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IMPACTO POTENCIAL DESTA PESQUISA

O presente estudo € de grande relevancia para o cenario tecnolégico nacional, uma vez
que, o uso de planta da flora brasileira com fonte de principios ativos tem se mostrado
cada vez mais eficaz na busca de medicamentos e garante a auto sustentabilidade do
pais pelo seu carater renovavel. As principais contribui¢cdes cientificas ou tecnoldgicas
deste trabalho sao: valorizac&o da flora, especialmente o bioma cerrado; validacao das
plantas medicinais utilizadas pela populacdo; obtencdo de um bioproduto a base de uma
fracdo ativa contendo flavonoides diméricos denominados de brachydinas, com
promissora atividade antiproliferativa; publicacdo de artigos cientificos em periddicos de
impacto internacional, bem como a participacdo em simpdsios, encontros e congressos

de pesquisa e intercambio de metodologias e informacdes cientificas.

POTENTIAL IMPACT OF THIS RESEARCH

This study is of great relevance to the national technological scenario, since the use of
plants from the Brazilian flora as a source of active ingredients has proven to be
increasingly effective in the search for medicines and guarantees the country's self-
sufficiency due to its renewable nature. The main scientific or technological contributions
of this work are: evaluation of the flora, especially the Cerrado biome; validation of the
medicinal plants used by the population; obtaining a bioproduct based on an active
fraction containing dimeric flavonoids, called brachydins, with promising antiproliferative
activity; publication of scientific articles in journals with international impact, as well as
participation in research symposia, meetings and congresses, and exchange of

methodologies and scientific information.
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RESUMO

O presente trabalho teve como objetivo desenvolver uma microemulsdo contendo a
fracdo diclorometanica rica com esses flavonoides diméricos denominados brachydinas.
Os constituintes da formulacao foram escolhidos e o diagrama de fases pseudoternario
foi construido utilizando o método de titulacdo para obtencéo da regido de formacao de
microemulsdo. Foi realizado a incorporacdo nas proporcdes 3% e 5% de fracdo e
realizado a caracterizacdo em termos de tamanho das goticulas, potencial zeta e indice
de polidispersdao. Ambas as microemulsdes apresentaram tamanho de particula <100 nm
e apenas a microemulsdo com 3% apresentou valores de indice de polidisperséo e
potencial zeta mais proximo do ideal e, portanto, foi escolhida para continuidade ao
estudo. As caracteristicas fisico-quimica e organolépticas foram avaliadas e revelaram
pHs fisiologicamente aceitaveis para uso topico/transdérmico e oral, indice de refracédo
1.42+0.01, densidade de massa 1.016g/cm3+ 0.01, limpidez e transparéncia
caracteristicas dessas microestruturas. A estabilidade das microemulsdes foram
avaliadas e mostraram bons perfis de estabilidade mesmo apds aplicacdo de condi¢cdes
térmicas extremas, com baixa alteracéo nos valores de pH e teor de fracdo incorporada.
O estudo de liberacao in vitro revelou que a microemulsao permitiu a liberacéo controlada
da fracdo com quantidade cumulativa liberada superior a 60% em 6 h. Ademais a fragéo
ativa e microemulsdo ndo apresentaram toxicidade no modelo experimental com larvas
de Tenebrio molitor nas concentracbes testadas. A microemulsdo desenvolvida
demonstrou excelentes propriedades fisico-quimicas, estabilidade, toxicidade e melhor
capacidade de liberacédo do principio ativo. Estes resultados fornecem uma base para
aplicacdo da microemulsdo como veiculo de entrega dos flavonoides estudados. Além
disso, foi realizado o isolamento das substancias presentes na fracao apolar utilizando
cromatografia de fase normal, na perspectiva de obtencao dos padrées de brachydinas
utilizada nos testes quantificacdo do teor da fracdo na microemulsdo. Considerando os
dados ja publicados com as brachydinas quanto a sua expressiva atividade em cancer
de prostata e mama, foi realizado o estudo de docagem molecular, para o entendimento
dos possiveis alvos moleculares e mecanismos envolvidos com a carcinogénese, 0s
resultados mostraram relevantes interacfes das brachydinas com o sitio alostérico da
isoforma da proteina quinase MAPK14 (p38a), proteina que estad associada a varias
funcdes biolégicas principalmente em carcinogénese, levantando a hipotese que a
formulacdo desenvolvida contendo as brachydinas podera ser usada como alternativa no
tratamento do cancer. Sendo assim, o presente trabalho, traz nova perspectiva no estudo
de produtos naturais quanto a aplicacéo tecnolégica da fracdo diclorometéanica obtida do
extrato das raizes de F. platyphylla por meio de sua incorporacdo bem-sucedida em
formulacdo microemulsionada colaborando para exploracdo e valorizacdo da flora
brasileira. Além disso, como produto intelectual foi publicada uma revisdo na revista
Pharmaceuticals e um artigo com a formulacéo na revista AAPS PharmSciTech.

Palavras-chaves: Flavonoides diméricos, brachydinas, microemulsao.



ABSTRACT

The aim of this work was to develop a microemulsion containing the dichloromethane
fraction rich in these dimeric flavonoids, called brachydins. The components of the
formulation were selected and the pseudoternary phase diagram was constructed using
the titration method to obtain the microemulsion formation region. Incorporation was
carried out in 3% and 5% fractions and characterization was carried out in terms of droplet
size, zeta potential and polydispersity index. Both microemulsions showed a particle size
<100 nm and only the 3% microemulsion showed polydispersity index and zeta potential
values closer to the ideal and was therefore selected for further study. The
physicochemical and organoleptic properties were evaluated and showed physiologically
acceptable pH values for topical/transdermal and oral use, a refractive index of 1.42+0.01,
a density of 1.016g/cm3+0.01, and the clarity and transparency characteristic of these
microstructures. The stability of the microemulsions was evaluated and showed good
stability profiles even after application of extreme thermal conditions, with little change in
pH values and content of incorporated fraction. The in vitro release study showed that the
microemulsion allowed a controlled release of the fraction with a cumulative release of
more than 60% in 6 hours. Moreover, the active fraction and the microemulsion showed
no toxicity in the experimental model with Tenebrio molitor larvae at the concentrations
tested. The developed microemulsion showed excellent physicochemical properties,
stability, toxicity and better drug release capacity. These results provide a basis for the
application of the microemulsion as a delivery vehicle for the studied flavonoids. In
addition, the substances present in the apolar fraction were isolated using normal phase
chromatography to obtain the brachydin standards used in the tests to quantify the content
of the fraction in the microemulsion. Considering the data already published with
brachydins regarding their significant activity in prostate and breast cancer, a molecular
docking study was carried out to understand the possible molecular targets and
mechanisms involved in carcinogenesis.The results showed relevant interactions of
brachydins with the allosteric site of the MAPK14 protein kinase isoform (p38a), a protein
associated with various biological functions, especially in carcinogenesis, raising the
hypothesis that the developed formulation containing brachydins could be used as an
alternative in the treatment of cancer. Thus, this work brings a new perspective to the
study of natural products in terms of the technological application of the dichloromethane
fraction obtained from the extract of the roots of F. platyphylla through its successful
incorporation in a microemulsion formulation, contributing to the exploration and
valorization of Brazilian flora. In addition, as an intellectual product, a review was
published in the journal Pharmaceuticals and an article with the formulation was published
in the journal AAPS PharmSciTech.

Keywords: Dimeric flavonoids, brachydins, microemulsion.
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1 INTRODUCAO

A grande diversidade estrutural dos metabolitos produzidos pelas plantas
faz com que o reino vegetal seja uma das mais antiga e principais fonte de farmacos.
Os produtos naturais constituem um importante recurso para o mercado mundial de
medicamentos, anualmente 1,1 trilhdes de dolares séo arrecadados e cerca de 25%
destes € de medicamentos proveniente de origem vegetal (Calixto, 2019). Esse
percentual seria maior se n&o fosse a baixa solubilidade aquosa de muitas
substancias de origem natural (Gomes, 2010).

Muitos produtos naturais biologicamente ativos, quando utilizados sem
qualquer modificacdo, ndo apresentam resultados eficazes para uso terapéutico. Em
muitos casos, o fracasso da utilizacdo de farmacos de origem natural € atribuido a
baixa concentracdo que alcanca os alvos terapéuticos (Granada et al., 2007).

Sistemas de liberacdo de farmacos tais como nanoparticulas, lipossomas,
emulsdes, microemulsdes e solu¢des micelares, surgem nesse cendrio na perspectiva
de superar a limitacdo da baixa solubilidade dos candidatos a farmacos (Gomes,
2010). As novas alternativas de veiculacdo de farmacos trazem como perspectiva
aprimorar a eficacia das formas farmacéuticas, através do aumento da solubilidade do
farmaco, favorecendo melhor interacdo com o alvo biolégico, capacidade de prolongar
e controlar a liberagdo da substancia ativa, protecdo contra biotransformacéao,
veiculacao de farmacos hidrofobicos pela via parental, e reducéo dos efeitos adversos
decorrentes das flutuagdes plasmaticas causadas pela administracao de varias doses
diarias (Formariz et al., 2005; Fonseca et al., 2002; Gupte & Ciftci, 2004).

E essencial para qualquer candidato a farmaco sua absor¢do e sua
capacidade de ser distribuido no alvo, a melhoria das propriedades terapéuticas de
compostos isolados de plantas por meio de sua incorporagcdo em sistemas de
liberacdo constitui-se, portanto, uma estratégia importante de obtencdo de novos

medicamentos.

1.1 Microemulsdes e constituintes

As microemulsdes sdo provaveis sistemas de carreamento dos farmacos.

Classificadas como  dispersbes liquidas isotrdpicas, transparentes e
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termodinamicamente estaveis, constituida por agua, Oleo, tensoativo e/ ou
cotensoativo (Danielsson e Lindmanm, 1981). As microemulsdes apresentam grande
potencial de liberacdo de substancias bioativas, pelas propriedades de solubilizar
substéancias hidrofilicas em meio lipofilico ou lipofilica em meio aquoso e anfifilico na
interface 6leo/ agua (Damasceno et al., 2011).

A formacao de microestruturas em solucfes contendo agua e tensoativo € um
fendmeno proveniente da auto-organizagcdo molecular para o alcance da estabilidade
termodinamica. As moléculas de tensoativos na presenca de agua se auto agregam
formando uma variedade de estruturas, quando os parametros de concentracdo do
tensoativos, presenca de sal ou temperatura sao alterados. Esse fenbmeno é a base
para a aplicacdo tecnoldgica dos tensoativos como sistemas organizados em
aplicacoes biolégicas (Formariz et al., 2005).

A mistura de componentes com polaridades e constantes dielétricas
diferentes como 6leo e agua, na presenca do tensoativo, formam agregados com
diferentes regibes de solubilizagdo que Ihes permite a compartimentalizagdo das
substancias ativas e o carreamento até o sitio alvo, aléem de possibilitar o controle da
velocidade de liberagcdo, sem a alteracdo da estrutura quimica da molécula
(Kreilgaard, 2002; Santos, 2015).

As microemulsbes apresentam as vantagens como transparéncia, alta
estabilidade, facil preparacdo e capacidade de incorporar diferentes classes de
farmacos com diferentes propriedades fisico-quimicas (Santos, 2015).

A literatura reporta alguns trabalhos que utilizaram microemulsées com
substancias provenientes de produtos naturais. O di-hidrojasmonato de metila isolado
da espécie Jasminum officinale possui  atividade antiproliferativa  contra varias
linhagens de células cancerigenas e toxicidade seletiva, entretanto sua entrega
sistémica € altamente desafiadora devido a sua natureza lipofilica. Yehia etal., (2017)
desenvolveu uma microemulsao composta por Capryol e &cido oleico na fase oleosa
e os tensoativos Labrasol e Transcutol para administracao transdérmica do derivado
de jasmonato e avaliou sua eficacia na linhagem celular de cancer de mama (MCF-
7). A microemulsdo no estudo de permeacdo ex vivo na pele de camundongo
demonstrou um fluxo de permeacédo significativamente maior de 0,07 yL cm2h™' e
coeficiente de permeabilidade de 3,39 ulL/h, aumentando assim a permeacao do

farmaco. Além disso, a citotoxicidade da formulagdo na linhagem celular MCF-7


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/jasmine
https://www.sciencedirect.com/topics/medicine-and-dentistry/proteus-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/proteus-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-lineage
https://www.sciencedirect.com/topics/medicine-and-dentistry/proteus-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/breast-cancer-cell-line
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apresentou IC50 ¢e 42,2 pL/mL (equivalente a 8,3 pL/mL de farmaco), o teste in vivo
demonstrou também que a formulacdo preparada diminuiu significativamente a
progresséo do tumor com taxa de inibicao de 54,5%.

A catequina do ch&d verde de Camellia sinensis exige diversos efeitos
farmacoldgicos, incluindo atividade antimicrobiana, entretanto sua baixa
disponibilidade e fraca estabilidade limitam seu uso. Uma microemulsdo a base de
Labrasol, Cremophor EL, glicerol e agua foi desenvolvida formulando a combinagéo
da catequina e cafeina. A eficiéncia antibacteriana da microemulsao foi avaliada e
demonstrou valores de MIC 0,83 e 1,65 mg/ml evidenciando que o crescimento de S.
Epidermidis e E. coli pode ser inibido em uma concentracdo mais baixa quando
encapsulado na formulagéo. Além disso, a incorporacdo dos principios ativos na
microemulséo preservaram as propriedades antioxidantes das substancias e a analise
de citotoxicidade em células normais de mamiferos mostrou que a formulacao foi
segura para células de mamiferos (Gupta et al. 2019).

A curcumina é um polifenol obtido dos rizomas de Curcuma longa L. com
promissoras atividades antioxidante, anti-inflamatorias e antitumoral, entretanto a
baixa biodisponibilidade devido a baixa solubilidade em agua dificulta sua aplicacao
clinica. Foram desenvolvidos trés microemulsées contendo Cremophor EL, lecitina,
Tween 20 e Tween 80 como surfactantes, e os 6leos de gérmen de trigo, azeite e
vitamina E como fase oleosa. A formulacédo otimizada foi obtida com vitamina E, e
apresentou melhores resultados em termos de tamanho, polidispersidade, eficiéncia
de encapsulamento e influéncia positiva na solubilidade da curcumina, que aumentou
aproximadamente 10.000 vezes em comparacado com solugédo aquosa (Bergonzi et
al. 2014).

1.2 Género Fridericia sinonimia Arrabidaea

O Brasil representa o centro de diversidade da familia Bignoniaceae, onde
ocorrem 56 géneros e aproximadamente 340 espécies, encontradas em diferentes
tipos de ambientes, desde o Cerrado até as florestas tropicais e sempre-verdes,
representando assim a principal familia de lianas das florestas brasileiras (Bramara,
2017).

O género Arrabidaea atualmente denominado de Fridericia pertence a familia

Bignoniaceae, durante mais de um século foi considerado o maior género dessa


https://www.sciencedirect.com/topics/food-science/turmeric
https://link.springer.com/article/10.1007/s10311-021-01276-x#ref-CR5
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familia, no entanto o numero de espécies variou devido a novos sistemas de
classificacdo em resultado da variacdo na morfologia do célice, da corola, do fruto, da
semente e da inflorescéncia (Sandwith, 1954; Sandwith, 1968; Gentry, 1973).

As espécies pertencentes a esse género podem ser subarbusto, arbusto ou
arvore com ramos florais de 35-50 cm, folhas com peciolos de 5 a 12 mm. Além disso,
apresentam inflorescéncia paniculada terminal nos ramos axilares, e flores com um
pequeno calice tubular encimado por cinco dentes e uma corola em forma de sino, em
cor de rosa a purpura (Silva, 2003).

E particularmente no cerrado brasileiro a regido de maior incidéncia do género
Fridericia, algumas das espécies sdo amplamente utilizadas na medicina tradicional,
mas pouco conhecidas pela comunidade cientifica de produtos naturais. Apenas sete
das espécies foram investigadas do ponto de vista quimico e farmacologico
(Nascimento et al., 2022).

Arrabidaea chica (Bonpl.) Verl., é a espécie mais investigada, a literatura
reporta a presenca dos constituintes quimicos flavonoides (Alcerito, 2002); carajurona,
carajurina (Zorn, 2001), e 3-desoxiantocianidinas (Neto, 2003), utilizados em
aplicacdes cosméticas. Ha4 estudos com enfoque em espécies como Arrabidaea
samydoides (Cham.) Sandwith, Arrabidaea pulchra (Cham.) Sandwith, Arrabidaea
triplinervia (Mart. ex DC.) Balll, Arrabidaea bilabiata (Sprague) Sandwith, Arrabidaea
patellifera (Schitdl.) Sandwith, e Arrabidaea brachypoda Bureau, popularmente
utilizados como anti-sépticos, diuréticos, para tratamento de feridas, colicas
intestinais, diarreia e enterocolite. Os estudos dos extratos e compostos isolados
desse género evidenciam as potencialidades biofarmacoldgicas através das
atividades antifangicas (Alcerito, 2002), antimalaricas (Pauletti, 2003a), antitumorais
(Pauletti, 2003b), gastroprotetoras (Rocha, 2017) e anti-T. cruzi (Neuenschwander,
2020). A revisdo completa do género Fridericia platyplylla podera ser encontrada no
artigo de reviséo publicado e anexo ao presente trabalho (anexo I)

1.3 Fridericia platyphylla (sin. Arrabidaea brachypoda)

A espécie Fridericia platyphylla (Cham.) L.G.Lohmann € um arbusto nativo do
Cerrado brasileiro, e possui entre 1,0 e 2,0 m de altura, abundantemente ramificado,

com folhas simples e flores réseo-roxas em inflorescéncias terminais (Figura 1)
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”

(Garcia, 2008). E popularmente conhecida como “cipd-una’, “tintureiro” ou “cervejinha
do campo”, possui ampla distribuicdo geogréfica, suas raizes séo tradicionalmente
usadas para o tratamento de pedras nos rins e dores nas articulagbes (artrite)
(Lohmann, 2013; Kuhlmann, 2016; Rocha et al., 2011).

Figura 1 - Fridericia platyphylla (Cham.) L. G. Lohmann.

Fonte: Autora, 2023.

A investigacdo fitoquimica dos extratos hidroetandlico das folhas, flores,
partes aéreas e raizes levou ao isolamento de diversos constituintes como, 3,4-
dihidroxi-5,6,7-trimetoxiflavona (1a), cirsiliol (1b) isolado pela primeira vez na familia
Bignoniaceae, cirsimaritina (1c), hispidulina (1d) (Figura 2) (Alcerito, 2002). O
triterpenoide do tipo oleanano, 3B-estearioxi-olean-12-eno (2), dois derivados
feniletanoides glicosilados (3a e 3b), trés novos flavondides diméricos raros,
nomeadamente brachydina 1 (4a), 2 (4b), 3 (4c) isolado pela primeira vez na familia,
e sete flavonoides diméricos glicosilados incomuns (5a-g) foram isolados das raizes
de F. platyphylla (Rocha, 2017; Rocha, 2019; Nunes, 2020; Salgado, 2020). Além
disso, foram isolados os flavonoides apigenina (6), luteolina (7), isoquercitrina (8),
rutina (9), conandrosideo (10) e quatro chalconas das flores, nomeadas de 4'-hidroxi-
3-4-dimetoxi-chalcona (11), 3'-hidroxi-3-acetato-4-metoxi-chalconas (12), 3'.4'-
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dihidroxi-3,4,4'-trimetoxi-chalcona (13) e 3,4-dimetoxi-chalcona (14) (Monteiro, 2020;

Rezende-Junior, 2020; Franco, 2020).

Figura 2 - Substancias isoladas da espécie Fridericia.
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Fonte: Autora (2023).

A atividade antifingica do extrato bruto das folhas de F. phatyphylla levou a
identificacdo das substancias (1a), (1b), (1c), e (1d), que demonstraram significativa
atividade contra o fungo C. sphaerospermum inibindo o crescimento do fungo em 1

pg do composto puro, com excecéo da substancia (1d) que exibiu valor de inibicao do
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crescimento de 10 pg. Os autores reforcaram o papel ecologico das substancias
obtidas ao indicarem que estas podem atuar como uma barreira fisica ou quimica
contra os ataques de microrganismos (Alcerito, 2002).

O extrato etandlico das raizes demonstrou potentes efeitos anti-inflamatérios
e analgésicos, apoiando a utilizacdo tradicional desta planta no tratamento de algumas
condicbes dolorosas e inflamatorias. O triterpendide (2) inibiu as duas fases da
estimulacdo dolorosa do teste da formalina semelhante & morfina. Além disso, inibiu
significativamente o edema de patas de rato induzido por carragenina nas doses de
5, 10 e 15 mg/mL (p.o.), com valores de inibicdo do edema de 3 h pds-carragenina de
47,9%, 53,1% e 50,4%, respetivamente (Rocha, 2015).

O extrato hidroetandlico da raiz exerceu efeitos gastroprotetores significativos
em modelo in vivo. A atividade foi avaliada através de varios modelos experimentais
de uUlcera gastrica em ratos (etanol absoluto, deplecédo de glutationa, deplecédo de
oxido nitrico, anti-inflamatério ndo esteroide, ligadura pilérica e acido acético). O
extrato reduziu significativamente as leses géastricas em todos os modelos numa
dosagem de 300 mg/kg (p.o) e promoveu a citoprotecdo da mucosa gastrica (Rocha,
2017).

A atividade antileishmania das brachydinas (4a), (4b) e (4c) foi avaliada e a
substancia (4b) foi a mais ativa contra a forma promastigota de Leishmania sp., além
disso a quantificacao in vitro dos macréfagos infectados de Leishmania amazonensis
revelou que a (4b) foi a mais ativa contra as formas amastigotas intracelulares, e ndo
apresentou toxicidade para a célula hospedeira. A combinacédo de anfotericina B e a
substéancia (4b) exerceu um efeito indutor, indicando a auséncia de qualquer interagcéo
entre elas (Rocha, 2019).

A citotoxicidade das brachdydinas (4a), (4b) e (4c) em células tumorais da
prostata humana (PC-3) foram avaliadas e os resultados evidenciaram valores de
IC50 de 23,41, 4,28 e 4,44 uM, respetivamente. Além disso, (4b) e (4c) aumentaram
0s niveis de p21 que estdo relacionados com a parada do ciclo celular G1, as
brachydinas (4a) e (4b) diminuiram as expressdes de fosfo-AKT, que é responsavel
pelo ciclo e proliferagcdo celular. Tais substancias aumentaram os niveis da proteina
relacionada com a reparacdo do DNA e inducdo de processos apoptoticos (Nunes,
2020).
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A atividade anti-inflamatorias in vitro da fracdo diclorometanica (DCMAB);
extrato hidroetandlico (HEAB); e as substancias (4a), (4b), e (4c) em sinoviécitos de
artrite foram avaliadas e a DCMAB apresentou inibicdo de 30% na libertagdo da
citocina pré-inflamatéria IL-6 a 25 pg/mL e o HEAB mostrou-se inativo; as substancias
(4b) e o (4c) diminuiram a libertacdo de IL-6 com inibicbes de 80% e 94%,
respetivamente, enquanto a (4a) ndo demonstrou inibi¢des significativas a 25 e 50 uM
com valores percentuais de 10% e 24% de inibig&o, respectivamente (Salgado, 2020).

O composto (7) é um flavonoide com promissora atividade antitumoral. Este
exibiu inibicdo da proliferacdo celular contra todas as linhas de células testadas,
particularmente o glioblastoma U-251, no qual demonstrou boa seletividade para as
células tumorais em comparacdo com o controle positivo. Também controlou a
migracao celular e a tumorigénese, causando a morte das células tumorais U-251 por
apoptose através da despolarizacdo da membrana mitocondrial (Franco, 2020).

A atividade inibidora da enzima 15-LOX envolvida em processos inflamatérios
foi avaliada em teste in vitro. A substancia (10) exibiu inibicdo da LOX com
concentracao inibitéria de 7,8 uM, proxima a concentracdo do padrao quercetina IC50
de 7,6 uM. Além disso, a conandrosida néo foi citotdxica para as células normais, e a
avaliacdo do complexo LOX-conandrosida apresentou uma pontuacdo de
acoplamento ligeiramente superior a da quercetina (Bertanha, 2020).

A atividade antiespasmoddica das folhas foi avaliada empregando tecidos
musculares lisos intestinais (jejuno) através das curvas de amplitude induzidas por
carbacol (CCH). O extrato inibiu a contracdo e o relaxamento do jejuno isolado de
ratos de forma significativa e dependente da concentracdo. Os autores também
observaram o relaxamento significativo do jejuno de rato quando este foi pré-contraido
por altas concentracfes de potassio extracelular, demonstrando a participacdo do
canal de potassio no mecanismo de relaxamento do extrato, o que deslocou ainda
mais a curva do CaCl; para a direita, com diminuicdo do efeito maximo que é
carateristico da inibicdo do influxo de Ca?* através de canais de célcio dependentes
de voltagem, sinalizando potencial terapéutico para o tratamento de célicas e/ou
diarreia (Monteiro, 2020).

As chalconas (11la-d) ndo apresentaram qualquer atividade antimicrobiana
nas estirpes de S. aureus testadas; no entanto, todas as chalconas aumentaram a

atividade de NorA contra a estirpe SA1199-B, e a chalcona (11d) apresentou melhor
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efeito modulador e boa capacidade de potencializar a acdo de EtBr contra a estirpe
SA1199-B. A ligacdo molecular das chalconas revelou interagbes com cavidades
hidrofébicas de NorA e MepA, indicando que a chalcona (11d) compete com o
antibiotico pelos mesmos sitios de ligacdo de NorA e MepA (Rezende-Junior, 2020).

A diversidade vegetal e ampla variedade de metabolitos produzidos pelas
plantas permite a investigacdo desses metabolitos frente a diversas doencas.
Considerando as potencialidades da fracdo organica das raizes de F. platyphylla
investigou-se a atividade anticancerigena dessa fracdo em estudo realizado em
colaboracdo com Maciel-Silva et al., (2023). Os resultados demonstraram os efeitos
citotoxicos da fracdo DCM em células tumorais de mama (MCF-7), colo do Utero
(HeLa) e préstata (DU145), com valores de IC50 igual a 2,77, 2,46, e 2,51 pg/mL,
respectivamente. Ao tempo que as células nao tumorais (PNT2) mostraram o IC50 de
4,09 pg/mL (Figura 3).

Figura 3 - Curva dose-resposta observada para células tumorais e ndo tumorais tratadas com
fracdo DCM durante 48 h. Os valores sdo a média + DP de trés experiéncias independentes.
A linha tracejada indica uma concentracao inibitéria (IC) de 50%.
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Fonte: Maciel-Silva et al., (2023).

O indice de seletividade (IS) calculado através da razdo entre IC50 para

células ndo tumorais e células tumorais é apresentado na Tabela 1. Observa-se a
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seletividade da fracdo DCM contra as células tumorais, com IS = 1,48. Além disso, o
IS observado para as células HelLa foi trés vezes superior quando comparada com as
células tratadas com doxorrubicina (Maciel-Silva et al., 2023).

Tabela 1 - A concentragao inibitoria (IC50), indice de seletividade (IS), inibicdo de crescimento
e concentracao letal média, calculados para cada linha celular tumoral tratada com fracéo
DCM e doxorrubicina.

% Inibicdo do

Linhagens ICs0 = DP (SI) crescimento = DP* CLso*
tumorais
FDCM DXR FDCM  DXR BrC FDCM DXR BrC
PNT2 4.08 0.21 - - - - - -

+0.17 +0.02
DU-145 2.51 0.09 - - - - - -

+0.07  +0.02
(1.63) (2.33)

MCF-7 2.77 0.13 - - - - - -
+0.18  +0.05
(1.48) (1.61)

HelLa 2.46 0.40 + - - - - - -
+0.02 0.0
(1.66) (0.5)

B-16/F-10 - - 100,00 95,87 99,95+ 3014 0,03 2212

+0,12 5,32 0,04
(MA) (MA) (MA)

S180 - - 98,54+ 92,40 98,36 + 20,37 1,85 17,15
0,07 +7,99 0,12
(MA) (MA) (MA)

CMSP - - 94,99+ 97,10 96,10+ - - -
025 365 0,17
(MA)  (MA)  (MA)

L-929 - - - - - 23,41 0,66 27,61
U-87 - - - - - 36,43 ND 22,65
CT-26WT - - - - - 29,66 469 28,05

*Dados inéditos

IC50: concentragao inibitéria de 50% das células, IS: indice de seletividade, CL50: concentragéo letal
média, FDCM: frac&o diclorometano, DRX: doxorrubicina, BrC: brachydina C. Os valores sdo a média
+ DP de trés experiéncias independentes.

