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APRESENTAÇÃO

As Ciências Biológicas abrangem múltiplas áreas do conhecimento que se 
dedicam ao estudo da vida e dos seus processos constituintes, sejam elas relacionadas 
à saúde, biotecnologia, meio ambiente e a biodiversidade. Dentro deste contexto, 
o E-book “As Ciências Biológicas e a Interface com vários Saberes 2”, apresenta 
24 capítulos organizados resultantes de pesquisas, revisões de literatura, ensaios 
teóricos e vivências de diversos pesquisadores do Brasil. 

No capítulo “ASPECTOS MICROBIOLÓGICOS DE COMPOSTOS 
ORGÂNICOS PROVENIENTES DE COMPOSTAGEM DOMÉSTICA EM SÃO LUÍS 
- MA” Vasconcelos e colaboradores investigaram a presença de Samonella ssp. e de 
coliformes termotolerantes em compostos orgânicos provenientes de compostagem 
de resíduos domésticos de um bairro localizado na zona urbana de São Luís, 
Maranhão. Carvalho e colaboradores em “INCIDÊNCIA DE STREPTOCOCCUS 
AGALACTIAE EM CULTURA DE SWAB VAGINAL E ANORRETAL ANALISADAS 
EM LABORATÓRIO PARTICULAR DE BELÉM DO PARÁ” descreveram a incidência 
de Streptococcus agalactiae em amostras coletadas em sítios anais e vaginais de 
gestantes provenientes de um laboratório particular de Belém do Pará.  

Em “ASCARIDÍASE: UM GRAVE PROBLEMA DE SAÚDE PÚBLICA NO BRASIL 
E NO MUNDO” Soares e colaboradores apresentam uma revisão sobre a parasitose 
causada por Ascaris lumbricoides discutindo seu modo de transmissão, sintomas, 
epidemiologia, tratamento e profilaxia. No capítulo “PERFIL EPIDEMIOLÓGICO DE 
DERMATOFITOSES EM PACIENTES ATENDIDOS EM UM LABORATÓRIO DA REDE 
PRIVADA DE MACEIÓ – AL” Calumby e colaboradores avaliaram a frequência de 
dermatofitoses em pacientes atendidos em um laboratório da rede privada de Maceió, 
Alagoas, e obtiveram dados epidemiológicos sobre a dimensão desta problemática, 
as quais podem servir como fonte de informações para órgãos públicos e para a 
comunidade científica.

Sobrinho e colaboradores no capítulo “PRINCIPAIS TÉCNICAS APLICADAS À 
DETECÇÃO DO PAPILOMAVÍRUS HUMANO (HPV) EM TUMORES ASSOCIADOS: 
BREVE REVISÃO DE LITERATURA” realizaram uma breve revisão de literatura sobre 
este tema, abordando os aspectos gerais da infecção por HPV, seus mecanismos de 
oncogênese e a reposta celular à presença do vírus. Também foram discutidos no 
capítulo os principais métodos utilizados na detecção do vírus, abordando as técnicas 
que se baseiam na detecção do genoma viral como a PCR (polymerase chain reaction) 
e a Captura Híbrida, e aqueles baseados na observação de alterações morfológicas 
induzidas pelo vírus como a detecção de coilócitos e a imuno-histoquímica. Em 
“CARCINOMA ORAL DE CÉLULAS ESCAMOSAS: RELATO DE CASO E REVISÃO 



DE LITERATURA” Castro e colaboradores trazem um relato de um caso clínico-
cirúrgico de carcinoma de células escamosas de língua, bem como, apresentam uma 
revisão literária explorando a caracterização clínica, sintomatologia, diagnóstico e 
tratamento da doença. 

Serpe e Martins no capítulo “POLÍMERO POLI-E-CAPROLACTONA 
ASSOCIADO A FÁRMACOS PARA CONTROLE DA DOR E INFECÇÃO: UMA 
REVISÃO DA LITERATURA” efetivaram uma revisão na literatura especializada 
sobre os sistemas de liberação controlada a base do polímero poli-ε-caprolactona 
(PCL), focando em seu uso associado aos anestésicos locais, antiinflamatórios não 
esteroidais (AINEs) e antibióticos. O capítulo de autoria de Fernandes e Suldofski 
“PREVALÊNCIA DE DOENÇA RENAL CRÔNICA E SUA RELAÇÃO COM O NT-
PRÓBNP EM PACIENTES DE UM HOSPITAL UNIVERSITÁRIO NO PARANÁ” trazem 
dados sobre a prevalência dos estágios de DRC em uma população de pacientes 
que realizaram dosagem de NT-PróBNP e estudaram a relação entre os níveis deste 
marcador e Taxa de Filtração Glomerular (TFG) calculada por CKD-EPI.

Tuono e colaboradores em “TERMOGRAFIA INFRAVERMELHA NO FUTEBOL 
FEMININO DE ELITE: ANÁLISE DE MEMBROS INFERIORES EM REPOUSO 
DURANTE AS FASES DO CICLO MENSTRUAL” analisaram a temperatura da pele 
dos membros inferiores, em repouso, de jogadoras de futebol de elite do Brasil, 
durante as diferentes fases do ciclo menstrual. Alves e colaboradores no capítulo 
“AVALIAÇÃO DA QUALIDADE DE VIDA ASSOCIADA À CRONOBIOLOGIA EM 
TRABALHADORES DE TURNO DE UM HOSPITAL UNIVERSITÁRIO DOS CAMPOS 
GERAIS” analisaram o perfil cronobiológico da equipe de enfermagem responsável 
pela clínica médica do Hospital Universitário Regional dos Campos Gerais (HURCG), 
visando correlacionar o cronotipo com a qualidade de vida dos indivíduos estudados.

