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RESUMO  

CARVALHO, Aline Roseiro, M.Sc., Universidade Vila Velha - ES, julho de 2024. 

Influência da sazonalidade e altitude no perfil fitoquímico, antioxidante e 

citotóxico das folhas da Pereskia aculeata. Orientadora: Denise Coutinho 

Endringer. 

A Pereskia aculeata é considerada uma planta alimentícia não convencional (PANC) 

de alto valor nutricional e ação antioxidante. Entre fatores que alteram o metabolismo 

vegetativo, destaca-se a sazonalidade e altitude. Com isso o objetivo deste trabalho 

foi avaliar o perfil fitoquímico, o potencial antioxidante e citotóxico das folhas de P. 

aculeata em função da sazonalidade e altitude. Métodos: Realizou-se análise 

centesimal e quantificação de compostos fenólicos e flavonoides. A atividade 

antioxidante química foi avaliada pelos métodos 2,2-difenil-1-picril-hidrazil (DHPP), 

Ferric Reducing Antioxidant Power (FRAP) e 2,2’-azinobis - (3-ethylbenzothiazoline-

6-sulfonicacid) (ABTS), já a atividade intracelular foi constatada pela inibição de oxido 

nítrico (NO), superóxido (O2•-) e peróxido de hidrogênio (H2O2). A citotoxidade foi 

avaliada pelo método de MTT (brometo de 3 (4,5-dimetiltiazol-2-il)-2,5-

difeniltetrazólio). Resultados: As folhas frescas apresentaram alto teor de umidade 

(88,27%) no inverno, as proteínas não se mostraram influenciadas pela sazonalidade 

e os melhores valores de cinza (3,03%), lipídeos (0,72%) e proteínas (3,34%) estão 

nas altitudes medianas. Os compostos fenólicos e flavonoides não apresentaram 

influência da sazonalidade, sendo as maiores produções no verão. Os flavonoides 

apresentaram maiores produções em altitudes elevadas (1,99 mg EC g-1 MS). As 

melhores atividades antioxidantes químicas estão no verão (DPPH 2,24 µg/ml e FRAP 

0,30 µg/ml) e em altitudes medianas (DPPH 1,4 µg/ml e ABTS 0,32 µg/ml). 

Contrastando com os efeitos intracelulares que apresentaram maior redução de NO, 

O2•- e H2O2 no verão e em altitudes elevadas. Os extratos não apresentaram 

citotoxidade. Conclusão: Pode-se observar que plantas coletadas no verão e altitudes 

elevadas apresentam um melhor perfil antioxidante, não apresentando influência em 

seu perfil fitoquímico e citotóxico. 

Palavras-chaves: Pereskia aculeata, Sazonalidade, Altitude, Composição 

Centesimal, Antioxidante, Citotoxicidade.  
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ABSTRACT 

CARVALHO, Aline Roseiro, M.Sc., Universidade Vila Velha - ES, July 2024. Influence 

of seasonality and altitude on the phytochemical, antioxidant and cytotoxic 

profile ofPereskia aculeataleaves . Supervisor: Denise Coutinho Endringer. 

Pereskia aculeata is considered an unconventional food plant (UFP) with high 

nutritional value and antioxidant action. Among the factors that alter vegetative 

metabolism, seasonality and altitude stand out. The aim of this study was to evaluate 

the phytochemical profile, antioxidant and cytotoxic potential of P. aculeata leaves as 

a function of seasonality and altitude. Methods: Proximate analysis and quantification 

of phenolic and flavonoid compounds were performed. The chemical antioxidant 

activity was evaluated by the 2,2-diphenyl-1-picrylhydrazyl (DHPP), Ferric Reducing 

Antioxidant Power (FRAP) and 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonicacid) 

(ABTS) methods, while the intracellular activity was verified by the inhibition of nitric 

oxide (NO), superoxide (O2•-) and hydrogen peroxide (H2O2). Cytotoxicity was 

evaluated by the MTT method (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide). Results: Fresh leaves showed high moisture content (88.27%) in winter, 

proteins were not influenced by seasonality and the best ash (3.03%), lipid (0.72%) 

and protein (3.34%) values were at medium altitudes. Phenolic compounds and 

flavonoids were not influenced by seasonality, with the highest productions in summer. 

Flavonoids showed higher productions at high altitudes (1.99 mg EC g-1 DM). The 

best chemical antioxidant activities were in summer (DPPH 2.24 µg/ml and FRAP 0.30 

µg/ml) and at medium altitudes (DPPH 1.4 µg/ml and ABTS 0.32 µg/ml). In contrast to 

the intracellular effects that showed a greater reduction in NO, O2•- and H2O2 in 

summer and at high altitudes, the extracts did not show cytotoxicity. Conclusion: It can 

be observed that plants collected in summer and at high altitudes have a better 

antioxidant profile, with no influence on their phytochemical and cytotoxic profile. 

Keywords: Pereskia aculeata, Seasonality, Altitude, Centesimal composition, 

Antioxidant, Cytotoxicity. 
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1. CAPÍTULO 1 

1.1 INTRODUÇÃO 

A Pereskia aculeata, conhecida popularmente como “Ora-pro-nóbis”, é uma cactácea 

com grande importância alimentícia e medicinal, cuja propagação ocorre facilmente 

por estaquia caulinar ou por sementes, apresenta adaptação a climas e solos 

variados, tem baixa necessidade hídrica com rápido e vigoroso crescimento (Cunha 

et al., 2021). No âmbito medicinal a grande vantagem desta planta está na atuação 

redutiva dos processos inflamatórios, na recuperação de pele e nas ações 

antitumorais e antimicrobiana (Ortiz et al., 2023).  

No contexto nutricional ela é considerada uma planta alimentícia não convencional 

(PANC) com alto teor de proteínas, fibras, vitaminas e minerais (Moraes, 2020) cabe 

salientar que, essa cactácea possui proteína de boa qualidade com cerca de 85% de 

digestibilidade, com elevados teores de aminoácidos essenciais como a lisina, leucina 

e valina. Apresentando um importante papel na prevenção e tratamento de condições 

relacionadas a deficiências proteicas, sendo conhecida como carne verde ou carne 

dos pobres (Sommer et al., 2022).Outro aspecto positivo é à baixa quantidade de 

lipídios, podendo ser utilizadas em dietas hipocalóricas. Vale ressaltar que devido a 

sua baixa toxicidade diversas preparações podem ser produzidas e consumidas com 

suas folhas como, por exemplo, saladas, farinhas, refogados, tortas e massas 

(Francelin et al.,2018). Sendo assim, é considerada um complemento nutricional que 

contribui para o alcance das necessidades nutricionais diárias além de fornecer 

substâncias bioativas benéficas ao organismo, apresentando ações antioxidantes 

(Oliveira et al., 2019; Sato et al., 2018). 

Algumas substâncias bioativas importantes que são amplamente encontradas nos 

vegetais são os compostos fenólicos e flavonoides que apresentam ações 

antioxidante provavelmente por inibirem a peroxidação lipídica, a lipoxigenase, 

sequestrar radicais livres e quelar alguns metais (Oliveira et al., 2019). Os 

antioxidantes quando adicionados à alimentação agem reduzindo o risco de 

desenvolvimento de diversas doenças degenerativas (Garcia et al., 2019). 

É de grande importância ressaltar que toda composição química dos vegetais e 

atividade dos metabolitos podem sofrer alterações devido a diversos fatores, como 

por exemplo a sazonalidade climática e variações de altitude. Vargas et al.,(2017) 

relata que a ocorrência dessas alterações geralmente se justifica por diversos fatores 
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distintos às estações do ano como, por exemplo, temperatura, umidade, luz, 

incidência de pragas e disposição de minerais no solo. Enquanto a altitude tem uma 

influência direta sobre fatores como a temperatura, radiação, padrão de distribuição 

de chuvas, composição dos solos e na pressão parcial dos gases, fatores estes que 

interferem diretamente na velocidade das reações enzimáticas, que afetam processos 

relevantes como a respiração e fotossíntese das plantas (Portella, 2021.) 

Por essa razão, tornam-se fundamental, estudos que realizem uma análise química, 

bioativa e citotóxica da Ora-pro-nóbis evidenciando a influência que a sazonalidade e 

altitude exercem sobre suas características. Tal conhecimento viabiliza traçar 

processos biotecnológicos para desenvolver genótipos otimizados em diferentes 

climas e regiões que levem em consideração as características edafoclimáticas. 

Esses dados também podem ajudar a orientar os agricultores e selecionar cultivares 

mais adequados, bem como fornecer informações sobre estratégias para programas 

de melhoramento genético. 

A fim de explorar a influência da sazonalidade e altitude sobre o perfil fitoquímico, 

antioxidante e citotóxico das folhas da P. aculeata o objetivo deste trabalho foi realizar 

um estudo comparativo considerando essas variantes.  

