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RODRIGUES, Katarina Mirna Marinho Tenório. Estudo da toxicidade pré-clínica do extrato 

bruto etanólico de Piper aduncum – Universidade Federal do Tocantins, Palmas, 2023. 

 
RESUMO 

 
As plantas medicinais são bastante utilizadas mundialmente, o uso destas plantas é baseado no 

conhecimento das populações para fins profiláticos e terapêuticos, necessitando de 

comprovação das ações farmacológicas e segurança do uso. Devido a diversidade de compostos 

bioativos que possuem atividades biológicas e químicas, tornaram-se foco de pesquisas 

contribuindo para produção de novos medicamentos utilizados na atualidade. Os bioensaios são 

realizados para avaliar os possíveis efeitos tóxicos dos produtos vegetais, sendo testes 

preliminares, in vitro, dos ensaios in vivo. A P. aduncum é uma planta utilizada de forma 

empírica em forma de chás, infusões, alimentação e como repelentes, porém e o potencial 

toxicológico não parece totalmente elucidado. O objetivo deste trabalho foi de avaliar in vitro 

o potencial toxicológico do extrato bruto etanólico de P. aduncum através de ensaios pré-

clínicos e determinar a menor dose tóxica possível em bioensaios para futuros testes em 

repelência e bioinseticida. Os ensaios foram realizados com extrato bruto etanólico nas 

concentrações de 100 µg/ml, 50 µg/ml, 10 µg/ml e 1 µg/ml. Para determinar a CL50, foi 

realizado testes com náuplios de A. salina que demonstrou o extrato bruto etanólico de P. 

aduncum pode ser considerado tóxico, pois na concentração de10 µg/ml ocorreu letalidade de 

56.6% dos náuplios, e à medida que as concentrações do extrato bruto aumentaram, observou-

se maior letalidade dos microcrustáceos. O teste antiproliferativo de Allium cepa é indicado 

para avaliar alterações celulares, um importante bioindicador toxicológico inicial. Observou-se 

ação antiproliferativa no grupo de 100 µg/ml inibindo o crescimento radicular, apresentando 

assim potencial citotóxico. A fragilidade osmótica eritrocitária é utilizada como biomarcador 

do estresse oxidativo da membrana eritrocitária em contato com substâncias tóxicas. Testou-se 

a interação do extrato bruto de P. aduncum com a membrana de eritrócitos humanos em 

concentrações crescentes de NaCl de 0.12% a 0.9%. As concentrações testadas do extrato não 

apresentaram efeito tóxico na membrana dos eritrócitos. O potencial alelopático do extrato de 

P. aduncum sobre as sementes de alface foi determinado pela germinação total e índice de 

velocidade de germinação das sementes. As concentrações testadas do extrato de P. aduncum 

não apresentaram potencial alelopático significativo, havendo redução de germinação da raiz 

na maior concentração testada. As concentrações do extrato bruto etanólico de P. aduncum 

demonstraram potencial tóxico no desenvolvimento celular. 

Palavras-chave: Piper aduncum; plantas medicinais; toxicidade; bioensaios. 
 



 

RODRIGUES, Katarina Mirna Marinho Tenório. Study of the preclinical toxicity of Piper 

aduncum ethanolic extract– Universidade Federal do Tocantins, Palmas, 2023. 

 
ABSTRACT 

 
Medicinal plants are worldwide used, the use of these plants is based on the knowledge of 

populations prophilatic and therapeutic pourposes, requiring proof of pharmacological actions 

and safety of use. Due to the diversity of bioactive compounds that have chemical activities, 

they become the focus of research contributing to the production of new drugs used today. The 

bioassays are carried out to evaluate the possible toxic effects of the vegetal products, being 

preliminary test in vitro, of the in vivo assays.  P. aduncum is a plant used empirically in forms 

of teas, infusions, food and as repellents, however, the toxicological potential does not seem to 

be fully elucidated. The objective of this work was to evaluate in vitro the toxicological 

potential of the ethanolic crude extract of P. aduncum through pre-clinical tests and to 

determine the lowest toxic dose in bioassays for future tests in repellency and bioinsecticide. 

The test was caried out with crude ethanolic extract at concentrations of 100 µg/ml, 50 µg/ml, 

10 µg/ml e 1 µg/ml. To determine the LC50, tests were performed with nauplii of A. salina and 

demonstrated the crude extract of P. aduncum can be considered toxic, since at a concentration 

of 10 µg/ml there was a lethality of 56.6% of the nauplii, and as the concentration of the crude 

extracts increased, there was a greater lethality of microcrustaceans. The Allium cepa 

antiproliferative test is indicated to evaluate cellular alterations, an important initial 

toxicological bioindicator. Moreover, there is antiproliferative action in the group of 100 µg/ml 

inhibiting root growth, presenting cytotoxic potential. Erythrocyte osmotic fragility is used as 

a biomarker of oxidative stress of the erythrocyte membrane in contact with toxic substances. 

It was tested the interaction of the crude P. aduncum extract with the membrane of human 

erythrocytes at increasing concentrations of NaCl from 0.12% to 0.9%. The concentrations of 

the analyzed extract do not have a toxic effect on the erythrocyte membrane. The allelopathic 

potential of crude P. aduncum extract against lettuce seeds through total seed germination and 

the germination speed index. Concentrations of the tested P. aduncum extracts do not present 

significant allelopathic potential, meaning they reduce the root germination process at the 

highest concentration tested. The concentrations of crude extract of P. aduncum demonstrate 

toxic potential in cell development. 