No capítulo “A EXPOSIÇÃO AOS AGROTÓXICOS NA SAÚDE HUMANA” 
Tenório e colaboradores discutem sobre as implicações negativas que o contato direto 
e indireto com essas substâncias pode acarretar na saúde humana.  Em “EXTRATOS 
DE DALEA COMO POTENCIAL PARA FITO-INGREDIENTES: AVALIAÇÕES 
ANTIOXIDANTES, ANTITIROSINASE, ANTIFÚNGICA E CITOTOXICIDADE IN 
VITRO” Gaudio e colaboradores analisaram as propriedades químicas e biológicas 
de Dalea leporina, espécie sem estudo químico ou biológico, e a comparou com 
as espécies D. boliviana e D. pazensis  visando verificar a existência de atividade 
antioxidante, antitrosinase e antifúngica.

No capítulo “AVALIAÇÃO DA CAPACIDADE DE DEGRADAÇÃO DE MATÉRIA 
ORGÂNICA DE EFLUENTES LÁCTEOS POR LEVEDURAS” Ribeiro e colaboradores 
avaliaram a capacidade de degradação da matéria orgânica presente no soro de 
ricota, que é um dos principais efluentes das indústrias de laticínios, e, analisaram 
a dosagem de açúcar redutor e proteínas totais antes e após a fermentação. De 



autoria de Pessoa, Mesch e Guzmán, o capítulo “ATIVIDADE ANTIFÚNGICA DE 
ÓLEOS ESSENCIAIS DE PLANTAS SOBRE ISOLADOS DE ALTERNARIA SOLANI, 
CAUSADOR DA PINTA PRETA NO TOMATEIRO” avaliaram o efeito antifúngico dos 
óleos de eucalipto (Eucalyptus globulus), melaleuca (Melaleuca quinquenerviano), 
citronela (Cymbopogon winterianus) e cravo-da-índia (Syzygium aromaticum) no 
controle do fungo causador da pinta preta do tomate em condições in vitro. 

O capítulo “DESCRIÇÃO ANATÔMICA DA CAVIDADE ORAL DE TUBARÃO-
MARTELO, SPHYRNA LEWINI” de autoria de Vargas e colaboradores apresenta um 
estudo morfológico detalhado da cavidade oral de Sphyrna lewinii e correlacionam 
o tamanho, as estruturas e formatos ao tipo de alimentação e hábito de forrageio 
desde animal. Silva e colaboradores em “MARCADORES MITOCONDRIAIS 
REVELAM BAIXA VARIABILIDADE GENÉTICA DE PROCHILODUS NO SISTEMA 
HIDROLÓGICO PINDARÉ-MEARIM” utilizaram sequências do genoma mitocondrial 
para identificar e estimar os níveis de variabilidade genética de Prochilodus na 
tentativa de esclarecer o status taxonômico de P. lacustris de ocorrência nas bacias 
hidrográficas Pindaré e Mearim do Maranhão.

Em “QUANTIFICAÇÃO DO ÁCIDO URSÓLICO PRESENTE EM EXTRATOS 
HIDROETANÓLICOS DE DIFERENTES PARTES DA NÊSPERA” Santos, Silva 
e Fante realizaram um estudo quantitativo do ácido ursólico presente em extratos 
de diferentes partes da nêspera. Gonçalves e colaboradores em “TOXICIDADE EM 
NÍVEL CELULAR DE PRODUTOS SANEANTES DE POLIMENTO DE UTENSÍLIOS 
DE ALUMÍNIO PRODUZIDOS E COMERCIALIZADOS NO BRASIL” investigaram 
por meio de meristemas de raízes de Allium cepa, em dois tempos de exposição 
e três concentrações/diluições, os potenciais citotóxicos e genotóxicos de produtos 
“brilha alumínios” produzidos e comercializados no país. No capítulo “QUALIDADE 
BIOLÓGICA DO SOLO EM ÁREAS CULTIVADAS COM CANA-DE-AÇÚCAR NO 
ESTADO DE GOIÁS” Faquim e colaboradores estudaram a influência da cultura 
da cana-de-açúcar nos atributos biológicos do solo, em duas regiões do estado de 
Goiás (Quirinópolis e Goianésia), em talhões de cana-de-açúcar com diferentes anos 
de implantação, de modo a identificar se há equilíbrio, sustentabilidade e possíveis 
modificações no solo em decorrência do cultivo da cana-de-açúcar. 