1.2 REFERENCIAL TEÓRICO 

1.2.1 Biodiversidade da vegetação no Brasil 

O Brasil apresenta uma grande extensão territorial que engloba diversas zonas 

climáticas o que por sua vez favorece o desenvolvimento das mais vastas espécies 

de vida. A biodiversidade brasileira é composta por mais de 46mil espécies vegetais 

atualmente conhecidas e distribuídas em todos os seis biomas do país: Amazônia, 

Caatinga, Cerrado, Mata Atlântica, Pampa e Pantanal (Brasil, 2022). A flora brasileira 

se destaca com importante papel nas indústrias de alimentos, cosméticos, herbicidas 

e como a principal fonte renovável para o desenvolvimento de novos fármacos. O 

potencial químico bem como a diversidade estrutural das substâncias naturais 

encontradas nas plantas brasileiras tem recebido atenção especial dos pesquisadores 

que buscam contribuir com o avanço da ciência e da tecnologia (Filho, 2010). 

1.2.2 Plantas Alimentícias não convencionais - PANC 

Existem inúmeras plantas que ainda não foram completamente estudadas pela 

comunidade técnico-científica e exploradas pela sociedade, algumas são 
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denominadas plantas alimentícias não convencionais (PANC) e o fato de não serem 

completamente conhecidas pela sociedade resulta em um consumo regional e 

limitado (Brasil, 2010). O Brasil apresenta uma matriz agrícola de monoculturas e 

padrões alimentares industrializados, e esses fatores também contribuem para o 

desconhecimento e a não utilização de diversas espécies botânicas nativas que 

apresentam relevante potencial econômico e nutricional (Paschoal et al., 2016).                                                                                  

No Brasil existem cerca de 3 mil espécies documentadas de PANC e 

internacionalmente elas são conhecidas como espécies negligenciadas ou 

subutilizadas (Neglected and Underutilized Species – NUS), onde os estudos estão 

relacionados à Segurança Alimentar e Nutricional (SAN) e a estratégias de combate 

à fome e pobreza (Oliveira et al., 2018; Liberato et al., 2019). 

As PANCs são consideradas alimentícias pois possuem partes que podem ser 

introduzidas na alimentação humana como, por exemplo, as raízes, tubérculos, 

rizomas, talos, flores, folhas, frutos, bulbos e sementes. Porém, geralmente, não estão 

inseridas no cardápio convencional de determinadas populações (Kinupp et al.,2007).   

Elas apresentam um aproveitamento total ou parcial e não são difíceis de serem 

encontradas, normalmente são vistas em quintais e terrenos abandonados sendo 

geralmente confundidas com matos ou ervas daninhas (Pereira et al., 2020).  

Essas plantas contribuem para a biodiversidade alimentar, para o fortalecimento da 

segurança alimentar e nutricional (SAN), para geração de renda e sustentabilidade 

(Jacob, 2020).  

Sendo assim as PANCs caracterizam-se como uma ótima alternativa para melhorar 

qualitativamente a alimentação da população de baixa renda, visto que, são baratas, 

de fácil cultivo e geralmente apresentam valores nutricionais e compostos bioativos 

eficazes terapeuticamente no tratamento de diversas doenças e na manutenção do 

organismo (Moraes et al.,2020). 

Seu consumo geralmente está associado a benefícios que promovem proteção à 

saúde, tendo efeitos antioxidantes, anti-inflamatórios, antimicrobianos e 

anticancerígenos, que são atribuídos aos constituintes fitoquímicos presentes nessas 

plantas, como compostos fenólicos, vitaminas, carotenoides, flavonoides e minerais 

(Oliveira, et al., 2019(a)). As PANCs geralmente apresentam teores de nutrientes 

significativamente maiores que as plantas convencionais, com isto, uma dieta 

contendo tais hortaliças pode fornecer maior valor nutricional referente aos macros e 

micronutrientes (Rodrigues et al., 2018). 
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Vale ressaltar que a utilização das PANCs faz parte da cultura, das práticas agrícolas 

e da identidade das muitas regiões do planeta, com isso a utilização do termo pode 

variar de região para região, ou seja, determinada planta pode ou não ser 

convencional em determinada região, por exemplo, plantas amazônicas não são 

convencionais para um paulista, porém são convencionais para um morador de Belém 

ou Manaus (Ranieri, 2017). 

Dentre as PANCs a P. aculeata vem se destacando com cada vez mais visibilidade 

por possui propriedades fitoterápicas, elevado valor nutricional e ser de fácil cultivo 

(Vargas et al., 2017). 

1.2.3 Ora-pro-nóbis  

A P. Aculeata popularmente conhecida como Ora-pro-nóbis, expressão que vem do 

latim e significa “Rogai por nós”, é um vegetal que apresenta a seguinte classificação 

taxonômica: reino Plantae, classe Magnoliopsida, ordem Caryophyllales, família 

Cactaceae, gênero Pereskia e espécies Pereskia aculeata Miller e Pereskia grandifolia 

How (Almeida et al., 2014)  

Seu cultivo é fácil e simples, com elevada produtividade, fácil propagação e adaptação 

em diferentes climas e solos variados, apresenta resistência à elevadas temperaturas, 

pouca tolerância ao encharcamento do solo conferindo baixa necessidade hídrica, 

baixa incidência de pragas e baixa necessidade de fertilização. Possui folhas 

desenvolvidas, suculentas, lisas, largas, com coloração verde-escura, medindo cerca 

de 10 cm de comprimento, suas flores são pequenas e brancas com centro alaranjado, 

os frutos também são pequenos e amarelados, e em seu caule existe a presença de 

pseudo espinhos (Figura 1), (Silva et al., 2017; Moraes et al., 2019). 

Figura 1 – Pereskia aculeata Miller 
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Sua floração acontece entre os meses de janeiro e abril, enquanto a formação dos 

frutos ocorre entre junho e julho (Rodrigues et al., 2019). 

A Ora-pro-nóbis possui características de trepadeira, sendo uma planta perene, com 

crescimento típico de arbusto e originaria das Américas. Nacionalmente pode ser 

encontrada nas regiões Sudeste, Sul, partes da região nordeste e Centro-Oeste, 

especialmente na região de Minas Gerais em Sabará, onde seu consumo é bastante 

famoso e, provavelmente, já é considerado convencional. A depender das regiões 

pode ser conhecida popularmente como cereja-de-barbados, lobrobó, cipósanto, 

trepadeira-limão, groselha-da-américa, espinho-de-santo-antônio e rosamadeira 

(Figura 2), (Moraes et al., 2019; Ranieri, 2017). 

Figura 2 – Distribuição geográfica do gênero Pereskia no Brasil 

 

 

Em relação ao seu consumo torna-se relevante evidenciar que suas folhas são ricas 

em proteínas de boa digestibilidade, aminoácidos essenciais (lisina, leucina e valina), 

minerais (cálcio, magnésio, manganês, zinco e ferro), vitaminas (A, C e ácido fólico) e 

compostos bioativos com ação antioxidante (Lago et al., 2019). Seu consumo regular 

contribui significativamente para evitar e prevenir uma série de distúrbios crônico-

degenerativos, por meio de sua atividade antioxidante, anti-inflamatória e antitumoral 

(Francisco, 2018).  
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A ausência de toxicidade e o elevado teor de proteínas das folhas vem elevando o 

uso da espécie nas indústrias farmacêuticas, alimentícias e tecnológicas (Silva et al., 

2017; Amaral, 2018).  

Dessa forma, pode-se perceber o grande potencial da P. aculeata frente a uma 

nutrição alternativa, complementar e econômica (Cruz et., al., 2020). 

1.2.4 Composição Nutricional   

A composição nutricional de um alimento é essencial para entender o seu valor 

nutricional. Ela abrange as quantidades de macro e micronutrientes presentes neste 

alimento, ou seja, verifica a quantidade de carboidratos, proteínas, lipídios, vitaminas, 

minerais, fibras e água contidas neste alimento (Primitivo et al., 2022). Uma das 

formas de identificação da composição nutricional dos alimentos é a análise da 

composição centesimal, que é uma ferramenta fundamental na avaliação da qualidade 

nutricional dos alimentos que expressa a proporção dos nutrientes em relação ao peso 

de 100g do produto analisado (Siqueira et al., 2023).  

O conhecimento sobre a composição nutricional dos alimentos consumidos é de suma 

importância para a realização de uma orientação nutricional eficaz baseada na 

utilização de elementos visando o desenvolvimento local e diversificação da 

alimentação, em contrapartida proporcionando a massificação de dietas monótonas e 

desequilibradas (Taco, 2011). 

A identificação da composição centesimal pode ser realizada através de diversos  

métodos como o de GoldFish para quantificação de lipídios usando como liquido 

extrator hexano ou éter de petróleo, umidade em estufa ventilada, minerais por 

incineração e proteínas pelo método Kjedahl (Aoac, 2019). 

Esta composição também sofre variações devido a inúmeros fatores internos e 

externos a planta, como por exemplo, origem e localização geográfica, métodos de 

cultivos, processamentos industriais e fatores ambientais como as variações 

climáticas. Essas variações acarretam implicações diretas na segurança alimentar e 

nutricional da população (Vargas et al.,2017).  

