxide, Trichloroacetic acid, Formaldehyde, Citric acid, Sodium acetate, Sodium 

chloride, Potassium chloride, Sodium phosphate, Dibasic sodium phosphate, 

Hematoxylin, Eosin, Tween 20, Sulfuric acid, and Triton X-100 were obtained from 

Vetec (Rio de Janeiro, RJ, Brazil). Alanine aminotransaminase (ALT), Aspartate 

aminotransaminase (AST), Creatinine, and Total protein assays kits were acquired 

from Labtest (Lagoa Santa, MG, Brazil). Tumor necrosis factor α (TNF-α) and 

Interleukin-1β (IL-1β) kits were acquired from BioLegend (San Diego, CA, USA). 

TriZol™ reagent and Primers were obtained from Invitrogen-ThermoFisher Scientific 

(Waltham, MA, USA). The High-Capacity cDNA Reverse Transcription Kit and the 

SYBR™ Green Universal PCR Master Mix were obtained from Applied Biosystems-

ThermoFisher Scientific (Waltham, MA, USA). 

 

2.2 PLANT MATERIAL AND EXTRACTION 

The leaves of P. grandifolia were collected in June 2021 from the Medicinal 

Plants Garden of Paranaense University (UNIPAR), located at an altitude of 430 m 

(S23º46’11.3”–W53º16’41.2”). A voucher specimen (nº 142) was deposited in the 

UNIPAR herbarium, and the project was registered at SISGEN (nº AD2CAC3). The 

plant material was oven-dried and ground. The ethanol-soluble extract was prepared 

by infusion, in which 100 g of powdered leaves were infused with 1 L of boiling water. 

The resulting infusion was stored in an amber container for 5 h and subsequently 

filtered. The filtrate was then treated with 95% ethanol at a 1:3 (v/v) ratio to 

precipitate proteins and polysaccharides. The heterogeneous phase formed was 

removed by filtration, and the hydroethanolic-soluble fraction (HD) was concentrated 

under reduced pressure using a rotary evaporator and subsequently lyophilized.  

For the hexane fraction (HX), 50 g of powder were macerated in 70% ethanol 

for 48 h with daily solvent renewal. The extracts were filtered, concentrated under 

reduced pressure using a rotary evaporator, and subsequently frozen and lyophilized 

to obtain the crude hydroethanolic extract. This extract was dissolved in methanol–

water (1:1) and subjected to liquid–liquid partitioning with hexane (3×). The hexane 

phase was collected, concentrated under reduced pressure, and lyophilized to obtain 

the HX fraction. 
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2.3 PHYTOCHEMICAL CHARACTERIZATION 

A preliminary phytochemical screening was performed to qualitatively identify 

major classes of secondary metabolites in the HD and HX, according to Moreira 

(1979) and adapted by Miguel (2003). The chemical groups evaluated were 

alkaloids, flavonoids, coumarins, steroids, and triterpenes. For alkaloids evaluation 

the extracts were dissolved in ethanol and 1% HCl and tested with the general 

alkaloid reagents Mayer (potassium tetraiodomercurate), Dragendorff (potassium 

tetraiodobismuthate), and Bouchardat (iodine–potassium iodide). Positive reactions 

were indicated by white, brick-red, or orange precipitates, respectively. The Shinoda 

test was carried out to identify the flavonoids, by adding magnesium turnings and 

concentrated hydrochloric acid to ethanolic extracts under cooling. A pink coloration 

was considered a positive reaction for flavonoids. Subsequentely, both HD and HX 

were acidified (pH 1.0 with concentrated HCl) and partitioned with ethyl ether, 

evaporated, and treated with NaOH (1N). The development of blue or yellow-green 

fluorescence under UV light at 366 nm confirmed the presence of coumarins.  

For the identification of steroids and triterpenes two assays were applied: (i) 

Liebermann–Burchard reaction, where extracts dissolved in chloroform were treated 

with acetic anhydride and concentrated H2SO4. Pink/blue, green, or yellow 

colorations indicated distinct substituents in the steroid/triterpene nucleus; (ii) Keller–

Killiani reaction, in which samples dissolved in glacial acetic acid with FeCl  were 

layered with concentrated H SO . A blue or green coloration at the interface 

indicated the presence of deoxy-sugars in steroids or triterpenes, respectively. 

Finally, thin-layer chromatography (TLC) was performed. Samples were 

dissolved in methanol (1 mg·mL-1) and applied into silica gel 60 UV  plates 

(Whatman®, 20 × 20 cm) using glass capillaries. Plates were developed with specific 

mobile phases and subsequently visualized under visible and UV light (254 nm). 

After development, the plates were sprayed with appropriate detection reagents. The 

metabolites screened (steroids/triterpenes, flavonoids, tannins, alkaloids and 

coumarins), mobile phase systems, and detection reagents are summarized in 

supplementary Table S1. 
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2.4  NUCLEAR MAGNETIC RESONANCE SPECTROSCOPIC ANALYSIS OF THE 

HX EXTRACT 

The hexane fraction (HX) was analyzed by proton and carbon nuclear 

magnetic resonance spectroscopy (¹H and ¹³C NMR). The spectra were recorded on 

a Bruker® AVANCE III 600 MHz TCI 5 mm N  Prodigy spectrometer equipped with a 

14.1 T magnet, at 70 °C. The HX sample was dissolved in deuterated chloroform 

(CDCl ) for spectral acquisition. Chemical shifts (δ) are expressed in parts per million 

(ppm), using tetramethylsilane (TMS) as the internal reference. 

 

2.5 IN VITRO BREAST CANCER ASSAYS WITH MCF-7 CELLS 

2.5.1 Cell Viability and Proliferation 

Cell viability and proliferation were assessed sequentially in MCF-7 cells. 

Cells were seeded in 96-well plates at 0.5 × 10⁴ cells/well in RPMI 1640 

supplemented with 10% FBS and 1% penicillin/streptomycin, and incubated at 37 °C, 

5% CO , and 90% humidity for 24 h. For the viability assay, cells were treated with 

the compounds at 12.5, 25, 50, 100, or 200 μg·mL-1 for 24, 48, or 72 h. After 

treatment, the medium was replaced with 100 μL of 10% resazurin solution in serum-

free RPMI and incubated for 3.5 h. Absorbance was measured at 570 and 595 nm 

using a microplate reader (Tecan Infinite M200; Tecan Group Ltd., Männedorf, 

Switzerland). 