Pinheiro e Silva em “ELABORAÇÃO DE MATERIAL DIDÁTICO PARA AÇÕES 
DE EDUCAÇÃO E SAÚDE SOBRE CÂNCER DE PELE NA EJA NA COMUNIDADE 
PESQUEIRA DE PIAÇABUÇU/AL” descrevem o processo de construção e aplicação 
de um material didático desenvolvido para auxiliar na execução de ações de 
educação e saúde em uma escola da rede pública na modalidade EJA no município 
de Piaçabuçu, Alagoas. Pinto e colaboradores no capítulo “ANÁLISE DE CONCEITOS 
GEOCIÊNTÍFICOS ABORDADOS EM UM LIVRO DIDÁTICO DO 6º ANO UTILIZADO 
EM UMA ESCOLA MUNICIPAL NA CIDADE DO RIO DE JANEIRO” analisaram a 



eficiência do conteúdo de geociências em um livro didático em comparação com a 
Base Nacional Comum Curricular. 

O capítulo de autoria de Pozzebon e Lima “MANDALA SENSORIAL COMO 
RECURSO PEDAGÓGICO PARA INCLUSÃO DE ALUNOS COM NECESSIDADES 
ESPECIAIS NO ENSINO DE BOTÂNICA E EDUCAÇÃO AMBIENTAL” utilizaram-
se de uma Mandala Sensorial, construída na Universidade Tecnológica Federal do 
Paraná, para possibilitar a construção do conhecimento de Educação Ambiental e 
Botânica, além de promover a inclusão de alunos atendidos pela sala de recursos 
multifuncionais de um Colégio do município de Dois Vizinhos em Paraná. Em  
“ANÁLISE E AVALIAÇÃO DOCUMENTAL DAS ORIENTAÇÕES CURRICULARES 
PARA O ENSINO DE CIÊNCIAS NA EDUCAÇÃO INDIGENA: UM OLHAR PARA 
A BOTÂNICA” Marques e colaboradores realizaram uma análise documental e 
bibliográfica sobre o ensino indígena com foco no conteúdo de botânica, presentes 
nas orientações Curriculares nacionais e estaduais vigentes para o ensino de Ciências 
e Biologia. Pozzobon e Merli no capítulo “SUSTENTABILIDADE AMBIENTAL E 
BIOCOMBUSTIVEIS NO CONTEXTO EDUCACIONAL” investigaram na literatura 
especializada elementos que buscam sistematizar as discussões à temática ambiental 
e a produção de energia limpa dentro da área da educação, visto que estes devem 
ser trabalhados para o processo de socialização dos conhecimentos científicos e uma 
mudança de perfil socioambiental das gerações futuras.

Em todos esses trabalhos, percebe-se a linha condutora entre as Ciências 
Biológicas e suas interfaces com diversas áreas do saber, como a Microbiologia, 
Parasitologia, Anatomia, Biologia Celular e Molecular, Botânica, Zoologia, Ecologia, 
bem como, estudos envolvendo os aspectos das Ciências da Saúde, Ciências 
Ambientais, Educação em Ciências e Biologia. Espero que os estudos compartilhados 
nesta obra contribuam para o enriquecimento de novas práticas acadêmicas e 
profissionais, bem como possibilite uma visão holística e transdisciplinar para as 
Ciências Biológicas em sua total complexidade. Por fim, desejo à todos uma ótima 
leitura. 

Clécio Danilo Dias da Silva
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ABSTRACT: Dalea L. (Fabaceae) includes 
species used in traditional medicine. 
Prenylflavonoids from Dalea, such as 

2’,4’-dihydroxy-5’-(1’’’,1’’’-dimethylallyl)-8-
prenylpinocembrin (8PP), present antioxidant, 
antityrosinase, and antifungal activities. This 
work aimed to investigate the chemical and 
biological properties of Dalea leporina, a species 
without any chemical or biological study, and to 
compare it with D. boliviana and D. pazensis. 
Hydro-alcoholic extracts from roots of the three 
species were obtained and their antioxidant, 
antityrosinase, antifungal, and cytotoxicity 
activities were evaluated, together with total 
phenols and flavonoids quantification and 
evaluation of relative content of 8PP in the three 
extracts. 
D. boliviana presented the highest polyphenolics 
and flavonoid contents and antioxidant properties. 
8PP was determined in the three Dalea extracts, 
with the highest content in D. pazensis, which 
showed relevant tyrosinase inhibition. D. leporina 
showed important antifungal activity against 
azole-resistant Candida albicans. Dalea extracts 
showed important bioactivities and      high 
maximum non-cytotoxic concentrations, and 
are potential sources of new phyto-bioactive 
ingredients. 
KEYWORDS: Phyto-bioactive ingredients, 
prenylflavanone, antityrosinase, antioxidant, 
antifungal.

EXTRATOS DE DALEA COMO 
POTENCIAL PARA FITO-INGREDIENTES: 