Fonte: Maciel-Silva et al., 2023.
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A citotoxicidade in vitro da fracao diclorometano (FDCM) e da brachydina 3
(BrC) foi avaliada em linhagens de células tumorais e normais (B16-F10, sarcoma
180) e células mononucleadas do sangue periférico-células normais (CMSP) em
concentracdo Unica de 100 pg/mL. A Tabela 1 mostra a potente reducao da viabilidade
celular da fracdo e brachydina com valor percentual citotoxico préximo ao controle
doxorrubicina.

Na busca por substancias ativas com atividades farmacoldgicas promissoras
faz-se necessario a investigacao dos possiveis efeitos nocivos ao organismo, um dos
ensaios utilizados € capacidade da substancia ativa em causar danos as membranas
eritrocitarias (Araujo et al., 2013; Kalaivani et al., 2011).

O ensaio hemolitico foi realizado objetivando avaliar o potencial da fragdo DCM
e da brachydina 3 (BrC) em causar lesdo a membrana plasmatica das células. A
Figura 4A-B mostra o efeito litico da Br3 e fracdo DCM.

Figura 4 - Efeito litico da BrC A) e FDCM B) em eritrcitos de camundongos Swiss Mus
musculus apos 60 min. Triton X-100 1% foi usado como controle positivo.
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Valores sdo média + E.P.M. da absorbancia lida a 450 nm para deteccdo de extravasamento de
hemoglobina. Os resultados foram expressos como média + erro padrdo de medicdo (E.P.M.) da
absorbancia lida a 450 nm para detec¢do de extravasamento de hemoglobina em dois experimentos
independentes. *p < 0,05 comparado ao controle por ANOVA seguido pelo teste de Student Newman-
Keuls.
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Os ensaios para determinar a capacidade hemolitica sobre eritrécitos humanos
mostraram que apenas nas duas maiores concentracdes as amostram demonstram
potencial hemolitico. A FDCM né&o atingiu uma hemolise de 50% em nenhuma das
concentracOes testadas. Pode-se se inferir que a FDCM nao causa alto grau de
hemodlise e, portanto, ndo danificou a membrana plasmatica dos eritrocitos,
mostrando-se promissora, uma vez que a capacidade dos produtos naturais em nao
causar danos a membrana dos eritrocitos é altamente requerido (Aradjo et al., 2013).

A andlise genotoxica da fragdo DCM com valores de concentracao de %2 IC50,
IC50 e duplo IC50, foi realizada pelo ensaio de cometas de células tumorais e ndo
tumorais (Figura 5A-D). Observa-se que a fracdo DCM néo lesionou o material
genético (DNA) (Maciel-Silva et al., 2023), evidenciando a eficacia e seguranca dos

principios ativos da fracdo DCM.
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Figura 5 - Frequéncia das classes de nucleotideos e pontuacbes de danos no DNA
determinadas para linhas celulares tratadas com fragdo DCM durante 24 h.
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A = células ndo tumorais (PNT2); B = células de cancro da mama (MCF7), C = células tumorais cervicais
(HeLa), D = células tumorais da prostata (DU145), NC = controle negativo (DMEM) e Dox =
doxorrubicina. Os valores sdo a média + DP de trés experiéncias independentes. Letras diferentes
significam diferenca estatistica por ANOVA seguida do teste de Tukey, p < 0,05.

Fonte: Maciel-Silva et al., 2023.

A migracao e invasdo de células cancerigenas a outros 6rgdos é uma das
principais causa de morte em pacientes com cancer metastatico. As células

cancerigenas podem se disseminar e migrar através de varios mecanismos
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alternativos limitando a eficiéncia das terapias anti-metastase (Wu et al., 2021, van
Zijl, 2011), nesse sentido € bastante encorajado que 0s potenciais candidatos a
antineoplasicos apresentem atividade anti-invasdo e anti-metastase (Steeg,
Theodorescu, 2008). A capacidade de migracdo das células tumorais ao serem
tratadas com fracdo DCM foi avaliada.

A Figura 6A-B apresenta as areas de migracao celular e as imagens das areas
de risco a 0 h e 24 h expostas a 1,25 e 2,5 ug/ml de fragdo DCM. Observa-se uma
relacdo entre a concentracdo de DCM e a reducéo da motilidade das células tumorais
(Fig. 6A). Além disso, quando as células tumorais foram expostas a 1,25 e 2,5 pg/ml
de fracdo DCM as areas de fechamento apresentaram valores de 20,94% e 32,56%
respectivamente, enquanto nas células ndo tumorais ndo foi observado qualquer
efeito, salientando a capacidade da fracdo em reduzir a migracéo das células tumorais

de prostata (Maciel-Silva et al., 2023).

Figura 6 - Area de migrac&o celular observada em células ndo tumorais da prostata (PNT2)
e células tumorais da préstata (DU145) tratadas com fracdo DCM durante 24 h (A). Imagem
das lacunas as 0 h e 24 h de DU145 (B).
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Letras diferentes significam uma diferenca por ANOVA seguida do teste de Tukey (p < 0,001).
Fonte: Maciel-Silva et al., 2023.

As imagens de Microscopia de Forca Atdmica (AFM) foram utilizadas para
analisar a morfologia das células tumorais (DU145) e ndo tumorais (PNT2) tratadas
com fracdo DCM. Os mapas de AFM revelaram alteracdes ultra estruturais como
buracos (setas azuis nas figuras 7D e E) nas superficies da membrana nuclear das
células tumorais de prostata (DU145) tratadas com fracdo DCM. As células néo

tumorais também receberam o mesmo tratamento e apresentaram menos alteracdes
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na membrana celular (Figuras 8F, seta azul). A escala de cores castanha nas imagens
indica alturas diferentes, as cores claras representam a topografia superior e cores
escuras correspondente a topografia inferior.

A andlise da membrana mostrou um aumento do ndmero de furos e um
aumento da rugosidade na superficie da membrana celular principalmente em
concentracdo mais elevada de fracdo, sugerindo que a fracdo DCM tem a capacidade
de lesionar a membrana das células tumorais, induzindo o aparecimento de
rugosidade na membrana nuclear de maneira dependente da concentracao (Maciel-
Silva et al., 2023).

Figura 7 - Imagens de microscopia de forca atbmica (AFM) de células e da superficie da
membrana nuclear de células tumorais da prostata (DU145).
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Células tumorais ndo tratadas (A); células tumorais tratadas com 1,25 pg/mL (B); células tumorais
tratadas com 2,5 pg/mL (C); imagens de ultra-estrutura (5x5 pm) na regido celular correspondente
indicada pela moldura verde (D), (E) e (F).

Fonte: Maciel-Silva et al., 2023.

Figura 8 - Imagens de microscopia de forca atdbmica (AFM) das células e da superficie da
membrana nuclear das células ndo tumorais de préstata (PNT2).

47.2 nm

64.3 nm

} 562.6 nm N b , 60.4 nm

Height Height

Células nado tumorais nao tratadas (A); células tratadas com 1,25 ug/mL (B); células tratadas com 2,5
png/mL (C); imagens de ultra-estrutura (5%5 um) na regiao celular correspondente indicada pela moldura
verde (D), (E) e (F).

Fonte: Maciel-Silva et al., 2023.
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Foi quantificado a rugosidade celular através da rugosidade média da superficie
guadrada da membrana (Rq). A Figura 9 mostra a relagdo concentracdo/rugosidade,
quanto maior a concentracao de fragdo DCM maior a rugosidade das células tumorais,
com valores de 11,6+1,42 nm, e 15,37+3,9 nm para as concentra¢des de 1,25 pyg/mL
e 2,5 yg/mL de fracdo DCM respectivamente. Enquanto nas células ndo tumorais
(PNT2), a rugosidade foi Rq = 10,78+2,23 a 2,5 yg/mL de fracdo DCM e as células
nao tratadas o Rq foi de 7,9+0,43 nm (Maciel-Silva et al., 2023).

Figura 9 - Rugosidade média (Rq) das células tumorais da préstata (DU145) e ndo tumorais
da préstata (PNT2) tratadas com DCM durante 48 horas.
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Letras diferentes significam que existe uma diferenca por ANOVA seguida do teste de Tukey p < 0,01,
exceto entre NC (DU145) e 2,5ug/mL (PNT2), em que p < 0,05.
Fonte: Maciel-Silva et al., 2023.

Considerando os resultados apresentados observa-se promissora atividade
da fracdo, estima-se que o desenvolvimento de uma formulacdo incorporando a
presente amostra poderia demonstrar melhores resultados, uma vez que as
formulacbes podem permitir melhor entrega do principio ativo, resultando em melhor

atividade farmacoldgica.
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2 OBJETIVOS

2.1 Objetivo Geral

Desenvolver e avaliar uma formulag&o do tipo microemulséo a base de fragcéo

rica em flavonoides diméricos denominados de brachydinas como agente terapéutico.

2.2 Objetivos especificos

v
v

Preparar o extrato hidroetanolico das raizes de Fridericia platyphylla;
Fracionar o extrato hidroetanolico para a obtencdo das fragdes organica e
aquosa;

Reisolamento de brachydinas a partir do extrato hidroetanélico das raizes de
Fridericia platyphylla;

Desenvolver a formulacdo do tipo microemulsdo contendo a fracdo
diclorometéanica (DCM);

Realizar a caracterizacdo morfologica, fisico-quimica, reologica das
microemulsdes branco e com fragcdo DCM;

Analisar a estabilidade das microemulsdes

Avaliar a liberacao in vitro da microemulsédo com fracdo DCM,;

Avaliar a toxicidade da microemulsdo com fracdo DCM em modelo
experimental com larvas do Tenebrio molitor;

Investigar os alvos moleculares de interacdo com as brachydinas por meio de

docagem molecular.
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3 MATERIAIS E METODOS

3.1 Coleta e preparo do extrato
As raizes de Fridericia platyphylla foram coletadas em Fevereiro de 2019 na

fazenda Sant'Ana da Serra em Jodo Pinheiro, Minas Gerais, Brasil (Localizacao:
17°44'45"S, 46°10'44"W). A planta foi identificada no Herbario José Badine da
Universidade Federal de Ouro Preto pela botanica Dra. Maria Cristina Teixeira Braga
Messias. Um voucher (n° 17.935) foi depositado no Herbério da Universidade Federal
de Ouro Preto em Ouro Preto, Minas Gerais, Brasil. A planta foi coletada seguindo a

legislacdo brasileira de protecdo da biodiversidade (SisGen No. A451DE4).
Figura 10 - Raizes de Fridericia platyphylla.

Fonte: Autora (2023).

As raizes foram secas a 50 °C em estufa por 72 h e trituradas em moinho de
facas. Uma quantidade fixa do p6 foi intumescida com solvente extrator (1,5 L)
etanol/agua (7:3) por meio de percolacdo exaustiva durante 2 semanas com adi¢cdo
de solvente extrator no decorrer do processo de extracao. O efluente foi coletado na
vazéo de 2-4 gotas/min/Kg. Foram utilizados um volume total de 3,6 L de solvente
durante a percolacdo. Apos a extracao, o liquido extrator foi evaporado em evaporador
rotativo sob pressdo reduzida (Quimis — Q344B) equipado com bomba a vacuo

(Prismatec 131 2VC), em temperatura inferior a 40 °C. O extrato foi transferido para
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frascos de vidros e, posteriormente, a concentracdo do extrato foi realizada em

liofilizador (Liotop K105) para completa remocé&o do solvente.

3.2 Particdo Liquido/Liquido

Realizou-se a particdo liquido/liqguido do extrato hidroetandlico 70% com
diclorometano. Inicialmente o extrato (34,8 g) foi dissolvido em 600 mL de
agua/metanol (8:2) e transferido para funil de separacédo de capacidade de 2L, em
seguida o diclorometano foi adicionado ao funil, e o volume de 250 mL de
diclorometano foram utilizados durante 3 coletas. A fase diclorometéanica foi
concentrada em evaporador rotativo e a fase aquosa foi liofilizada.

O preparo do extrato para analise cromatografica foi realizado utilizando
cartuchos de extracdo em fase sodlida (SPE) de fase reversa constituido de
octadecilsilano Cig com 500 mg/mL (Supelco). Foi realizada a previa ativagdo do
cartucho com 5 mL de MeOH, e equilibrado com 5 mL MeOH:H20O (9:1, v/v), a eluicédo
das substéancias ocorreu utilizando MeOH:H->0 (9:1, v/v), a solugéo resultante foi seca.
O extrato seco obtido e as fra¢cdes aquosa e DCM foram diluidas para 10 mg/mL em

solvente grau CLAE e filtradas em membranas de PES (Kasvi) com poros de 0,22 um.

3.3 Andlises por CLAE/UV-vis

As andlises cromatograficas foram realizadas em equipamento modelo
Shimadzu (Shimadzu Corp. Quioto, Japdo), constituido por um modulo de bombas
binario, detector UV-vis. A coluna utilizada foi de fase reversa C18, modelo Luna (150
MM x 4,6 ym) com particulas de tamanho médio 5um. Os solventes de eluicdo
utilizados foram A (agua e &cido férmico a 0,01%) e B (metanol e &cido férmico a
0,01%). O volume de injecdo das amostras foram 10 yL com fluxo de 1 mL/min, e
deteccdo a 254 nm. As amostras foram eluidas no modo gradiente: 70% a 100 % de

B em 35 min.
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3.4 Reisolamento das brachydinas

Para a obtencao dos padrdes das substancias pressentes na fracdo apolar foi
realizado pela primeira vez o reisolamento utilizando cromatografia de fase normal, a

qual adotou-se a seguinte metodologia.

Utilizou-se uma coluna de vidro de 60 cm de altura por 4,5 cm de diametro,
recheada com 169 g de silica gel 60 (0,063 - 0,200 mm Merk) na qual foi empacotada
com Hexano: acetato de etila (70:30). Em seguida ocorreu a injecdo da amostra no
topo da coluna, a eluicdo da fase moével foi realizada na forma de gradiente crescente
de polaridade utilizando misturas de hexano, acetato de etila e metanol. Iniciou-se
com 70% de hexano aumentando a polaridade da coluna com acetato de etila na
proporcao de 5% em 5% e posteriormente utilizou-se 100% de MeOH (Figura 4).
Foram recolhidas 184 fracdes de 30 mL que foram evaporadas no rotaevaporador e
reunidas segundo o resultado das analises realizadas por cromatografia em camada
delgada. Foram utilizadas placas de camada delgadas de silica gel em suporte de
aluminio (60 F para TLC2s4, Merk), recortadas no tamanho de 5x10 cm, a elui¢&o foi
realizada em cuba cromatografica saturada com fase moével hexano e acetato de etila
(70:30; 55:45; 40:60). A revelacao das placas foi realizada com luz UV (camara com
luz UV 254/356 nm) e anisaldeido/H2SO4 com posterior aquecimento em chapa
aguecedora (SolidSteel).

A fragdo diclorometanica foi submetida ao fracionamento via cromatografia em
coluna de acordo com a Figura 11.

Figura 11 - Fluxograma representando o isolamento por cromatografia da Fracdo DCM.
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Grupo 1 Grupo 8 Grupo 15
(15,8 mg) (193,5 mg) (1.156,9 mg)

Grupo 2 Grupo 9
(7 mg) (153,1 mg)

Grupo 3 Grupo 10
(11,6 mg) (546,1 mg)

Grupo 4 Grupo 11 Grupo 12
(39,8 mg) (74,0 mg) (142,0 mg)

Grupo 5 Grupo 13
(24,1 mg) (122,2 mg)

Grupo 6 Grupo 14

Grupo 7
(54,2 mg)

Fonte: Autora (2023).

Ao final da andlise por CCD as fracdes coletadas foram agrupadas em 15
grupos de acordo com a semelhanca de perfil. As respectivas massas das amostras
estdo apresentadas em miligramas.

Os grupos foram analisados em CLAE/UV-vis no modo gradiente: 70% a 100

% de B em 35 min.

3.5 lIdentificacdo das substancias

Os grupos 10, 12 e 13 durante a analise por CLAE/UV-vis mostraram estar
puros, estes foram solubilizados em solventes compativeis e submetidos a andlises
espectroscopica.

As analises em espectrometro de massas foram realizadas utilizando metanol
(Merck) grau LC/MS, em equipamento (Thermo Scientific) equipado com um
dispositivo de insercdo direta da amostra via analise por injecdo em fluxo (FIA). As
amostras foram analisadas por ionizacao eletrospray (ESI), e a fragmentacdo foi

realizada em mdltiplos estagios (MS?, MS® e MS") em analisador do tipo fon trap (IT).
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O modo positivo foi selecionado para a geracao e analise dos espectros de massa
para primeira ordem (MS) e para o0os demais experimentos multe estagios nas
seguintes condi¢des: tensédo capilar, 25 V; Voltagem spray, 5 kV; e temperatura
capilar, 275 °C. O gas de arraste utilizado foi nitrogénio (N2) com um fluxo de 8
unidades arbitrarias (A.U.), e gas de colisdo hélio (He). A aquisicdo da faixa foi m/z
100-2000. O software Xcalibur versao 1.3 (Thermo Finnigan, Waltham, MA) foi usado
para aquisicao e processamento dos dados.

Os dados espectroscépicos de RMN foram registados em espectrémetro
Varian Inova 500 MHz (Varian, Palo Alto, CA, EUA). Os desvios quimicos sao referidos
em partes por milhdo (8) usando o sinal residual, CD30D (Aldrich) sinais (6w 3.34; dc
49,86) como padrdes internos para RMN 'H e 13C, e as constantes de acoplamento

(J) sao relatados em Hz.

3.6 Quantificacdo das substancias

A quantificacdo das brachydinas foi realizado através de metodologia
validada, trés curvas de calibragdo externas foram construidas nas concentracfes:
500 ng/mL, 250 ng/mL, 125 ng/mL, 63 ng/mL, 31 ng/mL. O extrato hidroetandlico (HE)
e fracdo diclorometanica (FDCM) metanol a 100% e aliqguotas das amostras na
concentracdo de 10 pg/mL foram analisadas em sistema UHPLC Acquity UPLC
(Waters, Milford, MA, EUA) com analisador triplo quadrupolo, fonte de ionizacao
eletrospray (ESI), equipado com uma coluna Waters UPLC BEH C18 (50 mm x 2,1
mm, 1,7 um). O sistema de solventes consistiu em agua (A) e acetonitrila (B)
acidificados com acido férmico 0,1%. A eluicao foi efetuada em modo gradiente a 40
°C (caudal de 400 pL/min): 5 a 60% B em 4,2 min, 60 a 70% B em 1,3 min, 70 a 100%
B em 1,5 min, mantendo B a 100% durante 1 min e, por fim, um recondicionamento
com 5% B durante min. O volume de injecéo foi de 5 pL. As analises quantitativas

foram efetuadas no modo de monitorizacédo de reacdes multiplas (MRM).

3.7 Construcdo do diagrama pseuternario

O diagrama de fase pseudoternario foi construido utilizando como fase oleosa
miristato de isopropila, os tensoativos Tween 80 e transcutol P na propor¢ao de 1:1 e

como fase aquosa a agua destilada. As dispersdes foram preparadas com diferentes
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proporcdes Oleo/tensoativo, seguindo a razéo 1:9, 2:8, 3.7, 4.6, 5:5, 6:4, 7:3, 8:2 e 9:1,
utilizando o método de titulagdo com agua. Para a obtencdo das dispersdes manteve-
se 6leo/tensoativos sob agitacdo mecénica por 5 minuto e apdés a adi¢do de agua 10
minutos de agitacdo. As formulagdes obtidas foram caracterizadas visualmente em
diferentes sistemas de acordo com o comportamento das fases, sendo classificadas
em: separacdo de fases (SP), emulsao liquido opaca (ELO), emulsdo branco leitosa
(EBL), emulsdo branco fluida (EBF) e microemulsdo (ME). ApGs a preparacdo e
caracterizacao de todas as formulacdes, o diagrama foi construido. Os resultados da
classificacdo dos sistemas foram transferidos para o programa Triplot® onde foram
obtidos os modelos graficos dos diagramas pseudoternarios (Silva et al., 2009). O
estudo de desenvolvimento e incorporacéo da fracao foi realizado no Laboratorio de
Dermofarmacia (LADERMO) da Universidade Federal do Piaui.

Figura 12 - Desenvolvimento do diagrama pseudoternario.

Proporgdo de tensoativo:miristato de isopropila

Titulacéo fase aquosa

Agitacdo magnética por 5 min

Fonte: Autora (2023).
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3.8 Selecdo daformulacéo e incorporacédo da fracdo DCM

Através da regido de ME encontrada no DFPT, foi selecionada formulacéo
para a incorporacdo da fracdo DCM e realizacdo dos estudos de caracterizacdo da
ME. O preparo da microemulsdo consistiu na pesagem dos constituintes da
microemulsdo, miristato, Tween 80, transcutol e agua destilada. A principio o Tween,
trancutol e miristato foram adicionados e mantidos sobre agitacdo em temperatura
ambiente por 5 min, em seguida a frac&o foi adicionada aos poucos e mantida sobre
agitacdo até a completa incorporacao, duas proporc¢des de fracdo DCM 3 e 5% (p/p)
foram incorporadas a formulacdo. A fase aquosa foi adicionada vagarosamente e
mantida sobre agitacdo magnética durante 30 min, a fim de garantir a completa

solubilizagdo da amostra.

3.9 Analise dafracdo e microemulsdes com e sem fragdo DCM por CLAE

Foram preparadas solugdes concentradas de microemulséo com e sem fragao
DCM a 25mg. mL*. Em seguida, as solu¢des foram filtradas em um filtro de
membrana Millipore de 0,22 um e analisadas por CLAE. Aliquotas de 5 pL foram
injetadas no sistema CLAE/UV com detecg&o a 254 nm, coluna Luna 5um C18 100 A
(150 uym x 4,6 pm). Os solventes de eluigéo utilizados foram A (agua e acido formico
a 0,01%) e B (metanol e acido formico a 0,01%). As amostras foram eluidas em modo
gradiente: 70% a 100 % de B em 35 min com fluxo de 1mL/min. Todas as analises

foram realizadas em duplicata

3.10 Caracterizacéo fisico-quimica
3.10.1 Tamanho da particula, potencial zeta e indice de polidispersao

A analise foi realizada através da técnica de espalhamento de luz dindmico
em equipamento Zetatrac® (Microtrac). A temperatura do sistema foi mantida a 25 °C
e o diametro das goticulas (nm) e indice de polidisperséo foram calculados. A medicdo
do potencial zeta foi realizado por meio da mobilidade eletroforética da particula
dispersa em um campo elétrico. Aliquotas das amostras com volume de 100 pL foram
diluidas em 1,5 mL de agua milliQ, homogeneizada até a completa disperséo e

submetidos a analise, utilizou-se a médiatdesvio padrao das amostras em triplicata
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(Figueiredo, 2016). A caracterizacao foi realizada no Laboratério de Dermofarmacia
(LADERMO) da Universidade Federal do Piaui.

3.10.2 pH
O pH das microemulsdes foi aferido diretamente nas amostras utilizando

potenciometro digital (Bel Phs 3Bw) com eletrodo de vidro e sensor de temperatura
previamente calibrado com solucdes tampédo a pH 4,0 e 7,0. As analises foram

realizadas em triplicata (Dong et al., 2016).

3.10.3 indice de refracéo

Utilizou-se um refratdmetro (Abbe - Optronics) aferido com agua deionizada
(IR=1,34), a temperatura de 25 £ 0,5 °C e as medicOes foram realizadas em triplicata
(Dong et al., 2016).

3.10.4 Densidade relativa

A densidade relativa das microemulsdes foi determinada pela razdo da massa
das amostras pela massa de igual volume de agua a temperatura de 20 °C. Utilizou-
se um picndmetro de vidro de 3 mL, limpo, seco e com seu peso registrado. As
microemulsfes foram transferidas para o picndmetro e seu peso registrado. A
densidade relativa (dt) foi determinada através da diferenca de massa do picnédmetro
cheio e vazio. Apoés a determinacdo da densidade relativa, foi calculada a densidade
de massa (pt) através da formula a seguir expressa em g/mL ou kg/L (ANVISA, 2010).

pt = dsguax dt + 0,0012

3.10.5 Resisténcia a centrifugacao

As microemuls6es ME e ME3 foram submetidas a centrifugacdo durante 30
min a 3000 rpm a temperatura ambiente em centrifuga (CENTRIBIO 80-2B). Em
seguida, foi observada a ocorréncia ou ndo de separacao de fases ou de qualquer

indicio de instabilidade das amostras (Figueiredo, 2016).
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3.10.6 Estresse térmico

As microemulsdes (ME e ME3) foram submetidas ao estudo de estresse
térmico, aliquotas de 4 mL foram mantidas em tubos de ensaio e submetidas ao
aumento de temperatura na faixa de 40 a 80 °C, a temperatura foi elevada a 10°C a
cada 30 minutos em banho termostatico (QUIMIS Q344B2). As microemulsdes foram
avaliadas ao término de 30 minutos de cada temperatura apos as formulacbes
retornarem a temperatura ambiente. As amostras foram classificadas como levemente
modificadas (LM), modificada (M), sem alteracdo (SA), e separacao de fases (SF)
(Baby et al., 2008).

3.10.7 Estudo preliminar de estabilidade

O teste envolveu ciclo de congelamento em refrigerador por 24 ha -5+ 2 °C
e descongelamento em estufa por 24 h a 50 = 2 °C completando um ciclo. Ao final de
12 dias (6 ciclos), as formulacdes foram analisadas ap0s a temperatura retornar a
temperatura ambiente (25 ° C). As caracteristicas organolépticas, pH, e teor da fracao
foram os parametros analisados estatisticamente no inicio e ao final do estudo (Baby
et al., 2008).

3.10.8 Estabilidade acelerada

As microemulsdes ME e ME3 foram submetidas ao estudo de estabilidade
acelerada, que consistiu no armazenamento das amostras em temperatura ambiente
por um periodo de 30 dias. As amostras foram avaliadas no 1° e 30° dia apés o
preparo. Foram analisadas pH e concentragcdo do marcador (Brasil, 2004; Pereira,
2008).

3.10.9 Reologia

As microemulsdes foram analisadas em ensaios de fluxo e oscilagdo. O
equipamento utilizado foi re6metro (MARS II, Haake Thermo Fisher Scientific Inc.,
Germany) de tensao controlada com placas conicas de aco paralelas (C35/2° Ti) de
35 mm de didametro e separadas por uma distancia fixa: 0,105 mm. As amostras foram
mantidas inicialmente em equilibro durante um minuto e as andlises de curvas foram

obtidas em modo de fluxo com taxas de cisalhamento de 0 a 500 st e de 500 a 0 s1
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(curvas ascendentes e descendentes). A curva ascendente foi medida a cada 150 s e
depois diminuiu-se ao longo de 150 s. Todas as analises foram efetuadas a 25 °C. A

analise foi realizada no Laboratorio de Fisica da Universidade Estadual de Maringa.

3.11 Determinagéo da solubilidade de FDCM em meio tampéao

O tampao tris (tris(hidroximetil)aminometano pH 7.4) foi preparado a partir da
adicao de 1,5 mL de HCI em solucdo de tampédo. Em seguida colocou-se um excesso
de fracdo DCM (5mg) em tubo de ensaio contendo 5 mL do tamp&o e a associacao
destes com etanol (10% EtOH), laurilsulfato de sodio (1% LSS) ou Tween 80 (1%).
Cada tubo foi agitado a 100 rpm durante 72 h a 372 °C. Posteriormente, centrifugou-
se por 30 min a 3000 rpm. Filtrou-se a amostra, e em seguida, aliquotas de 4 mL do
fitrado foram transferidos para cubetas. Foram realizadas varreduras
espectrofotométricas em UV entre 400 e 200 nm de forma a detectar possiveis

interferéncias espectrofotométricas no comprimento de onda utilizado.