For the proliferation assay, wells were washed with 200 μL PBS, fixed with 

100 μL of 4% paraformaldehyde for 10 min, and permeabilized with 100 μL of 2% 

methanol for 10 min. Cells were then stained with 80 μL of crystal violet solution for 

10 min, washed thoroughly to remove excess dye, and the dye was eluted with 100 

μL glacial acetic acid (33%). Proliferation was quantified by measuring absorbance at 

570 nm in the same microplate reader. 

 

2.5.2 Clonogenic Test 

MCF-7 cells were seeded in 24-well plates at 5 × 10² cells/well in RPMI 1640 

supplemented with 50% FBS and 1% penicillin/streptomycin, and incubated at 37 °C, 

5% CO , and 90% humidity for 24 h. Cells were then treated with each compound at 

its respective IC  concentration for 72 h. After treatment, the medium containing the 

compound was removed, and cells were incubated with fresh culture medium for 10 

days until visible colonies were formed. The medium was then removed, and cells 
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were fixed with 4% paraformaldehyde and stained with crystal violet, following the 

same procedure used in the proliferation assay, but without eluting the dye. Wells 

were washed thoroughly, photographed using a magnifying lens, and the number of 

colonies were quantified using ImageJ. 

 

2.6 IN VIVO EHRLICH TUMOR MODELS 

All experiments were approved by the Ethics Committee on Animal 

Experimentation (CEUA/BIO, UFPR, no. 1614) and followed the international 

guidelines for the use of animals in research (ARRIVE 2.0, Percie Du Sert et al., 

2020). Specifically, adherence to the ARRIVE guidelines ensured the rigorous 

reporting of animal details, adherence to the 3Rs principle (Reduction), and the 

implementation of randomization methods in the assignment of animals to 

experimental groups, minimizing the risk of bias. Female Swiss mice (25–30 g) were 

obtained from the animal facility of the Federal University of Paraná and housed 

under controlled temperature (22 ± 1 °C) with a 12/12h light/dark cycle, with food and 

water available ad libitum. Environmental enrichment was provided in the cages 

throughout the experimental protocol. 

Ehrlich tumor cells were maintained in frozen stocks at -80 °C, in culture 

medium supplemented with 10% DMSO + 90% fetal bovine serum, and subsequently 

propagated through intraperitoneal passages by inoculating 2 × 10⁶ cells per animal. 

After the growth period, cells were collected in 1 mL of phosphate-buffered saline 

(PBS; 16.5 mM phosphate, 137 mM NaCl, and 2.7 mM KCl, pH 7.4) supplemented 

with 0.5 M EDTA (pH 8.0). After 3-4 passages, cell viability was assessed by the 

trypan blue exclusion method using a Neubauer chamber. When viability reached 

95%, 2 × 10⁶ cells were inoculated intraperitoneally to induce Ehrlich ascitic tumor, or 

subcutaneously into the femoral region of the right hind paw of mice, to induce the 

Ehrlich solid carcinoma, as described in the next sections. 

 

2.6.1 Ascitic Ehrlich Tumor in Mice 

Prior to each administration, the HD extract was dissolved in saline, and the 

HX fraction was dissolved in saline containing 10% Tween 20. Dose selection was 

guided by preclinical evidence (Rodrigues Albuquerque et al., 2023) and internal 

data. The hydroethanolic fraction dose corresponded to the Optimized Effective Dose 

(OED) identified in a pilot study. For the hexane fraction, an intermediate dose 
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between the minimum and optimal ranges of the HD fraction was chosen to 

cautiously evaluate its bioactive potential. 

 Mice were intraperitoneally inoculated with 2×106 Ehrlich tumor cells, and 

oral treatments commenced the following day. Animals were randomly assigned to 

three groups (n=5-7): Control (Ctrl), treated with saline and 10% Tween 20; HD, 

treated with the hydroethanolic fraction of P. grandifolia at 100 mg·kg-1; and HX, 

treated with the hexane fraction of P. grandifolia at 50 mg·kg-1. Treatments were 

administered daily by oral gavage for seven days. Body weights were recorded daily, 

and on the last day, the animals underwent anesthesia with isoflurane (Syntec, 

Tamboré, SP, Brazil) followed of euthanasia. Ascitic fluid was collected for the 

measurement of total volume present in the cavity and for tumor cell counting (Fig 

4A). 
 

2.6.2 Solid Ehrlich Carcinoma in Mice 

Tumor-bearing mice were divided into groups of 10–12 animals: negative 

control (Ctrl; treated with saline and 10% Tween 20), HD (treated with HD at 100 

mg·kg ¹), and HX (treated with HX at 50 mg·kg ¹). The preparation of extracts, 

vehicle composition, and dose selection followed the same protocol described for the 

ascitic Ehrlich tumor model. Treatments were administered orally by gavage from the 

first day after tumor inoculation until day 21. A naïve group of non-tumor-bearing 

mice was also included in the experiment. 

From day 11 after inoculation, tumor volume was measured using a digital 

caliper (FELSEN, Wenzhou, China) by recording the largest (L) and smallest (W) 

tumor diameters. Tumor volume (V) was calculated using the formula (Mishra et al., 

2018): 

 
Body weight was also monitored throughout the experiment. On day 21, mice 

were fasted for 12h with free access to water and in the following day were 

anesthetized with isoflurane (Syntec, Tamboré, SP, Brazil). Blood was collected from 

the inferior cava vein, for biochemical and hematological analyses. After, a deeper 

inhalatory anesthesia induced the euthanasia. Fragments of tumor and organs, such 

as liver and spleen, were harvested and fixed in formalin and embedded in 
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histological cassettes, while the remaining samples were rapidly frozen in liquid 

nitrogen and stored at –80 °C for further analyses (Fig 5A). 

2.7 HISTOLOGY OF TUMOR AND ORGANS 

Following euthanasia, fragments of tumor, liver and spleen were immediately 

immersed in 10% neutral-buffered formalin at room temperature for 24–48 h. The 

tissues were then dehydrated in 70% ethanol and subsequently embedded in 

paraffin. Sections were obtained, displayed in slides and stained with hematoxylin 

and eosin (H&E). Histological evaluation was performed blindly by a veterinary 

pathologist. Histological tumor features included the necrotic area, number of 

macrophages, cell edema, invaded lymphatic vessels and capillaries, cells in mitoses 

and nuclear alterations. 