A P. aculeata tem sido objeto de diversos estudos devido ao seu significativo valor 

nutricional. As análises de sua composição nutricional revelaram um perfil rico em 

proteínas de alta qualidade por apresentarem excelente digestibilidade e presença de 

aminoácidos essenciais, como lisina e triptofano, fibras dietéticas, vitaminas (como A, 

C e do complexo B) e minerais (incluindo cálcio, ferro e magnésio), identificando assim 
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notáveis propriedades nutricionais (Sommer et al., 2022). Além disso, destacasse a 

presença de compostos fenólicos, flavonoides e carotenoides, contribuindo 

significativamente para a saúde cardiovascular, a melhoria do sistema imunológico e 

a prevenção de doenças crônicas, evidenciando um relevante potencial como um 

alimento funcional promissor possivelmente ocasionado devido à presença desses 

compostos bioativos (Nogueira et al., 2023). 

1.2.5 Atividade Antioxidante 

Os compostos bioativos antioxidantes são metabolitos oriundos do metabolismo 

secundário das plantas, definidos como quaisquer substâncias químicas presentes 

nos alimentos que retarda, previne ou remove o dano oxidativo para uma molécula 

alvo. Fazem parte desses compostos uma variedade de moléculas, como os 

polifenóis, carotenoides, flavonoides, ácidos graxos ômegas, fitoesteróis, ácido 

ascórbico entre outros (Gulcin, 2020). E estes apresentam inúmeras propriedades 

benéficas ao organismo como, por exemplo, atividades antioxidantes, antitumorais, 

anti-inflamatórias, antifúngicas, antibactericidas entre outras (Souza et al., 2016; Pinto 

et al., 2015; Pinto et al., 2016). 

Garcia et al. (2019) analisando as folhas da Ora-Pro-Nóbis advindas da região de 

Joinvile, Santa Catarina encontraram a presença de diversos compostos fenólicos, 

como por exemplo, derivados do ácido cafeico e flavonoides derivados de glicosídeo 

de quercetina, kaempferol e isorhamnetina, sendo o Ácido Cafeico correspondente a 

49% do conteúdo total de fenólicos. Em contrapartida Souza (2014) ao analisar os 

fenólicos do extrato de folhas secas da Ora-Pro-Nóbis cultivadas na região de Viamão, 

Rio Grande do Sul (30°7'16.17"S 51°05'09.12"O) verificou a presença do Ácido 

Clorogênico, Ácido P-cumárico e do Ácido Ferúlico. A presença desses ácidos 

hidroxicinâmicos e seus derivados nas amostras indica que elas podem possuem uma 

alta atividade antioxidante, embora seja necessária a realização de mais análises 

comprobatórias. 

A atividade antioxidante desses compostos é particularmente uma propriedade 

importante, pois ajuda a reduzir os danos oxidativos que todos os componentes 

celulares estão sujeitos a sofrer. As proteínas, os lipídios e os ácidos nucleicos são 

exemplos relevantes de moléculas que apresentam alterações funcionais quando 

oxidadas por agentes causadores de danos oxidativos como os radicais livres (Cetin 

Cakmak & Gulcin, 2019; Huyut et al., 2017; Oztaskin et al., 2017). 
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Os radicais livres, por definição, são átomos ou moléculas altamente reativas, que 

contêm número ímpar de elétrons na última camada eletrônica e este não 

emparelhamento de elétrons da última camada é que lhes confere esta alta 

reatividade, tornando-os ávidos por retornar ao estado de equilíbrio eletrônico. Os 

compostos bioativos com atividade antioxidante participam desta reação química 

através da doação de elétrons proporcionando o emparelhamento dos elétrons 

permitindo que ele retorne ao estado de equilíbrio eletrônico (Liguori et al., 2018; 

Gulcin, 2012) 

Diversas são as metodologias existentes para identificar a presença desses 

compostos bioativos e avaliar a atividade antioxidante dessas substâncias. Métodos 

químicos e biológicos são amplamente empregados para determinar a capacidade 

antioxidante das amostras, visando compreender seu papel na prevenção de doenças 

relacionadas ao estresse oxidativo. Os métodos químicos frequentemente utilizados 

para mensurar a atividade antioxidante das plantas são descritos por meio de técnicas 

espectrofotométricas como DPPH e ABTS que baseiam-se no mecanismo de ação 

relacionado ao sequestro dos radicais livres, e o FRAP que está relacionado ao 

mecanismo de redução férrica (Alves, 2020).   

O DPPH é um método que tem como base a redução da absorbância a 517nm do 

radical DPPH por antioxidantes presentes nas amostras (Kim et al.,2002 e Moraes et 

al., 2020). A concentração necessária do antioxidante para reduzir 50% do radical livre 

DPPH denomina-se IR50 sendo que quanto menor o IR50, maior a atividade 

antioxidante das amostras (Dorman et al., 2003).  Já o ABTS é um ensaio que age por 

meio da reação com persulfato de potássio com absorbâncias de 734nm. Com a 

adição de um antioxidante, ocorre a redução do ABTS+ a ABTS promovendo a perda 

da coloração do meio reacional, apresentando uma coloração azul esverdeado 

(Henriquez et al., 2002). O FRAP se baseia na habilidade que os antioxidantes 

apresentam de reduzirem, em meio ácido, o complexo Fe3+/tripiridiltriazina (TPTZ), 

para formar Fe2+, de intensa cor azul (Ferreira et al., 2016). 

Quando se almeja analisar a biologia celular os métodos químicos utilizados 

isoladamente não são os mais indicados, visto que não predizem as reações 

biológicas que ocorrem de forma intracelulares, os mecanismos envolvidos com as 

ações antioxidantes a nível intracelular geralmente estão ligados a mecanismo 

enzimáticos, através da ação das enzimas superóxido dismutase, catalase e 

glutationa peroxidase, essas enzimas podem atuar prevenindo e/ou controlando a 
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formação de radicais livres e, por consequência, a ocorrência dos danos oxidativos 

(Alves, 2020).  

Dentre os metodos existentes para avaliação da atividade antioxidante intracelular 

podemos citar os ensaios de quantificação dos radicais livres Superóxido e Óxido 

Nítrico. Além dos ensaios com o Peróxido de hidrogênio que avaliam os danos que 

este composto pode acarretar as linhagens de células testadas (Peisino, 2018). 

Embora o peróxido de hidrogênio não seja um radical livre, exerce um papel 

importante no quadro de estresse oxidativo por ser capaz de transpor as membranas 

celulares e facilmente se converter em um radical hidroxil, sendo esta propriedade seu 

maior efeito deletério as células (Cercato, 2021). 

1.2.6 Citotoxidade  

Os métodos de culturas celulares representam uma importante contribuição para 

estudos de absorção, metabolismo e toxicidade, de diferentes substâncias (Trotter et 

al., 1993; De Angelis et al., 1994 e During et al., 2004). 

A citotoxicidade da P. aculeata comumente é avaliada por meio do ensaio 

colorimétrico MTT [brometo de 3-(4,5-dimetiltiazol-2-yl)-2,5-difeniltetrazólio] para a 

determinação da viabilidade celular. Este ensaio avalia a viabilidade celular baseado 

em uma reação colorimétrica onde o MTT penetra nas mitocôndrias metabolicamente 

viáveis sendo clivado pela enzima succinato desidrogenase (NADPH), gerando 

cristais de formazana. A formação desses cristais é diretamente proporcional ao 

número de células viáveis do experimento (Garcia et al., 2015).  

Silva et., al., (2017) em pesquisa sobre a tocixidade da P. aculeata relataram baixa 

toxicidade da planta quando administrada por via oral enquanto Maciel et., al., (2023) 

em pesquisas com as linhagens celulares epiteliais Queratinocitos (HaCaT) e 

Fibroblastos (L929), encontraram viabilidade celular acima de 70% em todas as 

concentrações testadas. O que Segundo a ISO 10993-5 (2009) é um achado 

favorável, visto que uma amostra tem efeito citotóxico quando apresenta redução da 

viabilidade celular em mais de 30%, o que não foi observado neste estudo para 

nenhum dos extratos, onde a viabilidade foi mantida acima de 70%.  

1.2.7 Sazonalidade e Altitude  

Podemos evidenciar uma importante relação entre a sazonalidade e as variações de 

altitude, isso porque a altitude influencia diretamente no controle e nos padrões de 
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diversos fatores sazonais, como por exemplo, na amplitude térmica diária, na 

alteração dos níveis de precipitação, na velocidade dos ventos, na qualidade e 

composição química do solo, na pressão atmosférica, na condição da cobertura de 

nuvens e na intensidade de radiação. Um dos principais fatores sazonais de grande 

importância que sofre influência das variações de altitude é a temperatura, que 

geralmente tende a decrescer à medida que a altitude aumenta.  

Esses fatores quando associados podem alterar os aspectos morfológicos, 

fisiológicos, e genéticos das plantas, seu crescimento e desenvolvimento ótimo só 

podem ser alcançados se os diversos processos envolvidos no metabolismo e no 

desenvolvimento estiverem em harmonia (Portella,2021).  

Todos esses ajustes pelos quais as plantas passam com a finalidade de evitar, tolerar 

e até mesmo resistir a presença dessas adversidades encontradas no meio, produzem 

alterações não somente em sua composição, mas também no seu nível de atividade 

produtiva dos metabolitos primários e secundários, conhecidos como compostos 

fitoquímicos, (Souza & Luttge, 2015 e Figueiredo, 2010). 