3.12 Ensaio de liberacédo da fracdo DCM em microemulsao

O estudo de liberacdo da microemulsao estudada foi realizada em células de
difusdo de vidro do tipo “Franz” em equipamento Phoenix RDS Robotic Diffusion
Statio. No compartimento doador sob a membrana de dialise (12.00 a 14.000 daltons)
foram postos 400 mg de MES3 e solucéo de fragcdo DCM e no compartimento receptor
10 mL do tampao Tris (50 mM; pH 7,4, 10% EtOH e 1% Tween). Foram realizadas
coletas de 1 mL do meio receptor a cada 1 hora e a imediata reposicéo deste volume
de tampdo Tris por um periodo de 6 horas. A solucdo receptora foi mantida sob
agitacdo magnética a 400 rpm e as amostras coletadas de forma automatica (pontos
de coleta: 1, 2, 3, 4, 5 e 6 horas) foram analisadas por espectroscopia por UV-VIS
para a determinacédo do perfil de liberagdo. Um gréfico de porcentagem acumulada da
fracdo liberada foi plotado versus o tempo. O perfil cinético de liberacdo envolvido foi

investigado mediante aplicacdo de modelos matematicos especificos tais como:
Modelo de Ordem Zero: Q = ko - t + Qo
Modelo de Primeira Ordem: Q = Q; - eXt

Modelo de Higuchi: Q = kH - t%
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Modelo Korsmeyer—Peppas: Q = kKP - t"

Em que Q representa o farmaco cumulativo libertado num determinado
momento t e Q0 é a quantidade inicial do farmaco. As constantes kO, k1, kH e kKP
séo as constantes de libertacdo definidas nos diferentes modelos. O parametro n é

um expoente de difusdo no modelo de Korsmeyers-Peppas.

3.13 Citotoxicidade em modelos in vivo alternativo

Para avaliar o grau de toxicidade que a fracdo e microemulséo poderiam
causar foi utilizado o modelo experimental in vivo em larvas de Tenebrio molitor. As
larvas foram adquiridas de um fornecedor comercial e acondicionadas em recipiente
de vidro mantidas ao abrigo de luz a temperatura ambiente. Estes individuos foram
alimentados ad libitum com ragcdo composta por farelo de trigo, milho e aveia.

As larvas foram separadas e submetidas a assepsia, priorizando 0 mesmo
tamanho, peso e estagio. Em seguida, foram colocadas 10 larvas com
aproximadamente 100-200 mg em placas, postas sobre gelo para que as larvas
ficassem em estagio de hibernacéo facilitando a manipulacéo destas. Com auxilio de
seringas e agulhas descartaveis, 10uL de fracdo DCM em meio DMSO, microemulséo
com DCM nas concentracdes (1-100 pg/mL) e controles (DMSO e trauma) foram
injetadas no terceiro anel das larvas. Posteriormente, as placas contendo as larvas
foram armazenadas em temperatura ambiente sendo observadas a cada 24h durante
7 dias A viabilidade das larvas foi avaliada pela auséncia de movimento durante o
teste (Figura 13).

Figura 13 - Estudo da toxicidade em larvas do Tenebrio com (A) fracdo DCM e (B) ME3, ap6s
7 dias.
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Fonte: Autora, 2023.

3.14 Docagem Molecular

A fracdo apolar do extrato hidroetandlico das raizes de Fridericia platyphylla
que foi utilizada no desenvolvimento da formulacéo é rica em flavonoides diméricos
agliconas, denominados de brachydinas, estas tem sido reportada na literatura com
promissoras atividades anticancerigenas. Objetivando, portanto, a aplicacao
biofarmacologica da formulacdo desenvolvida, buscou-se compreender o0s
mecanismos envolvidos nas interagdes das brachydinas com sitios alvos especificos
por meio da docagem molecular.

O Servico Web TargetHunter (Wang, 2013)
(https:/www.cbligand.org/TargetHunter/search_target.php)  foi  utilizado para
identificar o alvo especifico de elevada afinidade com as brachydinas. Esta poderosa
ferramenta utiliza o conjunto de dados ChemBL, descritores moleculares e a base de
dados PDB através do algoritmo TAMOSIC para localizar eficientemente o alvo com
base nos ligantes. No nosso estudo, concentramo-nos em identificar a p38-a MAP
quinase (Over, 2013) como o alvo associado aos ligantes (brachydinas).

A ligacdo dos ligantes foi efetuada pelo software Autodock vina 1.2.3.
(https://vina.scripps.edu/) (Trott, 2010). As execucbes de acoplamento foram
efetuadas com as definicdes predefinidas e a grelha de coordenadas (12 A)
direcionada para Leu69. As poses de acoplamento de brachydinas foram
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determinadas de acordo com a funcéo de aptiddo de pontuacado e a inspecéo visual

das poses (Fischer, 2021).

3.15 Analise estatistica

A andlise estatistica dos dados foi efetuada através da andlise de variancia
ANOVA one-way, em que os resultados foram considerados significativos quando a
probabilidade foi inferior a 5% (p < 0,05, intervalo de confianca de 95%). O estudo de
estabilidade foi submetido ao teste t de Student para avaliar possiveis diferencas
estatisticas. Os resultados do estudo de liberagdo da fragdo DCM foram analisados
por ANOVA, seguido do teste de Bonferroni, com significancia estatistica de p < 0,001
e p < 0,0001 entre os tempos de 2,3,4,5 e 6 horas. A avaliagao estatistica dos

resultados foi feita com o software GraphPad Prism verséao 6 e OriginLab®.
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4 RESULTADOS E DISCUSSAO

4.1 Obtencdo do extrato das raizes de Fridericia platyphylla por percolacéo

O método de extracdo por percolagdo utilizou como solvente extrator
EtOH:H20O (7:3, v/v), essa metodologia foi empregada conforme Farmacopeia
brasileira (Brasil, 2011), estando também de acordo com os estudos de Rocha (2017
e 2014), pioneira no estudo com essa espécie vegetal.

O rendimento obtido do extrato hidroetandlico 70% nesse trabalho é
apresentado na Tabela 2.

Tabela 2 - Massa do extrato etanol 70% e rendimento obtidos da percolacao das raizes
Fridericia platyphylla.

Espécie Massa (g) / Rendimento (%)

Fridericia platyphylla (2009) 34,89 (17,4%)
Fonte: Autora, 2023.

4.2 Analise do extrato hidroetanolico por CLAE/UV

A analise do extrato hidroetanolico 70% proveniente das raizes de Fridericia
platyphylla foi realizada em CLAE/UV-vis utilizando coluna de fase reversa (C18) e
sistema eluente agua/metanol acidificados (0,01 % de acido férmico), a fim de verificar
a natureza das substancias presentes para posterior isolamento.

A Figura 14 apresenta o cromatograma do extrato e releva presenca das

principais substancias que absorvem no comprimento de onda monitorado de 254 nm.

Figura 14 - Perfil cromatografico em CLAE/UV-vis do extrato etanol 70% das raizes de
Fridericia platyphylla a 254 nm com destaque para os picos das brachydinas.

m

300+

200+

100 2

0.0 a0 0.0 15.0 man 50 0.0 350 40.0 45.0 a0.0 A5.0 0.0 65.0 min

Fonte: Autora (2023).
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4.3 Extracdao liquido/liquido

Realizou-se a particéo liquido/liquido do extrato hidroetanolico 70% utilizando
diclorometano como solvente extrator a fim de extrair as substancias menos polares.
ApoOs a secagem de cada fracdo foi obtido as massas e rendimentos, conforme é
apresentado na Tabela 3.

Tabela 3 - Massas da fracdo diclorometano e aquosa e rendimentos na particao
liquido/liquido.

Fracao Massa (g)/Rendimento (%)
Diclorometano 49/ 11,72%
Hidrometandlica 26,19/ 76,48%

Fonte: Autora, 2023.

4.4 Analise da fracdo diclorometanica

O perfil cromatografico por CLAE/PDA da fragédo diclorometano foi obtido no
comprimento de onda de 254 nm. A figura 15 mostra que a fracdo DCM € constituida
de 3 (trés) picos principais de substancias com espectro de UV semelhante, sugerindo
que essas substancias apresentam grupos croméforos idénticos, as semelhancas
espectrais revelam a presenca de compostos fendlicos da classe dos flavonoides.
Segundo a literatura os flavonoides absorvem no UV-visivel com maximos de
absorcao (Amax) entre 340 e 370 nm, devido a presenca das liga¢des duplas dos anéis
aromaticos (Markham, 1982, Arapitsas, 2008).

Figura 15 - Perfil cromatogréfico da frag&o diclorometéanica do extrato hidroetanolico das
raizes de Fridericia platyphylla (A = 254 nm) e espectros do UV.
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Fonte: Autora (2023).

4.5 Isolamento das substancias da fracdo DCM

A fracdo diclorometanica foi purificada por cromatografia liqguida de fase normal
(método classico), utilizando eluicdo gradiente com hexano/acetato de etila com
polaridade crescente, seguido de metanol, conforme item 3.3 descrito na secao
experimental.

A partir do plaqueamento das fragdes em CCD notou-se a presenca de spots
anicos nas placas cromatogréficas, com diferentes fatores de retengéo (RF), indicando
moléculas com diferentes polaridades (Figura 16).

Figura 16 - Placas cromatograficas dos grupos 10, 12 e 13 em fase movel hexano/acetato
de etila (55/45) reveladas com anisaldeido.
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Fonte: Autora (2023).

A partir das informacdes obtidas pelas placas realizou-se o agrupamento das
fracOes de acordo com a semelhanca de perfil. Os grupos 10, 12 e 13 mostraram-se
puros, sélidos de coloracdo laranja, amarela e avermelhada, os quais foram lavados
com acetona para uma melhor purificagdo. Todos os grupos foram analisados em
CLAE-UV/vis. Os cromatogramas obtidos nesta etapa de separacdo sao

apresentados na Figura 17 (A, B e C).

Figura 17 - Cromatograma obtidos dos grupos 10, 12 e 13 no comprimento de onda de 254
nm em coluna de fase reversa (C18, Luna 150x4,6 pm) no método cromatografico 70 -100%
de metanol em 35 min.



Fonte: Autora (2023).
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As substancias purificadas nesse procedimento foram denominadas

substancias 1 (546,1 mg), substancia 2 (142,0 mg) e substancia 3 (122,2 mg).

De acordo com os dados espectroscopicos de Ressonancia Magnética

Nuclear (RMN) de 'H e de 3C, uni e bidimensional, e os dados de espectrometria de

Massas de alta resolucdo (HRESI/MS), foram elucidadas estruturalmente as

substéancias isoladas da fracdo diclorometanica.
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4.6 ldentificacdo estrutural das substéancias isoladas da fracéo
diclorometanica

4.6.1 Identificacao estrutural da substancia 1

A substancias 1 (546,1 mg) foi obtida a partir do grupo 10 (eluicdo hex:AcOEt
65:45, Figura 11), correspondente ao pico com tr = 15,7 min (Figura 17A).

A andlise da substancia 1 (Figura 18, tabela 4), observou-se a presenca de
14 hidrogénios ligados a anéis aromaticos, 2 etilénicos, 2 metilicos alifaticos e dois
grupos metoxi que também foram confirmadas por HSQC. Os diferentes sinais
aromaticos encontrados pertencem a quatro anéis independentes, denominados A, B,
CeD.

Figura 18 - RMN de 'H da substancia 1.
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Fonte: Autora (2023).

Observou-se no espectro de RMN-1H sinais de um par de hidrogénio acoplado
em meta com deslocamentos quimicos em ox 6,08 e 5,95 (J = 2,2 Hz) a qual foi
atribuido aos hidrogénios H-2 e H-4 no anel A. Para revelar as correlacdes a J? e J®
dos hidrogénios e carbonos na molécula foi utilizado o mapa de contorno de HMBC

(Figura 19), a qual pode-se observar as correlagdes estabelecida em CH-6 com os C-
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6a, C-12a, C-2',6'; CH-12a com os C-6; C-12b, C-4a, C-1; CH-B com os C-7, C-2",6"
e C-1"; CH-4 com os C-2, C-12b, C-4a, C-3 (Figura 21). Os dados espectroscopicos
também mostraram que este anel A, é constituido por trés carbonos quaternarios
oxigenados (C-1, C-3 e C-4a 6¢ 161,1, 161,1, 157,8) e um atomo de carbono adicional
com hibridag&o sp? em C-12b a d¢ 103,8.

Da mesma forma que o anel A, o anel B apresenta um par de hidrogénios
acoplados em meta 64 6,05 e 5,99 (J = 2,3 Hz) a qual foi atribuido aos hidrogénios H-
9 e H-11, e foi substituido por trés residuos oxigenados e outros atomos de carbonos
quaternarios (C-8, C-10, C-11a e C-7a em dc 160,2, 159,2, 1554 e 101,5). As
correlacbes HMBC entre CH-11 com os C-9, C-7a, C-11a, C-10; CH-9 com os C-11,
C-7a, C-8; CH-a com os C-7, C-6a, C-7a, C-B (Figura 21).

Figura 19 - Mapa de contorno HMBC da substancia 1.
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Fonte: Autora (2023).
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Figura 20 - Espectro NOESY da substancia 1.
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Figura 21 - Principais correlagdes no mapa de contorno HMBC e NOESY para a substéancia
1.

Fonte: Autora (2023).
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Dois pares de hidrogénios acoplados em meta em &4 7,18 (H-2" e H-6") e (H-

3" e H-5") foram designados para o anel C ao passo que 0s cinco protons aromaticos

restantes correspondem ao anel aromatico D nao substituido em &1 7,38 (H-3' e H-5"),

7,24 (H-2' e H6'). Anel C néo substituido em C-4" (dH 7,10) e em C-1" por uma ligacdo

dupla trans (6x 6,15 e 5,91, J = 15,7 Hz). O anel D esta diretamente ligado ao carbono

C-6 (gHMBC entre H-2'/ H-6" e C-6). A posicao dos dois grupos metoxilas a 61 3,79 e

3,61 foram designados por gHMBC, NOESY e correlacdes em C-1 (anel A) e C-8 (anel

B).

O espectro de massas da substancia 1 no modo positivo (Figura 22) registrou

fon protonado [M+H]* m/z 508,99 e possibilitou obtencdo do fragmento MS? de m/z

255,04 correspondendo a perda de m/z 253.

Figura 22 - Espectro de massa obtido da substancia 1.
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Fonte: Autora (2023).

A andlise dos dados espectroscépicos e espectrométricos obtidos corroboram

com Rocha et al. 2014, indicando, portanto, que a substancia 1 isolada no presente

trabalho trata-se da brachydina 3 (Figura 23) com a férmula molecular C32H2g0es.
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Figura 23 - Estrutura da brachydina 3.

Fonte: Autora (2023).

4.6.2 ldentificacdo estrutural da substancia 2

A substancia 2 foi obtida a partir do grupo 12 (eluicdo hex:AcOEt 55:45, Figura
11), correspondente ao pico com tr = 13,2 min (Figura 17B), com massa de 142,0 mg.
Os espectros de RMN -'H (Figura 24) apresentaram um padréo bastante semelhante
a substancia 1, exceto o sinal para a metoxila OCHs (&n 3,73, s) localizada em C-4"
com base nos experimentos NOESY e HSQC (Figuras 25 e 26).
Figura 24 - Espectro de RMN-1H da substancia 2.
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Figura 25 - Espectro NOESY da substancia 2.
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Figura 26 - Espectro HSQC da substancia 2.
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As mesmas interacbes por NOESY apresentadas na substancia 1 foram
encontradas para substancia 2. Evidenciando, portanto, que a substancia 2 trata-se
de um derivado da substancia 1.

O espectro de massas da substancia 2 (Figura 27) apresentou ion protonado
com m/z 538,78, fragmento registrado MS? de m/z 285,02 correspondendo a perda de
m/z 253.

Figura 27 - Espectro de massa obtido da substancia 2.
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Foi possivel determinar a formula molecular C33H300O7 para a substancia 2.

Portanto, a substancia 2 foi identificada como brachydina 2 (Figura 28), conforme

dados da literatura.

Figura 28 - Estrutura da brachydina 2.

OCHj

Fonte: Autora (2023).
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4.6.3 Identificacdo estrutural da substancia 3.

A substancia 3 foi obtida a partir do grupo 13 (eluicdo hex:AcOEt 55:45, Figura
11), correspondente ao pico com tr = 6,8 min (Figura 17C), a massa obtida para essa
substancia correspondeu a 122,2 mg. O espectro de RMN-*H (Figura 29) apresentou
padrdes semelhante as substancias 1 e 2. O anel C foi substituido em C-4" por um
grupo hidroxila (&¢c 157,7) com base nos experimentos NOESY e HSQC (Figuras 30-
32).
Figura 29 - Espectro de RMN-1H da substancia 3.
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Figura 30 - Espectro HMBC obtido da substancia 3.



63

|

|
W,WMWW-'JL'w"wvl) uh.fuﬁujuLMJLM»WWWW

111117_0Q_90-98_hmbc
90-98 PROTON MeOD 16 scans Lo
20
<<:“ - ' 40
,:j N ' 60
é ;! ' ’ 100 E
} &
3 ! ti20
= e . sk, . ¢
i:} . . 140
RO —‘_';E ¢ 5 : OB ri60
180
200
2 220
‘ 9i5 9.‘0 EiS 8‘.0 75 7jD GfS 610 5.‘5 510 4.‘5 4t0 3{5 3r0 2{5 2?0 115 1.‘0 DtS O.ID
2 (ppm)
Fonte: Autora (2023).
Figura 31 - Espectro HSQC obtido da substancia 3.
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Figura 32 - Espectro NOESY obtido da substancia 3.
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O espectro de massas HPLC-ESI/MS para a substancia 3 (Figura 33) mostrou
um ion protonado [M+H]* m/z 524,66, o que esta de acordo com a formula molecular
Ca2H2807, demonstrando que substancia 3 isolada no presente estudo trata-se da
brachydina 1 (Figura 34).

Figura 33 - Espectro de massa obtido da substancia 3.
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Uma reacéo de fragmentacéo foi proposta para justificar a formagédo do MS?
m/z 271 com base na perda neutra de 253 u. A reacéo retro Diels-Alder (rDA) foi
considerada para descrever a fragmentagdo do nucleo benzopireno, como ilustrado
na Figura 35.

Figura 35 - Proposta de fragmentacao para a [M+H]" da brachydina 1 considerando o
mecanismo retro Diels Alder.

OCH3/ o
— OH m/z 253 -
MS2Z m/z 271 Fragmento perdido

o Fragmento registrado

Fonte: Autora, 2023.

A fragmentacao das brachydinas pelo mecanismo retro-Diels-Alder envolveu
a formacgdo dos dienos com m/z 255, 285, 271 e o diendfilos m/z 253 para as
brachydinas 1, 2 e 3 respectivamente.
A tabela 4 a seguir estdo compilados os dados de deslocamento quimico RMN de 13C
e H.
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Tabela 4 - Dados de RMN de *H e 13C (500 e 125 MHz, CDO3D em ppm) das substancias.

Posicao Brachydina 1 Brachydina 2 Brachydina 3
3n (J) dc B (J) dc Sn (J) dc

1 161,1; C 160,9; C 161,1; C

2 6,08 d (2,2) 92,8; CH 6,08 d (2,1) 92,7, CH 6,08 d (2,2) 92,8; CH

3 161,1; C 161,1; C 161,1; C

4 5,94 d (2,2) 96,4; CH 5,94d (2,1) 96,3; CH 5,95d (2,2) 96,4; CH

4a 157,8; C 157,7; C 157,8; C

6 4,78 d (11,2) 78,2; CH 4,77d(11,3) | 78,1;CH | 4,79d(11,3) | 78,2;CH

6a 2,22 dt (11,2; 42,4; CH 2,19dt(11,3; | 42,3;CH | 2,24dt(11,3; | 42,2;CH

1,9) 1,9) 1,9)
7 3,17 ddd (5,5 34,0, CH | 3,17ddd (5,6; | 34,0,CH | 3,21ddd (5,7; | 34,2;CH
1,9; 1,6) 1,9; 1,6) 1,9;1,7)

7a 101,8; C 101,6; C 101,5; C

8 160,2; C 160,2; C 160,2; C

9 6,05d (2,1) 93,0; CH 6,05 d (2,1) 93,0; CH 6,05 d (2,3) 93,0; CH

10 159,1; C 159,2; C 159,2; C

11 5,98d (2,1) 96,5; CH 5,98d (2,1) 96,5; CH 5,99d (2,3) 96,6; CH

11a 155,4; C 155,3; C 155,4; C
12a 5,28 d (2,3) 63,5; CH 5,27 d (2,3) 63,4, CH 5,28 d (2,4) 63,5; CH
12b 103,8; C 103,7; C 103,8; C
1 140,4; C 140,4; C 140,4; C
2'6' 7,24 d (7,6) 128,5; CH 7,23d (7,00 | 1285, CH | 7,24d(7,6) | 1285; CH
3.5 7,38 m 129,5; CH 7,38 m 129,5; CH 7,38 m 129; CH
4' 7,38 m 129,6; CH 7,38 m 129,5; CH 7,38 m 129,6; CH
A 595dd (15,9; | 130,7;CH | 599dd (15,8; | 131,5;CH | 6,15dd (15,7; | 133,8; CH
5,5) 5,6) 5,7)
B 5,81dd(15,9; | 131,7,CH | 5,83dd(15,8; | 131,7;CH | 5,91dd (15,7; | 132,0; CH
1,6) 1,6) 1,7)

1" 130,4; C 131,1; C 138,6; C
2", 6" 7,05 d (8,6) 128,4; CH 7,11d(8,8) | 128,2; CH 7,18 m 127,2; CH
3", 5" 6,64 d (8,6) 116,2; CH 6,75d(8,8) | 114,8; CH 7,18 m 129,4; CH

4" 157,7; C 160,2; C 7,10 m 128,0; C

OMe-1 3,81s 56,1; CHs 3,79s 56,1; CHs 3,79s 56,1; CHs
OMe-8 3,62s 55,9; CHs 3,62s 55,9; CHs 3,61s 55,9; CHs
OMe-4 3,73s 55,6; CHs

Fonte: Autora, 2023.

4.7 Quantificacdo das brachydinas no extrato hidroetandlico e fracéo

diclorometanica por UHPLC-MS/MS

A quantificacdo das brachydinas presentes no extrato (HE) e na fracao

diclorometanica (FDCM) foram determinadas através de metodologia validada por

cromatografia liquida de ultra performance acoplada ao espectrometro de massa com

fonte de ions do tipo ESI e analisador “armadilha de ions” tripo quadrupolo linear com

recursos em tandem, no modo de monitoramento de reacdes mdultiplas (MRM). A
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aquisicdo dos dados utilizado foi 0 modo positivo e os parametros de declustering
potential (potencial de desagregagao DP), entrance potential (Potencial de entrada
PE), collision enerfy (energia de colisdo EC), cell exit potential (saida da célula de
colisdo SC) de cada analito foram otimizados para aumentar a sensibilidade a uma
transicéo especifica a partir dos dados registados no espetro de massa (MS?) e estéo
resumidos na Tabela 5.

Tabela 5 - Parametros MRM otimizados para a quantificacdo das brachydinas por UHPLC-
MS/MS.

Al ion PD PE EC scC t (ms)
Substancia precursor MRM V) V) (V) V)
Brachydina 1 525 525 > 271 30 10 10 7 125
Brachydina 2 539 539 > 285 30 10 10 7 125
Brachydina 3 509 509 > 255 80 10 50 12 125

Legenda: MRS = Monitoramento das reacdes selecionadas; t = Tempo para aquisicdo dos dados
(dwell time).

O intervalo das curvas de calibracdo foi estimado para cada composto e foi
fixado em 31-500 ng/mL. Obtiveram-se assim cinco curvas de calibracdo de pontos
de dados com r2 > 0,99 (Tabela 6).

Tabela 6 - Parametros das curvas de calibragéo.

Substancia Funcéo linear r? LOD LOQ
Brachydina 1 y = 816x + 6,06.10° 0,21 0,64
Brachydina 2 y =422x + 3,51.10° 0,998 0,47 1,41
Brachydina 3 y =122x + 639 1,42 4,25

Legenda: r2 = coeficiente de correlagéo; LOD = limite de dete¢do; LOQ = limite de quantifica¢éo.

Os resultados obtidos a partir da analise quantitativa sdo apresentados na
Figura 36. O teor total das brachydinas 1-3 foi 3,35 vezes superior na FDCM do que
no extrato HE. Este fato era esperado, uma vez que no extrato sdo encontrados
principalmente as brachydinas glicosiladas, e estas ndo sao detectados por MRM. A
brachydina 3 apresentou maior abundancia na fragdo DCM (123 mg/g (DW: peso
seco) e no HE (36 mg/g (DW)). As brachydinas 1 e 2 estavam presentes a 16 e 108
mg/g (DW) na fracdo DCM, respetivamente. Niveis mais baixos de brachydina 1 (5
mg/g) e 2 (33 mg/g (DW)) foram encontrados no extrato HE. Estes resultados
quantificam, pela primeira vez, as quantidades das trés brachydinas isoladas em

ambas as amostras.
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Figura 36 - Concentracdo (mg/g DW) das brachydinas 1-3 no extrato hidroetandlico (HE) e
na fracdo diclorometanica (FDCM), respetivamente. As barras correspondem a valores
médios + S.D.; n=3.
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Considerando que a FDCM é composta pelas trés brachydinas, e que esta
apresenta grande potencial bioldgico, levando em consideracéo que o isolamento das
substancias ativas pode ser uma atividade complexa, longa e arenosa e que
normalmente as substancias que apresentam melhores efeitos biolégicos estao
presentes em menor proporcdo, torna-se indispensavel a analise da poténcia das
fracOes e das substancias puras em relacdo a sua concentracdo. Nesse sentido a
fracdo apolar obtida do extrato hidroetandlico das raizes de F. phatyphylla constituida
de trés flavonoides diméricos denominados de brachydinas, foi utilizada no

desenvolvimento de uma formulacéo.

4.8 Desenvolvimento e Caracterizacdo da Microemulsao
4.8.1 Diagrama de Fase Pseudoternéario (DFPT)

O diagrama de fases pseudoternéario (DFPT) descreve o comportamento dos
componentes combinados e as estruturas formadas no sistema. Revelando em que
condicdes experimentais é possivel obter as microemulsdes e as regides limites de
transicao entre emulsdes, fases separadas e bicontinuas (Oliveira, 2004; Damasceno
et al., 2011). Além disso, o diagrama permite identificar as diferentes proporc¢des dos

componentes, bem como avaliar os diferentes tipos de sistemas encontrados.
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O DFPT pode ser obtido por meio de titulacdo aquosa dos sistemas com
diferentes proporc¢des dos constituintes gerando um amplo namero de formulagdes,
que posteriormente sdo classificadas de acordo com suas caracteristicas.
Normalmente as microemulsdes diferenciam-se visualmente por apresentar-se
opticamente transparente e transllicida, enquanto os demais sistemas apresentam-se
como emulsdes liquidas opacas, emulsdes géis opacas, com elevada viscosidade ou
com separacgao de fases (Djordjevic, et al. 2004).

A figura 37 representa o diagrama de fase pseudoternario obtido nesse
estudo, caracterizando o comportamento de fases das misturas do
tensoativo/cotensoativo, agua e fase oleosa. Foi observada uma diversidade de
estados, 5 zonas caracterizadas como microemulsdo, emulsdo branco fluida (EBF),
emulsdo branco leitosa (EBL), separacdo de fases (SF) e emulsdo liquido opaca
(ELO). Foi possivel determinar a regido de formacao da microemulséo, regido em que
a energia empregada e a proporc¢do dos componentes foram apropriadas para reduzir
a tenséo interfacial até a formacdo de um sistema homogéneo, limpido e transltcido
(Silva, et al. 2009).

Figura 37 - Diagrama de fase pseudoternario para o sistema tween/transcutol, miristato de
isopropila e agua.

Tween:Transcutol(1:1)

® Ve

®cLo
EBL
EBF

OSF

Miristato de
isopropila

— Agua

Fonte: Autora, 2023.
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A composicédo da formulacao de estudo foi selecionada com base no diagrama
de fase, observando as transicfes de fases das formulacdes previstas através do

diagrama construido.