 

2.8 OXIDATIVE STRESS PARAMETERS IN TUMOR TISSUE 

Tumor samples were initially homogenized in phosphate buffer (pH 6.5). The 

pure homogenate was used immediately for Reduced Glutathione (GSH) 

determination, assessed by the method of Sedlak & Lindsay (1968) with readings at 

415 nm and expressed as μg of GSH g of tissue-1. The remaining homogenate was 

centrifuged at 9700 rpm for 20 min, and the supernatant was diluted 1:10 in 

phosphate buffer for assessing the other parameters. All readings were performed 

using a 96-well microplate reader (Synergy HT, BioTek, VT, USA). Reactive Oxygen 

Species (ROS) levels were assessed based on the oxidation of 

dichlorodihydrofluorescein (Keston & Brandt, 1965), with fluorescence measured at 

485 nm (Excitation) and 528 nm (Emission). Lipid Peroxidation (LPO) was directly 

measured according to the method by Jiang et al. (1992); absorbance was recorded 

at 560 nm, and levels were expressed as nmol min−1 mg protein−1. Superoxide 

Dismutase (SOD) activity was measured by its ability to inhibit pyrogallol autoxidation 

at 440 nm (Gao et al., 1998), with enzymatic activity expressed as 

SOD units mg of protein-1. Finally, protein concentration was determined using the 

method described by Bradford (1976), with absorbance measured at 595 nm and 

concentration expressed in mg mL−1. 

 

2.9 INFLAMMATORY PARAMETERS IN TUMOR TISSUE 

The levels of pro-inflammatory cytokines were measured in the supernatant 

of homogenized tumor tissue, obtained using the same centrifugation and dilution 
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protocol applied for the oxidative stress assays. Tumor necrosis factor-α (TNF-α) and 

interleukin-1β (IL-1β) concentrations were quantified using enzyme-linked 

immunosorbent assay (ELISA) kits (BioLegend, San Diego, CA, USA), according to 

the manufacturer’s protocol. Additionally, macrophage infiltration in the tumor was 

assessed by measuring the levels of the enzyme N-acetylglucosaminidase (NAG), 

according to the methodology described by Bailey (1988). The assay was performed 

using tumor tissue samples, and absorbance was measured at 405 nm. Results were 

expressed as μmol·g tissue ¹. 

 

2.10 QUANTITATIVE REAL-TIME PCR AND BIOINFORMATICS 

Total RNA was extracted from tumor tissues using the TriZol™ reagent 

(Invitrogen, USA) after tissue disruption by maceration in liquid nitrogen. 

Approximately 1 μg of RNA was reverse-transcribed into complementary DNA 

(cDNA) using the High-Capacity cDNA Reverse Transcription Kit (ThermoFisher 

Scientific, USA), following the manufacturer’s protocol. The resulting cDNA was used 

as a template for quantitative real-time PCR (RT-qPCR) to assess relative mRNA 

expression levels of the target genes. 

Amplification reactions were performed using SYBR™ Green Universal PCR 

Master Mix (Applied Biosystems, USA) in a StepOnePlus™ Real-Time PCR System 

(Applied Biosystems, USA). The Rplp0 gene was used as an endogenous reference 

for normalization of the other genes: Bcl-2, Casp8, Lc3b, Ripk1, Ripk3, Nfkb1, 

Ccnd1, Hif1α and Vegf. The primers sequence is showed in the supplementary table 

S2.  The assay was optimized using a 1:5 cDNA dilution factor and primer 

concentrations of 900 nM, ensuring amplification efficiencies between 90% and 

110%. Relative gene expression levels were calculated using the 2−ΔΔCT method 

(Livak & Schmittgen, 2001).  

To complement the gene expression analysis a bioinformatic tool was used. 

Protein-protein interaction (PPI) networks were constructed using the STRING 

database (version 12.0; https://string-db.org). The analysis was performed using the 

“Multiple Proteins by Names/Identifiers” option, with Homo sapiens selected as the 

reference organism. PPI networks were generated based on genes whose 

expression in Ehrlich tumor samples was significantly altered by the treatments. 

STRING integrates both direct (physical) and indirect (functional) associations, 
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derived from computational predictions, curated knowledge from primary databases, 

and functional inference. 

 

2.11 BIOCHEMICAL AND HEMATOLOGICAL ASSAYS 

At the end of the experiment, blood was collected using heparinized syringes 

for biochemical and hematological analyses. After the hemogram, the samples were 

centrifuged at 4000 rpm for 5 min to obtain plasma, which was used to determine 

ALT, AST, creatinine, and total protein levels, measured by specific kits (Labtest, 

Lagoa Santa, MG, Brazil) with an automated system (Cobas Mira, Roche 

Diagnostics, Penzberg, Germany). 

 

2.12 DATA ANALYSIS 

Data were analyzed using GraphPad Prism 9.0 software and expressed as 

mean ± standard error of the mean (SEM). Differences between groups were 

assessed by one- or two-way analysis of variance (ANOVA), followed by Dunnett’s, 

Bonferroni’s or Tuckey post hoc test, when applicable. A p value < 0.05 was 

considered statistically significant. IC  values were calculated using RStudio 

software. 

 
3 RESULTS 
3.1 PHYTOCHEMICAL SCREENING AND THIN-LAYER CHROMATOGRAPHY 

(TLC) SHOWED DIFFERENT COMPOUNDS IN HD AND HX 

Phytochemical screening of the HD revealed the presence of flavonic 

heterosides, coumarins, and steroids/triterpenes, while only steroids/triterpenes were 

detected in the hexane fraction (Table 1). In contrast, TLC analysis revealed the 

presence of steroids/triterpenes and tannins in the HX fraction, whereas only 

steroids/triterpenes were detected in the crude HD extract under the tested 

conditions (Supplem. Table S3). These discrepancies likely reflect differences in the 

sensitivity and specificity of the two methods. Taken together, the findings suggest 

that the HD contains a broader phytochemical profile including coumarins, flavonoids 

and triterpenes/steroids, whereas the HX is enriched in triterpenes/steroids and 

tannins, highlighting the complementary nature of these approaches. Interestingly, 

none of the extracts contained alkaloids. 
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Table 1. Phytochemical screening for the presence of alkaloids, flavonoids, coumarins, steroids, 

and/or triterpenes of P. grandifolia extracts. 