AVALIAÇÕES ANTIOXIDANTES, 
ANTITIROSINASE, ANTIFÚNGICA E 

CITOTOXICIDADE IN VITRO
RESUMO: Dalea L. (Fabaceae) inclui espécies 
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utilizadas na medicina tradicional. Os pré-flavonóides da Dalea, como 2’,4’-di-hidroxi-
5’-(1’’’,1’’’-dimetilalil) -8-prenilpinocembrina (8PP), possuem atividade antioxidante, 
antitrosinase e antifúngica. O objetivo deste trabalho foi investigar as propriedades 
químicas e biológicas de Dalea leporina, espécie sem estudo químico ou biológico, 
e compará-lo com D. boliviana e D. pazensis. Foram obtidos extratos hidroalcoólicos 
das raízes das três espécies e avaliadas suas atividades antioxidantes, antitirosinase, 
antifúngica e citotoxicidade, juntamente com a quantificação total de fenóis e 
flavonóides e a avaliação do conteúdo relativo de 8PP nos três extratos.
D. boliviana apresentou o maior conteúdo de polifenóis e flavonóides e propriedades 
antioxidantes. A 8PP foi determinada nos três extratos de Dalea, com o maior conteúdo 
de D. pazensis, que mostrou uma inibição significativa da tirosinase. D. leporina 
mostrou atividade antifúngica significativa contra Candida albicans resistente a azóis. 
Os extratos de Dalea mostraram bioatividades significativas e altas concentrações 
não citotóxicas máximas  e são fontes potenciais de novos ingredientes fitobioativos.
PALAVRAS-CHAVE: Ingredientes fitobioativos, prenilflavanona, antitirosinase, 
antioxidante, antifúngica.

1 | 	INTRODUCTION
Dalea L. genus (Fabaceae) habits from the southwestern United States to 

central Argentina and Chile. Ethnobotanical and ethnomedical knowledge about the 
traditional uses of Dalea species, indicate their application as anti-inflammatory and 
analgesic (Densmore 2005). 

Dalea elegans Gillies ex Hook. & Arn, D. boliviana Britton, D. leporina (Aiton) 
Bullock, and D. elegans var. onobrychioides (Griseb.) Barneby habit in Argentina. 
From D. elegans and D. boliviana we previously isolated nine prenylated, chromene 
and methoxylated flavanones, and one chalcone. These compounds were reported 
as mushroom tyrosinase inhibitors.  The flavanone 8PP [2’,4’-dihydroxy-5’-(1’’’,1’’’-
dimethylallyl)-8-prenylpinocembrin, Figure 1] from D. elegans roots, was the most 
potent as anti-tyrosinase (Peralta et al. 2019). 

Furthermore, antimicrobial properties of 8PP include antibacterial, antifungal, 
antibiofilm, inhibition of efflux transporters in an azole-resistant Candida albicans strain 
(RCa), and fungicidal combination with fluconazole (Belofsky et al. 2004; Deardorff et 
al. 2016; Peralta et al. 2019).

Prenylflavonoids from Dalea present relevant bioactivities as antioxidants, 
antityrosinase, and antifungals (Peralta et al. 2019). Plant extracts with these properties 
have potential pharmacological applications as phyto-ingredients for cosmetics and 
botanical nutraceuticals with an impact on human health care, health-promoting 
activity, and prevention of diseases.

To screen other sources of bioactive compounds in this genus, this work aimed 
to investigate the chemical and biological properties of root extract from D. leporina, 
a species without any chemical or biological study. Additionally, we aimed to compare 
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these properties with those obtained from D. boliviana and D. pazensis. Hydro-
alcoholic extracts of roots from the three species were obtained and their antioxidant, 
antityrosinase, antifungal, and cytotoxicity activities were evaluated. Total phenols 
and flavonoids quantification and evaluation of relative content of 8PP as a chemical 
marker in the three extracts, constituted the chemical investigation of these extracts.

Figure 1. Structure of S-2’,4’-dihydroxy-5’-(1’’’,1’’’-dimethylallyl)-8-prenylpinocembrin 
(8PP)

2 | 	MATERIALS

2.1	 Plant material
Plant material (roots) of D. boliviana, D. pazensis, and D. leporina were collected 

in February 2007, March 2013 and February 2015, respectively. The collection place 
was: D. boliviana, in Humahuaca Department, Jujuy Province, Argentina (22°55’24.3”S 
65°17’28.6”W at 2780 m above sea level) and D. leporina, in La Calera Department, 
Salta Province, Argentina (24°36′00″S 65°23′00″W at 1421 m above sea level). 
Prof. Dr. Gloria Barboza from the Botanical Museum-UNC identified the species and 
vouchers specimens are on deposit as CORD 1066 and Peralta 3 respectively. D. 
pazensis was collected in Yotala, close to Sucre city (Bolivia) (19º08’53’’ S 65º15’48’’ 
W at 2543 m above sea level) and identified by specialized personnel belonging at the 
Herbario del Sur de Bolivia (HSB) (Portal E. & López C.D.) and a voucher specimen 
was deposit as 961A.

2.2	 Chemicals
All chemical reagents and solvents were analytical grade and purchased from 

Sigma‐Aldrich (St. Louis, MO, USA). Acetonitrile, methanol and formic acid, HPLC 
grade, were purchased from Merck (Darmstadt, Germany). Sabouraud (agar and 
broth) were from Difco (Detroit, MI, USA). Reference compounds: quercetin, vitamin 
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E, gallic acid, ascorbic acid, kojic acid, and fluconazole were obtained from Sigma‐
Aldrich.

2.3	 Preparation of dry weight extracts 
Dried roots from D. boliviana, D. pazensis, and D. leporina were dried at room 

temperature, powdered and extracted with EtOH:H20 (70:30, 250 mL) by using soxhlet. 
The solvent was removed by a rotatory evaporator to yield each dry weight extract 
(DE).  The dry weight extracts (DE) were expressed as g of DE/100 g of plant material. 