4.8.2 Selecédo da formulacao

A partir do diagrama foi selecionada a regido de formac&o de microemulséo
para a incorporacdo da fracdo DCM. A Tabela 7 apresenta as propor¢cdes dos
componentes da microemulséo branco.

Tabela 7 - Composicao centesimal da microemulséo.

Componentes Funcéo Proporcao (%)
Tween Tensoativo 30,87
Trancutol Tensoativo 30,87
Miristato de isopropila Fase oleosa 7,44
Agua destilada Fase aquosa 30,82

As microemulsdes geralmente séo constituidas de trés a cinco componentes,
tais como tensoativo, agua, 6leo e quando necessario, o cotensoativo (Dalmora and
Oliveira 1999).

Os tensoativos ndo i6nicos e/ou anfotéricos sdo os mais utilizados em
aplicacoes farmacéuticas, devido baixa toxicidade as membranas celulares, baixa
irritabilidade e elevada estabilidade quimica (Constantinides et al., 1995). O Tween foi
o tensoativo utilizado na formulacdo de estudo, e este é amplamente utilizado no
desenvolvimento de microemulsdes, pois apresenta maior estabilidade, melhor
capacidade de encapsulamento proporcionando liberacdo controlada da substéancia,
melhor estabilidade térmica, estabilidade a variagbes de pH e capacidade de
incorporar elevadas concentracdes de eletrdlitos (Bonnet, 2010; JAcome, 2015).

O cotensoativo € responsavel por diminuir a constante dielétrica da agua
permitindo a formacdo e estabilidade termodinamica da ME, além de facilitar a
solubilizagdo dos farmacos (Vandamme, 2002). O cotensoativo escolhido para o
desenvolvimento da ME foi o transcutol P, um importante solubilizante obtido da
purificacdo do éter monoetilico de dietilenoglicol, possui capacidade de solubilizar

ativos hidrofilicos e lipofilicos, além de apresentar baixo valor de EHL (equilibrio
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hidrofilo-lipofilico), garantindo maior solubilizacdo do o6leo e da agua, maior
estabilidade e menor tamanho de goticulas dos sistemas microemulsionados (Oliveira,
2014; Osborne, Musakhanian, 2018; Formariz et al, 2005).

O transcutol P tem sido amplamente usado no desenvolvimento de ME’s para
melhorar a solubilidade e absorcdo oral do acido retindico all-trans (Subongkot,
Ngawhirunpat, 2017), biodisponibilidade oral do docetaxel (Yin, 2009), solubilidade e
biodisponibilidade da curcumina (Xiao, 2013), do fenofibrato (Hu, 2011la), do
ibuprofeno (Hu, 2011b), e da ampelopsina (Solanki, 2012).

A fase oleosa foi composta pelo miristato de isopropila, um ésteres de acido
graxo de formula molecular C17H3402, conhecido como éster isopropilico do acido
miristico ou tetradecanoato de isopropila, obtido pela reacdo do cloreto de miristila
com 2-propanol. A maioria dos 6leos utilizados nas microemulsdes séo volumosos e
semi-polares, cuja funcdo no desenvolvimento das ME’s é a solubilizacdo do farmaco
(Gennaro, 2005; Gomes, 2010).

4.8.3 Analise por CLAE das micromulsdes

Os perfis cromatorgraficos da fragdo DCM, ME3 e ME séo apresentados na
Figura 38 A-C.

Figura 38 - Perfil cromatografico da FDCM (A), microemulsédo com FDCM (B) e microemulséo
sem fracéo (C).
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Fonte: Autora, 2023.

O cromatograma do padrao da fragcdo DCM apresentou picos de retencdo nos
tempos 5; 12,5 e 14 minutos referentes as brachydinas (Figura 38A). O cromatograma
da amostra de microemulséo carregada com fracdo DCM (Figura 38B) mostrou picos
nos tempos de retencédo semelhante ao padrao da fracao (Figura 38A) demonstrando
a incorporagao da fracdo a microemulséo desenvolvida. Os picos do cromatograma
sdo bem resolvidos, indicando a alta especificidade do método, além disso, 0s

componentes da microemulsdo tiveram pouca interferéncia na andlise (Figura 38C).
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4.8.4 Avaliacdo Macroscopica visual

A analise macroscoépica nos sistemas liquidos dispersos deve ser realizada
avaliando-se condi¢cdes como: limpidez, precipitacdo do farmaco disperso, cremagem,
homogeneidade e tranparéncia. Essa avaliacdo deve ocorrer com e sem adi¢ao de
farmaco, uma vez que, é imprescidivel avaliar a influencia do principio ativo no meio
em que esta disperso (Silveira, 2013).

A avaliacdo macroscopica das ME e ME3 foram realizada 48 horas apés o
seu preparo e esta apresentada na Figura 39. Durante a obtencéo das microelmusdes,
observou-se que a adicdo da fracdo DCM ndo modificou a limpidez e a viscosidade
da microemulséo, a principal diferenca foi a cor proveniente da coloracao avermelhada
que a fracdo DCM apresenta. Além disso nado foi observado nenhum fenémeno de
separacdo de fases ou turbidez, indicando boa estabilidade para ambas as

formulacoes.

Figura 39 - Microemulsdo com e sem fracdo DCM.

Fonte: Autora, 2023.

Foi realizada a incorporacédo de fracdo DCM nas proporcdes de 3% e 5%,
conforme apresentado na Figura 40.
Figura 40 - Formulagdo com composicdo 3 e 5 % de FDCM (p/p).
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Ambas as microemulsdes obtidas mostraram-se opticamente transparente,
estaveis e com aspecto homogéneo caracteristico de uma microemulsdo (Dalmora,
Dalmora, and Oliveira 2001).

A transparéncia Optica das microemulsdes é consequéncia de sua
microestrutura (geralmente abaixo de 100 nm). Esses baixos valores de tamanho
estdo associados a uma enorme area interfacial que pode ser alcancada sem
consumo de energia apenas devido a baixa tenséo interfacial (y) (geralmente 10
mJ/m?) (Tartaro, 2020).

Uma das teorias que tenta explicar o processo de formacdo das
microemulsdes, considera o papel indispensavel do cotensoativo na reducdo da
tensdo interfacial responsavel pela otimizacdo da estabilidade termodindmica das
goticulas da fase interna da microemulséo (Rossi et al., 2007).

4.8.5 Caracterizagcao preliminar

A Tabela 8 mostra as caracteristicas preliminares das microemulsées ME,
ME3 e MES5, quanto aos parametros de tamanho da goticula (RH), potencial Zeta (PZ)
e indice de polidispersado (IP), essas informacdes sdo importantes, pois permitem a

identificacdo da dinamica e estrutura das microemulsdes.
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Tabela 8 - Caracteristicas preliminares das formulages.

Formulacéao RH (nm) IP PZ (mV)
ME 75,36+3,4 0,248+0,07 - 5,15+049
ME3 65,40+9,8 0,543+0,11 - 49,03+2,89
MES 36,70+7,0 0,604+0,12 - 63,20+8,9

Legenda: ME — microemuls&o (branco); ME3 e ME5- microemulsdo com 3% e 5 % de FDCM.
Fonte: Autora (2023).

Os sistemas dispersos possuem a capacidade de espalhar as ondas
eletromagnéticas (luz) que o atravessam, esse fendbmeno depende do tamanho das
particulas que compdem o sistema, uma vez que a intensidade de luz espalhada é
dependente da velocidade de difusdo das particulas (Silva, 2001). O tamanho das
goticulas, ou seja, o raio hidrodinamico das particulas coloidais foi determinado
através da técnica de espalhamento dinamico de luz, que se baseada no movimento
Browniano das goticulas em dispersao (Resende, 2014).

Em sistemas concentrado e viscoso € comum apresentar dificuldade de leitura
em decorréncia das interacdes entre as goticulas, sendo necessario nesses casos a
realizacdo da diluicdo a fim de facilitar a sua identificacdo (Lawrence, 2000; Aboofazeli
et al. 2000; Formariz et al., 2006).

As microemulsdes foram diluidas, a fim de minimizar as interacdes
interparticulas do sistema concentrado evitando erros experimentais no que diz
respeito o nimero de goticulas por unidade de volume. Os resultados mostram que a
incorporacao de fragdo DCM a microemulséo diminuiu o tamanho das goticulas de 75
nm para 65 nm na propor¢ao de 3% de fragdo enquanto com 5% o tamanho foi de 36
nm. Todas as microemulsfes apresentaram tamanho de goticula compativel com o
tamanho de microemulséo desejavel (até 100 nm).

Possivelmente a diminuigdo do tamanho das goticulas em fungéo do aumento
da proporcao de fracdo incorporada, € devido a presenca dos grupos hidroxilas nas
estruturas das brachydinas, o aumento da quantidade dessas moléculas permiti maior
interacdo com os grupos hidrofilicos da fase oleosa e da camada emulsificante (tween
e transcutol) produzindo maiores quantidade de ligacdes de hidrogénio,

consequentemente, o tamanho médio de goticulas da microemulsdo diminui devido o
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encolhimento das goticulas resultante do maior nimero de interacdo por ligacdes de
hidrogénio (Cui et al., 2009).

A determinacao do potencial Zeta esta relacionada a estabilidade eletrostéatica
do sistema disperso e as interacdes entre as goticulas presentes (Khan et al., 2013).
Sistemas mais estaveis tendem a apresentar potencial Zeta = 20 mV, evidenciando o
predominio das forcas de repulsdo entre as goticulas sobre as forcas de atracdo de
Van der Waals, prevenindo, portanto, o contato e aglomeracédo das goticulas (Bose et
al., 2013 e Bhandari; Kaur, 2013).

Quando em contato com a fase aquosa as goticulas dispersas apresentam
cargas elétricas superficiais responsaveis pela dispersdo e agregacao dessas
particulas. A superficie de goticula de 6leo dispersa em uma fase aquosa € formada
por uma dupla camada elétrica, a camada fixa formada de ions de carga contraria a
superficie da goticula (camada de Stern) e outra camada movel de ions denominada
de camada difusa (Reis, 2014). O potencial zeta mede a diferenca de potencial entre
essas duas camadas, e caracteriza o sistema em relacdo a sua estabilidade
eletrostatica (Daltin, 2011; Hotza, 1997).

As formulac6es ME, ME3 e ME5 apresentaram valores de PZ -5,15; —49,03
e —63,20 mV respectivamente, observa-se que a adi¢cdo da fragdo DCM aumentou o
valor do PZ, ndo houve nenhuma evidéncia de instabilidade das microemulsdes, todas
as amostras mostraram-se estaveis. Kong e Park (2011) afirmam que valores de PZ
acima de 30 mV devem ser considerados, visto que, estes asseguram contra a
coalescéncia, deste modo o PZ ndo deve ser a Unica forma de predizer a estabilidade
do sistema. E necessario estudos posteriores de estabilidade a longo prazo para
esclarecer melhor o perfil de estabilidade das formulacdes desenvolvidas (Aggarwal
et al., 2013).

O indice de polidispersdo € um indicador de distribuicdo de tamanho das
goticulas. O conhecimento desse parametro é importante porque permiti predizer
processos de instabilidade como a maturacédo de Ostwald. A diferenca de solubilidade
e curvatura das goticulas favorecem a transferéncia de massas, dessa forma, as
goticulas muito pequenas se depositam nas goticulas grandes aumentando o seu
didmetro por meio da difusdo, e consequentemente diminui a estabilidade

termodinamica do sistema (Capek, 2004; Almeida, 2012; Kourniatis et al. 2010).
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Valores maiores de IP indicam menor uniformidade do tamanho, e valores
préximo de zero revelam maior homogeneidade de tamanho entre as goticulas (Patel
et al., 2013; Moghimipour; Salimi; Eftekhari, 2013). Acredita-se que os valores de
indice de polidisperséo ideal devam ser préximos a 0,3 (Rodrigues, 2012).

A microemulsdo com fracdo que apresentou menor IP foi a ME3 com 0,543,
indicando melhor distribuicdo de tamanho entre as goticulas, nesse sentido a ME3 foi
escolhida para continuidade ao estudo por ter se apresentado mais monodispersa e

estavel.

4.8.6 Caracterizacao Fisico-quimica

A Tabela 9 mostra os resultados obtidos da caracterizacédo fisico-quimica das
amostras ME e ME3. O teste de centrifugacdo produz estresse na amostra através do
aumento da mobilidade das particulas, podendo antecipar possiveis instabilidades
como precipitacdo, separacdo de fases e coalescéncia (Brasil, 2004). Apés a
centrifugacéo a 3000 rpm por 30 min as formulagdes permaneceram inalteradas, nédo
foi observado evidéncia visual de instabilidade fisica em termos de separacgéo de fases

e transparéncia.

Tabela 9 - Caracterizacao fisico-quimica de microemuls&o branco e microemulséo contendo
FDCM.

Propriedades ME ME3
Aspecto macroscépico Limpida e transparente Limpida e transparente
Resisténcia a centrifugacéo Estavel Estavel
pH 7,80%0,09 6,69+0,05
indice de refracdo 1,42+0,01 1,42+0,01
Densidade (g.cm?3) 1,016+0,01 1,016+0,01

Uma das caracteristicas das microemulsdes, diz respeito, a anisotropia. Uma
amostra isotropica quando submetida a um feixe de luz plano polarizado possui as
mesmas propriedades Opticas em todas as direcoes, e, portanto, ndo ha modificacao
na direcdo da luz incidida, ndo ha a formacdo do fenbmeno da dupla refracao,

conhecido como birrefringéncia.
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A andlise do indice de refracdo permitiu caracterizar o0 sistema
microemulsionado quanto a sua isotropia, o valor de indice de refracdo para ambas
as microemulsées ME e ME3 foi de 1,42, evidenciando que a incorporacéo da fracao
DCM néo resultou na alteracéo na propriedade Optica da microemulséo desenvolvida,
valor compativel ao que foi encontrado por Moghimipour, Salimi e Eftekhari (2013),
Okur e colaboradores (2017) e Souza (2017), confirmando a transparéncia optica das
formulagoes.

A determinacéo do pH é um forte indicativo de estabilidade do sistema, uma
vez que a reducdo do pH pode indicar a presenca de acidos graxos livres na
formulacéo, proveniente da hidrolise dos tensoativos ou da fase oleosa, ou até mesmo
das condi¢des de processamento e armazenamento da amostra (Bruxel, et al. 2012).
Os valores de pH observados sdo considerados fisiologicamente aceitaveis, para
administracdo oral (1 a 7) e topica (5,5 a 8) (Auton, 2005), uma vez que os valores
apresentados estdo dentro da faixa de maior estabilidade fisica e quimica para a
maioria das formulacdes (Fronza, 2004). Além disso, as microemulsées ME e ME3
apresentaram densidade de massa com valor de 1,016g/cm? + 0,01, valor préximo a

densidade da 4gua na temperatura de 20°C.

4.8.7 Estudo de Estabilidade

O estudo de estabilidade de formulagbes € uma ferramenta essencial para
garantir seguranca e eficacia do produto, uma vez que fornece indicacdes sobre seu
comportamento, em determinado intervalo de tempo, frente a condicdes ambientais a
gue possa ser submetido, desde a fabricacdo até o término da validade (Brasil, 2004).

Os sistemas microemulsionados possuem baixa tenséo interfacial que lhes
garantem estabilidade termodindmica quanto a sedimentagdo em temperatura
constante. O aumento da agitacdo térmica pode fazer com que algumas formulacbes
percam a estabilidade e formem agregados provenientes da coalescéncia das
goticulas. Neste sentido, a temperatura modifica as propriedades do filme de
tensoativos, resultando em mudancas estruturais (Jacome, 2015). A estabilidade das
microemulsées ME e MES3 frente a mudancas de temperatura foi monitorada a 25 °C
(para verificar a estabilidade a temperatura ambiente), -5 a 50°C (para verificar a
estabilidade em condi¢des aceleradas) e 40 a 80°C (para verificar a estabilidade sob

estresse térmico), conforme descrito na Tabela 10. Todas as microemulsdes
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mostraram-se fisicamente estaveis, limpidas, transparentes e homogéneas em todas

as condicdes testadas.

Tabela 10 - Estabilidade das formulagfes testadas.

Formulacéao TO T30 Esitre_sse Ciclo gelo-
Térmico degelo
Caracter. organolépticas
ME Normal Normal Normal Normal
ME3 Normal Normal Normal Normal
pH
ME 7,80+0,09 A 7,71+0,25A 7,96+0,06A 7,64+0,12A
ME3 6,69+0,058 6,76+0,058 6,83+0,02B 7,03+0,098
Teor (%)
ME - - - -
ME3 97,52+1,81 99,81+1,22 98,12+2,17 99,46+3,73

Legenda: TO - tempo 0; T30 - tempo de 30 dias. As médias que ndo compartilham a mesma
letra sdo significativamente diferentes.
Fonte: Autora (2023).

Né&o foi observada alteracdo macroscopica nas MEs, ndo ocorreu precipitacao
da fracdo DCM na ME3 mesmo apds as condicdes térmicas aplicadas, o que indica
gue a microemulséo ME3 foi capaz de manter a fracdo DCM dissolvidas nas faixas de

temperatura de 40 a 80°C, -5 a 50°C e temperatura ambiente (Figura 41).

Figura 41 - Aparéncia macroscopica das MEs apds os ciclos de
congelamento/descongelamento, estresse térmico e estabilidade 30 dias.
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O valor de pH serve como parametro de estabilidade quimica dos sistemas
guando submetidos a estudos de estabilidade, ja que variacdes nestes valores podem
estar relacionadas com a ocorréncia de reacdes de degradacdo, como oxidagao, que
podem acontecer na fase oleosa (Tadros et al., 2004). O pH das microemulsdes ME
e ME3 néo sofreram alteracdes significativas em todos os testes, evidenciando a
estabilidade quimica das microestruturas desenvolvidas.

Quando submetidas aos ciclos de gelo-degelo, estresse térmico e 30 dias a
temperatura ambiente n&o foi observado altera¢des significativas nos teores da fragéao
DCM. A Figura 42 A-C mostra os perfis cromatograficos das microemulsées ME3
(azul) e ME (preto), analisadas apds os testes de estabilidade, 30 dias a temperatura
ambiente, ciclos gelo-degelo e estresse térmico. Observa-se que ndo houve alteracéo
dos perfis de absor¢do das brachydinas, evidenciando a integridade mesmo apdés
condi¢cbes extremas de temperaturas aplicadas, demonstrando, portanto, estabilidade
termodinamica da microemuls&o desenvolvida.

Figura 42 - Perfis cromatogréafico das ME, ME3. A) 30 dias a temperatura ambiente; B) Ciclos
de gelo-degelo; C) Estresse térmico.
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Fonte: Autora (2023).

4.8.8 Analise Reologica

A caracterizacdo reolégica de formulacdes revela informacfes importantes
acerca da microestrutura estudada, uma vez que o comportamento reoldgico do fluido
esta relacionado com o tipo de arranjo e seu nivel organizacional, permitindo avaliar
a estabilidade fisica do sistema, bem como seu comportamento no local da aplicacéo
(Welin-Berger, 2001; Harding, 2000).
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As andlises reologicas sdo imprescindiveis no desenvolvimento de
formulag@es e na caracterizacéo fisico-quimica de produtos farmacéuticos, tais como,
pastas, cremes, emulsGes, microemuls@es, géis, suspensdes e revestimento de
comprimentos (Martin, 1993; Lieberman, 1989; Netz e George 2002).

As curvas de fluxo descendentes e ascendentes demonstram o
comportamento de fluxo de um liquido, através da representacdo grafica que
correlaciona a tensdo de cisalhamento (t) e a taxa de cisalhamento (y).

O comportamento dos fluidos pode ser inicialmente dividido em newtonianos
e nao-newtonianos. Os fluidos newtonianos apresentam proporcionalidade entre a
tensdo e a taxa de cisalhamento, de modo que a viscosidade do sistema independe
dos parametros de deformacédo e o escoamento inicia-se quando a tenséo € aplicada,
isto significa que a viscosidade do fluido é constante e ndo é afetada por mudangas
na taxa de cisalhamento. A representacédo grafica do comportamento reoldgico de um
fluido classificado como newtoniano € uma reta com inicio na origem. Os que nao se
adequam a tal comportamento sao classificados como ndo-newtonianos (Schramm,
2006).

Os reogramas presentes na Figura 43 representa a relacdo entre tensdo e
taxa de cisalhamento para as formulacbes ME e ME3. Os resultados obtidos
evidenciam que as MEs desenvolvidas apresentaram comportamento newtoniano,
ocorrendo uma sobreposicdo das curvas ascendentes e descendentes, e, portanto,
gerando uma reta que passa pela origem, mostrando a relacdo linear entre a tensao
e a taxa de cisalhamento. Fica evidente que a viscosidade das microemulsdes nédo é
afetada pela mudancga dos par@metros analisados de forma que o fluxo é constante
(Schramm, 2006).

Figura 43 - Comportamento reolégico das ME e ME3. Reograma Tensao de cisalhamento
versus taxa de cisalhamento.
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Sistemas isotrépicos, como as ME apresentaram uma baixa viscosidade e
comportamento newtoniano, devido ao pequeno tamanho de goticula e baixa
interacdo entre as goticulas (Santana et al., 2012). Alteragfes estruturais e transicoes
de fases nas MEs refletem na reologia.

A andlise reoldgica oscilatéria para a ME3 foi realizada, nesse tipo de analise
a tensao de cisalhamento varia como uma onda senoidal e a relagdo entre as ondas
de tensao aplicada e a deformacéo resultante fornece informagdes sobre os tipos de

resposta (elastica ou viscosa) do sistema.
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A analise da frequéncia oscilatéria permite obter informacgdes valiosas sobre
a estrutura do sistema estudado. Os parametros obtidos nesta analise sdo o0 modulo
de elasticidade (ou de armazenamento) (G') que representa a capacidade do material
em armazenar energia, e o médulo de perda (ou viscoso) (G"), representa a
capacidade do material em dissipar energia (Gonsenca, 2013; Ferreira, 2015). A
evolucdo temporal dos modulos de armazenamento (G') e de perda (G") em funcgéo

da frequéncia aplicada para a ME3 € apresentada na Figura 44.

Figura 44 - Mddulo elastico (G") e médulo de perda (G") em funcéo da frequéncia.
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Fonte: Autora (2023).

Se G">G', o material apresenta o comportamento de um liquido viscoso. Se
G'>G", o sistema apresenta comportamento de um sélido elastico, como um gel. Em
contrapartida, se G"=G' 0 material encontra-se na transi¢ao (Cruz et al. 2008; Ferreira,
2015). E possivel observar G">G'(baixas frequéncias) e no final do ensaio G'>G" (altas
frequéncias), de forma que a formulacdo examinada exibe um comportamento
viscoelastico semelhante a um gel e sdo mais elasticas que viscosas.

O tamanho das goticulas e a viscosidade do sistema microemulsionado estao
diretamente relacionados com a velocidade de liberacéo in vitro e com o processo de
difusdo in vivo, facilitando ou dificultando a disponibilidade da fracdo disponivel do

farmaco por unidade de tempo (Correa, 2005).
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4.8.9 Estudo de liberacdo controlada in vitro

A deteccéo da fracdo DCM em espectrofotdmetro foi realizado a fim monitorar
os teores de DCM no teste de liberagcdo controlada. Foram realizadas varreduras
espectrofotométricas na regido de UV 200 — 400 nm, conforme é apresentado na
Figura 45, o método foi capaz de realizar a determinacéo da fragcdo sem interferéncia
significativa dos constituintes da microemuls&o na regido de UV no comprimento de

onda 254 nm.

Figura 45 - Espectros de absorgdo de (a) solvente EtOH:NaOH (pH 13, 0,1 M) (50:50, v/v),
(b) microemulséo branco (ME), (¢) microemulsdo com 3% de fracdo (12 pg/mL) e (d) solugéo
de fracdo DCM (12 pg/mL).
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Fonte: Autora (2023).

Com o objetivo de estabelecer as condi¢gbes sink para o estudo de cinética de
liberacao in vitro foi determinado a solubilidade da fracdo DCM em diferentes meios
tampao (Figura 46). O tampao na presenca de 1% Twen e 10% EtOH foi o meio que
apresentou maior capacidade de solubilidade da fragdo DCM (45,82+0,18), dessa
forma, esse meio tampao mostra-se o mais adequado para a realizacéo dos estudos
de cinética de liberacdo in vitro. Os outros grupos que apresentaram maiores
solubilidade em pg.mL? foram: tampdo tris com 1% de Tween 80 (24,21+0,88),
tampao tris com 10% de EtOH (16,79+0,45). Enquanto que a fragdo no meio tampéo
foi a que apresentou menor solubilidade (2,88+0,2 ug.mL1).

Figura 46 - Solubilidade da fracdo DCM em diferentes meios tampao (n = 3).
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O perfil de liberacdo in vitro € um importante parametro de caracterizacéo de
sistemas microestruturados que permiti observar a performance in vivo da formulacéo
em escala microscopica e as interacdes entre o veiculo e o ativo (Morais; Burgess,
2014).

O perfil de liberacéo da fracdo DCM pode ser observado na Figura 47, que
representa a quantidade liberada acumulada em fungédo do tempo para a ME3 e
solucéo de fracdo DCM ao longo de 6 horas de ensaio.

Figura 47 - Perfil de liberacdo da fracdo em microemulsédo e em solucgéo.
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Os valores representam a meédia + desvio padrdo da média, n=3 para cada concentracdo. Analise
estatistica: Two way ANOVA, seguida pelo pés-teste de Bonferroni, admitindo-se diferenca
estatisticamente significativas (***: p < 0,001; ****: p < 0,0001) entre os tempos de 2,3,4,5 e 6 horas.
Fonte: Autora (2023).
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Os resultados indicaram que a microestrutura formulada permitiu a liberacéo
da fracdo DCM de forma lenta e controlada, possivelmente devido ao aumento do
coeficiente de solubilidade da fracdo no sistema nanoestruturado, evidenciando
melhor liberacéo do ativo corroborado pela quantidade cumulativa liberada superior a
60% em 6 h.

Tabela 11 - Valor médio do fluxo, quantidade liberada acumulada apdés 6 horas em
microgramas (Q6h) e quantidade liberada acumulada apds 6 horas em porcentagem (Q6h %).

Formulagéao Fluxo (ug.cm? .h™1) Q6h (ug) Q6h (%)
Solucéo 162,8792 1170,9523 10,6450
Microemulséo 1115,3093 6856,7836 63,4887

Ha diferenca estatisticamente significativa (p<0,05) em todos os 3 parametros

A comparacéo estatistica do fluxo ao longo de 6 h mostrou que a ME3 forneceu
fluxo superior a solucdo saturada da fracdo DCM. Além disso, a solucdo saturada
apresentou baixa quantidade acumulada cerca 10,6% em 6h enquanto a ME3
apresentou 63,48% (Tabela 11).

Nos ultimos anos tem crescido o interesse pelas microemulsdes, esses
sistemas de liberacdo de farmacos permitem o encapsulamento de variadas classes
de farmacos e possibilitam a lenta liberacdo do ativo, proporcionando efeito
prolongado, evitando que a concentracdo plasmatica acima do necessario seja
atingida (Dalmora et al., 2001).

Os dados de liberacao foram usados para determinar a cinética de liberacao
da fracdo ajustando-se a diferentes modelos matematicos com os valores de
correlacdo calculados apresentados na Tabela 12. Com base nos valores do
coeficiente de determinacdo R? e a raiz do erro quadratico médio (RMSE), o modelo
matematico de ordem zero mostrou melhor ajuste para os perfis de liberacdo da
solucéo e ME3, uma vez que apresentou um R? mais elevado e valores de RMSE mais
baixo. Este comportamento de liberacéo sugere que o sistema de liberacdo nao sofre
desestruturacdo e que o farmaco é liberado lentamente e independente de sua
concentragdo. A literatura relata um padrdo semelhante de libertagdo (Alireza
Mortazavi, Pishrochi, Jafari Azar, 2013; Cojocaru et al., 2015; Shaikh, Kshirsagar,
Patil, 2015).
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Tabela 12 - Descricdo dos modelos matematicos avaliados para as amostras testadas
(solucéo e microemulséo).