 
 

Key words: Piper aduncum; medicinal plants; toxicicity; bioassays. 
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3 

1 INTRODUÇÃO 

 

 

 O Brasil é uma importante fonte de biodiversidade com diferentes ecossistemas como 

cerrado, mata atlântica e floresta amazônica e devido à grande diversidade, as plantas 

medicinais brasileiras não foram totalmente investigadas havendo necessidade de testar essas 

plantas a fim de descobrir novos metabólitos secundários (BOLZANI, 2012; MATHEUS et al. 

2017, NEWMAN 2017). O conhecimento e uso destas plantas é adquirido de forma empírica, 

de geração em geração, muitas plantas necessitam de comprovação das ações farmacológicas e 

segurança do uso (SOUZA, 2016). As plantas medicinais são bastante utilizadas mundialmente 

e a Organização Mundial de Saúde (OMS) incentiva o uso, principalmente em países em 

desenvolvimento (MATOS et al. 2018).  

 Os metabólitos produzidos pelas plantas podem agir de forma farmacológica como 

toxicológica, portanto estudos são necessários para evidenciar essas características pois muitas 

plantas já utilizadas pela população apresentam efeitos tóxicos, citotóxicos, genotóxicos e 

mutagênicos quando utilizadas em determinadas concentrações e podem ser potencialmente 

inseguro e causar efeitos adversos a curto ou longo prazo (BEZERRA et al. 2016; DRAGOS e 

GLICA, 2018). Sendo necessário testar o potencial toxicológico dos extratos vegetais 

juntamente com os ensaios de atividade biológica de uma espécie (LOPES et al. 2016). 

 Piper aduncum é uma planta da família Piperaceae, nativa da região amazônica e 

amplamente utilizada de forma empírica pela população em forma de chás, infusões, 

alimentação, apresentando diferentes efeitos farmacológicos contra dores gastrointestinais, 

infecções, febre, antiparasitária, antirreumática, antitumoral a também como repelente. O 

dilapiol é o principal metabólito caracterizado quimicamente (GAÍNZA et al. 2016; 

MGBEAHURUKE et al. 2017). 

 Portanto, é importante conhecermos os reais efeitos terapêuticos e tóxicos desta planta 

em estudo para proporcionar maior segurança de uso tanto para população quanto para os 

profissionais que a utiliza em suas condutas e prescrições. Para tanto, este trabalho foi realizado 

no formato de dois capítulos, sendo o primeiro uma parte teórica e o segundo capítulo a 

realização de testes com o extrato desta planta colhida na região de cerrado em Palmas, 

Tocantins.  
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2 OBJETIVO 

 

 

 O objetivo deste estudo foi de avaliar in vitro o potencial toxicológico do extrato bruto 

etanólico de P. aduncum através de ensaios pré-clínicos e determinar a menor dose tóxica 

possível. 
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3 CAPÍTULO 1 - ESTUDO TEÓRICO 

 

3.1 Plantas medicinais 

 

 O uso de plantas medicinais para tratamento de enfermidades está relacionado à 

evolução humana sendo parte da medicina popular baseada no conhecimento das populações 

para fins profiláticos e terapêuticos (FARIA et al. 2012; OLIVEIRA et al. 2015). A prática do 

uso destas plantas apresenta relevância para cuidado e promoção da saúde, são utilizadas para 

tratamento de diversas doenças e devido a diversidade de compostos bioativos que possuem 

atividades biológicas e químicas, tornaram-se foco de pesquisas contribuindo para produção de 

novos medicamentos utilizados na atualidade (SEN & SAMANTA, 2014; YANG et al. 2017; 

GOMES et al. 2021).  

 A Organização Mundial da Saúde (WHO) reconhece a importância da medicina 

tradicional como tratamento de saúde, tanto para manutenção da saúde, tratamento e prevenção 

de doenças e o uso das plantas medicinas vem sendo utilizada nos sistemas de atenção básica à 

saúde (WHO 2019). O uso das plantas medicinas é uma maneira eficaz de atenção primária à 

população que não possui acesso aos medicamentos convencionais (CALIXTO, 2005) e quando 

utilizadas de forma correta apresentam vantagens sobre os medicamentos convencionais devido 

à acessibilidade, baixo custo e geralmente, menos efeitos colaterais. Em países em 

desenvolvimento, pode ser uma alternativa aos tratamentos convencionais, porém não devem 

ser vistos como produtos não tóxicos, pois possuem componentes farmacologicamente ativos 

(OLIVEIRA et al. 2015; BHATTACHARYA, 2017, RIBEIRO, 2021).   

 Os metabólitos secundários das plantas, responsáveis pelo mecanismo de defesa e 

adaptação da planta ao ambiente, possuem atividades de repelência, antivirais antifúngicas, 

bactericidas (CARDOSO et al. 2019). O isolamento e identificação dos compostos bioativos 

permitem a obtenção dos compostos puros, aumentando suas propriedades e possibilitando a 

redução dos efeitos colaterais e desenvolvimento de novas estratégias terapêuticas (CALIXTO, 

2005; PERTINO et al. 2007). 

 As plantas medicinais podem apresentar efeitos tóxicos não conhecidos, mesmo sendo 

amplamente utilizada pela população, pois muitas vezes não há indicação médica para o uso e 

pode haver riscos à saúde (ZENI et al. 2017). Portanto, há necessidade de realização de 

pesquisas para esclarecer e confirmar as informações do uso popular da planta medicinal, isto 
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é, a eficácia, reduzindo os possíveis efeitos toxicológicos e colaterais a fim de tornar seguro o 

uso (FIRMO, 2011; BHATTACHARYA, 2017). 