2.4	 LC-MS/MS analysis of DE
All extracts obtained were investigated by liquid chromatography with tandem 

mass spectrometry (LC-MS/MS) for comparative analysis regarding the presence 
and quantity of 8PP. The analyses were performed using an Acquity UPLC H-Class, 
Waters, with a quaternary pump equipped with an autosampler and a triple quadrupole 
mass spectrometer (Xevo TQ-S Micro, Waters) were used to obtain the MS–MS data. 

Different DE (5 mg/mL in elution solvent) were filtered through a 0.45 µm 
Millipore filter and then analyzed. Briefly, 5 µL of each DE were injected by an 
autosampler through a BEH C18 Waters column (50×2.1 mm, 1.7 μm, at 30º C), using 
gradient elution done with water with 0.1% formic acid (solvent A) and acetonitrile with 
0.1% formic acid (solvent B) at a constant flow-rate of 250 μL min−1. A linear gradient 
profile was run with the initial composition of solvent A being 50% for the first 0.1 min; 
then the following proportions were applied [t (min), %A]: (0.1-3.50, 20), (3.5-5.0, 20). 
The column effluent was introduced into the mass spectrometer using electrospray 
ionization (ESI) in the negative ion mode. The following parameters were used for 
8PP analysis: capillary voltage of 3.0 kV, desolvation gas (nitrogen) at a flow of 650 
L/h, desolvation and source block temperature were 350 and 150 °C, respectively. 
The following mass transitions were optimized by Multi Reaction Monitoring (MRM) 
mode for analysis of 8PP by direct infusion using Intellistart application: 423.30/ 193.0 
and 423.30/ 229.10; cone voltage for both transitions was 54 V and collision energies 
were 20 and 18 V, respectively. The collision gas was Argon 99.999% (Linde) with a 
pressure of 3.4 × 10−3 mbar in the collision cell. The LC-MS–MS system was controlled 
by Masslynx software (Version 4.1).
2.5	 Total phenolic content determination

Total soluble polyphenols (TP) were quantitatively determined using the Folin-
Cicocalteu’s phenol reagent (FCR) according with Matkowski & Piotrowska, 2006. The 
concentration range of different DE was 0.4–0.8 mg/mL in EtOH.  The absorbance 
of each mixture was read at 765 nm (Genesys 5). TP were expressed as gallic acid 
equivalents in mg/g of DE (mg GAE/g DE) using a standard curve of Gallic acid solution 
(y =0.046x-0.091; r2=0.998).
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2.6	 Total flavonoids determination 
Total flavonoid content (TFC) determination in different DE was achieved 

(Quettier-Deleu et al. 2000). The concentration range of different DE was 0.15 to 1 
mg/mL.  The absorbance was measured at 430 nm (Genesys 5) and the results were 
expressed as mg quercetin equivalents per g of DE (mg QE/g DE), using standard 
curve of quercetin solution (y= 0.081x-0.020; r2= 0.996).

2.7	 Determination of antioxidant activities

2.7.1	 Total antioxidant capacity by phosphomolybdenum assay

The total antioxidant capacity (TAC) of the extracts was evaluated by the 
phosphomolybdenum method according with Prieto et. al., 1999. Each DE (0.1 mL 
in methanol at concentration of 10-90 µg/mL) was combined with 1 mL of reagent 
solution and incubated at 37 ºC for 90 min, protected from light. After that, each solution 
was measured at 695 nm (Genesys 5) at room temperature. The TAC was expressed 
as AAE µg [(µg ascorbic acid equivalent)/weight of extract analyzed, using standard 
curve of ascorbic acid (10-50 µg/mL)]. Percentage values of TAC were expressed with 
respect to ascorbic acid (y= 0,017x-0,050; r2= 0,998). Quercetin was used as reference 
compound (RC).

2.7.2	 ABTS radical cation scavenging 

The method used was as described by Re et al. (Re et al. 1999). 37.5 µL of 
each ethanolic solution of DE at different concentrations (10-100 µg/mL) was added to 
1.5 mL of freshly prepared ABTS•+ solution. After 4 min, the absorbance was measured 
at 734 nm (Genesys 5). Quercetin was used as a RC. 

2.7.3	 Erythrocyte hemolysis assay

The methodology employed was in accord with Dai et al., 2006. Fresh 
human blood from healthy volunteers via venipuncture was obtained and collected 
in heparinized tubes. Erythrocytes isolated by centrifugation (3000 rpm for 5 min) 
were washed three times with phosphate buffer (BF) 0.1 M pH 7.4 (190 mL of 0.2 
M NaH2PO4H2O and 810 ml of 0.2 M Na2HPO4 •7H2O), and re-suspended at 20% of 
erythrocytes (Er) with PBS. Hemolysis was carried out mixing Er in BF with 2, 2’-Azobis 
(2-amidinopropane) dihydrochloride (AAPH) solution (0.2M). Different DE (100 µL, 10-
100 µg/mL) with Er (100 µL) and AAPH (100 µl, 0.2 M) were incubated at 37 ºC (3 hours) 
with gentle shaking. Then, the mixture diluted with 4 mL of BF was centrifuged (4000 
rpm, 10 min) and the supernatant was measured at 540 nm (Genesys 5). Absorbance 
of the hemolysate was used as 100% hemolysis. Quercetin was used as RC. 
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2.8	 Tyrosinase Inhibition Assay
Mushroom tyrosinase was used as previously described (Peralta et al. 2014). 

