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Estudo quimico e avaliagdo anti-inflamatoria, neuroprotetiva e toxicolégica em
camundongos das folhas de Allophylus edulis (A.St.-Hil., Cambess. & A. Juss.) Radlk.

RESUMO
A arvore nativa brasileira Allophylus edulis (A.St.-Hil., Cambess. & A. Juss.) Radlk., conhecida
como "vacum", tem suas folhas popularmente utilizadas em quadros inflamatérios para o
tratamento de dor de garganta, colecistite e febre, sendo descritas como ricas em flavonoides.
Esta pesquisa teve como objetivos: (1) analisar a variagdo da composicdo quimica do 6leo
essencial de folhas de A. edulis; (2) realizar estudos quimicos, histoquimicos, antioxidantes in
vitro, farmacoldgicos in vivo (anti-inflamatério, anti-hiperalgésico e antinociceptivo) das
folhas, com predicdes in silico da vitexina 2"-O-ramnosideo; e (3) investigar os efeitos
ansioliticos, antiamnésicos e toxicidade subaguda das folhas, e a remodelagem molecular da
vitexina 2"-O-ramnosideo na acetilcolinesterase (AChE). No primeiro manuscrito (1), as folhas
frescas de A. edulis coletadas em Bonito e Dourados/MS (2018 a 2019) tiveram seus 6leos
essenciais extraidos e analisados. O rendimento variou de 0,07% a 0,6%, aumentando com
temperaturas mais elevadas e durante a fase de inflorescéncia. Em Dourados, o principal
componente foi o 6xido de cariofileno (20 a 29%), e em Bonito, o a-zingibereno (25 a 45%).
No segundo manuscrito (2), a anélise histoquimica revelou estruturas secretoras nas folhas
frescas de A. edulis. Das folhas frescas foi obtida a infuséo das folhas (ILAE), fracionada em
fragdes que incluiram a hidrometandlica (HMf). Desta Gltima a vitexina 2"-O-ramnosideo foi
isolada da passou por predicdo in silico, apresentando baixa toxicidade prevista. Melhores
efeitos antioxidantes foram observados em modelos de sequestro de radicais livres. A
administracdo oral de ILAE (3, 30 e 100 mg/kg) e HMf (3 mg/kg) foi testada em modelos de
inflamacdo aguda (induzido por carragenina), hiperalgesia mecénica, alodinia térmica e
nocicepc¢do (induzida por formalina), mostrando reducdo significativa dos efeitos induzidos. A
ILAE (30 mg/kg), HMf (3 e 30 mg/kg) e vitexina 2"-O-ramnosideo (AE-1, 3 mg/kg) foram
testados em modelo de inflamacdo prolongada (induzido por Adjuvante Completo de Freund -
CFA), resultando em reducéo significativa do edema, hiperalgesia mecénica e alodinia térmica,
inclusive para o flavonoide isolado (AE-1). No terceiro manuscrito (3), a administragéo oral de
ILAE (3, 30 e 100 mg/kg) e HMf (3 mg/kg) foi avaliada em modelos de ansiedade e amnésia
(induzida por escopolamina). Os tratamentos reduziram a ansiedade e melhoraram parametros
relacionados a memdria de curto prazo. A diminuicdo da atividade da AChE e peroxidacdo
lipidica, juntamente com as intera¢fes intermoleculares da vitexina 2"-O-ramnosideo com

AChE (in silico), pode explicar, a0 menos em parte, os resultados observados. A avaliagédo da



toxicidade oral em camundongos durante o periodo de tratamento de 28 dias indica baixa
toxicidade em todos os parametros avaliados. Conclui-se que A. edulis possui diversidade de

metabolitos, potencial anti-inflamatorio, antinociceptivo e neuroprotetor.

Palavras-chave: Vacum. Flavonoides. Inflamagéo. Ansiedade. Escopolamina.



Chemical study and anti-inflammatory, neuroprotective and toxicological evaluation in
mice of the leaves of Allophylus edulis (A.St.-Hil., Cambess. & A. Juss.) Radlk.