Gobbo-Neto e Lopes (2007) apontam variações acarretadas pela sazonalidade na 

produção de praticamente todas as classes de metabolitos secundários, como por 

exemplo, óleos essenciais, ácidos fenólicos, saponinas, flavonoides, alcaloides entre 

outros. Segundo Figueiredo (2010) a produção desses metabólicos realmente é 

influenciada por diversos fatores como as variações climáticas e fatores ambientais. 

As alterações nos metabolismos das plantas evidenciadas nas diversas variações de 

altitudes e estações do ano ocorrem não somente pelo fato de que os compostos 

fenólicos são agentes de defesa produzidos pelas plantas contra vários tipos de 

estresses caudados por patógenos ou condições ambientais adversas, como o 

estresse oxidativo. Mas também pelo fato de que as funções metabólicas das plantas 

se encontram em plena atividade a partir da primavera até final do verão, período de 

desenvolvimento vegetativo e reprodutivo das plantas, neste período ocorre uma 

grande síntese e armazenamento dos compostos bioativos, que por consequência, 

melhora a atividade antioxidante das plantas (Sartoretto,2020). 
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1.3  OBJETIVOS 

1.3.1 Objetivo Geral 
 

Avaliar a influência da sazonalidade climática e diferentes altitudes no perfil 

fitoquímico, antioxidante e citotóxico das folhas da P. aculeata. 

1.3.2 Objetivos Específicos 

 

A – Identificar a composição centesimal quantificando umidade, cinzas, proteínas e 

lipídeos por métodos específicos; 

B – Quantificar o conteúdo de compostos fenólicos e flavonoides utilizando métodos 

colorimétricos; 

C – Avaliar a atividade antioxidante química através dos ensaios de FRAP, DPPH, 

ABTS; 

D – Avaliar a atividade antioxidante biológica por meio dos ensaios de quantificação 

de redução de Óxido Nítrico, Superóxido e Peróxido de Hidrogênio em linhagens 

celulares de macrófagos murinos RAW 264.7; 

E –Identificar a citotoxidade por meio do ensaio MTT com linhagens celulares de 

fibroblastos L929 e macrófagos murinos RAW 264.7 
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HIGHLIGHTS  

• Centesimal composition is not significantly influenced by seasonality; 

• During the summer and at high altitudes, they have better antioxidant activity; 

• Total phenolic compounds were not influenced by seasonality and altitude; 

• Seasonality and altitude do not influence the plant's cytotoxic profile. 
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2. 1 ABSTRACT 

Pereskia aculeata is an unconventional food plant with high nutritional value and antioxidant 
action. Seasonality and altitude are among the factors that alter vegetative metabolism. This 
study aimed to evaluate the phytochemical profile, antioxidant, and cytotoxic potential of P. 
aculeata leaves as a function of seasonality and altitude. Methods: Centesimal analysis 
(moisture, ash, proteins, and lipids) was carried out using specific methods, and phenolic 
compounds and flavonoids were quantified using colorimetric methods. Chemical antioxidant 
activity was measured using the 2,2-diphenyl-1-picrylhydrazyl (DHPP), Ferric Reducing 
Antioxidant Power (FRAP) and 2,2'-azinobis - (3-ethylbenzothiazoline-6-sulfonicacid) (ABTS) 
methods, and intracellular activity was verified through the inhibition of nitric oxide (NO), 
superoxide (O2--) and hydrogen peroxide (H2O2). Cytotoxicity was assessed by MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). Results: The fresh leaves had a high 
moisture content of 88.27% in winter, the proteins were not influenced by seasonality, and the 
best values for ash (3.03%), lipids (0.72%), and proteins (3.34%) were in the middle latitudes. 
Seasonality did not influence Phenolic compounds and flavonoids, but the highest yields were 
in summer. Flavonoids showed higher production at higher altitudes (1.99 mg EC g-1 MS). 
The best chemical antioxidant activities are in summer (DPPH 2.24 µg/ml and FRAP 0.30 
µg/ml) and at medium altitudes (DPPH 1.4 µg/ml and ABTS 0.32 µg/ml). In contrast to the 
intracellular effects, there is a more significant reduction in NO, O2-- and H2O2 in summer and 
at high altitudes. The extracts showed no cytotoxicity. Conclusion: Plants harvested in the 
summer and at high altitudes showed the best antioxidant profile, with no influence on the 
other profiles. 

Keywords: Pereskia aculeata, Seasonality, Altitude, Centesimal Composition, Antioxidant, 
Cytotoxicity.  
 

2.2 INTRODUCTION 

Pereskia aculeata, popularly known as "Ora-pro-nóbis," is a cactaceous plant with great food 

and medicinal importance, which propagates easily by stem cuttings or seeds, adapts to varied 

climates and soils, has low water requirements, and grows quickly and vigorously. [1]. In the 

medicinal field, this plant's great advantage lies in its ability to reduce inflammatory processes 

and recover skin. It also has anti-tumor and anti-microbial properties [2].  

In the nutritional context, it is considered an unconventional food plant with a high content of 

protein, fiber, vitamins, and minerals [3] it should be noted that this Cactaceae has good quality 

protein with around 85% digestibility, with high levels of essential amino acids such as lysine, 

leucine and valine. It plays a vital role in the prevention and treatment of conditions related to 

protein deficiencies and is known as green meat or meat of people with low incomes [4]. 

Another positive aspect is its low lipid content, which can be used in low-calorie diets. Due to 

its low toxicity when ingested orally, various preparations can be produced with its leaves, such 

as salads, flours, stews, pies, and pasta [6]. As such, it is considered a nutritional supplement 

that contributes to meeting daily nutritional needs and provides bioactive substances that 

benefit the body, showing antioxidant actions [7,8]. 

Some important bioactive substances widely found in vegetables are phenolic compounds and 

flavonoids. These have antioxidant action by inhibiting lipid peroxidation and lipooxygenase, 

sequestering free radicals, and chelating some metals. When added to the diet, antioxidants 

reduce the risk of developing various degenerative diseases [9]. 
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It is important to note that various factors, such as seasonality and altitude, can alter all this 

chemical composition and metabolite activity. Vargas [10] reports that these changes are 

generally due to various factors other than the seasons, such as temperature, humidity, light, 

the incidence of pests, and the arrangement of minerals in the soil. At the same time, altitude 

directly influences factors such as temperature, radiation, rainfall distribution patterns, soil 

composition, and the partial pressure of gases. These factors directly interfer with the speed 

of enzymatic reactions, which affect relevant processes such as plant respiration and 

photosynthesis [11]. 

For this reason, studies that carry out a chemical, bioactive and cytotoxic analysis of Ora-pro-

nóbis highlighting the influence that seasonality and altitude have on its characteristics, are 

essential. This knowledge makes it possible to design biotechnological processes to develop 

genotypes optimized for different climates and regions, considering soil and climate 

characteristics. This data can also help farmers produce and select more suitable cultivars and 

provide information on strategies for genetic improvement programs. 

The aim of this work was to conduct a comparative study considering the summer and winter 

climatic seasons when collecting plant material at three different altitudes to explore the 

influence of seasonality and altitude on the phytochemical, antioxidant, and cytotoxic profile of 

P. aculeata leaves. 

2.3 MATERIALS AND METHODS 

2.3.1 Plant material and preparation of extracts   

The leaves of P. aculeata were collected during the summer and winter seasons, in January 

and July 2023, in three municipalities in Espírito Santo at different altitudes: Rio Novo do Sul, 

Cariacica and Domingos Martins. The geographical coordinates were 20°52'17.8"S 

40°56'48.8"W, 14m above sea level; 20°15'08.8"S 40°25'40.4"W, 76m above sea level and 

20°21'47.4"S 40°38'20.2"W, 295m above sea level, respectively. The species were identified 

and deposited in the VIES Herbarium of the Federal University of Espírito Santo and all the 

experiments were carried out in the Laboratories of the Biopráticas Complex of the Vila Velha 

University (20°21'01"S 40°18'02"W). 

To prepare the ethanolic extracts, the plant material was sanitized, weighed, and macerated 

with the extracting solvent 70% ethanol in a ratio of 1:10. The extract was then vacuum filtered, 

rota evaporated, and freeze-dried to obtain the dry matter. The freeze-dried extracts were then 

resuspended according to the specific methods of each methodology used. 

2.3.2 Determining the centesimal composition  

The centesimal characterization was carried out on the fresh samples, and all the analyses 

were carried out in triplicate, with the results expressed in a sample of 100 g. Moisture content 

was analyzed using the gravimetric method with oven drying at 105 °C. Ash quantification was 

determined by gravimetry after calcification in a muffle furnace at 550 °C. The protein content 

was determined by the Kjeldahl method, and then the total nitrogen result in crude protein 

using a factor of 6.25 [12] Total lipids were determined using the Goldfish method according 

to the methodology of the Adolfo Lutz Institute [13]. 