 

3.2 Piper aduncum 

 

 O gênero Piper é o maior da família Piperaceae, contendo aproximadamente 2000 

espécies de plantas distribuídas em regiões úmidas tropicais e subtropicais, e classificada com 

planta aromática por possuir células com óleos em quase todas as espécies de Piper (DYER, 

2004; BERNUCI et al. 2016). O gênero abrange muitas espécies que são amplamente utilizadas 

como alimentos, temperos culinários e na medicina tradicional, principalmente, para controle e 

tratamento de diversas enfermidades, como também repelente de insetos.  

 A Piper aduncum, figuras 1 A e 1B, conhecida com pimenta de macaco, aperta-ruão, 

jaborandi do mato, pimenta-do-fruto-ganchoso, aperta-joão, falso-jaborandi, matico e pimenta-

longa ( LORENZI & MATOS, 2002; SOUSA et al., 2008) é um amplamente distribuído na 

América Central e do Sul, cresce naturalmente no Brasil na região amazônica e floresta 

Atlântica (PAVAELA, 2016; LUCENA, 2017; LENTZ, 1998). P. aduncum é um arbusto que 

pode alcançar de 6 a 8 metros de altura, com maior incidência em solo arenoargiloso, possui 

folhas alternadas e pecíolos curtos, folhas ovais e alongadas que se afunilam. Todas as partes 

da planta apresentam aroma apimentado (AHMAD & RAHMANI 1993; dos SANTOS et al. 

2015). É amplamente utilizada para fins medicinais para como tratar desordens 

gastrointestinais, anti-inflamatório, diurético, antiparasitário, antibacteriano e repelente de 

insetos (LUCENA et al. 2017, DURANT-ARCHIBOLD, 2018).  

 As folhas de P. aduncum contem compostos químicos como flavonoides, polifenois e 

saponinas, no entanto, sabe-se que dependendo da região geográfica a ser coletada, a variedade 

de compostos químicos pode influenciar as propriedades biológicas dos extratos e óleo 

essencial (GUTIÉRREZ et al, 2016). O óleo essencial de P. aduncum possui compostos dos 

grupos químicos dos monoterpenos, sesquiterpenos e fenilpropanoides, sendo composto 

principalmente pelo fenilpropanoide dilapiol, cujos níveis pode variar de 31,5 a 91,1 % de 

acordo com a localização geográfica da planta (MAIA et al. 1998, MAISFORTE et al. 2022). 

Segundo FAZOLIN et al., (2016) a P. aduncum localizada na Amazônia Ocidental apresenta 

alto teor de dilapiol, o que possibilita a produção em escala comercial. O dilapiol é o principal 

composto inseticida do extrato e do óleo essencial das folhas de P aduncum, estudos 

demonstram a baixa toxicidade de P. aduncum ao ambiente (BERNARD et al.1995).  



 
 
 

7 

  RIDZUAN et al. (2019) demonstraram que o extrato etanólico de P. aduncum na 

concentração de 50 mg/ml foi eficaz como potente larvicida de Aedes aegypti em baixo tempo 

de exposição, menos de 10 minutos, mostrando assim uma alternativa do controle de larvas. 

SCALVENZI et al. (2019) testaram óleo essencial de P. aduncum contra larvas de mosquitos 

A. aegypti e após 24 horas de exposição, houve mortalidade de 100% das larvas. Estudos 

anteriores demonstraram que os óleos essenciais do gênero Piper são potenciais inseticidas 

biológicos (Da SILVA LIMA et al. 2014). 

PICOLO (2014), através de estudos com extrato etanólico das folhas de P. aduncum 

demonstrou atividade contra leishmanias na forma amastigota de L. amazonenses, L .shawi e 

L. braziliensis. 

 

 
                   Fonte: Acervo pessoal 

Figura 1A: Aspecto da Piper aduncum.  
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          Fonte: Researchgate.net 
Figura 1B: Arbusto de P. aduncum 

 

3.3 Ensaios toxicológicos de plantas medicinais 

 

 Os ensaios de toxicidade laboratoriais são executados em condições controladas para 

avaliar a toxicidade das amostras testadas nos sistemas biológicos e determinar a toxicidade 

relativa das substâncias. Diferentes concentrações das amostras são testadas e os efeitos tóxicos 

provocados são quantificados (SÁNCHEZ-BAIN et al. 2004; COSTA et al. 2008). 

 Os bioensaios são realizados para avaliar os possíveis efeitos tóxicos dos produtos 

vegetais, sendo testes preliminares, in vitro, dos ensaios in vivo. São importantes para 

determinar o potencial tóxico da substância a fim de evitar intoxicações. São testes de fácil 

execução, curta duração e acessíveis. Os testes de toxicidade aguda têm objetivo de indicar a 

concentração de uma substância que pode provocar danos nos indivíduos avaliados em um 

intervalo de tempo de 24 a 96 horas com resultados rápidos de imobilidade ou letalidade. Assim, 

estes testes garantem dados para outros estudos como testes de toxicidade crônica 

(RODRIGUEZ et al. 2009; VERRI et al. 2017). 
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3.3.1 Ensaio com Artemia salina 

 

 O teste com Artemia salina foi desenvolvido por MEYER et al. (1982) para detectar 

compostos bioativos de plantas que apresentam citotoxicidade. É um screening inicial para 

avaliar toxicidade de diversas substâncias vegetais. Os ensaios com A. salina apresentam baixo 

custo, são de simples manuseio e os efeitos tóxicos das amostras testadas causados sobre os 

náuplios são aplicados aos humanos, baseado na dose por unidade de superfície corporal, 

possibilitando relacionar possíveis riscos aos humanos. É amplamente utilizado com o teste de 

toxicidade aguda para determinar a Concentração letal para 50% da população (CL50) dos 

bioativos de extratos de plantas (ALVES et al. 2000, ROSYADI et al. 2020). 