ABSTRACT
The Brazilian native tree Allophylus edulis (A.St.-Hil., Cambess. & A. Juss.) Radlk., known as
"vacum", has its leaves commonly used for the treatment of inflammatory conditions such as
sore throat, cholecystitis, and fever, described as rich in flavonoids. This research aimed to: (1)
analyze the variation in the chemical composition of the essential oil from A. edulis leaves; (2)
conduct chemical, histochemical, in vitro antioxidant, in vivo pharmacological studies (anti-
inflammatory, anti-hyperalgesic, and antinociceptive) of the leaves, with in silico predictions
of vitexin 2"-O-rhamnoside; and (3) investigate the anxiolytic, anti-amnesic effects, and
subacute toxicity of the leaves, along with the molecular remodeling of vitexin 2"-O-
rhamnoside on acetylcholinesterase (AChE). In the first manuscript (1), fresh A. edulis leaves
collected in Bonito and Dourados/MS (2018 to 2019) had their essential oils extracted and
analyzed. The yield varied from 0.07% to 0.6%, increasing with higher temperatures and during
the flowering phase. In Dourados, the main component was caryophyllene oxide (20 to 29%),
and in Bonito, a-zingiberene (25 to 45%). In the second manuscript (2), histochemical analysis
revealed secretory structures in fresh A. edulis leaves. An infusion of the leaves (ILAE) was
obtained from fresh leaves, fractionated into fractions, including hydromethanolic (HMf). From
the latter, vitexin 2"-O-rhamnoside was isolated, undergoing in silico prediction, showing low
predicted toxicity. Better antioxidant effects were observed in free radical scavenging models.
Oral administration of ILAE (3, 30, and 100 mg/kg) and HMf (3 mg/kg) was tested in acute
inflammation models (induced by carrageenan), mechanical hyperalgesia, thermal allodynia,
and nociception (induced by formalin), showing a significant reduction in induced effects. The
ILAE (30 mg/kg), HMf (3 and 30 mg/kg), and vitexin 2"-O-rhamnoside (AE-1, 3 mg/kg) were
tested in a prolonged inflammation model (induced by complete Freund's adjuvant - CFA),
resulting in a significant reduction in edema, mechanical hyperalgesia, and thermal allodynia,
including for the isolated flavonoid (AE-1). In the third manuscript (3), oral administration of
ILAE (3, 30, and 100 mg/kg) and HMf (3 mg/kg) was evaluated in anxiety and amnesia models
(induced by scopolamine). The treatments reduced anxiety and improved parameters related to
short-term memory. The decrease in AChE activity and lipid peroxidation, along with the
intermolecular interactions of vitexin 2"-O-rhamnoside with AChE (in silico), may explain, at
least in part, the observed results. It is concluded that A. edulis has a diversity of metabolites

and potential anti-inflammatory, antinociceptive, and neuroprotective properties.



Keywords: Vacum. Flavonoids. Inflammation. Anxiety. Scopolamine.
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1 INTRODUCAO

A abordagem etnodirigida na busca de moléculas ou espécies vegetais com potencial
farmacoldgico é descrita como aquela que considera a escolha de plantas de acordo com
indicacBes de grupos populacionais especificos em contextos de uso relativos aos seus sistemas
de saude e doenca. Inserimos neste contexto as pesquisas etnobotanicas e etnofarmacoélogicas
(RODRIGUES e OLIVEIRA, 2020).

A relacdo de povos e utilizacdo de espécies vegetais, facilita a proposicdo e
implementacéo de estratégias de melhoria da qualidade de vida e de conservagdo ambiental, de
forma que a biodiversidade local esta intimamente relacionada ao acesso a plantas medicinais.
Por abrigar a maior biodiversidade do mundo, compreendendo mais de 45.000 espécies de
plantas (20-22% do total existente no planeta), a flora brasileira apresenta uma grande variedade
de plantas com propriedades medicinais proveniente especialmente do conhecimento
tradicional de povos indigenas da América do Sul, com amplo potencial para descoberta de
moléculas com propriedades farmacoldgicas (ALBUQUERQUE et al., 2014; DUTRA et al.,
2016).

Considerando que o mercado global anual de medicamentos vale cerca de 1,1 trilhdo de
ddlares, e que cerca de 50% dos medicamentos se originaram direta ou indiretamente de
produtos naturais (25% de plantas) a enorme variedade da flora brasileira torna a descoberta de
novas substancias derivadas dessa fonte um processo continuo e necessario (ATANASQOV et
al., 2015; CALIXTO, 2019; CHOPRA e DHINGRA, 2021).