PHYTOCHEMICAL 

GROUP 
ANALYSIS HD FRACTION HX FRACTION 

Alkaloids 

Mayer Reagent - - 

Dragendorff Reagent - - 

Bouchardat Reactive - - 

Flavonic heterosides 
Flavonoids + - 

Oxalic acid – Boric acid - - 

Coumarins Not applicable + - 

Steroids/triterpenes 
Libermann Bouchard + + 

Keller Kelliani  + + 

 

3.2 STRUCTURAL IDENTIFICATION BY NMR 

NMR analyses were performed only on the hexane fraction (HX), due to its 

chemical profile and suitability for structural characterization. The 13C spectrum 

exhibited several signals in the region between δ10 and δ50 (Fig. 1A), which are 

typical of saturated carbons in aliphatic chains. Furthermore, several signals were 

observed in the region between δ60 and δ80, suggesting the presence of oxygen-

bearing carbons. The multiplicity of these signals was confirmed by the DEPT 135 

spectrum (Fig. 1B) (Machado et al., 1992). The NMR analysis of the HX revealed 

long-chain hydrocarbons, suggestive of triterpenes/steroids, which corroborates the 

findings of the phytochemical screening (Tab. 1, Supplem. Table S3). 
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Figure 1. 13 C NMR Spectrum (Panel A) and DEPT 135 NMR Spectrum of the Hexane Fraction (HX) 
(Panel B) of P. grandifolia. 

 

3.3 HX DEMONSTRATES POTENT CYTOTOXICITY AND HD A GREATER 

ANTIPROLIFERATIVE ACTIVITY IN MCF-7 CELLS 

As illustrated in Figure 2, the analysis after 72 hours revealed distinct activity 

profiles for the extracts. HD reduced cell viability (Panel A) with an IC  of 107 μg·mL-

1 (Pseudo-R² = 0.9913). Notably, its antiproliferative effect (Panel B) was 
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considerably more potent, showing an IC  of 56 μg·mL-1 (Pseudo-R² = 0.9598), with 

significant inhibition at all tested concentrations. In contrast, HX demonstrated 

marked cytotoxicity (Panel C), with an IC  of 37 μg·mL-1 (Pseudo-R² = 0.9902). 

However, its antiproliferative activity (Panel D) was less pronounced, with an IC  of 

74 μg·mL-1 (Pseudo-R² = 0.9189). In summary, the HX fraction acted predominantly 

through acute cytotoxicity, while the HD extract showed a more specific and superior 

efficacy as an inhibitor of cell proliferation. 
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Figure 2. Effect of Pereskia grandifolia fractions treatment on MCF-7 cells. Panel A: Cell viability of 
HD at 24, 48, and 72 h. Panel B: Cell proliferation of HD at 24, 48, and 72 h. Panel C: Cell viability of 
HX at 24, 48, and 72 h. Panel D: Cell proliferation of HX at 24, 48, and 72 h. Data are expressed as 
mean ± SEM of experiments performed in triplicate. Comparisons among groups were performed 
using one-way ANOVA followed by Dunnett’s post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 
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0.0001 compared with the NC. NC, negative control; HD, hydroethanolic fraction of P. grandifolia; HX, 
hexane fraction of P. grandifolia. 

 

3.4 HX AND HD REDUCE CLONOGENIC SURVIVAL OF MCF-7 CELLS 

To evaluate the clonogenic potential, MCF-7 cells were treated with HD or 

HX extracts at their respective antiproliferative IC  concentrations. As shown in 

Figure 3, both extracts significantly reduced colony formation, with inhibition rates of 

26.2% for HD and 21% for HX. 

 

 

Figure 3. Clonogenic assay in MCF7 cells. Panel A: Percentage of colony formation. Panel B: 
Representative images. Data are expressed as mean ± SEM of experiments performed in triplicate. 
Comparisons among groups were performed using one-way ANOVA followed by Dunnett’s post hoc 
test. ***p < 0.001 and ****p < 0.0001 compared with the negative control (NC). NC, negative control; 
HD, hydroethanolic fraction of P. grandifolia (56 μg·mL-1); HX, hexane fraction of P. grandifolia (74 
μg·mL-1). 

 
3.5 HD AND HX DO NOT AFFECT ASCITIC TUMOR DEVELOPMENT 

In the ascitic Ehrlich tumor, seven-days treatment with HD or HX did not 

reduce either the number of viable Ehrlich tumor cells or the tumor volume compared 

to the control group, indicating that short-term administration of these extracts does 

not affect ascitic tumor growth (Fig. 4B, C). 
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Figure 4. Effects of P. grandifolia extracts on ascitic Ehrlich tumor development. Panel A: 
Experimental design. Panel B: Number of viable tumor cells. Panel C: Total ascitic volume. Data are 
expressed as mean ± SEM (n = 5-7/group) and analyzed by one-way ANOVA followed by Bonferroni’s 
post hoc test. Ctrl, negative control; HD, hydroethanolic fraction of P. grandifolia; HX, hexane fraction 
of P. grandifolia. 

 
3.6 HD AND HX SUPPRESS SOLID EHRLICH TUMOR GROWTH 

Tumor outgrowth became evident by day 11 following Ehrlich cells 

inoculation. Sustained administration of both extracts elicited a marked suppression 

of tumor progression, as reflected by significant reductions in tumor volume and 

weight in the treated groups compared with the control (Fig. 5B, C). By the end of the 

treatment period, tumor growth inhibition reached 86% and 89% in the HD- and HX-

treated groups, respectively (Fig. 5D)  
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Figure 5. Experimental design and effects of P. grandifolia on the solid Ehrlich tumor development. 
Panel A: Experimental design. Panel B: Tumor growth over the 21 days of treatment. Panel C: Tumor 
weight at the final day. Panel D: Tumor volume at the final day. Data are expressed as mean ± SEM (n 
= 10–12/group) and analyzed by two-way (B) or one-way ANOVA (C, D) followed by Bonferroni’s post 
hoc test. *p < 0.05 compared with the Ctrl group. Ctrl, negative control; HD, hydroethanolic fraction of 
P. grandifolia; HX, hexane fraction of P. grandifolia. 

 
3.7 HD AND HX INDUCED CHANGES IN TUMOR HISTOLOGY  

Long-term treatment with HD significantly reduced the percentage of tumor 

necrotic area compared to the control group (Fig. 6B), as confirmed by quantitative 

morphometric analysis and the semiquantitative scoring (Fig. 6D). In contrast, HX 

treatment did not alter necrosis scores, which remained similar to the control (Fig. 

6C). Both HD and HX treatments markedly reduced inflammatory cell infiltration (Fig. 

6D), suggesting that these extracts may attenuate the proinflammatory tumor 

microenvironment. No significant differences were observed in apoptotic cell number, 

blood vessel morphology, infiltrated neutrophils, cell edema, mitotic figures, or 

nuclear alterations such as karyolysis and pyknosis (data not shown). 
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Figure 6. Histopathological analysis of tumor tissue. Representative photomicrographs of solid Ehrlich 
tumor sections stained with hematoxylin and eosin. (A) Control group; (B) HD group (hydroethanolic 
fraction of P. grandifolia); (C) HX group (hexane fraction of P. grandifolia). Panels I show the general 
morphology of the tumor tissue, with circles indicating the regions magnified in panels II. Panels II 
show necrotic areas (N) and inflammatory cells infiltration (arrows). (D) Degree of necrosis [0 (lesions 
<5% of the tissue), Grade I (5–25%), Grade II (26–50%), Grade III (51–75%), and Grade IV (>75%)] 
and inflammation [negative (-), mild (+), mild to moderate (++), moderate (+++), and marked (++++)]. 
Scale bar = 50 μm. 