 

 

 
 

Figura 2: Náuplios de A. salina 

 
 
 

Fonte: researchgate.net 
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3.3.2 Teste antiproliferativo com Allium cepa 

 

 O bioensaio toxicológico de Allium. cepa, padronizado por FISKEJÖ (1985), é aplicado 

para avaliar o potencial antiproliferativo, citotóxico, genotóxico e mutagênico de diversos 

agentes físicos, químicos e biológicos através da avaliação das células meristemáticas das 

raízes, pois estas ficam em contato direto com a amostra testada. E quando comparados os 

efeitos citotóxicos dos ensaios com A. cepa com testes de linhagens de células animais os 

resultados foram comparáveis e semelhantes (TEDESCO and LAUGHINHOUSE 2012). É um 

teste de baixo custo, de fácil reprodução, curta duração e alta sensibilidade (FISKEJÖ, 1985; 

BELCAVELLO et al. 2012). A avaliação citotóxica se dá pela análise dos parâmetros 

macroscópicos do tamanho, cor e formato da raiz (FRESCURA 2012). 

 

 

3.3.3 Potencial alelopático 

 

 Os aleloquímicos são substâncias produzidas pelas plantas que possuem propriedades 

que podem afetar outras plantas de forma benéfica ou maléfica, devido ao efeito dos metabólitos 

secundários que podem afetar o desenvolvimento de microrganismos, a germinação, 

crescimento e desenvolvimento das plantas. Os compostos bioativos também podem apresentar 

efeitos tóxicos ou terapêuticos em humanos (KRUSE et al. 2000; FUONTES-GANDARA et 

al. 2019; BITENCOURT et al. 2021). 

MILER (1996) classifica o efeito alelopático em autotoxidade e heterotoxicidade, o primeiro é 

descrito com um mecanismo inespecífico da alelopatia que uma determinada espécie de planta 

libera aleloquímicos que afeta a germinação ou crescimento da própria espécie. O segundo 

efeito acontece quando o aleloquímico liberado tem potencial fitotóxico em outra espécie de 

planta. Estudos demonstram que os aleloquímicos podem ser usadas como alternativa biológica 

aos herbicidas sintéticos (KREMER et al. 2016, SCAVO 2019). 

 Sementes de alface (Lactuca sativa) são utilizadas como bioindicadores devido a rápida 

e uniforme germinação e a sensibilidade às concentrações baixas dos compostos alelopáticos 

testados (LIMA et al. 2018). 
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3.3.4 Fragilidade osmótica eritrocitária humana 

 A fragilidade osmótica eritrocitária é um teste de fácil execução e rápido que evidencia 

informações sobre a interação das substâncias testadas com a membrana celular (KHANNA et 

al. 2002). É amplamente utilizado para avaliar a citotoxicidade de extratos vegetais que podem 

alterar a estrutura e fisiologia das hemácias (WACZUK et al. 2015). É um biomarcador do dano 

oxidativo da membrana em condições xenobióticas e tóxicas.  Estima a hemólise diante estresse 

em variações de concentrações de cloreto de sódio, logo, o aumento da hemólise significa o 

aumento da fragilidade osmótica, e a diminuição significa estabilidade da membrana 

(SHARMA et al. 2010; IGBOKWE, 2016). 
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Abstract 

 

Several substances derived from plant metabolism appear to have therapeutic effects, requiring 

toxicity and mutagenicity studies to determine their safe use capable of producing a satisfactory 

effect of the drug. Reports in the literature demonstrate that ethanolic extracts of P. aduncum 

leaves have antiprotozoal, antimalarial and insecticidal activity. The present study aimed to 

conduct pre-clinical toxicological tests of the ethanolic extract of P. aduncum to verify the 

possibility of using this extract in living beings without causing harmful effects. P. aduncum 

crude extract at the concentration of 100 µg/ml, 50 µg/ml, 10 µg/ml and 1 µg/ml were used to 

perform toxicological tests. The Artemia salina assay was performed to determine LC 50 of plant 

extracts for nauplii, it can be considered toxic, since at a concentration of 10 µg/ml there was a 

lethality of 56.6% of the nauplii. Cellular alterations were evaluated in antiproliferative test 

with Allium cepa root alterations reducing the root growth as the extract concentration 

increases. The human erythrocyte osmotic frailty tested the interaction of the crude P. aduncum 

extract with the membrane of human erythrocytes, measuring free hemoglobin at increasing 

concentrations of NaCl from 0.12% to 0.9%.. Allelopathic potential on germination and growth 

of Lactuca sativa determined the potential of crude P. aduncum extract against lettuce seeds 

through total seed germination and the germination speed index (GSI) it was observed that root 

growth (in mm) was reduced with increasing extract concentration. These concentrations of 

crude P. aduncum extract do not have a toxic effect on cell membrane, but they did demonstrate 

toxic potential in cell development. 
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Introduction 

Several substances derived from plant metabolism appear to have therapeutic effects, requiring 

toxicity and mutagenicity studies to determine their safe use capable of producing a satisfactory 

effect of the drug (Hemalswarya & Doble, 2006; Marsiglia et al., 2011). The compounds 

present in plants that may present toxicity vary in chemical properties (Simões 2004). Many 

phytotherapeutic and medicinal plants which are used by the population do not have a well-

known toxicological and pharmacodynamic profile, as well as the secondary metabolites 

responsible for toxicity, without scientific proof of safety and efficacy (Veiga-Junior, 2008; 

Campos et al., 2016). The World Health Organization (WHO) recommends studies to determine 

the toxicity of plants for medicinal purposes to scientifically validate the toxic potential and 

thus reduce the adverse effects of consuming herbal medicines (WHO, 2014; Ohikhena et al., 

2016). 