Monophenolase activity of the assay solution containing mushroom tyrosinase solution 
(0.104 µg/µL), control solution [Na3PO4 buffer (0.1 M, pH 6.8)] or the sample solution 
[prepared with each extract dissolved in Na3PO4 buffer (0.1 M, pH 6.8)] and the enzyme 
substrate, L-tyrosine (1.7 mM, Sigma), was monitored by measuring dopachrome 
formation at 475 nm in a spectrophotometer UV-visible (Genesys 5). Kojic acid was 
used as positive reference inhibitor. 

2.9	 Antifungal assays

2.9.1	 Yeast strains and growth conditions 

Two C. albicans strains isolated from the oral cavity of immunocompromised 
hosts (AIDS) and kindly provided by Dr. Theodore White (Seattle, WA) were used. 
The azole-sensitive C. albicans strain 2.76 (SCa) and a zole-resistant strain 12-99 
(RCa) that overexpresses the transporter genes CDR1, CDR2 and MDR1 (White et 
al., 2002). The strains were stored as frozen stocks, in Sabouraud dextrose broth 
with 15% glycerol at −80 °C.  Before each experiment, cells were subcultured from 
this stock onto Sabouraud dextrose agar (Difco, Detroit, MI), and passaged to ensure 
purity and viability (CLSI 2008).

2.9.2	 Antifungal evaluation

The antifungal activity of Dalea extracts was evaluated following the guidelines 
of the M27-A3 document of the Clinical and Laboratory Standards Institute standard 
method (CLSI 2008). Briefly, 100 µL per well of each DE (final concentrations ranging 
from 50 to 750 μg/mL) dissolved with dimethyl sulfoxide as co-solvent (DMSO, 1% 
per well) were added to a microtiter plate. Growth control wells were prepared without 
the antifungal solution. A growth control with DMSO (1%) was included. Antifungal 
fluconazole was the reference. After inoculation with 100 µL per well of a inoculum 
containing 103 CFU/mL, the microtiter plate was incubated at 37 °C for 48 h. Optical 
density (OD) was measured at 540 nm with a Microplate Reader (Tecan Sunrise 
Model, TECAN, AUS). Minimal inhibitory concentration (MIC) was defined as the 
lowest concentration producing an OD540nm of 50 percent (50%) or less with respect to 
that of the growth control (Peralta et al. 2012; Barceló et al. 2017).
2.10	 MTT analysis on JT744 derivate’s macrophage cell line

1 X 105 J744 macrophage derivate cells in DMEM supplemented with 10% 
(v/v) fetal bovine serum (FBS) and 1% streptomycin/penicillin were cultured in 96 well 
plates and incubated for 24 h at 37 °C in a humidified atmosphere of 5% CO2. After 
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incubation, 125 µL of the control solution (fresh media with DMSO 0.5% v/v) or 125 µL 
the test solution [prepared with each stock solution of extracts (1 mg/mL) dissolved in 
DMSO (final concentration 0.5% v/v)] at several concentrations (7.8–250 µg/mL) were 
added to cultured cells, and incubated for 24 h. Then, the cells were rinsed with PBS 
and 100 µL of MTT reagent [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium 
bromide in PBS (5 mg/mL)] were added to each well and incubated for 30 min. MTT 
reagent was removed and 100 µl of isopropyl alcohol was added. The absorbance 
was measured at 595 nm in a microplate reader (BioTek ELx800). The Maximum non-
Cytotoxic Concentration (MNCC, the concentration that the cells are maintained at 
90% of viability) was determined (Santi et al. 2017).

2.11	 Statistical analysis 
All assays were independently performed in triplicate, and results were 

expressed as mean±SD of three separate experiments. In order to estimate the 
extract concentration that provided 50% inhibition (IC50) in the different assays several 
concentrations of the extracts were evaluated according to the experiment. The IC50 
values were calculated with the program Origin 8.0.

Statistical analysis was made with either one-way analysis of variance 
(ANOVA), Newman-Keuls multiple comparison tests, Bonferroni test or Turkey test, 
as appropriate. The values with p<0.05 and p<0.001 were considered statistically 
significant in each comparison realized.  

3 | 	RESULTS AND DISCUSSION

3.1	 Yield of dried extract and Total phenolic and flavonoid content 
The Dalea dry weight extracts (DE) were expressed as g of DE/100 g of plant 

material, with the following yield: D. pazensis: 11%, D. boliviana: 10% and D. leporina: 
1.5%. 

Total phenolic and flavonoid contents of Dalea extracts were expressed in mg 
of gallic acid (mg GAE) or quercetin equivalents (mg QE) per g of DE, respectively. 
D. boliviana DE (DEb) presented the higher content of total polyphenolics (48±2 
mg GAE/g DE) followed by D. pazensis DE (DEp: 33.73±0.1 mg GAE/g DE) and D. 
leporina DE (DEl: 17.2±0.2 mg GAE/g DE). Regarding the flavonoid content, DEb 
showed the major concentration of the three extracts (42.1±0.7 mg QE/g DE) followed 
by DEp and DEl (9.67±0.2 and 9.1±0.2 mg QE/g DE, respectively).