2.3.3  Determination of phenolic compounds and flavonoids 

The phenolic compounds were determined according to the methodology used by Krepsky et. 

al., [14] with modifications for use in 96-well microplates. To carry out the analysis, 25 μl of 
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each extract (3,000;1,500; 0,7500; 0,3750; 0,1875; 0,0938; 0,0469; 0,0234 µg/ml) and 10 μl 

of 10% Folin Ciocalteu plus 215 μl of 7.5% sodium carbonate were pipetted and after 3 

minutes, the absorbance was read at a wavelength of 715 nm in ELISA. The blank was 

analyzed with methanol, the gallic acid standard curve was used to express the results in 

milligram equivalents of gallic acid per gram of sample and all the analyses were carried out 

in triplicate. 

Flavonoid determinations were also carried out according to the methodology used by Krepsky 

et. al., [14] with modifications for use in 96-well microplates. To carry out the analysis, 180 μl 

of the extract and 15 μl of 2.5% NaNO 2 were pipetted in. After six minutes, 15 μl of 10% AlCl 

3 were added and after five minutes, 50 μg of 1M NaOH were added. After 10 minutes, the 

ELISA was read at a wavelength of 415 nm. In this analysis, the standard curve with quercetin 

was used to express the results in milligram equivalents, and all the analyses were carried out 

in triplicate. 

2.3.4  Chemical tests to determine antioxidante activity  

    

Ferric reducing antioxidant power test - FRAP 

The FRAP assay was carried out by pipetting 30 μL of the extracts at different concentrations 

and adding 270 μL of the FRAP reagent. After 10 minutes of reaction, the absorbance was 

read at a wavelength of 595 nm in ELISA. The results were expressed as IR50 (minimum 

concentration needed to reduce 50% of the reagent). Methanol was used as a blank. All 

experiments were carried out in triplicate, and the data is representative of at least three 

independent experiments [15]. 

DPPH radical scavenging test 

To carry out the DPPH test, 20μl of each extract at different concentrations and 280 μl of DPPH 

radical were pipetted into a 96-well microplate. After 60 minutes, the results were read at a 

wavelength of 517 nm using ELISA. The results were expressed as milligrams of gallic acid 

equivalents per gram of sample and as the IR50 (minimum concentration needed to reduce 

50% of the free radical). Methanol was used as a blank all experiments were carried out in 

triplicate and the data is representative of at least three independent experiments [16]. 

Cationic radical scavenging test - ABTS 

The ABTS assay was carried out by pipetting 30μl of each extract at different concentrations 

into a 96-well microplate and adding 270 μl of the ABTS radical. After 6 minutes, the 

absorbance was read at a wavelength of 734 nm in ELISA. The results were expressed as 

IR50 (the minimum concentration needed to reduce 50% of the free radical). Methanol was 

used for the blank. All experiments were carried out in triplicate, and the data is representative 

of at least three independent experiments [16]. 

2.3.5  Cell Lineages and Cell Culture 

The cell lines used were L929 Fibroblasts and RAW 264.7 Murine Macrophages, cultivated in 

Dulbecco's Modified Eagle Medium (DMEM), supplemented with 10% Fetal Bovine Serum and 

1% antibiotics (Penicillin and Streptomycin) and kept in a humidified incubator at 37º C with a 

5% CO2 atmosphere. Cell passages were carried out every 2 or 3 days when approximately 
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80% confluence was observed. Once the cells were mature, the intracellular experiments were 

carried out. 

  

    2.3.6  Cell Viability Test ( MTT) 

Cell viability was determined using the colorimetric MTT reduction method proposed by 

Mosmann [17]. The L929 and RAW 264.7 cells were incubated for 24 hours in 96-well plates. 

After observing cell confluence, 50 µL of different concentrations of samples (1500, 750, 375, 

187.5 µg/ml) were added and again incubated for 24 hours at 37 °C in an atmosphere of 5% 

CO2. On the third day, the supernatant was removed, and 100 µL of MTT was added and 

incubated again for 2 hours then the MTT was aspirated, and 100 µL of dimethylsulfoxide 

(DMSO) was added to dissolve the formazan crystals for 3 minutes on a plate shaker. The 

reading was measured at a wavelength of 595 nm in ELISA. The experiments were carried out 

in triplicate, and the data represented at least three independent experiments conducted with 

a control group. 

2.3.7 Biological tests to determine antioxidante activity 

Determination of Nitric Oxide in RAW 264.7 

Nitrite was measured to indicate nitric oxide production in RAW 264.7 macrophages activated 

by lipopolysaccharides (LPS). The cells were cultured and incubated for 24 hours at 37º C with 

5% CO2 until approximately 80% confluence. The following day, the cells were exposed to the 

best concentration of the samples identified by the % cell viability (187.5 µg/ml) 60 minutes 

before the addition of LPS. After 24 hours, 50 µl of the supernatant was removed, to another 

plate and used to quantify nitrite concentrations using the Griess reaction [17]. To this 

supernatant was added 50 µl of the 1:1 Griess reagent made up of 1% sulfanilamide in 5% 

phosphoric acid (SULFA) and 0.1% naphthyl ethylenediamine dihydrochloride in water 

(NEED). After 10 minutes, the ELISA was read at a wavelength of 540nm. The nitrite 

concentration was calculated by linear regression using a standard sodium nitrite solution [19]. 

The experiments were carried out in triplicate, and the data is representative of at least three 

independent experiments. 

Determination of Superoxide Radical in RAW 264.7 

The superoxide radical quantification test was carried out to determine the inhibitory effect of 

the extracts on superoxide radical production in RAW 264.7 macrophages activated by 

lipopolysaccharide (LPS). The cells were cultured and incubated for 24 hours at 37º C with 5% 

CO2 until approximately 80% confluence. The following day, the cells were exposed to the best 

concentration of the samples identified by the % cell viability (187.5 µg/ml) 60 minutes before 

the addition of LPS. After 24 hours, the supernatant was removed and 50 µL of nitrobenzyl 

tetrazolium chloride (NBT) (1 mg/ml) was added to all wells and incubated for 2 hours. After 

this incubation period, the cells were washed twice with 200 µL of methanol and incubated for 

10 min in a ventilated oven at 37°C to dry. After 10 minutes of incubation, the formazan crystals 

formed were dissolved with 120 µL of 2M potassium hydroxide (KOH). The plate was placed 

on a shaker for 3 minutes, then 140 µL of DMSO was added and shaken for another 5 minutes. 

Reading was carried out at a wavelength of 630nm in ELISA and the experiments were carried 

out in triplicate and the data is representative of at least three independent experiments [18,19]. 

Determination of Hydrogen Peroxide Radical in RAW 264.7 
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With modifications, the hydrogen peroxide radical (H2O2) quantification test was carried out 

to determine the inhibitory effect of the extracts on the damage caused by this radical in RAW 

264.7 macrophage cells. The cells were grown and plated in 96-well cell culture plates and 

incubated for 24 hours at 37º C with 5% CO2 until approximately 80% confluence. The following 

day, the cells were exposed to H2O2, followed by adding the best concentration of the samples 

identified through the % cell viability generated (187.5 µg/ml) and incubated for 24 hours. Cell 

viability was assessed on the third day after incubation using the abovementioned MTT 

colorimetric method. The reading was taken at a wavelength of 595 nm in ELISA. The 

experiments were carried out in triplicate, and the data represent at least three independent 

experiments [20,21]. 

2.3.8 Statistical analysis 

The program used for the analyses was IBM SPSS Statistics version 24. The Shapiro and Wilk 

test was used to check whether the probability distribution was normal. The Student's t-test for 

paired samples compared the measurements analyzed between the seasonal periods for each 

altitude and total. ANOVA for independent samples and Tukey's multiple comparisons 

compared the measurements analyzed between altitudes for each collection season and total. 

The alpha level of significance used in all analyses was 5%. 

2.4 RESULTS 

2.4.1  Centesimal composition  

The centesimal characterizations of P. aculeata leaves were carried out on a wet basis, which 

means that the results are expressed using the water content present in the plant to get as 

close as possible to the natural form in which the plants are consumed. All the centesimal 

measurements showed statistically significant differences (p-value ≤ 0.050) between the 

regions collected according to the seasons (Table 1). However, analyzing the total values that 

express the averages of the regions according to seasonality, we observed that only humidity 

showed a significant difference, with a value of 88.27% in the winter collection. It is worth noting 

that protein was the only measurement that did not show a significant difference in any of the 

seasons evaluated, but the highest averages were found in the summer collections (CA: 

3.44%; DM: 2.63% and RN: 3.07%).  

 

TABLE 1: COMPARISON OF CENTESIMAL COMPOSITION MEASUREMENTS OF P. 
ACULEATA LEAVES BETWEEN COLLECTIONS MADE IN DIFFERENT REGIONS 
AND TOTAL ACCORDING TO SEASONALITY.  