Amostras Modelo R2 RMSE MSC Constantes
matematico
Ordem zero 0,9941 0,2478 4,6924 kO = 1,727
Primeira 0,9929 0,2532 4,8227 k1=0,019
Solucgéao ordem
Higuchi 0,8521 1,2489 1,5829 kH = 3,800
Korsmeyer- 0,9686 0,5712 3,0089 kKP = 1,330;
Peppas n=1,142
Ordem zero 0,9938 1,5665 5,2823 kO = 0,012
Primeira 0,9101 6,4658 2,0788 kl=0,152
Microemulsao ordem
Higuchi 0,7428 10,7249 1,0402 kH = 21,194
Korsmeyer- 0,9194 6,1648 2,1284 kKKP = 4,628;
Peppas n=1562

Legenda: R2= Coeficiente de determinagdo ajustado. RMSE= raiz do erro quadratico médio. MSC=
Critério de Selecédo do Modelo. kO = constante de liberagcao de ordem zero. k1= constante de liberacao
de primeira ordem. kH= Constante de liberacdo de Higuchi. kkP= constante de liberacdo incorporando
caracteristicas estruturais e geométricas da forma de dosagem do farmaco. N= expoente difusional que
indica 0 mecanismo de liberagao do farmaco.

Fonte: Autora (2023).

4.9 Estudo de toxicidade in vivo em larvas do Tenebrio molitor

O estudo da avaliagcéo da toxicidade da microemulséo foi realizado utilizando
modelo alternativo com larvas de Tenebrio molitor. Esse modelo tem sido bastante
empregado como alternativa ao uso de animais, garantindo reducdo de custo e
confiabilidade dos resultados (Morey et al., 2016). Ha relatos de utilizacdo das larvas
de T. molitor para avaliagao de atividade antimicrobiana, inseticida e toxicidade (Valk,
Meijden, 2014; Wang, et al 2015).

A relacao teste-controle realizada no modelo alternativo para avaliacdo da
toxicidade da solucéo de fracdo DCM e ME3 ao longo de 7 dias apds a administracao
das amostras, indicou um percentual de sobrevida apds inoculagdo da fracdo DCM e
MES3 nas concentragdes de 1 a 100 pg.mL foi de 100%. As larvas permaneceram vivas
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e com todos 0s movimentos preservados até o ultimo dia do teste. Evidenciando que

a fracdo DCM e ME3 néo apresentaram toxicidade, mostrando-se, portanto, seguras.

4.10 Molecular docking study

Foi realizado os célculos de minimizacdo de energia para a obtencdo da
conformacdo de energia minima. Os sistemas de estudo (brachydinas) foram
otimizados como pode ser observado na Figura 48. A forma mais estavel de dispor os
atomos tem como aspecto marcante é a aproximacdo paralela dos anéis C e D. Os
dados energéticos totais para trés moléculas estudados podem ser observados nas
Tabelas 13.
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Figura 48 - Configuracdo mais estavel da brachydina 1 - A) vista superior, B) vista lateral;
brachydina 2 - C) vista superior, D) vista lateral; brachydina 3 - E) vista superior, F) vista lateral.
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Tabela 13 - Propriedades eletronicas calculadas para as brachydinas

Brachydinas | &0 gia ©) | HOMO | LUMO ?ﬁf U H G S
kev) | M @) | @) | oy | @ (eV) ev) | (ev)

1(OH)  -4800 4,1000 - - ~ 15,4051 154309 12,6451 7,19 x
55273 0,8481 4,6792 10

2 (OCHs) -49,04 4,3245 - - - 16,2074 16,2331 13,3394 9,71 x
54835 0,8046 4,6758 103

3 (H) - 46,00 2,8313 - - - 14,4478 15,2848 12,5637 9,13 x
56740 10527 4,6212 103

Legenda: 4 — Momento de dipolo; U — Energia; H — Entalpia; G — Energia de Gibbs; S — Entropia.

Os Mapas de Potencial Eletrostatico (MPE) apresentado na Figura 49,
indicaram que nao houve diferenca entre as brachydinas 2 e 3, a maior parte da
molécula dessas substancias possuem uma distribuicdo de cargas similar. Esse
resultado € muito interessante pelo ponto de vista da bioquimica porque muito da
atividade de um composto € relacionado basicamente a forma como as cargas se
distribuem espacialmente na estrutura molecular. Assim, uma enzima que seja
quimicamente sensivel a distribuicdo de cargas de uma molécula serd sensivel
também aos analogos estruturais desta molécula, quando for preservado o MPE.

Figura 49 - Mapas de Potencial Eletrostatico da brachydina 1 - A) vista superior, B) vista
lateral; brachydina 2 - C) vista superior, D) vista lateral; brachydina 3 - E) vista superior, F)
vista lateral.
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Os resultados apresentados nesse estudo e os apresentados por Maciel-Silva
et al., 2023, Serpeloni (2023) e Nunes (2020), sugerem que as brachydinas
apresentam importante atividade inibitdria da proliferacéo das células tumorais. Nesse
sentido, as brachydinas 1, 2 e 3 (BrA, BrB e BrC) foram submetidas a analise de
docking molecular a fim de encontrar possiveis alvos moleculares para esses ligantes,
com a perspectiva de melhor entendimento dos mecanismos de que controlam os
processos celulares envolvidos com a carcinogénese.

Para identificar as proteinas especificas envolvidas nos processos celulares
associados a carcinogénese, foram realizadas simulacbes de acoplamento. A
docagem inversa foi utilizada para avaliar o modo de ligacdo da molécula com os
locais de ligacdo de multiplos alvos proteicos, com o objetivo de identificar proteinas
com fortes afinidades de ligac&o para o ligante e potenciais alvos (Li, 2013). O rastreio
in silico, representado na Figura 50, identificou com éxito interacdes relevantes entre
as brachydinas e o local alostérico da isoforma da proteina quinase MAPK14 (p38a).
Essa proteina estd envolvida em inUmeras vias de sinalizacdo que regulam varias
funcdes bioldgicas, incluindo a modulacéo de redes de sinalizagao pro-inflamatorias e
a biossintese de citocinas como o fator de necrose tumoral-a (TNF-a) e a interleucina-
1B (IL-1B) em células imunes (Yokota, 2016).

Figura 50 - Ancoragem molecular das brachydinas com MAPK14.
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Fonte: Autora (2023).
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As MAPKs (proteinas quinases ativadas por mitogénio) sao proteinas
qguinases de serina/treonina responsaveis pelo processamento e regulacdo das
propriedades celulares em resposta a estimulos extracelulares. Essas quinases tém
emergido como alvos importantes na busca de novas aplicagdes terapéuticas devido
ao seu envolvimento em diversos eventos celulares como diferenciacéo, mitogénese,
sobrevivéncia celular e apoptose (Lee, 2017).

Dentre as quatro isoformas da p38 MAPK (a, B, y e 0), a isoforma p38a foi a
primeira a ser descoberta e tem sido amplamente estudada no contexto de alvos
inflamatorios, doencas degenerativas e carcinogénese (Lee, 2017; Canovas, 2021). A
inibicado da sinalizagédo p38a tem mostrado associagdes com diferentes tipos de
células tumorais, o que tem incentivado mais estudos investigando esta via como um
potencial alvo farmacoldgico no desenvolvimento de imunoterapicos e quimioterapicos
eficazes.

A literatura tem destacado a p38a como um alvo terapéutico em estudos pré-
clinicos centrados na atividade anticancerigena. A inibicao da p38 tem sido associada
a varios resultados, incluindo o aumento da citotoxicidade da cisplatina em células da
glandula mamaria de camundongos com tumores mamarios, levando a redu¢des no
tamanho do tumor e malignidade in vivo (Pereira, 2013). Além disso, foi demonstrado
que houve diminuicdo da metastase do cancro da mama, reduzindo a destruicao
O0ssea associada ao tumor induzida pela quimioterapia em ratos implantados com
células cancerigenas (Murali, 2018). A inibicdo da p38 levou ao aumento da eficacia
terapéutica do Sorafenib em camundongos com carcinomas hepatocelulares
(Rudalska, 2014), a reducao do crescimento de tumores do célon (Gupta, 2014), ao
aumento da producao do fator de necrose tumoral em 50% das células de leucemia
humana (Lalaoui, 2016), a ruptura do nicho imunoprivilegiado e a diminuicdo da
progressao tumoral (Katlinski, 2017), aumento da citotoxicidade do taxano através do
aumento da instabilidade cromossémica em modelos murinos e xenoenxertos
derivados de pacientes com potenciacdo prolongada dos efeitos do taxano em 75%
dos xenoenxertos (Canovas, 2018), aumento das propriedades imunossupressoras in
vivo das células T antitumorais e funcionalidades melhoradas de células T humanas

reativas a tumores (Gurusamy, 2020), bem como redugéo do crescimento tumoral,
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angiogénese, metastases pulmonares e diminuicdo da acumulacdo de populacbes
mieloides pré-tumorais (Zonneville, 2020).

Como pode ser observado na Figura 51, as brachydinas BrA e BrB
apresentam uma semelhanca estrutural, tém um padrao de interacdo comum com 0s
residuos ARG65, ARG62, PH164, GLU313 e interacdes na parte inferior da cavidade
com ASP145 e ILE58. Em contrapartida, a BrC apresentou algumas diferencas no seu
modo de ligagdo especifico, incluindo interacdes com SER311, GLN310, TYR185,
ASP140, ASN186 e, na cavidade, com GLN187, GLU313 e ASN186.

Figura 51 - Sitios alostéricos e modos de potencial ligacao das brachydinas com a cavidade
da MAP
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Fonte: Autora (2023).

Figura 52 - Energia livre de ligacao dos ligante a proteina p38a.
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Fonte: Autora (2023).

A Figura 52 ilustra a energia livre de ligacdo estimada de cada ligante
(brachydinas) em associagdo com a proteina p38a (receptor). Nomeadamente, a BrB
apresentou a energia de ligacdo mais baixa, indicando a afinidade mais elevada para
a p38a. A interagao ligante/receptor com a energia livre de ligacdo mais baixa é
normalmente a mais favorecida. Esta observacédo € ainda apoiada pelos notaveis
resultados relatados por Nunes (2020), demonstrando a excepcional citotoxicidade do
flavonoide dimérico contra a linha celular de cancro da prostata humano (PC-3). A BrB
apresentou um valor IC50 de 4,28 uM, comparavel ao farmaco de referéncia cisplatina
(3,3 uM) utilizado no tratamento do cancro da préstata. Além disso, a BrB induziu a
morte celular por apoptose/necrose, na concentracéo de 3,84 uM, reduziu a expressao
de fosfo-AKT (AKT serina/treonina quinase), um regulador crucial do ciclo celular e da
proliferacéo. O estudo de Serpeloni (2023) confirmou ainda que a BrB € um candidato
potente para a terapia do cancro da prostata metastatico (DU145). Os efeitos
citotéxicos foram observados em concentracbes 21,50 pyM apods 24 horas de
tratamento em células 2D, e concentracdes mais altas produziram efeitos citotdéxicos

com duracg@es de tratamento mais longas (48, 72 e 168 horas). O tratamento com BrB
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resultou na reducdo da area/volume de esferdides tumorais 3D, diminuiu a
migragao/invasdo celular em monocamadas 2D a uma concentragdo de 6 uM e
promoveu efeitos antimigratorios em esferdides tumorais DU145 (230 uM).

Por conseguinte, as afinidades de ligacdo previstas oferecem informacgdes
valiosas sobre a atividade variavel dos ligantes estudados, salientando os resultados
promissores apresentados pela BrB na investigacdo dos seus efeitos antitumorais

contra o cancro da prostata.

5 CONSIDERACOES FINAIS

O estudo quimico do extrato hidroetanolico 70% das raizes da espécie F.
phatyphylla demonstrou bom rendimento e permitiu a obtencdo de uma fracao
organica proveniente da particdo com diclorometano rica em flavonoides diméricos.

Aincorporagéao da fragdo DCM em formulagao do tipo microemulsao utilizando
agua, miristato de isopropila como fase oleosa e os tensoativos Tween 80 e Transcutol
P por meio do diagrama de fases pseudoternario permitiu a obtencdo de uma
microemulsdo homogénea, opticamente transparente e termodinamicamente estavel.

Foram incorporadas duas proporcdes de fragdo a microemulsédo 3% e 5%
(p/p), e as caracteristicas fisicas dessas microestruturas foram avaliadas e a ME3 foi
escolhida para continuidade do estudo, uma vez que esta apresentou melhor
estabilidade eletrostatica com PZ - 49,03 e maior uniformidade de tamanho com IP
0,543. Ja que sistemas mais monodispersos e estaveis sao requeridos para
aplicacoes farmacéuticas.

As microemulsbes ME e ME3 foram analisadas quanto a resisténcia a
centrifugacdo e demonstraram-se visualmente estaveis apdés o aumento da
mobilidade das particulas, mostram-se também isotrépicas com valor de indice de
refracdo 1,42, caracteristica das microemulsdes, pHs fisiologicamente aceitaveis (7,80
e 6,69) e densidade de massa de 1,016g/cm3.

A caracterizacdo reoldgica das formulagbes evidenciou comportamento
newtoniano por meio da sobreposi¢cédo das curvas ascendentes e descendentes com
representacdo grafica linear da tenséo e taxa de cisalhamento. Além disso, a anélise

oscilatoria mostrou que a estrutura do fluido desenvolvido é classificada como liquido
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com propriedades viscoelasticas, parametro importante na velocidade de liberagcéao do
ativo.

O estudo da estabilidade das microemulsdes nas condicbes monitoradas de
temperatura ambiente por 30 dias, ciclos de gelo-degelo (-5 a 50°C) e estresse térmico
(40 a 80°C) constatou a estabilidade da microemulsédo ao demonstrar a integridade
dos ativos presente na fracéo.

Os resultados do estudo de liberagéo indicaram que a microemulsdo tem
capacidade de liberacdo lenta e controlada da fracdo com quantidade cumulativa
superior a 60% em 6 horas.

A avaliacao da toxicidade da microemulsdo ME3 e fracdo DCM em larvas do
Tenebrio molitor durante 7 dias, confirmou que as amostras estudadas né&o
apresentam toxicidade, uma vez que as larvas permaneceram vivas € com Seus
movimentos preservados ao final do teste, garantindo maior seguranca na
continuidade da investigacdo da fraggo DCM em estudos com atividades
biofarmacologicas.

Ademais, foi realizado o isolamento e identificacdo de trés substancias
presentes na fracdo, denominadas de brachdydinas, por meio da cromatografia em
coluna aberta, utilizando modo gradiente de eluicdo. Essas substancias tém sido
reportadas na literatura com promissora atividade antineoplasicas, foi realizada a
docagem moléculas desses ligantes (brachydinas) com alvos moleculares envolvidos
com a carcinogénese. As brachydinas apresentaram significativas interagcdes com o
sitio alostérico da isoforma da proteina quinase MAPK14 (p38a), proteina esta
associada a varias funcdes bioldgicas principalmente em atividades anticancerigena.

Os resultados desse estudo trazem novas perspectivas quanto a incorporacéo
bem-sucedida da fragdo DCM na formulacao desenvolvida, conduzindo a um cenario
de valorizag&o dos produtos naturais provenientes da biodiversidade brasileira. Sendo
necessario estudos mais aprofundados para avaliar a atividade antineoplasica da
microemulsdo em modelo experimental in vivo, realizar a incorporacdo das
brachydinas na microestrutura a fim de analisar a eficacia destas e a possibilidade de
efeito sinérgico Esse € o primeiro estudo de desenvolvimento de produto realizado
com a espécie Fridericia platyphylla
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Abstract: The genus Arrabidaea, consisting of ~170 species, belongs to the family Bignoniaceae, dis-
tributed around the Neotropics and temperate zone. The center of diversity of the family is in Brazil,
where 56 genera and about 340 species exist. Most species of the genus Arrabidaea are tradition-
ally utilized as diuretics and antiseptics, as well as for treating intestinal colic, diarrhea, kidney stones,
rheumatoid arthritis, wounds, and enterocolitis. The genus is chemically diverse with different substance
classes; most of them are triterpenes, phenolic acids, and flavonoids, and they exhibit valuable pharma-
cological properties, such as antitumor, antioxidant, leishmanicidal, trypanocidal, anti-inflammatory,
and healing properties. This review presents information on the chemical constituents isolated from
seven Arrabidaea species, and the pharmacological activities of the extracts, fractions and pure sub-
stances isolated since 1994, obtained from electronic databases. The various constituents present in the
different species of this genus demonstrate a wide pharmacological potential for the development of
new therapeutic agents, however its potential has been underestimated.

Keywords: chemical composition; pharmacological activity; Arrabidaea; Cerrado

1. Introduction

Bignoniaceae species are widely utilized for ornamental purposes owing to the beauty
of their flowers (e.g., Ipé), as well as for civil construction and the production of musical
instruments owing to the hardness of the wood [1].

Brazil represents the diversity center of the family, where 56 genera and ~340 species,
including many endemic taxa, occur. The Bignoniaceae species are found in different
kinds of environments ranging from the Cerrado to the rain and evergreen forests, thus
representing the main family of lianas in Brazilian forests. The species from this taxon,
whose jacarandas (Jacaranda brasiliana), as well as yellow and purple ipés (Tabebuia alba and
Tabebuia avellanedae), are the most representative examples of the family, are distributed in
tropical regions globally, although they are more common in the American continent [2].

The genus Arrabidaea has a complex taxonomy since many characteristics are shared
with species of other genera. The species can be a sub-shrub, a shrub, and even an upright
tree with floral branches of 35-50 cm (the youngest being slightly flattened), with leaves
with petioles of 5 to 10 mm, and sometimes 12 mm, as well as a simple blade. Further, it
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exhibits terminal paniculate inflorescence in the axillary branches, and flowers with small
tubular chalice topped by five teeth and a bell-shaped corolla. The flowers exhibit pink to
purple corollas, are rarely white, and are never yellow [3]. The genus Arrabidaea for over
a century was the largest genus within the family Bignoniaceae, however the number of
species varied due to new classification systems as a result of variation in the calyx, coralla,
fruit, seed and inflorescence morphology [4-6].

There are little data available in the literature on the chemotaxonomy, chemical com-
position and biological activities; Arrabidaea chica (Bonpl.) Verl., is the most investigated
species, reporting the presence of the chemical constituents phytosterols, flavonoids [7],
and pigments such as carajurone, carajurine [8], and 3-desoxyanthocyanidins [9], utilized
in cosmetics. Furthermore, some studies focused on species, such as Arrabidaea samy-
doides (Cham.) Sandwith, Arrabidaea pulchra (Cham.) Sandwith, Arrabidaea triplinervia
(Mart. ex DC.) Baill., Arrabidaea bilabiata (Sprague) Sandwith, Arrabidaea patellifera (Schltdl.)
Sandwith, and Arrabidaea brachypoda Bureau, because of their well-known utilization as
antiseptics and diuretics, as well as for the treatment of wounds, intestinal colic, diarrhea,
and enterocolitis. The phytochemical and pharmacological studies of these species have
also revealed the antifungal [7], antimalarial [10], antitumoral [1], gastroprotective [11],
and anti-Trypanossoma cruzi [12] activities of the extracts and isolated compounds, thus
elucidating the bio-pharmacological potentials of this plant genus.

In Brazilian ecosystems, particularly in the Cerrado, the genus Arrabidaea occurs in
great numbers, and in the southeast region, some species are widely used in traditional
medicine, but little is known by the scientific community of their natural chemistry products.
Only seven of them have been investigated from a chemical and pharmacological point
of view.

The Cerrado is the second largest biome in South America; it is greatly significant
as a source of alternative medicines for treating different diseases. Although the flora
of the Cerrado is extremely rich, only 1.5% of its extension is protected by law [9]. The
deforestation rate in this biome exhibited an increase of 13%, totaling a suppessed native
vegetation area of 7340 km?, in the year 2020 alone [13].

In this sense, the present review critically evaluates the biological, pharmacological,
and chemical potential data gathered from the literature for seven species of the Arrabidaea
genus, in only species chemically and biologically examined, in order to investigate the
species from this biome that have been facing a fragmentation process and the risk of
becoming extinct without knowing their chemical-pharmacological properties.

2. Materials and Methods

A systematic literature review was conducted by searching three electronic scientific
journal databases: Scielo, Science Direct, and PubMed. A search filter was applied to delimit
the period between the years 1994 and 2021, and three sets of keywords were utilized:
“Arrabidaea and Fridericia”, ” Arrabidaea or Fridericia”, and “Arrabidaea and pharmacological
applications”. The primary search identified 747 results, of which the articles were selected
by excluding conference papers, course completion papers, scientific reports, drafts, and
articles that were indexed in two or more databases. The selected articles were manually
reviewed to identify and exclude articles that did not meet these criteria, and in the end,
56 articles were selected for this review on the genus Arrabidaea syn. Fridericia. Figure 1
illustrates the selection process.
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Figure 1. Flow diagram of the reference screening and inclusion.

3. Results and Discussion

3.1. Main Bio-Pharmacological Properties and Chemical Composition of the Species from the
Genus Arrabidaea

3.1.1. A. samydoides

Synonyms: Arrabidaea samydoides (Cham.) Sandwith, Fridericia samydoides (Cham.) L.G.
Lohmann, Arrabidaea anguillulicarpa, Bignonia samydoides (Cham.), Bignonia varians (DC.),
Panterpa varians (DC.) Miers.

Main Chemical Composition of A. samydoides

The chemical composition from the leaves, and stems of A. samydoides included lupeol
(1), sitosterol (2), stigmasterol (3), chrysin (4), 33,16x-dihydroxy-olean-12-en (5a), erythro-
diol (5b), uvaol (6a), and ursolic acid (6b), 2-(2'-O-trans-caffeoyl)-C-B-D-glucopyranosyl-
1,3,6,7-tetrahydroxyxanthone (7a), 2-(2'-O-trans-cinnamoyl)-C-3-D-glucopyranosyl-1,3,6,7-
tetrahydroxyxanthone (7b), and 2-(2'-O-trans-coumaroyl)-C-p-D-glucopyranosyl-1,3,6,7-
tetrahydroxyxanthone (7c), mangiferin (7d), 2-(2'-O-benzoyl)-C-3-D-glucopyranosyl-1,3,6,7-
tetrahydroxyxanthone (7e), muraxanthone (7f) [1,10] (Table 1).
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Table 1. Structure and bio-pharmacological properties of isolated compounds from A. samydoides.

Structure and Name

Compound

Species Name

Plant Part,
Solvent

Biological
Effect

Ref.

5a

5b

6a

6b

HO

Sitosterol

HO'

Stigmasterol

OH O

3B, 160 -dihydroxy-olean-12-ene

Erythrodiol

Ursolic acid

A. samydoides

A. samydoides

A. samydoides and
A. bilabiata

A. samydoides

A. samydoides

A. samydoides

A. samydoides and
A. pulchra and
A. triplinervia and
A. bilabiata

A. samydoides

Leaves and stem,
EtOH

Leaves and stem,
EtOH

Leaves and stem,
EtOH

Leaves and stem,
EtOH

Leaves and stem,
EtOH

Leaves and stem,
EtOH

Leaves and stem,
EtOH

Leaves and stem,
EtOH

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Trypanocidal

(1

(1]

(1]

(1]

(1]

(1]

(1]

[1,14-16]
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Muraxanthone

(0]
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A. samydoides

A. samydoides

A. samydoides

A. samydoides

A. samydoides

A. samydoides

Stem, EtOH

Stem, EtOH

Stem, EtOH

Stem, EtOH

Stem, EtOH

Stem, EtOH

Antioxidant

Non active

Non active

Non active

Non active

Antioxidant

[10]

Bio-Pharmacological Properties of A. samydoides

A representative species of the medicinal potential of this genus is A. samydoides. In
2003, researchers reported the chemical and pharmacological studies of this species. The
subsequent fractionation and purification of the bioactive components demonstrated a
gradual decrease in the bioactivity of the sub-fractions compared with the inhibition values
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that were determined by the crude extract in the evaluation of the activity toward repairing
of DNA [1]. The authors attributed this activity loss to factors which were related to the
synergistic effect resulting from the chromatographic separation of substances (a common
result in bio-guided chemical studies). The compounds isolated from the stem and leaves
of A. samydoides included (1), (2), (3), (4), (5a), (5b), (6a), and (6b) [1]. By focusing on the
detection of the antitumoral activity during the screening tests in the DNA repair, the
raw extract of the stem of A. samydoides exhibited inhibitory activity against the growth
of mutant strains of Saccharomyces cerevisiae in the rad+ and rad 52Y lines with values
of 12.0 and 13.0 mm, respectively, and was inactive toward the RS 321 lineage. Further,
the CHCl; fraction of the extract exhibited inhibitory activity against the rad+ (11.0 mm),
and rad 52Y (12.0 mm) lines, while the purified substances of the bioactive fractions
demonstrated a gradual decrease in their bioactivity [1].

In another study, Bolzani and collaborators reported the isolation of three C-
glucosylxanthones, (7a), (7b), and (7c), from the stems of A. samydoides. Furthermore,
they also isolated three known glucosylxanthones, (7d), (7e), and (7f). The xanthones, (7a)
and (7f), exhibited moderate activity against free radicals through the reduction of 1,1-
diphenyl-2-picrylhydrazyl (DPPH), as well as an antioxidant activity, which was confirmed
from its properties that were measured via high-performance liquid chromatography
equipped with an electrochemical detector (HPLC-EICD) [10].

The antioxidant activity of A. samydoides was also reported in Part 2 of the study
by [17]. They reported the antiviral activities of the three strains (VHH-1, EMCYV, and
VACV) that were employed in the study with ECsy values approximating that of the drug
aciclovir. In the same study, the antioxidants, C-glucosyl xanthone, acylated derivatives,
and mangiferin, were isolated from the species (A. samydoides), and the latter was observed
via HPLC-diode-array detection (DAD) as the major constituent of the leaf samples of
A. samydoides. Mangiferin is known for its potent antiviral activity, although the results
observed in Arrabidaea might be related to the presence of another compound in the plant
since isolated mangiferin is less active (ECsy = 218.1 + 3.4 pg/mL) [17].

3.1.2. A. pulchra

Synonyms: Arrabidaea pulchra (Cham.) Sandwith, Fridericia pulchella (Cham.) L.G.
Lohmann, Arrabidaea tobatiensis, Bignonia pulchella (Cham.), Cuspidaria pulchella (Cham.)
Baill, Cuspidaria pulchella (Cham.) K. Schum. Lundia pauciflora, Lundia pauciflora Mart. ex
DC., Mansoa schwackei Bureau & K. Schum., Paracarpaea pulchella.

Main Chemical Composition of A. pulchra

The most abundant constituents in A. pulchra are phenylethanoid glycosides ver-
bascoside (8a), acteoside (8b), caffeoylcalleryanin (9), 6-hydroxyluteolin-7-O-3-glucoside
(10) 3,4-dihydroxybenzaldehyde (11), p-coumaric acid (12), p-hydroxybenzoic acid (13),
oleanolic acid (14) (Table 2) and ursolic acid (6a), also present in A. samydoides [14-16,18].
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Table 2. Structure and bio-pharmacological properties of isolated compounds from A. pulchra.

o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
8a A. pulchra Leaves, EtOH Antiviral [14]
8b A. pulchra Aerial parts, EEOH  15-LOX inhibitory [18]
Acteoside
% Leaves and aerial Antiviral and
? m A- pulchra parts EtOH 15-LOX inhibitory [14,18]
Caffeoylcalleryanin
OH
GluO. 0
10 A. pulchra Aerial parts, EEOH  15-LOX inhibitory [18]
6-hydroxyluteolin-7-0-8-gl
HO.
ICA
11 HO A. pulchra Aerial parts, EtOH Non active [15]
3,4-dihydroxybenzaldehyde
[0}
/
HO— — OH . .
12 A. pulchra Aerial parts, EtOH Non active [15]
p-coumaric acid
OH
HO— >—<<
13 0 A. pulchra Aerial parts, EtOH Non active [15]
p-hydroxybenzoic acid
14 A. pulchra and Aerial parts, EtOH ~ Trypanocidal [15,16]

A. triplinervia

Oleanolic acid

Bio-Pharmacological Properties of A. pulchra

The Arrabidaea pulchra (Cham.) Sandwith belongs to the Bignoniaceae family, which
is a liana exhibiting membranaceous, chalice with multicellular trichomes and a reddish
glandular apex distributed throughout the inflorescence, thus imparting this species with
a brownish color [3]. In Brazil, plants belonging to this family are distributed from the
Amazon to the Rio Grande do Sul; they do not exhibit a unique habitat.