D. leporina showed the lowest polyphenol content and more than a 50% of 
them correspond to flavonoids. 

Chemical studies on Dalea species, reported flavonoids as principal polyphenolic 
compounds (Peralta et al. 2019), but also geranyl stilbenes (Belofsky et al. 2004) 
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and condensed tannins (Peng et al. 2018). Prenylflavonoids have been described in 
several American Dalea species (Peralta et al. 2019). One of these compounds is the 
8PP; therefore, we investigated its presence in the different DE.

3.2	 Chemical analysis of 8PP in DE
8PP was identified by LC-MS-MS in the three DE. The retention times (Rt) 

for DEb, DEp, and DEl were 3.24, 3.23, and 3.20 respectively, coincident with the 
standard 8PP (Rt=3.19, Figure S2). The MRM analysis with the mass transitions m/z 
423.3/229.1 and 423.3/193.0, indicated the presence of 8PP in the three extracts.

Figure 2.  ESI-MS spectrum of 8PP (A); LC-MS/MS chromatogram in negative MRM 
mode with mass transitions m/z 423/193 and 423/229 (B)

Analyzing the area values for all extracts at m/z 423.3/193.0, DEp contained 
the highest concentration of 8PP and three-fold more than DEb and DEl, which 
showed a similar concentration of 8PP (Figure 3 and Table 1).

DE Retention time (min) Area
D. boliviana 3.24 5782438
D. leporina 3.20 4490108
D. pazensis 3.23 15378222

Table 1. LC-MS-MS Analysis of extracts from different Dalea species: D. boliviana, D. 
leporina and D. pazensis. 8PP (Rt=3.19, see supplementary material) was used as 

standart. MRM analysis with the mass transition m/z 423.3 > 193 was used in order to 
quantify the area that corresponds to 8PP in the three analyzed extract.
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Figure 3.  Representative MRM ion chromatograms resulting from the analysis of 8PP 
in the different DE. Mass transitions were m/z 423/193 and 423/229 for the detection of 

8PP in DEb  (A), DEl (B) and DEp (C), respectively.

Several studies have disclosed the presence of prenylflavonoids in Dalea 
genus. We previously suggested these metabolites as potential chemotaxonomic 
markers for Dalea genus, considering its narrow distribution limited to specified genera 
(Peralta et al. 2019). 

8PP has been informed in six species of Dalea genus (Peralta et al. 2019). It’s 
its first report in D. boliviana and D. leporina. Further chemical studies in other Dalea 
species, could provide information in order to propose 8PP as a potential chemical 
marker in this genus. Remarkably, 8PP is the most extensively studied in terms of its 
biological activities. So, we focused on the biological evaluation of DE according to the 
bioactivities reported for 8PP.

3.3	 Antioxidant activity of the DE 

3.3.1	 Total Antioxidant Capacity by phosphomolybdenum assay

The total antioxidant capacity (TAC) of the three species and quercetin (Qt) was 
expressed as µg ascorbic acid equivalent (AAE)/weight of extract analyzed (Table S2). 
At 90 µg of extract, DEb displayed the highest level of TAC (36.2±0.9 AAE), DEp and 
DEl showed lower capacities (17.9±0.2 and 13.7±0.2 AAE, respectively). Qt showed 
more antioxidant capacity than the three DE.  Therefore the descending percentage 
order of TAC at 90 µg was Qt (100)> DEb (69.9) > DEp (41.2) > DEl (22.5).
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DE a,b
Weight of each extract analyzed  (µg)

90 50 25 10

D. boliviana 36.2±0.9 
(69.9%)

14.9±0.5 
(24.9%)

5.6±0.3 
(5.4%)

3.5±0.1 
(0.9%)

D. pazensis 17.9±0.2 
(41.2%) 

9.8±0.1 
(19.5%) 

5.73±0.08 
(8.6%)

4.49±0.04 
(5.3%)

D. leporina 13.7±0.2 (22.5 
% )

7.6±0.4 
(9.6 %)

4.2±0.1 
(2.4%)

3.37±0.03 
(0.7 %)

Quercetin 55.1±0.7 (100.0 
%)

33.6±0.1 
(69.7 %)

24.4±0.1 
(43.7%)

13.1±0.1 
(19.4%)

a- Expressed in µg of ascorbic acid equivalents/weight of extract analyzed.
b- Expressed in% of antioxidant potential with respect to ac. Ascorbic.

Table 2. Total antioxidant capacity (TAC) of different Dalea extracts (DE).

3.3.2	 ABTS•+ radical cation scavenging activity

ABTS activity was quantified in terms of IC50 value in each sample. DEb was 
the most efficient scavenger (IC50 8.1±0.1 µg/mL) followed by DEp (IC50 9.2±0.2 µg/mL) 
(p<0.05).  DEl proved the less efficient scavenger (IC50 39.1±0.1 µg/mL) (p<0.001). 
The ABTS activity for Qt, the reference inhibitor, was (IC50 3.23±0.03 µg/mL) (p<0.001).

3.3.3	 Erythrocyte hemolysis assay

Erythrocytes hemolysis inhibition for the different DE was expressed as IC50. 
All the extracts showed a dose-dependent inhibition. DEb was the most active with an 
IC50 of 25.5±0.1 µg/mL, comparable with the reference inhibitor, Qt (IC50 of 21.4±0.2 
µg/mL), followed by DEp (IC50=37.6±0.1 µg/mL) (p<0.05) and DEl, with the lowest 
activity (132.4±0.8 µg/mL) (p<0.001). Thereby, DEb showed the best capacity to 
protect erythrocytes from AAPH oxidative damage, similar to quercetin, a powerful 
antioxidant reference.