Neste trabalho, o foco sera destinado a A. edulis (Sapindaceae), uma planta nativa do
Cerrado brasileiro que tem sido utilizada como planta medicinal por povos indigenas peruanos,
argentinos e brasileiros na forma de infuso e maceracdo a frio das folhas, em casos de
inflamacGes de garganta, febre e colecistite (ARISAWA et al., 1989; KORBES, 1995;
KUJAWSKA e PIERONI, 2015; KUJAWSKA e SCHMEDA-HIRSCHMANN, 2022).
Estudos utilizando extratos alcodlicos das folhas apresentam atividade antimicrobiana
(TIRLONI et al., 2015), antioxidante (SCHMEDA-HIRSCHMANN et al., 2005),
hepatoprotetiva (HOFFMANN-BOHM et al., 1992), potencial ionotropico negativo
(MATSUNAGA et al., 1997) e inibicdo da enzima conversora de angiotensina (ARISAWA et
al., 1989). Para o extrato aquoso das folhas é reportado apenas atividade antioxidante pelo
método de captura de radicais livres (DPPH) e bacteriostatica frente a Staphylococcus aureus
(TIRLONI et al., 2015).
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Nosso grupo de pesquisa tem investigado o potencial anti-inflamatorio do dleo essencial
das folhas de A. edulis, com resultados que reforcam o uso medicinal, como em quadros
inflamatdrios. Com os primeiros resultados mostrando o potencial antiedematogénico e de
diminuicdo da migracdo leucocitaria induzida por carragenina, tanto do 6leo essencial quanto
do composto majoritério, viridiflorol (TREVIZAN et al., 2016). E mais tarde, resultados
similares foram alcangados quando foi observada diminuigdo do edema de pata induzido por
Carragenina e CFA, bem como diminuicéo da hiperalgesia mecéanica e térmica utilizando 6leos
essenciais de diferentes localidades e com diferentes perfis quimicos, majoritariamente
compostos por 6xido de cariofileno e a-zingibereno, também testados isoladamente (SANTOS
etal. 2021). E mais recentemente, em uma avaliagdo mais aprofundada, Balsalobre et al. (2023)
descreveu resultados similares ao evidenciar a diminuicdo do edema, hiperalgesia, infiltracdo
leucocitaria e nocicepcdo induzida por diferentes agentes, utilizando o 6leo essencial das folhas
de A. edulis.

Assim, no sentido de reforcar a pesquisa etnofarmacoldgica, visto a utilizacdo das folhas
na forma de infusdo ou maceracdo aquosa a frio dessa espécie para tratar quadros inflamatorios
(ARISAWA et al., 1989; KORBES, 1995; KUJAWSKA e PIERONI, 2015; KUJAWSKA e
SCHMEDA-HIRSCHMANN, 2022), como ilustrado na Figura 1, o objetivo deste estudo foi
investigar a composi¢do quimica, e os efeitos anti-inflamatorio (agudo e persistente),
antinociceptivo e neurocomportamental (ansiedade e amnésia) da infusdo das folhas de A.
edulis. No processo de extracdo (infusdo) das folhas para liberar seus metabolitos secundarios,
parte do Oleo essencial presente nas folhas, também pode ser arrastado, assim, investigamos o
efeito da sazonalidade sobre o perfil quimico do 6leo essencial de amostras de dois locais no
Mato Grosso do Sul. E de forma complementar, estudos histoquimicos das folhas foram

realizados para evidenciar as estruturas secretoras.

Figura 1. Design experimental do estudo.
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2 REVISAO DE LITERATURA
2.1 Processo inflamatoério, dor e controle farmacoldgico

O processo inflamatério representa uma intrincada reacdo do sistema imunoldgico
diante de lesdes celulares ou da invasdo por agentes externos, tais como virus ou bactérias. Seu
propdsito primordial é resguardar o organismo, desencadeando uma série coordenada de
eventos bioldgicos destinados ndo apenas a eliminar a ameaca, mas também a promover a
reparacao dos tecidos afetados. Essa resposta imune, embora muitas vezes associada a sintomas
como vermelhiddo, calor e inchaco, reflete um intricado mecanismo de defesa essencial para
manter a integridade e o equilibrio fisioldgico do corpo. Envolve diversos mediadores quimicos
(como prostaglandinas, leucotrienos, tromboxanos, histamina, acido araquidoénico, citocinas,
guimiocinas e espécies reativas do oxigénio (EROs)) e células do sistema imunoldgico, como
neutrofilos na fase aguda, e mondcitos/macrofagos e linfocitos na fase tardia. A atracdo de
células imunes e a producdo de mediadores inflamatorios, por sua vez, levam ao
desenvolvimento de respostas fisiologicas macroscépicas (sinais cardinais) como o rubor
(vermelhiddo) e calor, causados pela dilatacdo dos vasos sanguineos; a dor, causada pelo

aumento da sensibilidade local por acdo de mediadores quimicos; o edema, decorrente do
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aumento da permeabilidade vascular; e a perda de funcdo, causada pelos danos no tecido local,
como mostra a Figura 2 (KUMAR et al., 2010).