Piper aduncum, of the Piperaceae family, is a shrub which can reach up to 8 meters in height, 

widespread in tropical and subtropical regions, occurs in sandy-clay wet soils, and is resistant 

to climate change. It is considered an opportunistic species in deforested areas, being native in 

the Brazilian territory in the Amazon, Cerrado and Atlantic Forest regions (Melo et al., 2016; 

Sousa et al., 2008; Flora do Brasil, 2020). It is used in traditional medicine to treat 

gastrointestinal and urinary disorders and as an insect repellent (Vieira, 1992). Reports in the 

literature demonstrate that ethanolic extracts of P. aduncum leaves have antiprotozoal, 

antimalarial and insecticidal activity (Hemiptera and Diptera) (Valadeau et al., 2009; Silva et 

al., 2007). 

Bioassays with plants are important to detect toxic agents and contamination of the 

environment, being highly sensitive and simple to monitor the toxic effects of chemical 

compounds at the cellular level in order to evaluate the mutagenic potential and possible harm 

to humans (Sabini et al., 2011). Therefore, such studies using medicinal plants by popular 

knowledge with P. aduncum need to have their therapeutic actions proven, as well as the 

possibility of side effects and toxic effects. 

In view of this, the present study aimed to conduct pre-clinical toxicological tests of the 

ethanolic extract of P. aduncum to verify the possibility of using this extract in living beings 

without causing harmful effects. 
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MATERIAL AND METHODS 

Collect of samples and Preparation of the ethanolic extract 

Healthy P. aducum leaves were collected at Chácara São Raimundo, in Palmas-Tocantins, 

Brazil, in March 2019 and 2020, which is the rainy season in the region. The specimen has a 

registration number in the herbarium of the Nucleus of Environmental Studies (NEAMB) of 

the Federal University of Tocantins (HTO: 11,134) through identifications of the exsiccate sent. 

The leaves were sanitized and the dry material was obtained by drying in an oven at 

38°C, then crushed and placed in a recipient protected from light. The moisture percentage 

(M%) of the sample was calculated based on the methods of the Instituto Adolfo Lutz (2005). 

The crude extract was prepared using a Sohxlet extractor, the dry leaves were directly 

weighed into the cellulose cartridges and placed in the extractor. Ethanol 99% was used as a 

solvent in a 5-hour extraction process, with a condenser water cooling system at 18°C. After 

extraction, the solvent was removed by rotary evaporator. According to Oliveira (2016), ethanol 

is a solvent with low toxicity and capable of extracting groups of polar and non-polar 

compounds, such as essential oils, lipids, organic acids and pigments. 

The yield (Y%) of the extract was calculated based on dry matter, according to the 

equation: 

Y% = [OM/Bm −(Bm ⋅ M)/100] ⋅ 100 

In which: OM is the mass of the extract (g), Bm is the plant biomass (g), M is the moisture and 

100 is the conversion factor for the percentage. 

 

Toxicological assays 

Toxicological tests were performed at the Laboratory of Basic Health Sciences (LACIBS) at 

the Federal University of Tocantins. 

 

Toxicity evaluation  

The assay was performed following the method proposed by Meyer et al. (1982) with 

modifications. Artemia salina eggs were incubated in 3% saline solution under aeration for 48 

h until hatching. Crude extracts were diluted in 3% saline solution at concentrations of 100 

µg/ml, 50 µg/ml, 10 µg/ml and 1 µg/ml, and the control group used 3% saline solution. Next, 
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1 ml of the standard solution of each extract was placed and completed with 4 ml of saline water 

for a total volume of 5 ml and 10 nauplii were transferred to each test beaker using a Pasteur 

pipette. After 24 hours, the surviving nauplii were counted. The test was performed in triplicate 

to determine the dose-response relationship. 

Antiproliferative activity determination  

In this test, we followed the methodology of Fiskejö (1985) and Meneguetti (2014) based on 

germination and alteration of Allium cepa meristems. Fifteen healthy onions of the same origin 

and size were used. Three A. cepa bulbs were partially submerged in 20 ml of crude extract at 

the concentration of 100 µg/ml, 50 µg/ml, 10 µg/ml and 1 µg/ml, and in the control group with 

distilled water, and germinated at 25°C for 72h after bulb growth in the control group. The 

number of germinated bulbs was counted and the three largest roots of each sample were 

measured with a caliper, for a total of 9 roots per group. The test was performed in triplicate. 

The germination index (GI) and the relative growth index (RGI) were calculated according to 

the method of Young (2012). These indices were obtained by the following equations: 

RGI= SRL/CRL 

In which: SRL is the sample root length and CRL is the control root length. 

 

GI% = (SRL/RGS)/(CRL x RGC) x 100 

In which: RGS is the number of roots germinated in the sample and RGC is the number of roots 

germinated in the control. The results are evaluated according to the RGI result. 

 

Human erythrocyte osmotic frailty 

This test was previously approved by the Institutional Ethics Committee 066/2013. Blood 

samples were collected by intravenous puncture in EDTA vacuum tubes from nine healthy 

volunteers. Then, 1 ml of blood was pipetted into tubes (Eppendorfâ) containing 1 ml of the 

crude extract at concentrations of 100 µg/ml, 50 µg/ml, 10 µg/ml and 1 µg/ml, and 1 ml of 0.9% 

NaCl from the control group, and were pre-incubated at 37°C for 1 hour. Next, the tubes were 

centrifuged at 1500 rpm for 10 minutes, the supernatant was removed and the samples were 

washed with 1 ml of 0.9% NaCl and centrifuged at 1500 rpm for 10 minutes. From this, 1 ml 

of 0.9% NaCl was added to the sample and homogenized. Then 50 µL were transferred to tubes 

containing different concentrations of saline solution (0.12%, 0.24%, 0.48%, 0.60%, 0.72% and 

0.9%) and incubated at 37°C for 1 hour. Erythrocyte lysis was measured by the absorbance of 
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the supernatant at 540nm. The tests were performed in triplicate, with three replications. The 

data obtained were submitted to the Tukey’s test at 5% significance. 