       Regions 
Centesimal 

measures  

Summer collection Winter collection 

p-value* 
Average 

Standard 

deviation 
Average 

Standard 

deviation 

Cariacica (CA) 

Humidity 84,739 0,425 86,967 0,331 0,033 

Ashes 2,823 0,16 3,241 0,39 0,286 

Lipids 0,411 0,12 1,043 0,096 0,013 

Proteins 3,448 0,295 3,24 0,095 0,382 

Domingos 

Martins (DM) 

Humidity 84,681 0,564 87,299 0,936 0,035 

Ashes 2,398 0,183 2,403 0,266 0,986 
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Lipids 0,587 0,121 0,595 0,049 0,867 

Proteins 2,632 0,24 2,375 0,553 0,422 

Rio Novo do Sul 

(RN) 

Humidity 85,797 0,317 90,551 0,25 < 0,001 

Ashes 2,628 0,255 1,407 0,059 0,009 

Lipids 0,901 0,458 0,393 0,14 0,277 

Proteins 3,07 0,351 2,729 0,239 0,3 

Total 

Humidity 85,072 0,668 88,272 1,790 0,002 

Ashes 2,616 0,255 2,350 0,830 0,355 

Lipids 0,633 0,325 0,677 0,301 0,827 

Proteins 3,050 0,438 2,781 0,485 0,052 

                *. Student's t-test; significant if p ≤ 0.050 

 

The following are comparisons of the averages of the centesimal composition of P. aculeata 

leaves between the seasons and, in total, according to the altitudes of each region (Table 2). 

It can be seen that the test applied showed a statistically significant difference (p-value ≤ 0.050) 

for all the measurements assessed. However, when analyzing the total values, which consider 

the average of the two seasons collected as a function of altitude, we observed a statistically 

significant difference for the ash and protein measurements, with the highest averages 

concentrated in the mid-altitude region (Cariacica) with values of 3.03% and 3.34%, 

respectively. 

TABLE 2: COMPARISON OF CENTESIMAL COMPOSITION MEASUREMENTS OF P. 

ACULEATA LEAVES BETWEEN DIFFERENT SEASONS AND TOTAL ACCORDING TO 

DIFFERENT ALTITUDES. 

    Summer collection Winter collection Total 

 Measures  

Centesimals Regions 
Average 

Standa

rd 

deviati

on 

p-

value* 
Average 

Standard 

deviation 

p-

value* 
Average 

Standa

rd 

deviati

on 

p-value* 

Humidity 

Cariacica(m) 84.739ab 0,425 

0,038 

86,967a 0,331 

0,001 

85,853 1,267 

0,365 

Domingos 

Martins (a) 

 

84,681a 0,564 87,299a 0,936 86,548 1,075 

Rio Novo do 

Sul (b) 
85,797b 0,317 90,551b 0,250 87,616 3,225 

Ashes 

Cariacica(m) 2,823 0,160 

0,110 

3,241c 0,390 

0,001 

3,032b 0,351 

0,006 
Domingos 

Martins (a) 

 

2,398 0,183 2,403b 0,266 2,401ab 0,204 
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Rio Novo do 

Sul (b) 
2,628 0,255 1,407a 0,059 2,017ª 0,689 

Lipids 

Cariacica(m) 0,411 0,120 

0,179 

1,043b 0,096 

0,001 

0,727 0,359 

0,762 

Domingos 

Martins (a) 

 

0,587 0,121 0,595a 0,049 0,591 0,083 

Rio Novo do 

Sul (b) 
0,901 0,458 0,393a 0,140 0,647 0,411 

Proteins 

Cariacica(m) 3,448b 0,295 

0,042 

3,240 0,095 

0,062 

3,34b 0,23 

0,002 

Domingos 

Martins (a) 

 

2,632a 0,240 2,375 0,553 2,50ª 0,41 

Rio Novo do 

Sul (b) 
3,070ab 0,351 2,729 0,239 2.90ab 0,33 

*. ANOVA for independent measures; abc - different letters indicate differences between means 

(Tukey's test); significant if p ≤ 0.050; (m) median altitude; (a) high altitude; (b) low altitude.  

 

2.4.2  Chemical antioxidant activity 

 

Quantification of secondary metabolites and chemical antioxidant activity 

The quantification of phenolic compounds and flavonoids, as well as the chemical antioxidant 

activity of the leaves of P. aculeata compared between the collections made in the different 

regions and totaled according to the summer and winter seasons can be seen in Table 3. It 

shows that all the measures analyzed, depending on the region, showed statistically significant 

differences, with all the best values concentrated in the summer season. Phenolic compounds 

were the only measurements that showed no significant difference in any of the regions and 

seasons analyzed. For the antioxidant activity tests, the values expressed the antioxidant 

potential as the minimum concentration required of the extract to sequester 50% of the DPPH 

and ABTS radicals and perform ferric conversion (IR50). When analyzing the total values found 

through the average of the regions as a function of seasonality alone, we saw a statistically 

significant difference only for the DPPH and FRAP measurements, with better average values 

of 2.24 µg/ml and 0.30 µg/ml respectively, found in the summer collection. 

 

TABLE 3: COMPARISON OF MEASUREMENTS OF CHEMICAL ANTIOXIDANT 
ACTIVITY, PHENOLIC COMPOUNDS AND FLAVONOIDS IN THE LEAVES OF P. 
ACULEATA BETWEEN COLLECTIONS MADE IN DIFFERENT REGIONS AND TOTAL 
AS A FUNCTION OF SEASONALITY.  

Regions 
Antioxidant 

measures  

Summer collection Winter collection 

p-value* 
Average 

Standard 

deviation 
Average 

Standard 

deviation 

Cariacica (CA) 
DPPH 1,19 0,09 1,62 0,04 0,027 

ABTS 0,29 0,05 0,35 0,02 0,119 
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FRAP 0,31 0,02 0,3 0,01 0,758 

Flavonoids 1,81 0,02 1,77 0,08 0,828 

Phenolics 0,114 0,03 0,112 0,007 0,914 

Domingos 

Martins (DM) 

DPPH 3,33 0,04 3,17 0,09 0,062 

ABTS 1,32 0,02 1,63 0,05 0,003 

FRAP 0,27 0,02 0,36 0,01 0,009 

Flavonoids 1,99 0,06 1,98 0,01 0,401 

Phenolics 0,133 0,027 0,11 0,007 0,305 

Rio Novo do 

Sul (RN) 

DPPH 2,21 0,01 2,11 0,06 0,109 

ABTS 0,15 0,07 0,88 0,01 0,003 

FRAP 0,34 0,01 0,33 0,03 0,547 

Flavonoids 1,91 0,04 1,68 0,07 0,025 

Phenolics 0,11 0,007 0,134 0,026 0,17 

Total 

DPPH 2,24 0,75 2,30 0,86 0,004 

ABTS 0,58 0,45 0,95 0,70 0,474 

FRAP 0,30 0,03 0,33 0,03 0,047 

Flavonoids 1,90 0,14 1,81 0,11 0,231 

Phenolics 0,119 0,023 0,118 0,018 0,972 

                      *. Student's t-test; significant if p ≤ 0.050 

 

Below are the comparisons between the means of the methods related to chemical antioxidant 

activity, phenolic compounds and flavonoids in the leaves of P. aculeata between the seasons 

collected and in total, as a function of the different altitude gradients. Thus, the test showed a 

significant average difference in all the measures analyzed, except once again, of phenolic 

compounds. When evaluating the total value obtained through the averages of the two stations 

considering only the altitudes, a significant difference can be observed for the DPPH 

measurements with a value of 1.40 µg/ml and ABTS 0.32µg/ml, both found at medium 

altitudes. Analyzing the data obtained regarding the quantification of flavonoids, we can also 

see a significant average difference between the altitudes, with the best production averages 

concentrated at high altitudes with values of 1.99mg meq/ml (Table 4). 

TABLE 4: COMPARISON OF MEASUREMENTS OF CHEMICAL ANTIOXIDANT ACTIVITY, 

PHENOLIC COMPOUNDS AND FLAVONOIDS OF P. ACULEATA LEAVES BETWEEN 

DIFFERENT SEASONS AND TOTAL AS A FUNCTION OF DIFFERENT ALTITUDES. 

    Summer collection Winter collection Total 

    Antioxidant Measures 

Regions 
Average 

Standard 

deviation 

p-

value* 
Average 

Standard 

deviation 

p-

value* 
Average 

Standard 

deviation 

p-

value* 

DPPH Cariacica(m) 1,19a 0,09 1,62a 0,04 1,40a 0,24 
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Domingos 

Martins (a) 
 

3,17c 0,04 
< 

0,001 

3,33c 0,09 
< 

0,001 

3,25c 0,11 
< 

0,001 Rio Novo do 

Sul (b) 
2,21b 0,01 2,11b 0,06 2,16b 0,07 

ABTS 

Cariacica(m) 0,29a 0,05 

< 

0,001 

0,35b 0,02 

< 

0,001 

0,32a 0,05 

< 

0,001 

Domingos 

Martins (a) 
 

1,32c 0,02 1,63c 0,05 1,48b 0,17 

Rio Novo do 

Sul (b) 
0,15b 0,07 0,88a 0,01 0,52a 0,4 

FRAP 

Cariacica(m) 0,31a 0,02 

0,022 

0.30ab 0,01 

0,011 

0,3 0,02 

0,305 

Domingos 

Martins (a) 
 

0,27b 0,02 0,36a 0,01 0,31 0,05 

Rio Novo do 

Sul (b) 
0.34ab 0,01 0,33b 0,03 0,33 0,02 

Flavonoids 

Cariacica(m) 1,81b 0,02 

< 

0,001 

1,77a 0,08 

0,012 

1,79a 0,05 

0,002 

Domingos 

Martins (a) 
 

1,99c 0,06 1,98b 0,01 1,99b 0,04 

Rio Novo do 

Sul (b) 
1,91a 0,04 1.68ab 0,07 1,80a 0,14 

Phenolics 

Cariacica(m) 0,114 0,03 

0,482 

0,112 0,007 

0,214 

0,11 0,02 

0,721 

Domingos 

Martins (a) 
 

0,133 0,027 0,110 0,007 0,12 0,02 

Rio Novo do 

Sul (b) 
0,110 0,007 0,134 0,026 0,12 0,02 

*. ANOVA for independent measures; abc - different letters indicate differences between means 

(Tukey's test); significant if p ≤ 0.050; (m) median altitude; (a) high altitude; (b) low altitude.  