A phytochemical study of the ethanolic extract of the leaves of A. pulchra revealed
that tannins and flavonoids were its major constituents; the literature has reported the
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significant antitumoral activities of these substances. The bioassay of the cell viability of the
extract exerted an in vitro cytotoxic effect on the concentrations of 500 and 100 pg/mL after
24 h of incubation under the cells of the PC-3 lineage (prostate cancer). It also exhibited an
antiproliferative activity of >50% of the cytotoxic effect of the doxorubicin concentration
(5 pg/mL) that was employed as a positive control, thus representing a cytotoxic effect,
which was superior to the standard drug [19].

An antiviral screening study of the species belonging to the Bignoniaceae family oc-
curring in Minas Gerais revealed that the ethanolic extract of A. pulchra leaves exhibited
relevant antiviral activity compared with those of 34 extracts of 18 plant species that were
selected based on ethnopharmacological and taxonomic criteria [17].

The activity of the extract of A. pulchra was evaluated against human herpesvirus
(HSV-1) and Western Reserve virus Vaccinia (VACV-WR), as well as RNA viruses, murine
encephalomyelitis virus (EMCV), and dengue virus (DENV-2), by the colorimetric assay of 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT). Its cytotoxicity was determined
in LLCMK?2, after which the Vero cells and selectivity indexes (SI) were calculated. The
extract exhibited activity against DENV-2 (ECsg = 46.8 + 1.6 pg/mL) and SI of 2.7 [14].

Compounds (8a) and (6a) exhibited similar anti-DENV-2 profiles, with SI values of
3.8 and 3.1, respectively. Moreover, (8a) and (9) inhibited the replications of DENV-2 with
ECsg values of 3.4 and 2.8 ug/mL, respectively, although (9) exerted a less cytotoxic effect
on the LLC-MK2 cells, resulting in a more favorable SI (20.0). However, regarding (8a), the
SI value (3.8) was approximately five times lower. Compound (9) was the most effective
anti-DENV-2 constituent, exhibiting 100% inhibition at 10 pg/mL [14].

The authors evaluated the lipoxygenase (LOX) inhibitory activities of the n-hexane, ethyl
acetate (EtOAc), n-butanol, and hydromethanolic fractions of A. pulchra ethanolic extract. The
n-butanol fraction obtained the best inhibition value of the enzyme, 15-LOX, from 62.8 to
25 pg/mL, representing the most relevant inhibition within the assay. Compounds 9 and
8b exhibited significant inhibitory activities with ICsg values of 1.59 and 1.76 uM, while the
utilized positive control (Zileuton) obtained a value of 1.54 uM [18]. The cytotoxicity assay
was performed for (9), (8b), and (10) in the cell lines, GM07492-A (human lung fibroblasts),
B16F10 (murine melanoma), and HepG2 (human hepatocellular carcinoma). Compound
(9) did not exert a cytotoxic effect with a CCsy value of >800 uM, while (8b) reduced the
cell viability of the B16F10 and HepG2 lines (CCsy = 176.8 and 271.2 puM, respectively).
Compound (10) exhibited CCsq values of 513.0, 499.0, and 283.2 uM for GM07492-A, B16F10,
and HepG2, respectively, indicating that (8b) and (10) exhibited cell selectivity [18]. The
authors also evaluated the in vitro schistosomicidal activities of the hexane (FH), buthanolic,
hydromethanolic, and EtOAc fractions of the areas of the A. pulchra extract against adult
worms, Schistosoma mansoni. The in vitro test revealed that the incubation of S. mansoni worms
in 100 ug/mL ethanolic extract of A. pulchra induced the deaths of 25% of the worms within
120 h and reduced the motor activities of the others; however, no significant integumentary
changes were identified. EAA demonstrated the highest effectiveness among the tested
fractions, whereas the incubation (100 ng/mL) for 120 h accounted for 50% of the deaths and
a visible reduction in motor activity, while the FH, buthanolic, and hydromethanolic fractions
exhibited inactivity. The following five substances were isolated from ethanol extract of leaves:
(11), (12), (13), (6a), and (14). Compounds (11) and (12) could only separate coupled adult S.
mansoni worms at 100 uM [15].

3.1.3. A. triplinervia

Synonyms: Arrabidaea triplinervia (Mart. ex DC.) Baill., Fridericia triplinervia (Mart. ex
DC.) L.G. Lohmann, Arrabidaea ateramnantha Bureau & K. Schum, Arrabidaea triplinervia var.
brachycalix Hassl., Bignonia triplinervia Mart., Bignonia triplinervia Mart. ex DC., Petastoma
triplinervia (Mart. ex DC.) Miers, Saritaea triplinervia (Mart. ex DC.) Dugand.
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Main Chemical Composition of A. triplinervia

The chemical composition of the hydroethanol extracts of A. triplinervia leaves demon-
strated the presence of three triterpenes, namely ursolic acid (6a), oleanolic acid (14),
pomolic acid (15), and alpinetine (16) (Table 3) [16].

Table 3. Structure and bio-pharmacological properties of isolated compounds from A. triplinervia.

Compound

Plant Part, Biological

N Structure and Name Species Name Solvent Effect Ref.
15 A. triplinervia Leaves, EtOH Non active [16]
Pomolic acid
o 9
16 A. triplinervia Leaves, EtOH Non active [16]
HCO O
Alpinetine

Bio-Pharmacological Properties of A. triplinervia

The ethanolic extract of A. triplinervia leaves exhibits significant trypanocidal activity
in vitro against Trypanosoma cruzi trypomastigotes, the etiological agent of Chagas’ disease,
causing the total elimination of the blood parasites at a concentration of 5.0 mg/mL; a
decrease of ~50% of the parasites was observed at 2.5 mg/mL [16]. The ursolic and oleanolic
acids exhibited significant trypanocidal activities that resulted in the total elimination of
active parasites at concentrations of 0.4 and 1.6 mg/mL, respectively. Alpinetine was
inactive at the tested concentrations, while pomolic acid was not tested owing to the
availability of an insufficient quantity. The structure-activity relationships (SAR) of a
series of synthetic compounds from the ursolic acid derivatives and oleanolic acid were
studied, and the presence of the free hydroxyl and/or carboxylic groups is necessary for
the trypanocidal activity since they could be deduced from the effects of acetates, methyl
esters, and the aldehydes derivatives [16].

3.1.4. A. bilabiata

Synonyms: Arrabidaea bilabiata (Sprague) Sandwith, Tanaecium bilabiatum (Sprague)
L.G. Lohmann, Adenocalymna bilabiatum (Sprague) Sandwith, Arrabidaea cuminaensis A.
Samp., Arrabidaea kuhlmannii A. Samp., Memora bilabiata Sprague, Memora nobilis Miers,
Pseudocalymma kuhlmannii (A. Samp.) J.C. Gomes.

Main Chemical Composition of A. bilabiata

The chemical constituents isolated in A. bilabiata were monofluoroacetic acid (17), (3)
and (6a), as well as allantoin (18) [20,21]. The secondary metabolites were found mainly in
the leaves, seeds and aerial parts of the plant (Table 4).
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Table 4. Structure and bio-pharmacological properties of isolated compounds from A. bilabiata.

o Compound . Plant Part, Biological

N Structure and Name Species Name Solvent Effect Ref.
A

17 OH A. bilabiata Seeds and leaves, Not evaluated [21]

aqueous extract
Monofluoroacetic acid
(0]

HN\K 0

18 =4 N)LNHz A. bilabiata and Aerial parts, Motor [20,22]

H A. chica IsopOH activity ’

Allantoin

Bio-Pharmacological Properties of A. bilabiata

Arrabidaea bilabiata, popularly known as “chibata” or “gibata”, is an essential toxic
Bignoniaceae that accounts for many cattle deaths, which occur in the extensive floodplain
regions of the Amazon basin [23]. Arrabidaea bilabiata and Palicourea marcgravii exhibit
potentially lethal effects on the animals after ingestion, requiring 1-10 min between the
appearance of the first symptoms and the occurrence of eventual death. The toxic principle,
(17), was isolated from both species; A. bilabiata exhibited the highest concentration in seeds
by a factor of 21 [21].

In the authors’ experiments, the sensitivities of buffalo and cattle to A. bilabiata were
verified, as well as the difference between toxicities of the new and ripe leaves at different
periods of the year (end of dry and rainy seasons). It was verified that, although the clinical-
pathological picture was essentially the same, the buffalo demonstrated more resistance
to the toxic action of A. bilabiata, at least two times that of cattle. The experiments also
demonstrated that the new leaves of this plant were two times as toxic as the ripe leaves,
while October represented the greatest toxicity. Moreover, the lowest doses that caused the
deaths of the animals were 3 and 2 g/kg new leaves for the buffalo and cattle, respectively.
These data also indicated that the lower incidence of intoxication by the plants that caused
sudden deaths in the buffalo in the Amazon was possibly due to the greater resistance of
this animal species since their preferred habitat is the floodplain regions, the habitat of A.
bilabiata (a plant, which is less toxic than Palicourea marcgravii St. Hil. that is found on terra
firm, the preferred habitat for cattle) [24].

Proceeding with the studies on the toxicity of A. bilabiata, the authors [23] conducted
a study employing mature leaves and sprouts, which were collected in the same place
and at the same periods of flood and drought employing rabbits because it is a species
that is sensitive to intoxication by this plant. In the experiments employing sprouts that
were collected in October, the lowest dose, which caused the deaths of the rabbits, was
0.5 g/kg; in May, it was 1.0 g/kg. Conversely, the lowest doses for the mature leaves that
were collected in October and May were 4.0 and 6.0 g/kg, respectively, further proving that
the new leaves, which were collected in October, were more toxic than the ripe ones. This
confirms the data that were previously obtained from cattle and buffaloes [23].

Monofluoroacetic acid (MF) is one of the most toxic substances already discovered
and has been isolated from several plants; its ingestion causes “sudden death” of several
animals, leading to significant economic losses. Studies have revealed that A. bilabiata is
responsible for the deaths of several cattle. The administration of acetamide to animals
that were intoxicated by MF exerted considerable protective effects. The protective effect
of acetamide on rat poisoning by MF and the aqueous extracts from eight toxic plant
species, including A. bilabiata, was evaluated. When previously administered in sufficiently
high doses, acetamide could prevent the appearances of medical signs or the death of
all MF-intoxicated mice, as well as those intoxicated by fresh leaves of P. marcgravii or
with concentrated extracts of Palicourea marcgravii, Palicourea juruana, Palicourea elegans,
Arrabidaea bilabiata, Arrabidaea rigida, and Arrabidaea exotropica, confirming the presence of
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MF and availing subsidies for the development of genetic studies in Brazil involving the
metabolization of MF by rumen bacteria [25].

However, some authors have argued that MF would not be the only toxic active
principle that determined the deaths of animals that ingested the plant; they opined
that there might be other compounds that could cause the deaths of animals and exert
a synergistic effect with MF to contribute to the toxicity of the species. To isolate the
active principle, the dichloromethanolic, methanolic, and isopropanolic extracts of the
aerial parts of A. bilabiata were prepared. These extracts were administered orally to
rats (doses = 0.5-2 mg/kg) to determine the substances that affected spontaneous motor
activities. The isopropanolic extract significantly increased the long and short pause
movements with values of 112% and 54%, respectively, while the methanolic extract
increased motor activity but did not obtain statistical significance [20].

The chemical analysis ensured the isolation and identification of (3) and (6a) from the
dichloromethane (DCM) extract, as well as (18) from the isopropanolic extract, because
only (18) exhibited sufficient mass available to realign the motor activity test. At doses
of 1, 2, 12, and 120 mg/kg, there was an increase in the prolonged pause movements
but not for a short duration in the tested lower doses. However, in the highest dose
tested (60 mg/kg), (18) could slightly reduce the motor activity in rats. Additionally, the
in vitro activities of the extracts were analyzed against Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus sp., and Candida albicans. All the
microbial strains demonstrated resistance toward the extracts except C. albicans, indicating
its possible antifungal activity [20].

3.1.5. A. brachypoda

Synonyms: Arrabidaea brachypoda Bureau, Arrabidaea brachypoda var. platyphylla (DC.)
Bureau, Fridericia platyphylla (Cham.) L.G. Lohmann, Alsocydia firmula Mart., Alsocydia
firmula Mart. ex DC., Arrabidaea bangii Sprague, Arrabidaea elliptica Bureau & Schumann,
Arrabidaea macrophylla Schumann, Arrabidaea platyphylla (Cham.) Bureau & Schumann,
Bignonia brachypoda var. platyphylla (Cham.) DC., Bignonia platyphylla Cham., Bignonia
regnelliana Sond., Petastoma simplicifolium Miers.

Main Chemical Composition of A. brachypoda

Based on spectroscopic methods, a total of nineteen substances were isolated and char-
acterized from leaves, flowers, aerial parts and roots of ethanolic hydroethanolic extract of
A. brachypoda; namely, the flavonoids 3,4-dihydroxy-5,6,7-trimethoxyflavone (19a), cirsiliol
(19b), cirsimaritin (19¢), and hispidulin (19d) (Table 5), were isolated, indicating the first
time that (19b) would be discussed in the Bignoniaceae family [7]. In addition, an oleanane-
type triterpenoid, 33-estearioxi-olean-12-eno (20), was isolated from the hydroethanolic
extract of the roots [26]. The phytochemical investigation of the hydroethanolic root extract
(HE) made possible the isolation of two glycosylated phenylethanoid derivatives (21a and
21b), three rare novel dimeric flavonoids, namely brachydins 1 (22a), 2 (22b), 3 (22¢), and
unusual glycosylated dimeric flavonoids (22d-j), which were reported for the first time in
the Bignoniaceae family [11,27-29]. Compounds (23a-23p) were derived from halogenation
(bromination, iodination, and chlorination) reactions [12]. A phenylethanoid glycoside,
namely conadroside (24) was isolated from leaves of A. brachypoda by Bertanha et al. [30].
The chemical characterization of the leaves extract revealed the presence of flavonoids
apigenin (25), luteolin (26), isoquercitrin (27), rutin (28); furthermore, four chalcones were
isolated from the flowers, namely 4’-hydroxy-3-4-dimethoxy-chalcone (29), 3'-hydroxy-3-
acetate, 4- methoxy-chalcones (30), 3’,4’-dihydroxy, 3,4,4'-trimethoxy-chalcone (31), and
3,4-dimethoxy-chalcone (32) [31-33].
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Table 5. Structure and bio-pharmacological properties of isolated compounds from A. brachypoda.

o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
19a A. brachypoda Leaves, chloroform Fungicide [7]
19b A. brachypoda Leaves, chloroform Fungicide [7]
19c A. brachypoda Leaves, chloroform Fungicide [7]
19d A. brachyp gda and Leaves, chloroform Non active [7,34]
A. chica
20 A. brachypoda Roots, EtOH Anti-inflammatory [26]
2l1a A. brachypoda Roots, EtOH Not evaluated [11]
OCH,
H;CO OH
Glycosylated phenylethanoid
HO@A/O,, O o
HO 9“’%
HO/,?/O OH
HO!
21b o=" A. brachypoda Roots, EtOH Not evaluated [11]
o
HO OH

Glycosylated phenylethanoid
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Table 5. Cont.

o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
22a A. brachypoda Roots, EtOH Antiproliferative [11,27-29]
Brachydin 1
Leishmania,
22b A. brachypoda Roots, EtOH Antiproliferative [11,27-29]
and arthritis
OCHs
Brachydin 2
Antiproliferative
22¢ A. brachypoda Roots, EtOH and arthritis [11,27,28]
22d-j A. brachypoda Roots, EtOH Gastroprotective [11]
Glycosylated dimeric flavonoids (22d) R;= GlucA; R,= GlucA; R;= OH
(22¢) Ry= GlucA; Ry= GlucA; Ry=H
(22f) Ry= GlucA; Ry= GlucA; Ry=OCHj
(22g) R;= GlucA; R,= OH;
(22h) R;= OH; Ry= GlucA;
(22i) R;= OH; Ry= GlucA; R3= OCH;
(22j) Rj= OH; Ry= GlucA; Ry=H
Trypanocidal (23e,
Halogenated brachydin (23a) R, =OH; R, =| 23k 23n 230) and
— (23b) R,;=0OH; 7 7
23a—p e A. brachypoda Roots, EtOH Leishmanicidal [12]

(23g and 230)
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Table 5. Cont.
o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
o He
O o OH
24 HO HOW OH A. brachypoda Aerial parts, EEOH  Inhibition of LOX [30]
HO oy
Conandroside
OH O
|
O A. brachypoda Leaves
HO o) ,
25 OH I EtOH Not evaluated [31,35]
Apigenin
OH
ar
2% Ho O OI A. brachypoda and Leaves and roots, Antiproliferative [31,33,35,
A. chica EtOH and diuretic 36]
OH O
Luteolin
OoH
OH
HO
[
o
A. brachypoda Leaves,
27 o o A _oH and A. chica EtOH Not evaluated [31]
OoH
OH OH
Isoquercitrin
oH
OH
HO O o 0
o
O 0 g Of Leaves
28 o A. brachypoda EtOH Not evaluated [31]
HO, 0.0 OH
HO/QT’OH
OH
Rutin
o}
e,
29 HO OCHs A. brachypoda Flowers, EtOH Non active [32]
4'-hydroxy-3, 4-dimethoxy-chalcone
0
HOWCOOCW
30 O O OCH, A. brachypoda Flowers, EtOH Non active [32]

3'-hydroxy-3-acetate -4-methoxy-chalcone
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Table 5. Cont.
o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
0
HOOCH3
31 HO OCHs A. brachypoda Flowers, EtOH Non active [32]
3',4'-dihydroxy-3,4,4'-trimethoxy-chalcone
OCH;
32 O OCH, A. brachypoda Flowers, EtOH Antimicrobial [32]

3,4-dimethoxy-chalcone

Bio-Pharmacological Properties of A. brachypoda

This is one of the species most studied by our research group. We have investigated
extracts from the roots, leaves, and flowers. In 2014, we isolated for the first time a class of
unusual dimeric flavonoids. This class of flavonoids was named brachydins.

A. brachypoda is a native plant from the Brazilian Cerrado; it is popularly known
as “cipé-una” or “tintureiro”, and exhibits scandent bushes of up to 70 cm, possesses
cylindrical branches, and is striated glabrous with lenticules. It is marked by the absence
of pseudostipules. Its leaves are 1-2-foliolated with leaflets of 8-10 x 4-5 cm. The leaves
are oblong and obovate, leathery, concolor, exhibiting acuminate and rounded acuminate
apexes, sometimes mucronulate. It exhibits an entire border, that is flat with a cuneate
base, palmated nervation, glabrous adaxial, and abaxial faces; its petioles are 1.5-2 cm,
exhibiting simple tendrils. Its inflorescences are thyrsus with a glabrous inflorescence
axis. Its epicalyx is absent, and it exhibits toothed calyx, is glabrous, and possesses pink
to purple corolla with entirely white tracks. The infundibuliform is densely tomentosus,
and the stamens include glabrous antennas and reduced staminodes that are glabrous; it
exhibits a conspicuous nectary disk. The septifragal capsule is 21-25 x 1.5-2, which is
coriaceus, glabrous, exhibits a persistent calyx, as well as wing membraneous seeds [3].

The antifungal activity of the raw CHCl3 extract, as well as the compounds that were
isolated via the direct bioautography method on TLC plates, have been reported. The
epicuticular waxes of the leaves of A. brachypoda were analyzed, and flavonoids, such as
(19a), (19b), (19¢), and (19d), as well as the first report of (19a) as a natural product (it
had been reported as a synthesized compound that exhibited inhibitory activity against
arachidonate 5-LOX) [37]. The bioassay comprising the suspension of C. sphaerospermum
spores revealed that flavonoids (19a), (19b), and (19c) were potent fungi-toxic agents that
inhibited fungus growth in 1 pg of the pure compound, while (19d) was the least active,
exhibiting a growth inhibition value of 10 ug. It is believed that its epicuticular wax can
act as a physical or chemical barrier against the attacks of microorganisms; the inhibition
of the growth of the fungus, C. sphaerospermum, by the flavonoids that were isolated from
the wax, A. brachypoda, is a crucial indication, which reinforces the ecological role of these
compounds [7].

A study carried out with the ethanolic extract of A. brachypoda roots has been shown
to exert anti-inflammatory and analgesic effects, thus supporting the traditional utilization
of this plant in the treatment of some painful and inflammatory conditions. The chemical
profile of an A. brachypoda root extract revealed that flavonoids and triterpenes are its main
constituents. The oleanane-type triterpenoid (20) inhibited the two phases of the painful
stimulation of the formalin test similarly to morphine. Further, it significantly inhibited the
carrageenan-induced edema of rat paws at doses of 5, 10, and 15 mg/mL (p.o.), with 3 h
post-carrageenan edema inhibitor values of 47.9%, 53.1%, and 50.4%, respectively [26].
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The hydroethanolic extract of the A. brachypoda root (HEAB) exerted significant gas-
troprotective effects in vivo. The activity was evaluated via several experimental gastric
ulcer models in rats (absolute ethanol, glutathione depletion, nitric oxide depletion, non-
steroidal anti-inflammatory, pyloric ligation, and acetic acid). The extract significantly
reduced the gastric lesions in all the models at a dosage of 300 mg/kg (p.o) and achieved
the cytoprotection of the gastric mucosa [11].

A study evaluated the antileishmania activities of three rare novel dimeric flavonoids,
namely brachydins (22a), (22b), and (22c), substances uncommon in the Bignoniaceae family-
purified A. brachypoda. Brachydin (22b) was the most active against the promastigote form
of Leishmania sp.; the in vitro quantification of the infected macrophages of Leishmania amazo-
nensis revealed that (22b) was the most active against intracellular amastigotes but without
exhibiting host cell toxicity. The combination of amphotericin B (the reference drug employed
for conventional treatment) and the substance (22b) exerted an inductive effect, indicating the
absence of any interaction between them. When administered to L. amazonensis-infected mice,
both oral and topical treatments were ineffective against the parasite. Thus, brachydins might
benefit from new studies for developing a new active structure against Leishmania [27].

The same authors achieved the halogenation of brachydins to increase their ther-
mal and oxidative stabilities and evaluate their antiparasitic activity against Trypanosoma
cruzi and Leishmania amazonensis. Thus, 16 compounds (23a—23p) were derived from the
halogenation (bromination, iodination, and chlorination) reactions; among them, (23g)
and (230), which were derived from bromine and chlorine, respectively, demonstrated
effectiveness against the amastigote form of L. amazonensis, besides exhibiting higher SI.
They were more active than the original compounds. Regarding the activity, the T. cruzi
compounds (23e), (23k), (23n), and (230) exhibited the best ICsy values. Moreover, (23a)
and (23h), which were obtained from the inactive derivative, demonstrated the highest
activity, indicating that the bromine and iodine insertions could increase the biological
activity of the original natural products [12].

LOX is an essential enzyme that is involved in inflammatory processes. Similar to
A. brachypoda, its anti-inflammatory activity has been reported. The authors developed
a procedure for directly identifying bioactive compounds in raw plant extracts, as well
as evaluating the inhibitory activity of 15-LOX in vitro. Compound (24) achieved the
inhibition of LOX with an inhibitory concentration of 7.8 M, which is close to the standard,
quercetin, with an ICsj value of 7.6 uM. Furthermore, conandroside was not cytotoxic to
normal cells; it was confirmed as an LOX inhibitor; an evaluation of the LOX-conandroside
complex exhibited a slightly higher docking score than quercetin [30].

The cytotoxicities of the dimeric flavonoids, (22a), (22b), and (22c), which were isolated
from the A. brachypoda roots, were evaluated in human prostate tumor cells (PC-3) where
they exhibited IC50 values of 23.41, 4.28, and 4.44 uM, respectively. Additionally, (22b)
and (22c) increased the p21 levels that are related to the G1 cell cycle arrest; (22a) and
(22b) decreased the expressions of phospho-AKT, which is responsible for cell cycle and
proliferation. The two brachydins increased the levels of a protein that is related to the
repair of DNA, as well as the induction of apoptotic processes [28].

The antispasmodic activity of the HE of the leaves (EH-FAB) of A. brachypoda was
evaluated employing intestinal smooth muscle tissues (jejunum) through the carbachol-
induced amplitude curves (CCH). EH-FAB inhibited the contraction and relaxation of
isolated rat jejunum in a significant and concentration-dependent manner. The authors also
observed the significant relaxation of the rat jejunum when it was precontracted by high
concentrations of extracellular potassium, demonstrating the participation of the potassium
channel in the relaxation mechanism of EH-FAB, and this further shifted the CaCl, curve
to the right, with a decrease in the maximal effect that is characteristic of the CaV inhibition
of the calcium influx [31].

The chalcones (29, 30, 31 and 32) did not exhibit any antimicrobial activity on the
tested S. aureus strains; however, all the chalcones increased the activity of NorA against the
SA1199-B strain, and chalcone (32) exhibited the best modulatory effect and good ability
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to potentiate the action of EtBr against the SA1199-B strain. The molecular docking of the
chalcones revealed that they could bind in the hydrophobic cavities of NorA and MepA,
indicating that chalcone (32) competes with the antibiotic for the same NorA and Mep
binding sites [32].

Compound (26) is a flavonoid with promising biological activities, including antitumor
activity. This substance (26) was isolated from A. brachypoda leaves and tested on a panel
of tumor cell lines in different tissues where it exhibited promising activity against all the
tested cell lines, particularly U-251 glioblastoma, against which it exhibited good selectivity
for the tumor cells compared with the positive control. It also controlled cell migration
and tumorigenesis by inhibiting the IGF1 R/PI3K/AKT/mTOR pathway, causing the
deaths of the U-251 tumor cells by apoptosis via the depolarization of the mitochondrial
membrane [33].

A. brachypoda is a plant which is traditionally utilized to treat joint pains. The authors
evaluated the in vitro anti-inflammatory activities of dichloromethane fraction (DCMAB);
hydroethanolic extract (HEAB); and (22a), (22b), and (22c) in arthritis synoviocytes. DCMAB
achieved 30% inhibition in the release of the pro-inflammatory cytokine IL-6 at 25 pg/mL, and
HEAB was inactive; conversely, (22b) and (22c) decreased the release of IL-6 with 80% and 94%
inhibitions, respectively, while (22a) did not achieve significant inhibitions at 25 and 50 uM
with percentage values of 10% and 24% inhibition, respectively. The activity of DCMAB could
be related to the higher amounts of (22b) and (22c), as revealed from the quantifications of the
fractions: 108 and 123 mg/g, respectively [29].

3.1.6. A. chica

Synonyms: Arrabidaea chica (Bonpl.) Verl., Fridericia chica (Bonpl.) L.G. Lohmann,
Adenocalymma portoricensis A. Stahl, Arrabidaea acutifolia DC., Arrabidaea chica (Bonpl.) Verl.,,
Arrabidaea chica F. cuprea (Cham.) Sandwith, Bignonia chica (Bonpl.), Bignonia cuprea (Cham.),
Bignonia rubescens S. Moore, Bignonia rufescens DC., Bignonia thyrsoidea DC., Bignonia triphylla
Willd. ex DC., Lundia chica (Bonpl.) Seem., Temnocydia carajura Mart. ex DC., Vasconcellia
acutifolia Mart. ex DC.