 

Allelopathic potential evaluation  

Lettuce (L. sativa) seeds were used as bioindicators to evaluate the allelopathic effect of crude 

extracts at concentrations of 100 µg/ml, 50 µg/ml, 10 µg/ml and 1 µg/ml. A total of 50 seeds 

were used in each treatment to germinate with three replications. The seeds were sown in 

previously sanitized germination boxes, lined with filter paper moistened with 4 ml of each 

concentration of the extract, and distilled water in the control group. The experiment was 

maintained in a BOD incubator at 25°C for 7 days, counting the germinated seeds and watering 

daily. The germination speed index (GSI) was analyzed after 7 days of germination, according 

to the equation proposed by Maguire (1962), calculated using the formula: 

GSI = G1/N1 +G2/N2 + G3/N3 + ... GN/ Nn 

In which: G1, G2... are the number of seedlings germinated during monitoring, and N1, N2... 

are equivalent to counting days, in this case, 7 days. Seeds with 2 mm of root protrusion were 

considered germinated. Finally, 10 seedlings were randomly selected per concentration of each 

extract to measure root and shoot length. The results were submitted to analysis of variance and 

compared by the Tukey’s test at 5% significance. 

 

 

RESULTS AND DISCUSSION 

The growing increase in the consumption of medicinal plants and herbal medicines in recent 

years has been accompanied by concern about the quality of the raw material offered for use of 

these plants by professionals in the areas of human and animal health, as well as the search for 

plants which have test results to prove its real therapeutic indication. Many of the plants used 

today have a popular appeal with several therapeutic indications, but lack experimental 

evidence for this purpose and have unknown cytotoxicity level. Thus, preclinical and clinical 

tests are necessary to define its indication as well as its safety for use (Yunes, 2001; Parvenn et 

al.,2015; Khan et al., 2019). 

Although P. aduncum is widely used by traditional medicine in an empirical way, its natural 

origin and use does not guarantee its safety (Herrera-Calderon et al., 2019). Few preclinical 

toxicological tests are available in the literature, which leads us to discuss the results of these 

tests with other species of the Piper genus in order to contribute to its safety for consumption. 
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The Artemia salina toxicological test is a simple and low-cost method for researching 

natural products and capable of detecting a broad spectrum of bioactivity in plant extracts. It 

presents good correlation with other in vivo oral acute toxicity tests and also showed a good 

correlation between the LC50 of plant extracts for nauplii and the LD50 of the same extracts 

administered orally in rats, which may be an indicator of potential antitumor, insecticidal and 

fungicidal activity (Parra et al., 2001; McLaughling et al., 1998; Albuquerque et al., 2014). 

Preliminary toxicological evaluations of plants with medicinal purposes through tests with 

Artemia salina nauplii have been used in the last 30 years. The lethality test is more appropriate 

for preliminary screening of plant toxicity as it has advantages due to the sensitivity of nauplii 

to toxins (Carballo et al., 2002; Caldwel et al., 2003; Otang et al., 2013). 

The lethality of nauplii at concentrations of 1 µg/ml, 10 µg/ml, 50 µg/ml and 100 µg/ml of 

crude P. aduncum extracts after 24 hours of incubation in order to determine the LC50 are shown 

in Figure 3. When evaluating the test result, we observed that there was no mortality of the 

nauplii in the control group, and we observed lethality of 33%, 56.6%, 80% and 93.3% at 

concentrations of 1 µg/ml, 10 µg/ml, 50 µg/ml, 100 µg/ml, respectively. 

According to Meyer et al. (1982), the cytotoxicity result against A. salina follows a 

toxicity criterion: extracts with LC50 values > 1000 µg/ml are considered non-toxic, values 

between 500 µg/ml and 1000 µg/ml. ml are considered to have low toxicity, values between 

100 and 500 µg/ml are moderately toxic, and values < 100 µg/ml are toxic. Following this 

guideline, the crude extract of P. aduncum can be considered toxic, since at a concentration of 

10 µg/ml there was a lethality of 56.6% of the nauplii, and as the concentration of the crude 

extracts increased, there was a greater lethality of microcrustaceans. In bioassays of A. salina 

with P. arboresensis and P. caninum essential oils, Daniel et al. (2019) showed moderate 

toxicity of P. arboresensis with an LC50 value of 57.97µg/ml, while the P. caninum essential 

oil presented LC50 249.74 µg/ml, being classified as non-toxic. Some essential oils and plant 

extracts considered toxic (LC50 < 100µg/ml) may suggest an antitumor potential, not always 

indicating toxicity to humans, as suggested by Del Socorro et al. (2014). These results are in 

agreement with tests performed with plant extracts for medicinal purposes that report that 

cytotoxicity is concentration-dependent (Kosasih et al., 2019; Talukder et al., 2020). 
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 Figure 3:  A. salina lethality at P. aduncum ethanolic extracts concentrations. 
 