 

3.8 HX INDUCES OXIDATIVE STRESS, BUT NEITHER EXTRACTS ALTER 

TUMOR INFLAMMATORY PARAMETERS 

In tumor tissues, HX treatment significantly increased ROS levels (Fig. 7A) 

and GSH levels (Fig. 7E), while showing a trend toward reduced SOD activity (p = 

0.0624; Fig. 7C). Protein content and LPO levels remained unchanged. No relevant 

alterations were observed in the HD-treated group in comparison with the other 

treatments. Also, no significant differences in inflammatory markers (TNF-α, IL-1β, 

NAG and MPO) were observed following treatment with either the HD or HX extracts 

(Supplem. Fig. S1). 
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Figure 7. Oxidative stress parameters in tumor tissues. Panel A: ROS levels. Panel B: Lipid 
peroxidation (LPO) levels. Panel C: Superoxide dismutase (SOD) activity. Panel D: Protein 
concentration. Panel E: Reduced glutathione (GSH) levels. Data are expressed as mean ± SEM (n = 
5–7/group) and analyzed by one-way ANOVA followed by Bonferroni’s post hoc test. *p < 0.05 
compared with the Ctrl group. Ctrl, negative control; HD, hydroethanolic fraction of P. grandifolia; HX, 
hexane fraction of P. grandifolia. 

 

 

3.9 HD AND HX INDUCE RIPK1/RIPK3-MEDIATED NECROPTOSIS AND 

SUPPRESS SURVIVAL/PROLIFERATION PATHWAYS 

Analysis of apoptotic markers revealed that both HD and HX extracts 

significantly reduced the expression of the anti-apoptotic gene Bcl-2. A pronounced 

effect was observed on the necroptosis pathway markers, since both extracts 

induced an increase in Ripk1 and Ripk3 expression, and a decrease in Casp8. 

Regarding autophagy, both HD and HX extracts significantly increased Lc3b 

expression. Markers associated with cell survival, proliferation, and 

hypoxia/angiogenesis were generally downregulated. The HX fraction significantly 

reduced the expression of Nfkb1, Ccnd1 and Hif1α, whereas both treatments 

decreased Vegf expression (Fig. 8A-I). Furthermore, the genes interaction in these 
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cellular pathways was corroborated by the PPI network analysis performed using the 

STRING tool. The main genes identified for each extract in the modulation of 

apoptosis, necroptosis, and autophagy pathways are biologically connected (Fig. 8J, 

K). 

 

 

Figure 8. Effects of P. grandifolia extracts on expression of genes related to cell death, inflammation, 
proliferation, and angiogenesis in solid Ehrlich carcinoma. Relative gene expression of (A) Bcl-2, (B) 
Casp8, (C) Ripk1, (D) Ripk3, (E) Lc3b, (F) Nfkb1, (G) Ccnd1, (H) Hif1α and (I) Vegf. The proteins 
network from genes altered by HD (J) and HX (K) treatment is shown. Data from A to I are 
normalized by the Rplp0 gene, expressed as mean ± SEM (n = 3-4/group) and analyzed by one-way 
ANOVA followed by Tukey’s post hoc test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the 
Ctrl group. Ctrl: negative control; HD: hydroethanolic fraction of P. grandifolia; HX: hexane fraction of 
P. grandifolia. In Panels J and K the nodes represent genes, and colored edges indicate the type of 
interaction. Source: https://string-db.org 

 

3.10 HD AND HX DID NOT INDUCE SYSTEMIC TOXICITY  

Hematological and biochemical evaluations, in addition to analysis of organs 

involved in metabolism and immune response, were performed as indicators of 
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systemic toxicity of the extracts. The Ehrlich tumor development induced an increase 

in absolute liver and spleen weights in all tumor-bearing mice compared with naive 

(Table 2). Treatment with either HD or HX did not significantly change this parameter, 

suggesting no hepatosplenic toxicity per se. Instead, the organ alterations were 

caused by the solid tumor.  In accordance, histopathological analyses (Supplem. Fig. 

S2) revealed similar mild hepatic alterations across all groups.  

Table 2 summarizes the hematological and biochemical parameters 

assessed in Ehrlich tumor-bearing mice. The vehicle group exhibited increased AST, 

total protein, monocytes, and granulocytes, clearly related with the tumor growth 

when compared with the naive mice. Treatment with HD in tumor-bearing mice 

reduced creatinine levels as well as the total number of monocytes and granulocytes, 

whereas HX increased the total lymphocyte count. These hematological changes 

brought the values of the treated groups closer to those of the naive group, 

reinforcing the absence of toxicity. Other hematological indexes, including 

hemoglobin, hematocrit, platelets, red blood cells, and total leukocytes, showed no 

significant alterations among groups. 

 

Table 2. Hematological and biochemical parameters of Ehrlich carcinoma-bearing mice treated with 
vehicle or P. grandifolia fractions and naïve mice. 

                               Experimental group 

Parameter Nv Ctrl HD HX 

Liver weight (g) 1.23 ± 0.07 1.78 ± 0.08# 1.55 ± 0.10# 1.61 ± 0,04# 

Spleen weight (g) 0.15 ± 0.01 0.30 ± 0.02# 0.24 ± 0.02# 0.23 ± 0.01# 

ALT (U·L−1) 41.68 ± 2.32 40.35 ± 1.95 42.52 ± 4.40 37.86 ± 1.90 

AST (U·L−1) 93.44 ± 7.62 422.7 ± 88.33# 244.9 ± 28.55 290.9 ± 41.51 

Creatinine 

(mg·dL−1) 
0.55 ± 0.02 0.49 ± 0.01 0.46 ± 0.02# 0.50 ± 0.00 
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Data are expressed as mean ± SEM (n = 7-12/group) and analyzed by one-way ANOVA followed by 

Bonferroni’s post hoc test. *p < 0.05 compared with the Ctrl group. #p < 0.05 compared with the Nv group. 