 

2.4.3 Cell Viability (MTT) 

 

In order to carry out biological tests in vitro, the assessment of cell viability is critical to 

determine beforehand whether the concentrations tested negatively affect the viability of the 

cells. The in vitro cytotoxic effects of the P.aculeata leaf extracts were evaluated on different 

cell lines, including L929 fibroblasts and RAW 264.7 macrophages, using the MTT colorimetric 

method. The results showed that none of the extracts tested at the different concentrations 

had cytotoxic effects on the cell lines, all showing cell viability above 70%. 

 

2.4.4 Biological antioxidante activity 

The intracellular antioxidant activities of the P aculeata leaf extracts were evaluated according 

to their ability to inhibit the production of O2-- and NO in RAW 264.7 macrophages stimulated 

with LPS. The increase in the production of these radicals, typical of LPS-stimulated 
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macrophages, was significantly reduced by all the extracts tested. As can be seen in Figure 1 

(a, b, c and d), LPS showed a significant increase in the production of these radicals compared 

to the unstimulated control, proving that the cells were stimulated correctly, and all the extracts 

showed inhibition regardless of the seasonality and altitude evaluated. The seasonal averages 

of NO and O2-- concentration reached a statistically significant difference with a p-value ≤ 

0.050, where the two tests showed better averages in summer. With values of CA: 5.44%; RN: 

5.17% and DM: 5.05% for the NO test and CA: 11.41%; RN:11.92% and DM 8.99% for the 

O2-- test. Thus, for the NO method, we obtained the following inhibition percentages for the 

extracts tested: CA:85.51%; RN:86.23% and DM: 86.55%, while for the O2-- assay the values 

found are: CA: 72.90%; RN: 71.90% and DM: 78.65%. Evaluating the altitude gradient, a 

statistically significant difference can be seen in the concentrations of NO and O2-- with a p-

value ≤ 0.050, with the best values found at high altitudes, 5.05% and 8.99% for NO and O2--

, respectively. 

      

(a) (b) 

 
(c) 

 
(d) 

Figure 1: Effect of P.aculeata leaf extracts according to season and altitude evaluated at a concentration 
of 187.5µg/ml on the inhibition of NO and O2-- free radical production in RAW 264.7 macrophages 
stipulated by LPS: (a) NO assay carried out in summer; (b) NO assay carried out in winter; (c) O2-- 
assay carried out in summer; (d) O2-- assay carried out in winter. The results are the average of three 
independent experiments carried out in triplicate. * Significant statistical difference at p<0.05. 

The protective actions of the P. aculeata leaf extracts against hydrogen peroxide (H2O2)-

induced damage in RAW 264.7 cells were also assessed using the MTT colorimetric method. 

The results showed that all the extracts tested from the different seasons and altitudes were 
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protective against the oxidative damage suffered by the macrophages, with all of them showing 

cell viability above 70%. 

  

2.5 DISCUSSION 

2.5.1 Centesimal composition 

Several factors, including seasonality, play an essential role in producing primary and 
secondary metabolites in plants. In response to these climatic factors, plants make molecular 
and metabolic adjustments to avoid, tolerate, and even resist their presence [24]. The need to 
make these molecular and metabolic adjustments leads to changes in plants' chemical 
composition and activity. We can relate an essential interaction between seasonality and 
variations in altitude because altitude influences the control and patterns of various climatic 
factors, such as the daily temperature range, changes in precipitation levels, wind speed, the 
quality and chemical composition of the soil, atmospheric pressure, cloud cover, and radiation 
intensity. These factors can alter plants' morphological, physiological, and genetic aspects. 
One of the main climatic factors of great importance that is influenced by variations in altitude 
is temperature, which tends to decrease as altitudes increases. Every vital process that plants 
go through is adjusted within a temperature range. However, optimum growth and 
development can only be achieved if the processes involved in metabolism and development 
are in harmony [11]. 

When we analyze the total results found in this study on the centesimal composition, which 
considers the average of the regions analyzed according to seasonality, we can see that only 
moisture exerted a seasonal influence, with an average of 88.27% in winter (Table 2). This 
result corroborates the studies by Vargas [25], the only seasonal study carried out with Ora-
pro-nobis in the summer and winter seasons, which showed a moisture content on a wet basis 
of 87.7% in winter. Recent studies such as those by Botrel et al. [26] and Siqueira et al., [27] 
showed moisture values of 88.65% and 91.06%, respectively, on a wet basis, while Takeiti et 
al., [28] found moisture values of 89.5%. 

In general, the centesimal composition data found in this study is similar to that found by 
Oliveira et al., [30] who analyzed the centesimal composition of Ora-pro-nóbis on a wet basis, 
using July as the collection period. Their results were 84.79% moisture, 2.37% protein, 0.44% 
lipids and 2.68% ash. In the present study, the proteins were not influenced by seasonality, 
but their behavior is characteristic, with the highest averages in the summer collection. Varga 
[10] observed similar behavior in the research where the ora-pro-nóbis leaves had a relatively 
high protein content, especially when collected in the summer. In some regions, there were 
significant differences in the concentration of lipids in winter and ash in summer. 

Regarding altitude, in this study, when we analyzed the total values found, there was a 

significant influence on the ash and protein measurements, with values of 3.03% and 3.34%, 

respectively, at medium altitudes. We can relate these findings to the study by Ganzera et al., 

[31] with the Matricaria chamomilla L. population, located at 590m to 2230m in Australia, which 

showed different chemical compositions in the altitude gradients analyzed. According to these 

authors, populations located at high altitudes have a different chemical profile from populations 

growing at low altitudes, and better values were found in populations grown at medium 

altitudes, where climatic factors had less impact on the variations of this gradient.  

According to the literature, countless factors are different for each climatic season, which can 
justify the changes found in the levels of the centesimal components, including temperature, 
humidity, luminosity, pest incidence, mineral content in the soil, and other factors [24]. 
Temperature and light are factors that play an essential role in the photosynthesis metabolism 
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of plants and are directly linked to changes in altitude. The interaction of these factors ensures 
an ideal environment for physiological processes, but variations in temperature and luminosity 
are also responsible for changes in the metabolism of plant metabolite production  [30].  

 

2.5.2  Cell Viability 

The evaluation of cell viability is mandatory when the target of the study is related to cell biology 

to determine whether the concentrations tested can negatively affect the cells. Therefore, the 

in vitro cytotoxic effects of P. aculeata leaf extracts as a function of seasonality and altitude at 

various concentrations were tested on different cell lines, including L929 fibroblasts and RAW 

264.7 murine macrophages. The results showed that none of the extracts tested at the different 

concentrations had cytotoxic effects on the cell lines, all showing cell viability above 70%. 

According to ISO 10993-5 [48] a sample has a cytotoxic effect when it reduces cell viability by 

more than 30%, which was not observed in this study for any of the extracts, where viability 

was maintained above 70%. Maciel et al.,[47] tested a hexanic fraction of P. aculeata on the 

cell lines L929 (fibroblasts) and HaCat (keratinocytes) and found no cytotoxicity, with viability 

remaining above 70%.  

 

2.5.3 Bioactive Compounds and Antioxidant Activity 

 
Secondary metabolites  

The present study shows that the production of secondary metabolites did not show any 

statistically significant difference in seasonality when analyzing the total data. This result does 

not corroborate the literature, which states that the production of these metabolites is 

influenced by various factors, such as climatic variations and environmental factors [22]. 

Gobbo-Neto and Lopes [34] point to variations caused by seasonality in practically all 

secondary metabolites, such as essential oils, phenolic acids, saponins, flavonoids, alkaloids 

and others. Garcia [10], in a study of P. aculeata leaves subjected to different extracting 

solvents, found that the extracts of leaves collected in summer had the highest levels of 

phenolic compounds when compared to the other seasons analyzed. The same has been 

shown in studies carried out with other types of plants, where higher concentrations of total 

phenolic compounds can be seen in summer collections [35,36]. The findings regarding 

flavonoids are similar. Sartoretto [37] analyzed the total flavonoid content in leaves and stem 

bark of guabiroba genotypes according to the collection season and found the highest 

flavonoid content in samples collected in summer, thus elucidating the influence of seasonal 

variations on the concentration of these compounds. 