 

 The results obtained in the Allium cepa test are shown in Table 1; the average root 

growth in the control group and in the extract concentrations of 1 µg/ml, 10 µg/ml, 50 µg/ml 

and 100 µg/ml were 13.66 mm, 23 mm, 23.66 mm, 12 mm and 4 mm, respectively, 

demonstrating that as the extract concentration increases, there is a reduction in root growth. 

When evaluating the relative growth index (RGI) according to Young’s method (2012), it is 

observed that there is a stimulus of root growth at low concentrations, while the concentration 

of 50 µg/ml has no significant effect on the roots of onions. Moreover, there is antiproliferative 

action in the group of 100 µg/ml with a value of 0.292, inhibiting root growth, presenting 

cytotoxic potential. The Allium cepa test is a method used to evaluate cellular alterations with 

satisfactory results in the evaluation of the antiproliferative, cytotoxic, genotoxic and mutagenic 

effects of several substances. It has low cost and equivalent sensitivity to other toxicological 

tests, being an important initial bioindicator to evaluate the toxicity of plant extracts. Onion 

roots are sensitive to detect harmful substances to the environment and human health, and the 

results of these tests are good indicators to warn the population about the use of natural or 

synthetic medicines and foods (Fachinetto et al., 2007; Da Silva, 2015). The antiproliferative 

effect is observed when onion roots are exposed to the action of the extract (Tedesco & 

Laghinghouse, 2012; Meneguetti, 2014). Cytotoxicity tests are used to determine the amount 

of cells that die after exposure to the compound. The most important macroscopic parameter 

evaluated in the antiproliferative Allium cepa test is root growth, which enables observing the 

turgidity and color change (Fiskejö, 1985; Meneguetti et al., 2014). 

contro
l

1µg/m
l

10µg/m
l

50µg/m
l

100µg/m
l

0

5

10

15

concentration

Ar
te

m
ia

 le
th

al
ity



 
 
 

19 

 

Table 1:  Allium cepa root growth average, relative growth index and germination index. 
 

Concentration 
Average 
growth 

Average of 
germinated 

roots GI RGI  

Control 13,66 mm 21,33 100 1  

1 µg/ml 23 mm 24,66 194,66 1,683 S 

10 µg/ml 23,66 mm 15,33 124,484 1,732 S 

50 µg/ml 12 mm 8 32,917 0,878 NSE 

1 00µg/ml 4 mm 17,66 24,244 0,292 I 

 
RGI results: Root growth inhibition (I): 0,0 < x > 0,8; no significant effect on the roots (NSE): 0,8 <  x > 

 1,2; root growth stimulation: x > 1,2. 
 
 

 Erythrocyte osmotic fragility is a rapid, easy-to-replicate test that provides information 

on the interaction of natural or synthetic compounds on cell membranes. This test is 

characterized by the resistance to hemolysis of red blood cells and can be measured by free 

hemoglobin in saline solutions at decreasing concentrations of NaCl (Khanna et al., 2002; Jain, 

1973). It is used as a biomarker of oxidative stress of the erythrocyte membrane in contact with 

toxic substances, xenobiotics and membrane permeability studies (Sharma et al., 2010). Many 

medicinal products can affect cell membranes causing denaturation, altering the morphological 

and osmotic effects of erythrocytes (Maiworm et al., 2008). Therefore, in vitro tests to evaluate 

the effects of medicinal products on the stability of the erythrocyte membrane should be carried 

out given the increased consumption of these products. 

In this experiment we tested the interaction of the crude P. aduncum extract with the 

membrane of human erythrocytes at increasing concentrations of NaCl from 0.12% to 0.9%. 

The Tukey’s test showed no significant difference between the control group and the tested 

samples, observed in figure 4, with no increase in the absorbance curve as the NaCl 

concentration increases, so the concentrations of the analyzed extract do not have a toxic effect 

on the erythrocyte membrane, meaning they did not induce hemolysis due to membrane 

instability. These results differ from Barros (2016) who tested increasing concentrations of 5 

µg/ml, 10 µg/ml, 25 µg/ml, 50 µg/ml, 100 µg/ml, and 200 µg/ml of P. aduncum essential oil, 

which showed a protective effect at concentrations below 50 µg/ml, and a disruptive effect on 

erythrocytes, inducing toxic effects and greater potential for hemolysis in erythrocyte 

membranes, depending on the concentration tested. 

 



 
 
 

20 

 
 

Figure 4: Erythrocyte osmotic fragility of blood samples treated with P. aduncum ethanolic extract concentrations 
and saline (NaCl 0,9%) as a control. 
 

As described by Rice (1992), allelopathy is defined as any direct or indirect beneficial 

or harmful effect that a plant, including microorganisms, exerts on another organism through 

the production of chemical compounds (allelochemicals). Allelochemicals come from 

secondary metabolism related to plant defense against attacks by microorganisms and insects, 

and they can be absorbed by other plants when released into the environment, influencing the 

germination, growth and development process, and can be used as bioherbicides in new drugs 

(Weir et al., 2004; Einhellig, 2002; Ferreira, 2004). 

In this study, we determined the allelopathic potential of crude P. aduncum extract against 

lettuce seeds through total seed germination and the germination speed index (GSI). The crude 

extract at a concentration of 100 µg/ml showed a reduction in the germination speed index 

(GSI) of the seeds compared to the other treatments and control, as shown in Table 2. Seedling 

growth was not inhibited by the action of the extracts at the tested concentrations. 