Nv: naïve group; Ctrl: negative control; HD: hydroethanolic fraction of P. grandifolia; HX: hexane fraction of 

P. grandifolia; HBG: hemoglobin; HCT: hematocrit; PLT: platelet; RBC: red blood cells; WBC: white blood 

cells; Lymph: lymphocytes; Mon: monocytes; Gran: granulocytes. 

 
 

4 DISCUSSION 
The present study demonstrates that the hexanic (HX) and hydroethanolic 

(HD) fractions of Pereskia grandifolia Haw. possess robust antitumoral activity 

against breast cancer models, despite they appear to operate via distinct and 

complementary mechanisms of action. The mechanistic difference among the 

extracts is initially evident from the in vitro results. The hexanic fraction (HX) showed 

higher acute potency, as indicated by its low IC , reflecting direct cytotoxicity. 

Previous studies have reported similar cytotoxic effects for different fractions of P. 

grandifolia, including the hexane fraction, in various tumor cell lines (e.g., KB, MCF-7, 

Saos-2) (Nurestri et al., 2009; Liew et al., 2012). In contrast, the HD demonstrated a 

Total proteins 

(mg·dL−1) 
5.24 ± 0.17 5.85 ± 0.12# 5.49 ± 0.18 5.54 ± 0.10 

HBG (g·dL−1) 12.39 ± 0.88 11.78 ± 0.32 11.42 ± 0.74 12.52 ± 0.40 

HCT (%) 41.73 ± 2.71 39.01 ± 0,81 37.93 ± 2.23 42.45 ± 1,36 

PLT (×103·μl−1) 435.1 ± 29.45 453.4 ± 30.14 468.0 ± 21.87 508.4 ± 36.22 

RBC (×106·μl−1) 8.90 ± 0.55 8.66 ± 0.18 8.32 ± 0.47 9.29 ± 0.31 

WBC (×103·μl−1) 8.25 ± 1.17 8.60 ± 0.55 7.14 ± 0.67 8.47 ± 0.58 

Lymph (×103·μl−1) 6.48 ± 0.94 4.73 ± 0,37 4.13 ± 0.36 6.95 ± 0.81* 

Mon (×103·μl−1) 0.24 ± 0.05 0.49 ± 0.08# 0.22 ± 0.01* 0.35 ± 0.03 

Gran (×103·μl−1)  1.52 ± 0.20 3.39 ± 0.40# 1.76 ± 0.21* 2.60 ± 0.31 
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greater antiproliferative effect, what corroborates previous report showing potent 

antiproliferative activity of hydroalcoholic fraction of P. grandifolia against the 

leukemic cell line K562 (Massocatto et al., 2021).  

The different effects found among both extracts can be due the extraction 

methods, and phytochemical and polarities differences. The presence of 

triterpenes/steroids in the non-polar HX fraction was highly suggested by the 13NMR 

spectroscopic analysis. The signal around 110 ppm is characteristic of an olefinic 

carbon commonly found in many plant triterpenes, while the numerous signals 

between 10 and 50 ppm correspond to the saturated carbons of the triterpenoid 

backbone (Mahato & Kundu, 1994; Camargo et al., 2022). Polar metabolites present 

in the HD fraction exhibit limited passive diffusion across lipid membranes and tend 

to interact preferentially with cell-surface receptors or extracellular signaling 

components. Such compounds are frequently associated with regulated anticancer 

mechanisms, including apoptosis induction and inhibition of cell proliferation (Talib & 

Mahasneh, 2010; Zhang et al., 2018). Conversely, the hexane extraction, which 

concentrates highly lipophilic compounds, may have enhanced cellular permeability 

and intensified direct damage to tumor cells, consistent with the stronger cytotoxic 

response observed (Huang et al., 2021; Rosa et al., 2025). These results also can 

explain the reduced cell reproductive potential in the clonogenic assay, explained by 

the dual strategy of P. grandifolia: the high acute cytotoxicity of HX (Nurestri et al., 

2009) and the sustained antiproliferative activity of HD, which has been associated 

with programmed cell death in previous studies of polar extracts (Tan et al., 2005).  

In female mice, both HX and HD significantly reduced the Ehrlich carcinoma 

development, which represents the first study to demonstrate the in vivo antitumor 

activity of P. grandifolia extracts. Interestingly, antitumoral efficacy was observed only 

in the solid tumor model (SEC), an outcome that strongly suggests that the extracts 

effects depend on the presence of a structured tumor microenvironment or of the 

long treatment (21 d). In this context, the complex structure of the SEC could favor 

local retention and prolonged exposure of bioactive compounds (Wu et al., 2024). In 

contrast, AEC cells remain suspended in a dynamic peritoneal fluid, promoting rapid 

molecular dispersion and reduced local drug concentration (Feitosa et al., 2021; 

Radulski et al., 2023). This limited efficacy upon AEC can also be due the short time 

of extracts treatment (7 d), or the oral route selected for extracts administration. 

Although intraperitoneal (IP) delivery would ensure substantially higher local drug 
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exposure, the oral route was prioritized due to its non-invasiveness and greater 

translational relevance (Bajaj & Yeo, 2011; Algahtani et al., 2021).  

The high growth rate observed in the SEC generates severe cellular stress: 

proliferative regions rapidly exceed vascular supply, producing hypoxia and nutrient 

deprivation that culminate in central tumor necrosis (Lee et al., 2018). Furthermore, 

these necrotic cells contain internal molecules known as damage-associated 

molecular patterns (DAMPs). These DAMPs, normally hidden within the cell, are 

released upon membrane damage. This process promotes the activation of a pro-

inflammatory response by triggering the innate immune system (Kono & Rock 2008; 

Man & Kanneganti., 2025). The subsequent results confirm the existence of distinct 

mechanisms of action between the two extracts. The HD extract decreased the tumor 

necrotic area, suggesting a more regulated mode of cell death that is less likely to 

cause extensive DAMP release and thus may attenuate downstream immune 

activation (Kono & Rock 2008). This hypothesis is consistent with the reduced 

inflammatory infiltrate observed in the tissue. In contrast, the HX fraction seems to 

induce a more aggressive form of direct cell death, which paradoxically results in 

reduced inflammatory infiltrate despite extensive cell lysis. This effect suggests that 

HX may contain bioactive compounds capable of uncoupling cell death from the 

inflammatory response, thereby suppressing the production of pro-inflammatory 

mediators (Bagherniya et al., 2021; Agrawal et al., 2025; Li et al., 2025). Together, 

these mechanisms could explain the absence of changes in inflammatory biomarkers 

(TNF-α, IL-1β, NAG, MPO). In HD-treated tissue, this pattern is consistent with 

reduced inflammatory activation secondary to more controlled cell death, while in HX-

treated tissue, it may reflect suppression of downstream signaling, supported by the 

downregulation of Nfkb1, a key transcription factor involved in amplifying 

inflammatory responses following DAMP sensing (Liu et al., 2017). This mechanistic 

divergence is reinforced by the distinct roles of oxidative stress. The HX fraction 

exerts its effects by inducing ROS, thereby causing widespread damage to DNA, 

proteins, and lipids, which eventually leads to cell death (Niu et al., 2021; An et al., 

2024). In an attempt to resist this damage, the tumor cells activate their endogenous 

antioxidant systems, such as GSH and SOD (Liu et al., 2023; Brandl et al., 2025), 

probably overwhelming the cellular machinery and forcing a pro-oxidant state.  