All DE showed antioxidant activity. In this sense, previous report informed 
significant TAC and scavenging activity for 8PP (Elingold et al. 2008). Considering 
that 8PP is present in the three DE, it could collaborate, at least in part, with their 
antioxidant activity.

3.4	 Tyrosinase Inhibition for Dalea extracts
Different DE showed important tyrosinase inhibition (Figure 4). DEp displayed 

the highest activity (IC50 0.116±0.001 µg/mL), fourteen-fold more active than the 
positive control, KA (IC50 1.711±0.004 µg/mL) and DEb (IC50=0.758±0.002 µg/mL) was   
two-fold more active than KA. DEl exhibited the IC50 of 10.80±0.06 µg/mL (p<0.05) 
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(Figure 4).

Figure 4.  Concentration-dependent curve of mushroom tyrosinase inhibition of different 
Dalea extracts (DEl, Dalea leporina; DEb, Dalea boliviana; DEp, Dalea pazensis) and 

positive control kojic acid (N=3).

8PP, previously reported as an important tyrosinase inhibitor (Peralta et al. 
2014; Santi et al. 2017), is present in the three DE evaluated. Its quantitative presence 
could be related to the inhibitory activity observed for each DE. DEp showed the major 
anti-tyrosinase activity, presenting a three-fold more quantity of 8PP compared with 
the other extracts (Table 1). Therefore, 8PP could be responsible, at least in part, 
for the activity of DEp. While DEb was ten-fold more active than Del (Figure 4), the 
quantity of 8PP in both extracts      was similar (Table 1). Other prenylflavanones 
from D. boliviana roots have been informed as anti-tyrosinase (Peralta et al. 2019). 
Hence, these compounds or others could collaborate with this activity for DEb and 
could explain the different IC50 observed for DEb and DEl.
3.5	 Antifungal activity of Dalea extracts

Figure 5 shows the antifungal effect of Dalea extracts on azole-sensitive (RCa) 
and azole-resistant (RCa) C. albicans strains.  D. leporina extract (DEl) was the most 
active at concentrations from 250 to 750 μg/mL (p<0.001) with a MIC of 500 μg/mL 
while the MIC for D. boliviana (DEb) was 750 μg/mL against both strains. MIC for DEp 
was not observed even at the maximum concentration (750 µg/ml) in both strains 
(Figure 5).  Fluconazole, the reference antifungal, exhibited MICs of 8 µg/ml and 32 µg/
ml for SCa and RCa respectively, denoting the azole-resistance of RCa.  Remarkably, 
the activity of DEl was similar in both strains indicating that the efflux mechanism of 
resistance in RCa did not affect this extract. 
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Figure 5. Antifungal effect of different Dalea extracts (DEb, Dalea boliviana; DEp, Dalea 
pazensis and DEl, Dalea leporina) against azole-sensitive (SCa) (A) and azole-resistant 

(RCa) (B) C. albicans strains.  Error bars represent the standard deviation (SD) of 
triplicates of three independent experiments. ∗denote statistical significance at *p<0.001 

were considered significant for comparisons with growth control (non-treated).

The flavanone 8PP was extensively studied as antifungal against azole-
resistant C. albicans (Peralta et al. 2012; Peralta et al. 2015; Barceló et al. 2017). We 
herein report the presence of 8PP in DEl however; other compounds present in this 
extract could be more active than 8PP.  D. leporina deserves further chemical and 
microbiological studies to search new antifungals against resistant C. albicans.

3.6	 Effect of Dalea extracts on J744 macrophage cell viability
The MNCC descending order on J774 cell line viability: DEl (454±8 µg/

mL), DEp (119±1 µg/mL), and DEb (110±1 µg/mL), showing a concentration-effect 
dependent (Figure 6 ). Considering that these values were greater than the active 
concentrations observed for DE at the bioactivities evaluated, these MNCC values 
indicate not relevant cytotoxic effects in this cell line (Figure 6).

Figure 6. J744 cells viability after 24hs of treatment with DE of Dalea species (DEl, 
Dalea leporina; DEb, Dalea boliviana; DEp, Dalea pazensis). (N=3). 
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Previous investigations demonstrated the cytotoxic effect of 8PP on different 
cell lines (Elingold et al. 2008; Santi et al. 2017) and in an in vivo assay demonstrated 
an  acceptable level of safety for this compound (Barceló et al. 2017). More in vitro and 
in vivo studies are necessary to support the safe human use of Dalea extracts.

4 | 	CONCLUSION
We herein present the chemical and biological investigation of hydroalcoholic 

extracts from three South American Dalea species: D. leporina, D. boliviana, and D. 
pazensis. We demonstrated the presence of the prenylated flavanone 8PP, previously 
informed in several Dalea species, in D. leporina and D. boliviana species. The 
antioxidant, antityrosinase and antifungal activities exhibited by these species and 
their low cytotoxicity in vitro, allowing us to propose them as important bioactive 
phytoconstituents, with potential application in industries such as food, pharmaceutical, 
or cosmetic.
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