Main Chemical Composition of A. chica

The guided fractionation of the hydroalcoholic A. chica extract (ACE) facilitated the
isolation of four 3-deoxyanthocyanidins, namely 6,7-dihydroxy-54-dimethoxy-flavylium (33a,
carajurin), 6,7,4'—trihydroxy-5-methoxy-flavylium (33b, carajurone), 6,7,3' 4'~tetrahydroxy-5-
methoxy-flavylium (33c), and 6,7,3-trihydroxy-5,4"-dimethoxy-flavylium (33d) [8] (Table 6).
In addition, a new flavone, 6,7,3,4’ -tetrahydroxy-5-methoxy flavone (34), which is called cara-
juflavone, three flavonoids, vicenin-2 (35), kaempferol (36), and 4'-hydroxy-3,7-
dimethoxyflavone (37), were reported for the first time in the genus Arrabidaea [38,39]. The
chemical profile of the leaves allowed the isolation and identification of scutellarin (38a) and a
rich fraction of the compound (33b), 6,7-trihydroxy-5-methoxyflavone (39), 3-carotene (40a),
a-carotene (40b), 6,7,3' 4'-tetrahydroxy-5-methoxyflavilium-O-glucuronide(41a), scutellarein-
O-glucuronide (41b), and 5-methyl-scutellarein-O-glucuronide (41c) [34,36,40—42]. The com-
pounds (26), (19a) and (25) have also been found in A. chica.
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Table 6. Structure and bio-pharmacological properties of isolated compounds from A. chica.

o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
. 0 OCH;
HO. O 0. u
33a Ho < A. chica Leaves, Inhibited NF-kB [8,42]
OCH, Et,O

6,7-dihydroxy-5,4'-dimethoxy-flavylium

OH
oy <L,
33b HO z A. chica Leaves, Non active [8,40]
Et,0

OCH;

6,7,4'-trihydroxy-5-methoxy-flavylium

HO
33c HO O - A. chica Leaves, Non active [8,42]
OCH, Et,O

6,7,3',4'-tetrahydroxy-5-methoxy-flavylium

OCHj
wo_~ & L
OH
33d HO O - A. chica LE;VSS' Non active [8,42]

OCHs

/

6,7,3'-trihydroxy-5,4'-dimethoxy-flavylium

34 A. chica Leaves, MeOH Non active [39]
. Leaves,
35 A. chica EtOH Not evaluated [38]
OH
Vicenin-2
OH O
L
|
36 HO o 0 A. chica [];:g;ls ! Not evaluated [38]
OH
Kaempferol
OH
H3CO. o 0
I
37 O OCH, A. chica LEetaOVI?Is / Not evaluated [38]
0

4'-hydroxy-3,7-dimethoxyflavone
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Table 6. Cont.

o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
. Leaves, .
38a A. chica EtOH Non active [34,36,40]
38b A. chica Leaves, Not evaluated [34]
I . EtOH ot evaluate
OCH,
39 A. chica Leaves, Anti-inflammator [41]
. ' EtOH y
CHs
6,7-trihydroxy-5-methoxyflavone
40a A. chica Leaves, Not evaluated [36]
Acetone
B -carotene
N ~ N ~ N N N l
40b > > A. chica Leaves, Not evaluated [36]
Acetone
o -carotene
OH
HO,C, OH
HO Q0 S O
HO™  on N . Leaves,
41a Ho O A. chica EtOH Not evaluated [34]
OCH,
6,7,3',4'-tetrahydroxy-5-methoxyflavilium-O-glucuronide
H%w "
HO
41b :,:Hj/‘/ A. chica Leaves, Not evaluated [34]
' EtOH
Scutellarein-O-glucuronide
41c A. chica Leaves, Not evaluated [34]
' EtOH

S-methyl-scutellarein-O-glucuronide

Bio-Pharmacological Properties of A. chica

a7 Zam

The Bignoniaceae, Arrabidaea chica, known as “carajuru”, “pouca panga”, “chica”, or
“pariri”, is a woody vine that is distributed around tropical America. The leaves of this
plant are employed as an anti-inflammatory agent and astringent, as well as medicine
for stomach aches, bloody diarrhea, leucorrhea, anemia, and leukemia in the Amazon
region. The in vivo pharmacological inhibition of NF-kB of the isolated substances was
evaluated to determine whether they substantially modulate the inflammatory processes
exhibited by the extract. As observed, anthocyanidin (33a) accounted for the inhibition
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of the transcription factor, NF-kB, which is a phenomenon that is responsible for anti-
inflammatory activities [8].

The biological tests of the isolated compounds revealed that (34) exhibited low in-
hibitory activity toward the release of enzymes and the production of superoxides in rab-
bit neutrophils, as simulated, employing formyl-methionyl-leucil-phenylalanine (FMLP),
while (26) achieved the high inhibition of the neutrophil response effects [39].

An evaluation of the trypanocidal activity of the ethanolic extract of the leaves revealed
its activity against the trypomastigote forms of T. cruzi at a concentration of 4 mg/kg at
which it induced 41% cell lysis; this fraction (ethanolic extract) also induced 71.0% and 54%
cell lysis at a concentration of 2 mg/mL [38].

The healing ability of an A. chica leaf extract was studied via in vitro tests, such as
fibroblast growth stimulation and collagen production. The extract increased collagen
production similar to vitamin C and (18), which were utilized as control. The in vivo
test revealed that the extract could reduce 13% of skin lesions within only two days of
topical application; moreover, it demonstrated 96% wound healing after 10 days, while
the control group, which was treated with (18), exhibited 87% healing. These findings
indicated that the extract was more efficient in wound healing than the positive control.
The ethanol-induced ulcer healing activity of A. chica was also evaluated in rats in which
the extract was administered orally, and the results demonstrated that it reduced the lesion
rates by 76% and 90%, while the control reduced them by 96% [22].

The aqueous (EA) and ethanolic (EE) extracts of A. chica leaves were evaluated for
their in vivo antitumor properties. The phytochemical analysis of the extracts revealed the
presence of different classes of secondary metabolites, such as anthocyanidins, flavonoids,
tannins, and saponins. At 30 mg/kg, the EE and EA reduced the development of Ehrlich
solid tumor in the rats after ten days of oral administration. The reduction of the tumor
size in the EE group was accompanied by an increase in the number of neutrophils in the
blood. Conversely, the reduced growth of the tumor in the AE group did not change the
number of neutrophils in the blood. Further, no adverse side effects were observed owing
to the treatment [43].

The effects of the EA of A. chica on the edema caused by Bothrops atrox and Crotalus
durissus ruruima snake venom were studied in orally, intraperitoneally, and subcutaneously
treated albino rats. The extract inhibited the edema when it was subcutaneously and
intraperitoneally administered with values of 55.87% and 65.70% for the genera Bothrops
and Crotalus, respectively; the inhibition values were 79.81% and 92.52%, respectively,
while the oral route exhibited inactivity probably because it was more susceptible to chemi-
cal transformations caused by enzymatic processes in the intestinal tract, which alters its
inhibitory function. Additionally, histopathological analysis was employed to demonstrate
the inhibition of granulocyte infiltration and myocytolysis, which were induced by a snake
toxin [44].

The authors [45] employed in vitro anticancer activity models to evaluate the influence
of the variation in the relative proportion of anthocyanidins in the methanolic extracts of
A. chica leaves that were collected over 13 months and prepared with and without enzymatic
treatments on a panel of nine human tumor cell lines, MCF-7 (breast), NCI-ADR/RES
(ovary with multiple resistance phenotypes), UACC-62 (melanoma), NCI-H460 (lung),
PC-3 (prostate), HT29 (colon), OVCAR-03 (ovary), 786-0 (kidney), and K562 (leukemia),
while the antioxidant activity was evaluated via the DPPH test. The raw extract, which
was not treated with xylanases, stimulated the growth of fibroblasts of the 3T3 lineage in
concentrations of 0.25, 2.5, and 25 ug/mL between January and June. After the enzymatic
treatment, the extracts exhibited in vitro antiproliferative activity between January and
August. Furthermore, all the extracts reduced the effective cellular concentration of TGI
by 250 pg/mL and induced fibroblast growth. In the DPPH tests, the untreated raw
extract exhibited moderate antioxidant activity, while the treated extract improved the
antioxidant activity. These results indicated that the presence of anthocyanidins favors this
property [45].
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In vivo assays were employed to evaluate the effect of foliar ethyl extract in Wistar
rats [46]. Therein, the oral administration of the extract in doses of 300, 500, and 600 mg/kg
for seven days inhibited carbon tetrachloride-induced liver damage; these results demon-
strated a reduction of the serum levels of the glutamic-pyruvic transaminase enzymes by
85.34%, 88.59%, and 93.72%, while the levels of the oxaloacetic glutamic transaminase were
56.86%, 65.27%, and 68.95%, respectively. Additionally, the serum bilirubin levels were
83.81%, 83.12%, and 84.14%, which were similar to a 35 mg/kg dose of standard silymarin
drug [46].

The antioxidant capacity of EE of A. chica leaves and their partitions in hexane, DCM,
EtOAc, and butanol were evaluated at concentrations of 5, 10, 25, 50, 125, and 250 pg/mL.
The DCM fraction exhibited better antioxidant capacity owing to its high concentration
of (26). The in vivo assay employing Wistar rats was performed to evaluate the diuretic
activity of the extract. For the assay, 25, 50, 100, and 200 mg/kg doses were administered,
and furosemide was employed as the positive control (50 mg/kg). After the treatment, the
urine volumes were measured for 6 h with collections every 2 h. The results demonstrated
that FH (dose = 100 mg/kg) increased the urinary volume by 79.26% compared with the
negative control (water). The treatment with (26) increased the volume by 93.92% when
the same dose was administered [35].

The pharmacognostic analysis of the A. chica leaves was performed to facilitate the
standardization and quality control of the plant material for application in natural products.
The test to determine loss due to desiccation revealed a variation coefficient of 9.18%, while
the determination of the total ash content was 6.07%. Further, the phytochemical test of the
70% hydroalcoholic dye of A. chica indicated the presence of the following classes of metabo-
lites: reducing sugars, alkaloids, anthocyanidins, anthraquinones, anthocyanins, steroids,
triterpenoids, phenols, flavonols, flavanones, saponins, and condensed tannins [47].

In 2013, some researchers obtained anthocyanins from A. chica leaves via sequential
extraction in a fixed bed employing supercritical carbon dioxide (scCO;). The percentage
of the general yields of the nonpolar scCO, extract and CO,/ethanol mixture (80:20) were
0.65% and 2.40%, respectively. However, the addition of 6.0% water to the mixture increased
the percentage yield to 50% in the latter. The test of the total phenols and flavonoids revealed
that the extraction with CO;/ethanol (80/20) without water yielded an extract with a
high concentration of gallic-acid-derived phenolic compounds. The hydroalcoholic extract
(70:30), which was obtained via conventional methods, exhibited a higher concentration
of phenolic compounds. The comparative chromatograms of the sequential extraction
revealed that the extract, which was obtained at the third stage of the process employing
water, considerably reduced the presence of anthocyanins, while the extraction employing
the pure scCO; solvent exhibited selectivity toward carajurine. Finally, the conventional
ethanolic extract exhibited better values of carajurine concentration, even with a low total
yield [48].

The cytotoxic potential of 70% HE of the leaves of A. chica was investigated in the CHO-
K1 cell line (Chinese hamster ovary), where the administration of doses up to 3000 mg/kg
in mice did not reveal signs or symptoms of acute toxicity. Regarding the assessment
of chronic toxicity, the groups that were tested with the same dose until the fifth week
exhibited weight gain, and the group treated with a 500 mg/kg dose did not exhibit
metabolic changes. The treated group exhibited changes in the number of leukocytes. No
cytotoxic effect was observed on the CHO-K1 cells since cell viability was not affected
in the assay with decreasing concentrations (ICsg = >200 ng/mL) of HE. Regarding the
antimicrobial effect, except for the Helicobacter pylori (MIC 12.5 pg/mL) and Enterococcus
faecalis (MIC 100 pug/mL) strains, the 70% HE of A. chica could not inhibit the bacterial and
fungal growth of the tested species. Furthermore, a quantitative phytochemical analysis of
ACE mainly revealed the presence of the phenolic compounds, among which were flavones
and flavonols (4.02%), flavanones and dihydroflavonols (0.11%), and anthocyanins (0.06%),
as well as the pigments, lycopene, and (3-carotene [49].
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The leishmanicidal activity of FH of ACE was tested against Leishmania amazonensis and
L. infantum, and the most active fraction (B2) revealed MIC values of 37.2 and 18.6 ng/mL,
respectively, causing a significant reduction of the peptidases in both species. Moreover,
compared with the untreated parasites, relevant mitochondrial alterations were observed
in the promastigote forms of L. infantum. The phytochemical analysis of B2 mainly revealed
the presence of the following compounds: linolenic acid, methyl ester, n-hexadecanoic acid,
octadecanoic acid, and gammasitosterol [50].

Like osteoarthritis, tendinopathy has been treated with traditional medicines, such
as A. chica. It exerted healing effects on the tendons of seven separate groups of animals,
following partial transection. The topical application of the extract during the healing
process stimulated the synthesis of total collagen between the 7th and 21st day, thus
proving the effectiveness of the raw extract of A. chica in wound healing [51].

A previous study [52] also demonstrated the efficiency of A. chica in the treatment of
anemia, inflammation, intestinal colic, hepatitis, and skin infections. The research group
evaluated the crude aqueous extract and the fractions of Arrabidaea in Salmonella tests to
investigate the mutagenic potential of the chemical compounds in A. chica. However, the
compounds did not exhibit any mutagenic response to Salmonella strains, as well as to
genotoxicity in hamster ovary cells, owing to the phytochemical composition of known
anti-inflammatory compounds with high concentrations.

As previously reported, the extract of A. chica is applied to traditional medicine to
induce several biological activities, particularly anti-inflammatory, antimicrobial, diuretic,
and antioxidant activities, as well act as a wound-healing agent. The DCM fraction exhibited
excellent antioxidant activity, and this result is due to the presence of flavonoids, mainly
(26). Studies have confirmed that Arrabidaea chica can also be employed for the treatment of
urinary infection [35]; the ethanolic and hexane extracts obtained positive results regarding
diuretic activity with different doses.

The application of nanotechnology to extracts greatly benefits phytotherapy, thus
emphasizing the advantages of nanotechnology, such as supply, bioavailability, and phar-
maceutical products. The authors [53] reported the preparation and characterization of
NPs (polymeric nanoparticles), which together with the extract, induced cell viability at
very low concentrations. The antiulcerogenic activity was also evaluated, and the result
demonstrated that the fusion of NPs with the extract could reduce the ulcerative lesion,
making it possible to encapsulate the extract in NPs.

The Brazilian Amazonian population employs A. chica leaves to traditionally treat
anemia, although the mineral content of this species is unknown. The authors [54] de-
termined the elemental mineral contents (Cu, Fe, Mn, and Zn) of leaves and teas that
were obtained via the decoction and infusion of three varieties of the species (AC1, AC2,
and AC3) via flame atomic absorption spectrometry. Generally, all the varieties of the
studied species exhibited mineral levels, although AC2 exhibited higher concentrations of
all the studied minerals and forms of extraction. Fe was more abundant in the dried leaves
(38.4-115.5 ng/g), while Mn was the most abundant in decoction (56.1-62.7%) and infusion
(45.6-63.6%) extractions.

Further, A. chica leaves are utilized by indigenous groups to clean wounds and treat
fungal infections. The cytotoxicity test of CHO-K1 demonstrated that HEFc and (38a)
did not exhibit cytotoxicity with ICsy values of >200 and >40 ug/mL, respectively, while
the positive control (doxorubicin) was highly cytotoxic with ICsg of 0.30 = 0.04 pg/mL.
HEFc and the fraction containing (33b) exhibited good activity against the tested bacteria,
while (38a) did not exhibit activity. The mechanism of the antibacterial action of HEFc
was studied with the nucleotide leakage assay in a medium containing S. pyogenes (MIC,
12.5 pg/mL). HEFc caused leakage in the order of 88.9% within 12 h and 90.0% leakage
when associated with amoxicillin [40].

The ethanolic crude extract, as well as chloroform (FC), methanol, and EAA fractions
of A. chica leaves and stems, were evaluated for their cytotoxicity against Leishmania
amazonensis promastigotes at 24, 48, and 72 h intervals, followed by their healing effect
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on the surgical skin lesions of Swiss mice. The extract exhibited a 50% reduction in the
viability of L. amazonensis promastigotes at a concentration of 125 ug/mL and the tested
incubation intervals. The FC, methanol, and EAA fractions also exhibited a 50% reduction
in viability at concentrations of 120, 120, and 60 ug/mL, respectively. EAA acted against
the parasite at a lower concentration than the extract. Furthermore, the phytochemical
screening of the crude extract revealed the presence of flavonoids, tannins, anthocyanidins,
and chalcones. Regarding the healing activity, the extract exhibited satisfactory responses
during angiogenesis and collagen deposition; however, the extract did not accelerate the
healing of the lesions possibly because of local and systemic factors [55].

The quantitative analysis indicated that 8.77 = 0.23 mg/g of the compound (39) was
present in the extract. The oral pretreatment of LPS-induced peritonitis in mice employing
HEFc and (39) achieved the decreased migration of leukocytes into the peritoneal cavity
by 44.0% at a single dose of 20 mg/kg of the extract, as well as 56.0% and 67.0% for
doses of 4 and 20 mg/kg of (39), respectively, in addition to the reduced concentrations of
pro-inflammatory cytokines (TNFa and IL-1b) [41].

The carotenoid and phenolic compound profiles of the freeze-dried leaves and hy-
dromethanolic extract of A. chica were determined via HPLC-DAD-MS, and the main
compounds identified include (38a) (15,147.22 ug/g, dry basis, b.d.), (27) (204.28 pg/g,
b.d.), (40a) (129.5 pug/g, b.d.), and (40b) (79.86 pg/g, b.d.). Additionally, the presence of
ascorbic acid (152.7 pug/g) in A. chica leaves was reported for the first time. The extract
containing 86.81 uM Trolox/g of the fresh leaves was also demonstrated as an excellent
ABTS free-radical scavenger; it inhibited the degradation of tryptophan by 'O, at all concen-
trations and exerted a concentration-dependent effect at an ICsq value of 177 ug/mL [36].

The potential mutagenic and genotoxic/antigenotoxic effects of CF of A. chica leaves
(Ac—CF) was investigated and showed that they did not exert any mutagenic effect on
the tested Salmonella typhimurium strains at any of the concentrations (5 and 250 pg
Ac-CF/plate). Furthermore, Ac-CF exhibited negative responses regarding mutagenicity
and genotoxicity in mice and exerted an antigenotoxic effect by decreasing hydrogen
peroxide-induced oxidative DNA damage by >50% in their blood and livers [56].

ACE was still employed to evaluate its antitumor effect that is associated with a
chemotherapeutic agent, which is employed in cancer treatment (vincristine), as well
as its ability to attenuate the development of DMBA-induced breast carcinoma in rats.
Fluorescence imaging confirmed that ACE alone or ACE combined with vincristine (50%)
reduced the presence and volume of breast tumors compared with the control group. The
vincristine-treated group exhibited higher levels of ALT, AST, and GGT (parameters that are
associated with high vincristine toxicity). However, a significant reduction was observed in
the liver and hematologic toxicity of the ACE + 50% vincristine-treated group. Furthermore,
the ACE-treated rats exhibited better albumin and transaminase levels probably because of
the antioxidant components of ACE [57].

The leishmanicidal activities of anthocyanidins from four morphotypes of A. chica
that were collected during summer and winter were evaluated. The multivariate analysis
of the morphotypes revealed the presence of (33a), (33b), (33c) and (33d). Further, two
different groups were recognized: Group I containing (33c) and Group II with a high (33a)
content. The morphotype ACIV(S) extract, which is rich in carajurin, exhibited the best
leishmanicidal activity among all the extracts that were analyzed (ICsy = 101.5 pg/mL) [42].

The physicochemical and biological characteristics of a flexible film containing chitosan
and alginate that were incorporated into standardized ACE, Verlot, were evaluated to
verify the influence of adding a surfactant and silicone-based compounds to obtain a
dense and porous flexible structure as a device for releasing bioactive compounds into
lesions. The incorporation of a surfactant and silicone gel ensured that a porous matrix was
obtained, which also increased the intumescence of the polymeric matrix. The formulations
containing a surfactant exhibited better performances regarding flexibility and deformation
to rupture. Additionally, the presence of the standardized ACE did not negatively affect
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the characteristics of the membranes; it demonstrated release concentration values of
89-99 ug/mL, which are within the therapeutic range [58].

The antioxidant capacities of the FH, FC, and EAA from the leaf extract (EC) of A. chica
were evaluated with 2,2-diphenyl-1-picrylhydrazyl (DPPH) and the xanthine/luminol/
xanthine oxidase system. FC exhibited the best antioxidant activity among the other
fractions (EC5p =7.3 and 0.33 pg/mL). Moreover, FC and CE exerted photoprotective
effects by reducing ultraviolet (UV)-induced cell damage, inhibiting ROS production, and
preventing lipid peroxidation [59].

Next, the photoprotective activity and toxicity level of the formulations based on a
non-ionic cream containing the extract (5.0%), as well as FH and EAA (2.50%) obtained
from A. chica leaves, were evaluated. The extract and fractions exhibited good optical
absorption in the UV regions, including UVA and UVB. The formulation obtained without
adding the inorganic UV filters that are commonly employed in commercial sunscreens
exhibited an ex vivo percutaneous penetration rate similar to that of the positive control, as
well as the ability to remain on the skin for 180 min. The macroscopic and histopathological
analysis did not reveal any signs of irritation and significant alterations to the skins of the
groups that were treated with the formulation; moreover, no renal or hepatic toxicities were
observed similar to the control group [60].

The intestinal anti-inflammatory activity of HEFc was investigated. The group, which
was treated with the plant extract (5-fluorouracil), exhibited partially preserved villi and
crypts, reduced infiltration, and preserved muscle layers; the experimental intestinal
mucositis model exhibited reduced weight changes [34].

The hydroalcoholic ACE exhibited cytoprotection over the epithelial and osteoblastic
cells that were exposed to zoledronic acid. The cells which were treated with the extract
exhibited increased cell viability with values of 74.10-82.30% at concentrations of 5 and
10 pg/mL for fibroblasts and 66% for the pre-osteoblasts and a lower caspase 3/7 [61].

3.1.7. A. patellifera

Synonyms: Arrabidaea patellifera (Schltdl.) Sandwith, Fridericia patellifera (Schltdl.) L.G.
Lohmann, Anemopaegma cupulatum (Splitg.) Bureau & K. Schum., Arrabidaea broadwayi
(Sprague & Riley) Sandwith, Arrabidaea patellifera (Schltdl.) Sandwith, Bignonia patellifera
(Schltdl.), Cuspidaria mollis Kranzlin, Micropaegma cupulatum (Splitg.) Pichon, Parmentiera
patellifera (Schltdl.) Miers, Petastoma breviflorum Standl., Tabebuia neurophylla Miq., Tanaecium
paniculatum Siebert ex DC.

Main Chemical Composition of A. patellifera

The chemical investigation of the methanolic extract of A. patellifera leaves, a Bignoni-
aceae from Panama, obtained the isolation of mangiferin (42a), and six mangiferin deriva-
tives, namely 3'-O-p-hydroxy benzoyl mangiferin (42b), 3'-O-trans-coumaroyl-mangiferin
(42¢), 6/'-O-trans—coumaroyl-mangiferin (42d), 3’-O-trans-cinnamoylmangiferin (42e), 3'-O-
trans-caffeoylmangiferin (42f), and 3’-O-benzoylmangiferin (42g) (Table 7) [62].
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Table 7. Structure and bio-pharmacological properties of isolated compounds from A. patellifera.

o Compound . Plant Part, Biological
N Structure and Name Species Name Solvent Effect Ref.
HO o OH
HO— o O O » Antioxidant and
42a HO OH o o © A. patellifera Leaves, MeOH Plasmodium [62]
HO .
alciparum
Mangiferin f P
HO. 0. OH
woy o UL ICI
Ho~ OH OH o Antioxidant and
42b ' A. patellifera Leaves, MeOH Plasmodium [62]
3'-0-p-hydroxybenzoylmangiferin Rl)i@\; R,=H fulcipurum
OH
HO. 0. OH
R0 0. O O OH . .
Mo ToH w6 Antioxidant and
42c ' A. patellifera Leaves, MeOH Plasmodium [62]
3'-O-trans-coumaroylmangiferin R;= o 3 Ry=H fﬂlciparum
\%M@\OH
HO. 0. OH
Ho—""0H o o Antioxidant and
42d ‘ A. patellifera Leaves, MeOH Plasmodium [62]
6'-O-trans-coumaroylmangiferin Rj=H ; Ry= o 3
\<K4\© falciparum
OH
HO. 0. OH
RO\ 0 0 O OH
H% 5 OH oH o
42e 1 A. patellifera Leaves, MeOH Antioxidant [62]
3'-O-trans-cinnamoylmangiferin R;= 9 ; Ry=H
X
HO. 0. OH
HO OH oH o
R,0
42f A. patellifera Leaves, MeOH Antioxidant [62]
3'-O-trans-caffeoylmangiferin R,= o 5 Ry=H
\%Jv\@w
-
OH
HO. 0. OH
vo o LI TCI
HO OH oH o X L.
42g RiO A. patellifera Leaves, MeOH Antioxidant [62]

3'-0-benzoylmangiferin R,= % ;s Ry=H

Bio-Pharmacological Properties of A. patellifera

The compounds (42a-42g) exhibit antioxidant and radical scavenging activities, and

four of them were relatively active in vitro against Plasmodium falciparum [62].

The reports of chemical, biological and pharmacological aspects from seven species of
Arrabidaea are sufficient to valorize this genus. These species revealed a great diversity of
unknown and bioactive compounds with varied molecular patterns, with xanthones the
typical type of compound to the genus, since they were found in different species.

The healing properties reported may also be associated with activities of isolated
compounds reported in Arrabidaea genus. The literature reports the isolation of several
secondary metabolites in species from this genus distributed in tropical and subtropi-
cal regions all over the world. These studies showed the occurrence of substances of
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various other classes with triterpenes, flavonoids, and other phenolic compounds. Stud-
ies of ethnopharmacological data validation confirmed several popular indications to a
lot of species of Arrabidaea, including antibacterial, antifungal, anti-inflammatory, and
antioxidant activities.

The continuous identification of new metabolites from Arrabidaea, allied to new
methods of pharmacological and biological evaluation in projects of bioprospection of
drugs, is determinant in the revaluation of several vegetal extracts, aiming at the search for
new chemical classes and the identification of active metabolites, being rather selective to
certain biological targets.

Obviously, members from the Arrabidaea genus have significant potential with promis-
ing pharmacological activities of extracts in the context of traditional medicine, especially
in the field of tropical diseases, skin issues, and venereal diseases. Pharmacological studies
must be performed considering the traditional method of preparation and application.

4. Conclusions

The genus Arrabidaea contains abundant phytoconstituents, mainly comprising
flavonoids, triterpenes, and xanthones. Moreover, the genus Arrabidaea exhibits significant
pharmacological potentials and promising activities, such as antioxidant, antimicrobial,
anticancer, antileishmanial, antiprotozoal, and anti-inflammatory activities. The knowledge
obtained from this review can increase the efficacy of the already employed traditional
applications of these plants and promote their cultural values afterward. This review also
stimulates chemical and bio-pharmacological studies with the genus Arrabidaea and serves
as an alert for the elaboration of strategies for the preservation of Brazilian biodiversity.
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Abstract

Fridericia platyphylla (Cham.) L.G. Lohmann is a species native to the Brazilian cerrado, with promising bioactiv-
ity. The organic fraction of the roots is rich in unusual dimeric flavonoids, reported as potential candidates for cancer
treatment. The exploration of these flavonoids is very important, considering their diverse biological activities and
the need for innovative therapeutic options. This work aimed to develop and characterize a microemulsion loaded
with a non-polar fraction (DCM). The constituents were chosen, and the pseudo-ternary diagram was constructed to
determine the region of microemulsion formation. The microemulsions blank (ME), with 3% (ME3) and 5% (MES) of
fraction DCM, were characterized in terms of droplet size, zeta potential, and polydispersity index. Both MEs showed
particle sizes <100 nm; only ME3 exhibited better values for polydispersity index and zeta potential and was therefore
selected for further study. The organoleptic and physicochemical characteristics were evaluated, revealing limpidity
and transparency typical of these microstructures, physiologically acceptable pH, refractive index of 1.42+0.01, and
density of 1.017 g/cm?+0.01. The stability tests showed good stability profiles even after exposure to extreme thermal
conditions, with minimal changes in pH and the content of the incorporated fraction. The in vitro release study dem-
onstrated that ME3 enabled the controlled release of the fraction, with a cumulative amount released over 60% within
6 h. Furthermore, fraction DCM and ME3 exhibited no toxicity in Tenebrio molitor larvae. The developed microemul-
sion exhibited excellent properties, so this study represents the first successful attempt to develop a formulation that
incorporates the dimeric flavonoid fraction.