Despite those differences, the necroptosis pathway was activated in tumor of 

both extract-treated groups, as evidenced by the upregulation of Ripk1 and Ripk3, 
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and downregulation of Casp8 and Bcl-2. Casp8 acts as a negative regulator of 

necroptosis, redirecting death-receptor signaling from necroptosis toward apoptosis 

(Ch’en et al., 2011; Weinlich & Green, 2014). Moreover, the intensity of Ripk1 

upregulation varied between extracts, being more pronounced in the HX treatment. 

This finding strongly corroborates the HX mechanism, as several studies have 

reported that Ripk1 activation is highly sensitive to and mainly driven by ROS and 

cellular damage (Zhang et al., 2017; Wang et al., 2022). Furthermore, both HD and 

HX extracts significantly increased Lc3b expression, indicating stress-induced 

activation of autophagy (Mizushima et al., 2008). This likely represents an adaptive 

response that ultimately fails to counterbalance the necroptotic program triggered by 

P. grandifolia extracts. Additionally, HD and HX treatments converged in their anti-

angiogenic activity, as both significantly reduced the expression of Vegf, and HX 

downregulated the hypoxia sensor Hif1α. The capacity of both extracts to block 

angiogenesis is fundamental to limit the tumor blood supply and growth potential 

(Goel & Mercurio, 2014), since angiogenesis inhibitors (rhuMAb VEGF or 

bevacizumab) have been investigated in BC therapy (Pegram et al., 2002). Finally, 

the HX fraction significantly reduced the expression of the cell cycle regulator Ccnd1 

(Cyclin D1). This comprehensive downregulation of proliferation and stress-

adaptation genes confirms the HX role as a multi-target cytotoxic agent (Qannita et 

al., 2024; Mondalto & Amicis, 2020). While the HD extract did not significantly alter 

the expression of these genes, its efficacy is less dependent on directly shutting 

down these transcriptionally controlled proliferation pathways, aligning instead with 

its strategy of modulating the TME. Furthermore, the PPI network analysis by 

bioinformatic strongly reinforces these mechanistic differences. 

To evaluate how these extracts act systemically, hematological analysis was 

performed. The HD extract-induced decrease in circulating granulocytes and 

monocytes reflects a potential selective action on the myeloid lineage or in their 

trafficking, as the absence of significant changes in other cell lineages suggests this 

is not a generalized myelosuppressive effect. Rather than representing an adverse 

effect, this response may constitute a key therapeutic mechanism: by limiting the 

availability of these precursor cells, the HD extract restricts their recruitment to the 

tumor microenvironment. This is relevant because these cells commonly differentiate 

into pro-tumoral phenotypes, including TAMs and myeloid-derived suppressor cells 

(MDSCs). MDSCs, representing neutrophil and monocyte lineages (Akkari, et al., 
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2024), actively support angiogenesis, immunosuppressive activity and immune 

evasion (Anderson & Simon., 2021; Zhao et al., 2023). Conversely, the therapeutic 

efficacy of the HX fraction appears linked to the positive modulation of the adaptive 

immune response. An increased infiltration of T cells within the TME is frequently 

associated with a favorable prognosis in cancer patients (Anderson & Simon., 2021).  

Crucially, no overt signs of toxicity were observed in the animals treated with 

either extract, as evidenced by the lack of significant changes in biochemical and 

hematological parameters, and the absence of morphological changes in organs 

analyzed. This suggests that the therapeutic effects of the HD and HX extracts are 

achieved without inducing severe systemic adverse effects. This finding is consistent 

with previous reports that have demonstrated the good safety profile of a P. 

grandifolia ethanolic-soluble fraction and methanolic extract in vivo (Sri Nurestri et al., 

2010; Rodrigues Albuquerque et al., 2023). While the present results are promising, 

further long-term studies are necessary to fully assess chronic toxicity and ensure its 

safety for translational applications. 

Despite the consistent antitumor data, this study has two main limitations: (a) 

qualitative analyses of the extracts were performed, without full characterization of 

the majority compounds present in each sample; and (b) in vivo experiments lacked 

both a standard chemotherapeutic agent (positive control), and a healthy (non-tumor 

bearing) group treated with the extract for a full assessment of systemic toxicity. The 

omission of these control groups is justified by the 3Rs principle of animal 

experimentation, specifically Reduction, and by the fact that the mechanisms and 

effects of clinically used chemotherapeutic agents are already well established. 

These limitations are the starting point for further investigations with P. grandfolia 

extracts. 

In conclusion, this study provides the first in vivo evidence that compounds 

from Pereskia grandifolia possess significant antitumor potential, with multi-target 

mechanisms. These findings strongly position P. grandifolia as a promising source of 

anticancer compounds and highlight the value of combined extract-based 

approaches. Nevertheless, further studies are needed to identify the active molecules 

and clarify their mechanisms. These distinct pharmacological profiles provide a solid 

basis for bioactivity-guided fractionation and for assessing their translational 

potential. 
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6 SUPPLEMENTARY MATERIAL 
 

Supplementary Table S1. Mobile phases and detection techniques used for thin-layer 
chromatography of P. grandifolia extracts. 

 

NEU reagent: 1% diphenylboric acid 2-aminoethyl ester in methanol. 