According to Sartoretto [37], these variations can be explained by the fact that plants' metabolic 

functions are in full swing from spring to late summer, the period of vegetative and reproductive 

development, during which time there is a great deal of synthesis and storage of bioactive 

compounds. In addition, phenolic compounds are defense agents produced by plants against 

various types of stress caused by pathogens or adverse environmental conditions, such as 

oxidative stress. 

About the altitude gradient, it can be seen in this study that the phenolic compounds were not 

significantly influenced by the altitudes evaluated. However, a higher production of flavonoids 

was observed in the high-altitude region. This is in line with the literature, which reports that 

lower temperatures and higher environmental radiation at high altitudes produce greater 
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reactive oxygen species, which can hurt cells if the plant's antioxidant system does not 

effectively remove them. As a result, plants generally produce more bioactive compounds to 

combat this damage. This positive correlation between flavonoid content and altitude is to be 

expected, since one of the main functions of this group of compounds is to protect plants 

against UV radiation, and leaves are the parts of plants that are most exposed to solar radiation 

[34,37]. The results found in the present study on secondary metabolites concerning altitude 

corroborate the findings of Zidorn et al., [38], who, even though they were carried out with 

different plants to those studied in the present study, found a significant positive correlation 

between the altitude of the collection site for species of the genus Leontodon and the total 

flavonoid content; in contrast, the content of phenolic acids showed no significant attitudinal 

variation. Similar results were found by Coutinho et al.,[36] who quantified ethanolic extracts 

of the leaves of Campomanesia adamantium at an altitude of 180 meters, with results between 

15.62 and 50.71 mg EC g-1 MS and concluded that the flavonoid content was higher in early 

spring, indicating that with the increase in temperature, there is greater formation of flavonoids.  

 Chemical and biological antioxidant activity  

The FRAP, ABTS, and DPPH methods were used to chemically analyze the antioxidant activity 

of the Ora-pro-nóbis leaf extracts, considering that the use of two or more techniques is 

currently recommended since no single test will reliably reflect the total antioxidant capacity of 

the samples analyzed [37]. Analyzing the total results found in this study, we observed that the 

DPPH and FRAP measurements were significantly influenced by seasonality, with the 

respective values of 2.24 µg/ml and 0.30 µg/ml evidenced in the summer collection. It is worth 

noting that the ABTS measurement (0.58µg/ml), despite not showing a significant difference 

between the seasons, also showed its best value in the summer season. A similar result was 

found by Vargas [10], who reported the influence of seasonality on the antioxidant potential of 

Pereskia aculeata Mill leaves. In this study, it was observed that for the three methods used 

(DPPH, ABTS and FRAP), the extracts from leaves collected in the summer also showed 

values that express better antioxidant activity in this season. Given the scarcity of studies 

showing the influence of seasonality on the antioxidant potential of P. aculeata leaves, a vast 

amount of research has been carried out in the literature, and most of the articles found were 

based solely on the DPPH radical methodology, as shown by Oliveira [40] in his searches of 

scientific databases. Some of the research evaluates the antioxidant activity of P. aculeta 

concerning the extracting solvent used to make the extracts [41–43]. Although studies are 

scarce on P. aculeata leaves, this study and aculeata leaves, this study and the pioneering 

study carried out by Vargas [10] corroborate the results found in studies carried out with other 

plants, such as SARTORETTO [37] that evaluated the total antioxidant activity (TAA) 

determined by the DPPH and ABTS methods, in the leaves and stem bark of guabirobeira 

genotypes depending on the collection season, and showed in his results that the leaves had 

higher AAT values than the stem bark for all genotypes. In both tissues evaluated, it was in the 

summer that the highest antioxidant activity was obtained. Similar results can be observed in 

the studies by Fabiane [44] and Coutinho et al., [36] carried out with the leaves of 

Campomanesia xanthocarpa O. Berg and Campomanesia adamantium (Cambess.), 

respectively, due to seasonality, their data corroborates this study, where extracts from leaves 

collected in the winter season had lower antioxidant capacity. 

With altitude, considering the same methods in this study, we observed a significant difference 

in total values for DPPH (1.40 µg/ml) and ABTS (0.32 µg/ml) measurements, with the best 

averages concentrated at medium altitudes. This result contrasts with most of the findings in 

the literature, which predict that high altitudes generally cause changes in the morphological, 

physiological, and genetic aspects of plants, generating oxidative damage. As a defense 
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against the adversities found at these altitudes, plants alter the pool of specialized metabolites 

produced to promote antioxidant defenses [11]. However, it is important to note that according 

to Oncel et al., [45] some low-altitude plants can also show high levels of antioxidant activity, 

compatible with those of alpine plants, due to responses to stress factors in their place of 

development. 

Although chemical tests have provided important preliminary data, analyzed in isolation, they 

are considered relatively incomplete for assessing the antioxidant capacity of a sample since 

they do not represent the intracellular conditions of an organism [46]. It is, therefore, necessary 

for the data found through chemical tests to be related to intracellular methods. Given this 

need, the intracellular antioxidant activity of P. aculeata extracts as a function of seasonality 

and altitude was evaluated according to the samples' ability to inhibit the production of NO and 

O2-- in RAW 264.7 macrophages stimulated with LPS. In the present study, an increase in the 

production of these radicals was observed, which is typical when LPS stimulates 

macrophages. However, when the extracts were applied, a significant reduction in the 

production of these radicals was observed for all the extracts tested, regardless of the 

seasonality and altitude evaluated. It is worth noting that the test applied showed a significant 

influence of both seasonality and altitude, with better results in the summer season and at 

higher altitudes in all the tests. The intracellular results corroborate most of the literature 

presented so far and contrast with the results found in the chemical tests for some methods. 

Considering seasonality, the chemical and biological methods presented the same results, 

showing better antioxidant activities in summer. 

In contrast, for the altitude gradient, the chemical methods showed better results at medium 

altitudes. In comparison, the biological methods showed better antioxidant activities at high 

altitudes, thus corroborating the literature presented in this study. According to Alves [47], 

these differences may be due to the mechanism of action of each method. In chemical 

methods, the main mechanism evaluated is the sequestration of free radicals, which is known 

to be carried out through the secondary metabolites produced by plants. In contrast, other 

mechanisms, such as enzymatic ones, may be involved in cellular tests through the enzymes 

superoxide dismutase, catalase, and glutathione peroxidase. These enzymes can act by 

preventing and/or controlling the formation of free radicals and, consequently, the occurrence 

of oxidative damage. 

The protective effects of P aculeata leaf extracts against hydrogen peroxide (H2O2)-induced 

damage in RAW 264.7 cells were also assessed using the MTT colorimetric method, and it 

can be seen that all the extracts tested, depending on the season and altitude, had a protective 

effect, conferring cell viability of over 70%. Although hydrogen peroxide is not a free radical, it 

plays an important role in oxidative stress because it can cross cell membranes and easily 

convert into a hydroxyl radical, which is its most damaging effect on cells [46]. Maciel [47] also 

evaluated the antioxidant activity of P. aculeata using chemical (DPPH) and biological (ON 

reduction) methods with different types of extracts and found that all the samples showed 

promising antioxidant activities with properties capable of sequestering free radicals and 

inhibiting their actions at enzymatic levels. 

2.6 CONCLUSION 

The ora-pro-nóbis is a nutritionally rich plant with significant levels of well-digestible proteins, 
essential amino acids, vitamins, minerals and fiber. Regarding the centesimal compounds, 
seasonality had no significant influence on most of the nutrients, and it is worth noting that the 
protein content was not influenced by seasonality. The best values for ash, lipids and proteins 
were found at medium altitudes, which do not suffer directly from the changes at the extremes 
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of altitude variation. The quantification analyses of phenolic compounds and flavonoids 
showed no significant influence about seasonality. However, the highest production of 
flavonoids was found at high altitudes, as the literature states. As for the antioxidant potential, 
we found that for the three chemical methods evaluated (DPPH, ABTS and FRAP) there was 
a significant difference for the DPPH and FRAP measurements in collections made in the 
summer, but it is worth noting that for ABTS, even without a significant difference, its best value 
is also found in the summer. Concerning altitude, the DPPH and ABTS methods significantly 
influenced their best values at mid-altitudes. When the chemical results were compared with 
the intracellular analyses, they agreed that depending on the season, the methods for 
quantifying superoxide inhibition and ON showed better results in the summer collections. 

In contrast, the biological methods' results, depending on altitude, showed better results in the 
summer collections, corroborating the literature. We can also see that P. aculeata had a 
protective effect on the cells analyzed due to the damage caused by hydrogen peroxide. 
Regarding cytotoxicity, all the extracts analyzed did not damage the cells, with cell viability 
above 70%. 

Given the above, it is possible to say that this work has made a significant contribution to the 
knowledge and study of the P. aculeata species as a function of seasonality and altitude, since 
there are still few studies carried out considering the interference of these factors for the 
development of biotechnological processes aimed at developing optimized genotypes in 
different climates and regions, which help and guide farmers to produce and select more 
suitable cultivars, as well as providing information on strategies for genetic improvement 
programs. 
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