Keywords brachydins - dimeric flavonoids - fridericia platyphylla - microemulsion

Introduction

Throughout human history, the use of plants for medical
purposes has been a long-standing practice. Natural prod-
ucts derived from plants, animals, and minerals have formed
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Fridericia platyphylla (Cham.) L.G. Lohmann, commonly
known as “cipé-una,” “tintureiro,” or “cervejinha do campo,”
is a shrub native to the Brazilian Cerrado region. This species
has a wide distribution and is well known for its traditional
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use in treating conditions such as kidney stones and joint pain,
particularly through the utilization of its roots [5, 6].

Phytochemical analysis of the hydroethanolic extract
obtained from the roots of F. platyphylla has yielded several
constituents. Among them are two glycosylated phenyletha-
noid derivatives, seven glycosylated dimeric flavonoids, and
three previously unreported dimeric flavonoids that are rare
within the Bignoniaceae family. These newly discovered flavo-
noids have been named brachydins 1, 2, and 3 [7, 8] and have
been reported in the literature with promising activity against
promastigote and amastigote forms of Leishmania amazon-
ensis [9], against prostate tumor cells PC-3 [10], metastatic
prostate cancer (DU145) in 2D and 3D cells [11-16], with
anti-inflammatory activity [17], microbial activity by inhibit-
ing the NorA gene in Staphylococcus aureus strain [18], and
antiproliferative activity in gastric tumors [19].

The solubility of bioactive compounds from F. platyphylla
poses a significant challenge in the development of new
release systems. Around 40% of newly developed chemical
compounds exhibit low solubility in water, leading to poor
absorption and limited bioavailability of these drugs [20].

The development of drug formulations provides an inter-
esting approach to facilitate their transportation across dif-
ferent classes, while also improving drug bioavailability
and safeguarding against in vitro degradation and in vivo
metabolism when administered through various routes [21].
Formulations offer enhanced pharmacokinetic properties,
including improved cellular absorption, prolonged half-life,
and increased circulation time in the bloodstream, thereby
contributing to the successful clinical application of drugs
[22]. Microemulsions have garnered significant interest as
potential vehicles for drug release due to their capacity to
incorporate drugs with diverse solubility profiles, as well as
their clarity and ease of preparation [23].

Considering the promising biological activities that
brachydinas A, B, and C have shown in recent studies, the
aim of the study was to develop a formulation containing
the fraction enriched with the three rare dimeric flavonoids
extracted from the hydroethanolic extract of F. phatyphylla,
to evaluate the toxicity of this microemulsion on Tenebrio
molitor larvae, and to explore the potential of these sub-
stances present in the face of the urgent need to develop new
innovative and effective therapeutic options, in addition to
allowing the valorization of natural products from Brazilian
biodiversity.

Materials and methods
Preparation of Extract and Fraction

The roots of F. platyphylla were collected in January 2020 at
the Sant’Ana da Serra farm in Jodo Pinheiro, Minas Gerais,

@ Springer

Brazil (location: 17°44'45”S, 46°10'44”W). The plant was
identified at the José Badine Herbarium, Universidade Fed-
eral de Ouro Preto, and the voucher (n° 17.935) was depos-
ited in the Herbarium of the Universidade Federal de Ouro
Preto in Ouro Preto, Minas Gerais, Brazil. The collection
of the plant was conducted in accordance with Brazilian
legislation on the protection of biodiversity (SisGen No.
A451DEA4).

The roots were dried, crushed, and subjected to succes-
sive percolation at room temperature using 70% ethanol.
The resulting extract was evaporated under reduced pres-
sure (40°C) and then lyophilized to obtain the crude extract.
Subsequently, the hydroethanolic extract underwent liquid-
liquid partitioning using dichloromethane and a mixture of
water:methanol [8]. The yield of the dichloromethane frac-
tion (FDCM) was 30%.

The extract and dichloromethane fraction (FDCM) were
analyzed using a Shimadzu model HPLC system (Shimadzu
Corp. Kyoto, Japan), which included a binary pump module
and a UV-PDA detector set at 254 nm. The analysis was per-
formed on a 5-pm C18 100 A L column (150 pm X 4.6 pm).
The mobile phase comprised a gradient mixture of water and
methanol acidified with 0.01% formic acid, with a flow rate
of 1 mL/min. The gradient elution ranged from 70 to 100%
methanol over a period of 70 min.

Pseudo-ternary Phase Diagram Construction

To construct the pseudo-ternary phase diagram, the sur-
factant (Tween 80) and co-surfactant (Transcutol) were
selected in a 1:1 ratio. Various mixtures were prepared with
different ratios of oil (isopropyl myristate) to surfactant, fol-
lowing the ratios of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, and
9:1. These mixtures were then titrated with distilled water.
The resulting formulations were visually evaluated and cat-
egorized based on the observed phase behavior, including
phase separation (PS), opaque liquid emulsion (OLE), milky
white emulsion (MWE), white fluid emulsion (WFE), and
microemulsion (ME).

Microemulsion Preparation

The microemulsion formation area was mapped by con-
structing pseudo-ternary diagrams and allowed the prepara-
tion of the microemulsion from the previous weighing of all
components. Tween and transcutol were solubilized under
constant stirring at room temperature for 2 min, then the
oil phase was added, and after complete solubilization, the
FDCM were added in the proportions of 3% and 5% (w/w)
and homogenized until their complete incorporation. The
aqueous phase was slowly added and stirred until a homo-
geneous and transparent system was obtained.
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Physical-chemical Characterization
Particle Size and Polydispersity Index (PDI)

The hydrodynamic diameter of the droplets was measured in
triplicate using Zetatrac® equipment (Microtrac, Thailand)
employing the dynamic light scattering (DLS) technique, as
described in the literature [24].

pH

The pH measurement of the microemulsions was conducted
using a digital potentiometer (Bel Engineering® CD12,
Italy) that had been calibrated with pH 4.0 and 7.0 buffer
solutions, as described in the study [25].

Refractive Index

The refractive index of the samples was measured at a tem-
perature of 25 + 0.5°C using an Abbe refractometer (model
Q767B), as described in the study [25].

Rheology

The rheological analysis of the samples was conducted using
a controlled stress rheometer (MARS II, Haake Thermo
Fisher Scientific Inc., Germany) equipped with a parallel
steel cone-plate geometry (C35/2° Ti) of 35 mm diameter,
with a fixed distance of 0.105 mm between the plates. All
measurements were carried out at a temperature of 25°C.
Prior to analysis, the samples were allowed to equilibrate for
1 min. Two flow curves were obtained by varying the shear
rates from 0 to 500 s~! and then from 500 to 0 s~!. The up
curve was measured every 150 s, followed by a decrease
over 150 s.

Thermodynamic Stability Studies
Centrifugation Resistance

The stability of the microemulsions was analyzed using a
centrifuge (Centribio 80-2B, Brazil) at room temperature,
with a rotation speed of 3000 rpm for 30 min. Any occur-
rence of phase separation or evidence of instability in the
samples was subsequently noted [24].

Thermal Stress

The microemulsions underwent temperature variation from
40 to 80°C, with increments of 10°C every 30 min, using
a thermostatic bath (Quimis Q344B2, Brazil). After each
30-min interval, when the formulations were brought back to
room temperature, the microemulsions were evaluated. The

samples were classified based on their appearance: slightly
modified (SM), modified (M), no change (NC), or phase
separation (SP) [26].

Freeze-thaw Cycle

The organoleptic characteristics, pH, and content of the frac-
tion were the parameters analyzed statistically at the start
and end of the study. The analysis involved subjecting the
microemulsions to six freeze-thaw cycles, which consisted of
freezing them in a refrigerator at —5 + 2°C for 24 h, followed
by thawing in an oven at 50 + 2°C for 24 h. After completing
the cycles, the microemulsions were evaluated [26].

Accelerated Stability

The microemulsions were subjected to the accelerated sta-
bility study, which consisted of storing the samples at room
temperature (25°C) for 30 days. The samples were evaluated
on the 1st and 30th day after preparation, and the pH and
concentration of the fraction were analyzed.

Kinetics Stability

The release study of the microemulsion under investiga-
tion was conducted using “Franz” type glass diffusion cells
(Phoenix RDS Robotic Diffusion Station) consisting of
two compartments. In the donor compartment, 0.4 g of the
microemulsion was placed on a dialysis membrane with a
diameter of 21 mm and a pore size of 25 A. The receiver
compartment was filled with Tris buffer solution (50 mM; pH
7.4) containing 10% ethanol and 1% Tween to maintain sink
conditions. Samples of 1 mL were collected from the receiv-
ing medium at hourly intervals for a duration of 6 h, with
immediate replacement of the collected volume with fresh
Tris buffer. The receiving solution was continuously stirred
using a magnetic stirrer at 400 rpm and maintained at a con-
stant temperature of 32 + 0.5°C. The collected samples (at 1
h,2h, 3 h,4h,5h, and 6 h) were analyzed using UV-VIS (A
= 254 nm) spectroscopy to determine the release profile. A
cumulative percentage plot of the released fraction over time
was generated to visualize the release behavior [27].

Mathematical Models

To determine the drug release mechanism, the experimen-
tal data were fitted to different kinetic models using the
DDsolver add-in for Microsoft Excel®. The model that
best described the release data was evaluated based on the
adjusted coefficient of determination (adjusted R?) and the
root mean square error (RMSE). The best-fitting method was
the one with the highest adjusted R* and lowest RMSE [28].
The release data of fraction DCM from microemulsion was
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fitted using mathematical models used in the literature, with
the following equations:

Zero — order model : Q

Ky t+ 0Oy

First — order model : Q = Q1 ¢~

Higuchi model : Q = kH /7

Korsmeyer — Peppas model : Q = kKP ("

where Q represents the cumulative drug released at a
particular time ¢, and Q) is the initial amount of the drug.
The constants k, k;, kH, and kKP are the release constants
defined in the different models. Parameter » is a diffusional
exponent in the Korsmeyers—Peppas model.

Cytotoxicity In Vivo Models

Tenebrio molitor larvae were used for in vivo cytotoxicity
evaluation. Fourteen experimental groups were employed in
the study, consisting of healthy T. molitor larvae weighing
approximately 100-200 mg, which were randomly assigned
into groups of 10 larvae each. They were injected with 10
UL of DCM fraction, microemulsion with DCM at concen-
trations ranging from 1 to 100 pg/mL, and control groups
(DMSO and trauma). Larval viability was assessed after 24
h based on the absence of movement for 7 days.

Statistical Analysis

The data obtained were subjected to statistical analysis using
a one-way analysis of variance (ANOVA) to determine the
significance of the results, with a probability threshold of
p < 0.05 (95% confidence interval) indicating statistical
significance. The stability study was subjected to Student’s
t-test to assess possible statistical differences. The results of
the DCM fraction release study were analyzed by ANOVA,
followed by Bonferroni’s test, with statistical significance
of p <0.001 and p < 0.0001 between the times of 2 h, 3 h,
4 h, 5 h, and 6 h. GraphPad Prism version 6 software was
employed for the statistical analysis of the results.

Results

Preparation of Extract and Fraction

The dichloromethane fraction was analyzed using high-per-
formance liquid chromatography with ultraviolet-photodiode

array detection (HPLC-UV/PDA), which showed the pres-
ence of three compounds exhibiting similar UV spectra.

@ Springer

Through the isolation process of the active constituents in
the fraction, three dimeric flavonoids, namely brachydins A,
B, and C (Fig. 1), were identified [7].

Pseudo-ternary Phase Diagram

A pseudo-ternary diagram is a valuable tool used to character-
ize the behavior of combined components and the structures
formed within a system. It helps determine the conditions
required for the formation of microemulsions and identifies the
transitional boundaries between emulsions, separated phases,
and bicontinuous phases [29]. Moreover, the diagram ena-
bles the identification of different component proportions and
facilitates the evaluation of various types of systems present.

The phase diagram presented in Fig. 2 illustrates the
behavior of the system comprising isopropyl myristate and
the surfactants Tween 80 and Transcutol in a 1:1 ratio. This
diagram was utilized to examine the phase characteristics
of the developed system upon the addition of increasing
amounts of water.

The diagram shows five distinct zones, which have been
characterized as phase separation (PS), opaque liquid emul-
sion (OLE), milky white emulsion (MWE), white fluid
emulsion (WFE), and microemulsion (ME).

Physicochemical Characterization of Microemulsion

The average droplet size (DLS) and polydispersity index
(PDI) of the blank microemulsion (ME), microemulsion
with 3% FDCM (ME3), and microemulsion with 5% FDCM
(MES) were analyzed and are presented in Table I.

The physicochemical characterization of ME and MES3 is
presented in Table II.

From the pseudo-ternary diagram, the microemulsion
forming region was selected for the incorporation of the
DCM fraction. Table III shows the proportions of the com-
ponents of the blank microemulsion (ME).

The macroscopic evaluation of the ME and ME3 was per-
formed 48 h after their preparation and is shown in Fig. 3.
Both microemulsions obtained were optically transparent,
stable, and with a homogeneous appearance characteristic
of a microemulsion [30].

Evaluation of the Flow and Viscoelastic Properties
of the Microemulsion

The behavior of a fluid is determined by the type and level
of organization within the system [31]. Such systems can
exhibit either Newtonian or non-Newtonian characteris-
tics. Newtonian fluids are those in which the shear stress is
directly proportional to the strain rate, resulting in a linear
relationship represented by a straight line originating from
the origin of the axes [32].
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Fig. 1 Chromatographic profile
of the dichloromethane fraction
of the hydroethanolic extract of
F. platyphylla roots (A = 254
nm), UV spectra, and chemical
structure of the three dimeric
flavonoids (brachydins)

. BraA
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Time (min)

Tween:Transcutol (1:1)

@VE

®L0E
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WFE

QOPs
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a
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Fig.2 Pseudo-ternary phase
diagram for the tween/transcutol
system, isopropyl myristate, and
water
Isopropyl
Myristate

Table | Average Droplet Size, Polydispersity Index, and Zeta Poten-
tial of Microemulsions MEO, ME3, and ME5S

Formulation DLS (nm) PDI

ME 75,36+3,4 0,248+0,07
ME3 65,40+9,8 0,543+0,11
MES5S 36,70+7,0 0,604+0,12

Water

Table Il Physicochemical Characterization of White Microemulsion
and Microemulsion Containing FDCM

Properties ME ME3
Macroscopic aspect Clear and transparent Clear and transparent
Centrifugation resist-  Stable Stable

ance
pH 7,80+0,09 6,69+0,05
Refractive Index 1,42+0,01 1,42+0,01
Density (g.cm?) 1,017+0,01 1,017+0,01
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Table Il Composition of the Microemulsion 120
Components Function Proportion (%) 100 —+—ME
Tween Surfactant 30,87
Transcutol Surfactant 30,87 E 80 -
Isopropyl myristate Oil phase 7,44 ;
Distilled water Aqueous phase 30,82 g 60 -
2 40
wn
20 +
0+
1 r 1 r 1 r 1 r 1 r 1
0 100 200 300 400 500
Shear rate (s7)
100
80
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w
= 40
@
=~
wn
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Fig.3 Microemulsion with and without DCM fraction

The rheograms present in Fig. 3 represent the relation-
ship between shear stress and shear rate for ME and ME3
formulations.

Figure 4 shows the storage modulus, G', and loss mod-
ulus, G", as a function of angular frequency for ME3.

Formulation Stability

The stability of ME and ME3 microemulsions was moni-
tored at 25°C (to verify stability at room temperature), —5
to 50°C (to verify stability under accelerated conditions),
and 40 to 80°C (to verify stability under heat stress), as
described in Table III. All microemulsions were physi-
cally stable, clear, transparent, and homogeneous under
all tested conditions.

No precipitation of the DCM fraction was observed
in ME3 even after the applied thermal conditions, which
indicates that the ME3 microemulsion was able to keep
the DCM fraction dissolved in the temperature ranges of
40 to 80°C and —5 to 50°C.

@ Springer

0 100 200 300 400 500
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Fig.4 The flow curves of the microemulsions ME and ME3, being @
upward, O downward

In Vitro Release Evaluation

The in vitro release profiles of the microemulsion (ME3) and
DCM solution (LC) are shown in Fig. 5.

The results indicated that the formulated microstruc-
ture facilitated the slow and controlled release of the DCM
fraction.

Statistical analysis of the flux over a period of 6 h dem-
onstrated that ME3 exhibited a significantly higher flux
compared with the saturated solution of the DCM fraction.
Moreover, the saturated solution exhibited a low cumula-
tive amount of approximately 10.6% over the 6-h period,
whereas ME3 displayed a much higher cumulative amount
of 63.48% (Table IV).

The release data was utilized to analyze the release kinet-
ics of the fraction by fitting various mathematical models,
and the corresponding correlation values are presented in



AAPS PharmSciTech (2023) 24:212 Page70of12 212
Table V Average Flux Value, the Cumulative Released Amount after
20 + 6 h in Micrograms (Q6h), and Cumulative Released Amount After 6
= el h in Percent (Q6h%)
Y -e- G" : -2 -1
&S Formulation Flow (pg.cm™.h™") Q6h (pg) Q6h (%)
o 157
R LC 162,879 1170,952 10,645
.E % ME3 1115,309 6856,784 63,489
TE10¢
s S r~ There is a statistically significant difference (p < 0.05) in all 3 param-
© @ 7 ¢ eters
s 2 . ’
n @ RN ’
=g 5r e e
Rz - & g
'_—*‘/ 3,100' -+ ME3
0k . 1 1 1 1 1 ‘E .
0 2 4 6 8 10 ] 80 -~ |LC
f (Hz) d
S 604
©
Fig.5 FElastic (G') and viscous modulus (G") as a function of fre- 2 40
quency e
S
= 20+
8
=]
Table IV Stability of the Formulations Tested g 0- T T T T T
()

Formulation TO T30 Thermal Freeze-thaw
stress cycle

Organoleptic characteristics

ME Normal Normal Normal Normal

ME3 Normal Normal Normal Normal
pH

ME 7,80+0,09% 7,71+0,25% 7,96+0,06"  7,64+0,12%

ME3 6,69+0,05% 6,76+0,05® 6,83+0,025  7,03+0,09%
Fraction content (%)

ME - - - -

ME3 97,52+1,81 99,81+1,22 98,12+2,17 99,46+3,73

Data are expressed as mean + SD (n = 3). 70, time 0; 730, time 30
days. Averages that do not share a letter are significantly different

Table V. Among all the models, the zero-order mathematical
model exhibited the best fit for the release profiles of LC and
MES3, as indicated by its higher coefficient of determination
(R2) and lower root mean square error (RMSE) values.

In Vivo Toxicity Study on Tenebrio Molitor Larvae

The toxicity evaluation study of the microemulsion was per-
formed using an alternative model with Tenebrio molitor
larvae. This model has been widely used as an alternative
to the use of animals, ensuring cost reduction and reliability
of results [33]. T. molitor larvae have been reported to be
used to evaluate antimicrobial, insecticidal, and cytotoxic
activity [34, 35].

The test-control relationship performed in the alterna-
tive model for evaluating the toxicity of the DCM solution

N L% L) ™ 1) ©
Time (hours)

Fig.6 Release profile of the fraction in microemulsion and solution

and ME3 (Fig. 6) fraction solution resulted in the survival
curve of the larvae over 7 days after administration of the
samples.

The survival percentage after inoculating the DCM and
MES3 fraction at 1 to 100 ug.mL concentrations were 100%
(Fig. 7).

Discussion

The composition of the study formulation was chosen based
on the phase diagram. Once the region of microemulsion
formation was identified, the ratios of the components
were established to replicate microemulsions both with and
without the DCM fraction. Additionally, the diagram allows
for the prediction of phase transitions in the formulations
(Table VI).

The white microemulsion (ME) showed significantly
larger average particle size compared to the 3% and 5%
DCM fraction microemulsions (ME3 and MES5), indicating
that the inclusion of the fraction in the microemulsion led to
a reduction in particle size. The presence of hydroxy groups
in the brachydins structures can form strong interactions
with isopropyl myristate, while the emulsifying layer com-
posed of Tween and transcutol facilitates the formation of
hydrogen bonds. These interactions may be responsible for
the reduction in droplet size observed in the microemulsions

@ Springer
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Fig. 7 Percentage of survival of the Tenebrio larvae

containing the DCM fraction [36]. All microemulsions
exhibited droplet sizes within the desired range for micro-
emulsions (up to 100 nm) [37].

The Polydispersity Index (PDI) provides information
about the uniformity of droplet size distribution. Higher
PDI values indicate less uniformity among droplets [38],
while values closer to zero indicate higher homogeneity
in droplet sizes [39]. In the case of ME3, the PDI value of
0.543+0.11 suggests a moderately polydisperse droplet
distribution [40].

ME3 presented significantly better values of charge and
size distribution among the droplets, proving to be more

monodisperse and electrostatically stable, and was therefore
chosen for further study.

The centrifugation test is a crucial characterization
parameter as it applies stress to the sample by increas-
ing the gravitational force. This helps identify potential
instabilities such as precipitation, phase separation, and
coalescence, among others [41]. After being subjected
to centrifugation at 3000 rpm for 30 min, the formula-
tions displayed no signs of phase separation or changes
in transparency. This indicates that both the ME and ME3
microemulsions exhibited no visual evidence of physical
instability and no precipitation of the DCM fraction.

The refractive index is a useful parameter for charac-
terizing the isotropy of a system. Isotropic aggregates do
not exhibit double refraction or birefringence, meaning
they do not deviate from the plane of incident light. The
refractive index value of the samples, both ME and ME3
microemulsions, was measured at 1.42 + 0.01. This con-
sistent value indicates that there was no variation in the
refractive index, confirming the characteristic isotropic
nature of microemulsions.

The pH values observed in the ME and ME3 micro-
emulsions are within the range considered physiologically
acceptable for both oral (1 to 7) and topical administration
(5.5 to 8) [42] since the values presented are within the
range of highest physical and chemical stability for most
formulations [43]. In addition, the relative density of these
microemulsions was measured to be 1.017 g/cm3 + 0.01,
which closely approximates the density of water at 20°C.

The results obtained by rheological analysis show that
the developed MEs presented Newtonian behavior, with
an overlapping of the ascending and descending curves,
therefore generating a line that passes through the origin,
showing the linear relationship between the stress and the
shear rate. This behavior is repeated in the added active
formulation. This means that the viscosity is not affected by
changes in the shear rate and that the flow is constant [32].

Table Vi ]?escription of the Samples Model Equation R? RMSE Constants
Mathematical Models Evaluated
for the Samples Tested LC Zero order Q=ky-t+0Q, 099 0,248 k0 =1,727
(Solution and Microemulsion) First order 0=0,-é 0,993 0253 k1 =0,019
Higuchi Q=kH-1* 0,852 1,249 kH = 3,800
Korsmeyer-Peppas Q=kKP-{" 0,969 0,571 kKP = 1,330; n = 1,142
ME3 Zero order O=ky-t+0Q, 0,994 1,566 k0 =0,012
First order Q=0 e 0,910 6,466 k1 =0,152
Higuchi Q=kH-1* 0,743 10,725 kH=21,194
Korsmeyer-Peppas Q=kKP-¢" 0,919 6,165 kKP =4,628; n = 1,562

R?; adjusted coefficient of determination; RMSE, root mean square error; kO, zero-order release constant;
k1, first-order release constant; kH, Higuchi’s release constant; kKP, release constant incorporating struc-
tural and geometric characteristics of the drug dosage form; n, diffusional exponent that indicates the drug

release mechanism

@ Springer



AAPS PharmSciTech (2023) 24:212

Page9of12 212

Isotropic systems, such as MEs, showed low viscosity
and Newtonian behavior due to the small droplet size and
low interaction between droplets [44]. Structural changes
and phase transitions in MEs are reflected in rheology.

The viscoelastic property of the ME3 microemulsion has
been studied by measuring the elastic (or storage) modulus
(G"), which represents the ability of the material to store
energy, and the loss (or viscous) modulus (G"), which rep-
resents the ability of the material to dissipate energy [45,
46]. The material exhibits the behavior of a viscous liquid
if G">@G', the behavior of an elastic solid with a gel-like
appearance if G'>G", and if G"=G' the material is in transi-
tion [46, 47].

Systems that exhibit viscoelastic properties are shown to
be highly structured with large interactions between their
constituents. This property is recommended for pharmaceu-
tical products to improve their application [48-50]. Droplet
size and viscosity of the microemulsion system are directly
related to the speed of release in vitro and the diffusion pro-
cess in vivo, facilitating or hindering the availability of the
available fraction of drug per unit of time [51].

The chemical stability study of the developed microstruc-
tures, concerning Ph parameters and content of the DCM
fraction, shows that the ME and ME3 microemulsions did
not undergo significant changes in all tests performed. The
pH value serves as a parameter of the chemical stability of
the systems when submitted to stability studies since vari-
ations in these values can be related to the occurrence of
degradation reactions, such as oxidation, which can happen
in the oil phase [52].

No significant alterations were detected in the content
of the DCM fraction after subjecting it to freeze-thaw, heat
stress, and 30 cycles at room temperature. This indicates the
preservation of the integrity of the brachydins within the
microemulsion, even under extreme temperature conditions.
These findings provide evidence of the thermodynamic sta-
bility of the system.

The results of the in vitro release test indicated better
release of the DCM fraction in the microemulsion. This may
be attributed to the increased solubility coefficient of the
fraction in the nanostructured system, leading to improved
release of the active agent. This finding is supported by the
cumulative amount released, which exceeded 60% within
6 hours.

In recent years, there has been an increasing interest in
microemulsions as drug delivery systems. These systems
offer the ability to encapsulate diverse types of drugs and
facilitate a controlled release of the active ingredients, result-
ing in a prolonged effect. This controlled release mechanism
helps prevent the plasma concentration from exceeding the
required levels, as reported in the literature [53].

The release profile of the DCM fraction in solution and
MES3 followed the zero-order mathematical model. This

release behavior suggests that the release system remains
structurally intact, and the drug is released slowly and inde-
pendently of its concentration. Similar release patterns have
been reported in the literature [54-56], supporting these
findings.

Since ancient times, society has used medicinal plants as
a strategy to treat or prevent diseases [57]. However, sub-
stances present in herbal preparations are not exempt from
toxicity, activating oxidative pathways and/or causing cel-
lular damage [58, 59]. The in vivo toxicity study aims to
evaluate the compound safety profile by monitoring abrupt
behavioral changes and mortality [60] to assess potential
risks and/or therapeutic purposes.

In the present study, Tenebrio molitor larvae were used
to evaluate the toxicity of FDCM and ME as it is a feasi-
ble, safe, and reliable alternative experimental model. The
results showed that FDCM and ME3 were not toxic at the
concentrations tested, as the larvae remained alive and with
all movements preserved until the last day of the test, dem-
onstrating the safety of the samples analyzed.

The transdermal route of administration has been exten-
sively studied due to its ability to solubilize various lipo-
philic and hydrophilic compounds, increase solute concen-
tration, and enhance skin permeation [61-65]. This route
of administration offers advantages over other routes of
administration because it is painless, non-invasive, easy to
administer, increases patient compliance, and avoids the dis-
advantages of first-pass metabolism of the oral route [66].
Given the numerous advantages of transdermal delivery, the
microemulsion in this study was designed to increase the
cutaneous permeability of pharmacologically active agents.

Conclusions

A microemulsion formulation was developed using isopro-
pyl myristate as the oil phase, Tween and Transcutol as sur-
factants, and co-solvent and aqueous phases. The developed
microemulsion exhibited favorable physicochemical and
thermodynamic stability, along with the excellent capability
for incorporating the DCM fraction derived from Fridericia
platyphylla roots. The release rate of the fraction in the micro-
emulsion surpassed that of the soluble fraction, and the toxic-
ity evaluation conducted on Tenebrio molitor larvae indicated
the absence of toxicity for both the fraction and the micro-
emulsion, confirming their safety. In conclusion, these results
highlight the potential of the formulated microemulsion.
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