 

 

 

 

 

 

 
 

Metabolite Mobile Phase Detection 
Reagent Expected Result Reference 

Steroids/Triterpenes Toluene: Ethyl 
acetate (93:7) 

Vanillin–sulfuric 
acid (1%) 

Blue-violet and/or 
green bands; dark 

brown bands 
(polyphenols) 

Wagner, 1996 

Flavonoids 

Ethyl acetate: 
Formic acid: 
Glacial acetic 
acid: Water 

(100:11:11:26) 

NEU reagent 

Green and/or 
orange bands; 
red-brown or 

chestnut bands 
under UV light 

(254 nm) 

Wagner, 1996 

Tannins 

Ethyl acetate: 
Formic acid: 
Glacial acetic 
acid: Water 

(100:11:11:26) 

Ferric chloride 
(5% in ethanol) 

Blue bands 
(hydrolysable 

tannins) and/or 
red bands 

(condensed 
tannins); dark 
brown to black 

bands 
(polyphenols) 

Wagner, 1996 

Alkaloids 

Chloroform: 
Methanol 

(95:5), 
saturated with 

ammonia 

Dragendorff 
reagent Orange bands Wagner, 2006 

Coumarins Toluene: Ethyl 
acetate (80:20) 

NEU reagent and 
1N sodium 
hydroxide 

Blue fluorescent 
bands under UV 
(254 nm), with 

intensified 
fluorescence after 

NaOH 

Miguel, 2003 
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Supplementary Table S2. Primers used to perform RTqPCR in mice Ehrlich tumor samples. 
Gene Primer (Forward) Primer (Reverse) 
Rplp0 5’- TTATAACCCTGAAGTGCTCGAC 5’- CGCTTGTACCCATTGATGATG 

Hif1ɑ 5’- TGGATTTTGGCAGCGATGAC 5’- TGGCTTTGGAGTTTCCGATG 

Vegf 5’- ACTGGACCCTGGCTTTACTGCT 5’ -TGATCCGCATGATCTGCATGGTG 

Bcl-2 5’- CACTTGCCACTGTAGAGA 5’- GCTTCACTGCCTCCTT 

Ripk1 5’- TGTCTACAGCTTTGGGATCCTC 5’- TGCCTGTCACACACTGTTTC 

Ripk3 5 - GAAGACACGGCACTCCTTGGTA 5’ - CTTGAGGCAGTAGTTCTTGGTGG 

Casp8 5’- GATCCTGTGAATGGAACCTG 5’- CATCCTGACTGGCGTGAACTA 

Lc3b 5’- GTCCTGGACAAGACCAAGTTCC 5’- CCATTCACCAGGAGGAAGAAGG 

Nfkb1 5’- TGGAGGCATGTTCGGTAGTG 5’- TGCGTTGGATTTCGTGACTC 

Rplp0, ribosomal protein lateral stalk subunit P0; Hif1ɑ, hypoxia inducible factor 1 subunit alpha; Vegf, 

vascular endothelial growth factor; Bcl2, B-cell lymphoma 2; Ripk1, receptor-interacting 

serine/threonine-protein kinase 1; Ripk3, receptor-interacting protein kinase 3; Casp8, caspase-8; 

Lc3b, microtubule-associated proteins 1A/1B light chain 3B; Nfkb1: nuclear Factor Kappa B Subunit 1. 

 
Supplementary Table S3. Characterization of secondary metabolites of P. grandifolia extracts by 
thin-layer chromatography (TLC) assay. 

Samples Secondary Metabolites 

 Steroids/triterpenes Flavonoids Tannins Coumarins Alkaloids 

HD FRACTION + - - - - 

HX FRACTION + - + - - 
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Supplementary Figure S1. Assessment of inflammatory markers in Ehrlich solid tumor tissue. Panel 
A: TNF-α levels. Panel B: IL-1β levels. Panel C: N-acetylglucosaminidase (NAG) activity. Panel D: 
Myeloperoxidase (MPO) activity. Data are expressed as mean ± SEM (n = 5–7/group) and analyzed 
by one-way ANOVA followed by Bonferroni’s post hoc test. Ctrl, negative control; HD, hydroalcoholic 
extract of P. grandifolia; HX, hexane extract of P. grandifolia. 
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Supplementary Figure S2. Representative photomicrographs of liver sections from mice bearing 
Ehrlich solid tumor. Panel A: Naïve group; Panel B: Negative control group; Panel C: Hydroalcoholic 
extract of P. grandifolia (HD); Panel D: Hexane extract of P. grandifolia (HX). Liver sections were 
stained with hematoxylin and eosin (H&E). Mild and similar hepatic alterations were observed among 
groups, characterized by diffuse congestion, discrete hepatocellular vacuolization, and mild 
mononuclear inflammatory infiltrate. Scale bar = 50 μm. 
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4. CONSIDERAÇÕES FINAIS 
O presente estudo demonstrou a eficácia antitumoral das frações hexânica 

(HX) e hidroetanólica (HD) das folhas de P. grandifolia em modelos pré-clínicos de 

câncer de mama, especificamente no tumor sólido. A caracterização química 

evidenciou perfis fitoconstituintes distintos, refletindo-se na singularidade de 

mecanismos moleculares. Embora ambas as frações tenham convergido para a 

indução de morte celular por necroptose (ativação de Ripk1/Ripk3) e inibição da 

angiogênese (redução de Vegf), as vias de sinalização à montante diferiram 

substancialmente. 

A fração hidroetanólica (HD) apresentou um mecanismo de ação mais 

regulado, associado a uma menor necrose tecidual e inflamação no microambiente 

tumoral. Sistemicamente, promoveu uma redução seletiva de granulócitos e 

monócitos circulantes, sugerindo um potencial bloqueio no recrutamento de células 

da linhagem mieloide que favorecem o tumor. Em contraste, a fração hexânica (HX) 

exibiu uma ação pleiotrópica mediada por estresse oxidativo (ROS), exacerbando a 

via necroptótica. Além da citotoxicidade direta, a fração HX atuou como um agente 

multialvo, suprimindo vias cruciais de sobrevivência, hipóxia e proliferação. No 

âmbito sistêmico, observou-se linfocitose, indicando uma possível estimulação da 

resposta imune adaptativa. 

Ressalta-se que este trabalho constitui a primeira avaliação in vivo do 

potencial antitumoral da P. grandifolia, propondo mecanismos moleculares inéditos 

para sua atividade. Entretanto, algumas limitações importantes devem ser 

reconhecidas. A principal refere-se à ausência de uma caracterização fitoquímica 

quantitativa, o que impediu a correlação direta entre bioativos específicos e os 

achados biológicos descritos. Adicionalmente, o desenho experimental não 

contemplou a associação com terapias convencionais. Sendo assim, ainda se faz 

necessária a realização de ensaios de combinação com quimioterápicos (como 

doxorrubicina ou paclitaxel) para verificar a existência (ou não) de efeitos sinérgicos, 

visando potencializar a resposta terapêutica e mitigar efeitos colaterais. Dessa 

forma, investigações futuras tornam-se essenciais para preencher essas lacunas, 

ampliando a robustez dos dados e o entendimento sobre a aplicabilidade clínica da 

espécie vegetal P. grandifolia. 
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