When submitting the data to the Tukey’s test, it was observed that root growth (in mm) 

was reduced with increasing extract concentration, with a significant difference between the 

control group and the concentration of 100 µg/ml, and between the concentration of 1 µg/ml 

with a concentration of 100 µg/ml, as shown in Figure 5. In the statistical analysis of the growth 

of leaves submitted to the crude extract treatments, there was a statistical difference between 
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the treatments of the control group with the concentration of 50 µg/ml, with no significant 

difference between the other treatments, as shown in Figure 6. We observed that the 

concentrations of the tested P. aduncum extracts do not present significant allelopathic 

potential, meaning they reduce the root germination process at the highest concentration tested 

(100 µg/ml of the crude extract); however, it stimulated the shoot and root growth of the lettuce 

seeds in the other tested treatments. These results are not in agreement with Lima et al. (2017), 

who showed that the leaf extracts showed greater allelopathic potential when evaluating the 

allelopathic potential of the crude aqueous leaf and root extract of P. aduncum at concentrations 

of 100, 50, 25, 12.5 and 6.5% against lettuce seeds, inhibiting the root germination process of 

lettuce seedlings. Miura (2021) tested different concentrations of essential oil of P. aduncum  

(0,1, 1, 10 and 100 mgL-1 ) on the growth of lettuce seedlings, and also observed no adverse 

effect was observed on L sativa seeds. 

 

Table 2: Germination speed index (GSI) of Lactuca sativa seeds. 

      

 control 1 µg/ml 10 µg/ml 50 µg/ml 1 00µg/ml 

GSI 94,8 99,7 91,51 97,83 80,46 
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Figure 5: Root growth length of lettuce seedlings submitted to the P. aduncum crude extract treatments. 
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Figure 6: Leaves growth length of lettuce seedlings submitted to the P. aduncum crude extract treatments. 
 
 
 
CONCLUSION 

It is concluded that the tested concentrations of crude extract obtained from P. aduncum do not 

show allelopathic potential on lettuce seeds, and do not have a toxic effect on cell membranes. 

However, they did demonstrate toxic potential in cell development, which may suggest an 

antitumor potential, thus requiring further studies. 
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5 CONSIDERAÇÕES FINAIS 

 
 

 Diante os resultados obtidos nos ensaios toxicológicos com as diferentes concentrações 

do extrato bruto etanólico de P. aduncum testados, pode-se concluir que não houve efeito tóxico 

sobre as membranas celulares, não induziu hemólise dos eritrócitos, como também não 

apresentou efeito alelopático sobre as sementes de alface. Porém demonstrou potencial tóxico 

no desenvolvimento celular, no qual apresentou aumento da letalidade dos náuplios de A. salina 

nas concentrações crescentes, e inibição do crescimento celular das raízes das cebolas na mais 

alta concentração do extrato, sugerindo potencial antitumoral e ou larvicida, necessitando assim 

de estudos futuros.   
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6 PERSPECTIVAS 
 
 
-Avaliar potencial inseticida do extrato etanólico de P. aduncum em diferentes fases de vida de 

insetos. 

-Testar ação de repelência do extrato da planta em seres humano.  
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APÊNDICE: 

 

 
          Fonte: acervo pessoa 
 

Figura 7: Processo de extração da Piper aduncum pelo método se Sohxlet. 
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         Fonte: acervo pessoal 

 
Figura 8: Ensaio com náuplios de A. salina em contato com extrato etanólico de P. aduncum. 
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          Fonte: Acervo pessoal 

Figura 9: Resultado do ensaio A cepa. Raizes das cebolas no grupo controle. 
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         Fonte acervo pessoal 

Figura 10: Plântulas de alface em água após 7 dias de germinação em água destilada. 
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          Fonte acervo pessoal 

Figura11: Plântulas de alface após 7 dias de germinação em contato com extrato de P. aduncum 
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          Fonte: acervo pessoal 

Figura 12: Teste de fragilidade osmótica eritrocitária. Amostras após incubação. 
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ANEXO 1:  Identificação da amostra no Herbário do Núcleo de Estudos Ambiental da 

Universidade Federal do Tocantins. 
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ANEXO 2:  Comprovante de aceite do artigo: Evaluation of the in vitro toxicological 
potential of crude Piper aduncum extract. 
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ANEXO 3: Parecer do Comitê de Ética 
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ANEXO 4: Artigo: Toxic and antimicrobial potential from Piper aduncum crude extract 
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RESUMO 
Infecções por COVID-19 estão difundidas mundialmente e pesquisadores de todo o mundo buscam 

elucidar a forma de transmissão, controle, severidade dos casos como também o papel dos animais neste 

cenário. Sabendo que os animais podem ser contaminados por Coronavirus que causam doenças espécie 

específica. Porém alguns casos isolados de COVID-19 foram confirmados em alguns animais (cães e 

felinos), e pessoas que possuem animais domésticos temem pela contaminação. Sabe-se que a transmissão 

é de humano a humano, e que os animais podem ser contaminados pelo contato com pessoas. Nesta 

revisão apresentamos o papel dos animais na infecção.  

 

Palavras-chave: Coronavirus; animais, COVID-19 

 

ABSTRACT 

COVID-19 infections are worldwide distributed and researchers around the world seek to elucidade the 

transmission form, control, severity of cases as also the role of animals in this scenario. As it is known 

animals can be contaminates by coronavirus which causes specific species diseases. However, some 

isolated cases of COVID-19 have been confirmed in some animals (dogs and cats), and people who have 

pets fear contamination. Human to human transmission is known, and animals can be infected by human 

contact. In this review we present the role of animals in this infection. 
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RESUMEN 

Las infecciones por COVID-19 están muy extendidas em todo el mundo y los investigadores buscan 

dilucidar la forma de transmission, control, gravedad de los casos y el papel de los animales em este 

escenario. Sabiendo que los animales pueden estar contaminados por Coronavirus que causan 

enfermidades específicas de especies. Sin embargo, algunos casos aislados de COVID-19 se han 
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