Figura 2. Processo fisioldgico da inflamacéo e controle farmacologico.
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Fonte: Adaptado de MEDZHITOV et al., 2008.

O processo inflamatorio pode ser dividido em duas fases principais, que podem se
sobrepor e ndo necessariamente sdo distintas, dependendo da causa e da intensidade da
inflamacéo: aguda e cronica (GERMOLEC et al., 2018).

A inflamagdo aguda é a fase inicial, caracterizada pela rapida ativacdo das células
imunes e pela liberacdo de mediadores quimicos. Os principais mediadores incluem a
histamina, liberada por basofilos e mastdcitos, responsavel por aumentar a permeabilidade dos
vasos sanguineos e permitir que as células de defesa alcancem a area inflamada. As
prostaglandinas e leucotrienos produzidas por macréfagos, neutréfilos e células endoteliais, que
aumentam a sensibilidade a dor, auxiliam na inibicdo da agregagdo plaquetaria e promovem
vasodilatacdo. Outros mediadores incluem a Proteina C-reativa (PCR) na facilitagdo da
fagocitose pelos neutrdfilos e macrdofagos; Interleucina-1 (I1L-1) de agdo pré-inflamatoria, por
auxiliar na liberacdo de histamina, estimulacdo de linfdcitos virgens e estimulacéo da sintese
de PCR; Interleucina-6 (IL-6), envolvida na imunidade natural e hematopoiese; e Fator de

Necrose Tumoral (TNF-a), responsavel por ativar células inflamatorias, mediadores
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inflamatorios e regulacdo da morte celular (YEUNG et al., 2018; VARELA et al., 2018; ROE,
2020).

A inflamacdo crénica, por sua vez, € menos intensa, mas dura por um periodo
prolongado. Pode ser causada por uma enormidade de condicfes, incluindo artrite, asma,
aterosclerose, doencas autoimunes, diabetes e cancer, condi¢6es associadas ao envelhecimento
ou por exposicdo prolongada a substancias inflamatérias. Os mediadores quimicos da
inflamacéo cronica sdo semelhantes as da inflamacdo aguda, mas geralmente séo liberados em
quantidades maiores e por periodos mais longos resultando em danos teciduais e aumento do
risco de desenvolvimento de outras patologias, como doencas cardiacas e cancer (GERMOLEC
etal., 2018).

A resolucdo da inflamacdo é tipicamente definida como um processo estritamente
regulado que restaura a homeostase tecidual e previne o desenvolvimento de doencas cronicas.
Hoje sabe-se que as mudancas relativas a resolugdo da inflamagdo ndo se resumem a simples
diminuicédo de sinais pro-inflamatorios, no entanto as intervenc¢des farmacoldgicas continuam
sendo a principal forma de restaurar a homeostase tecidual (FEEHAN e GILROY, 2019;
PANEZAI e VAN DYKE, 2022).

Os anti-inflamatorios ndo esteroidais (AINES) sdo uma classe de medicamentos que
incluem ibuprofeno, naproxeno e aspirina, ilustrados na Figura 3. Os AINEs, em geral,
bloqueiam enzimas reguladoras, como as prostaglandinas endoperoxidases sintase (PGHS-1 e
PGHS-2, conhecidas popularmente como ciclooxigenase-1 e 2 (COX-1 e COX-2)),
responsaveis pela producéo de prostaglandinas, derivados do acido araquidénico, que se origina
dos fosfolipidios da membrana celular por meio da acdo da fosfolipase A2. Por haver outros
medicamentos desta classe, os mecanismos de acdo podem incluir desde a inibicéo seletiva de
COX-2 (chamados de COXIBs, como o celecoxibe), até a inibicdo de ambas as enzimas
(maioria dos AINES), resultando na inibicdo da producdo de outros mediadores inflamatorios,
como leucotrienos e citocinas. Esta classe de medicamento é bem tolerada quando utilizada por
curtos periodos, com extensos beneficios terapéuticos. Mas, considerando que a
ciclooxigenase-1 parece funcionar como uma enzima homeostatica na maioria dos tecidos,
permitindo a manutenc¢éo da funcdo normal dos érgéos, incluindo mucosa géstrica, funcéo renal
e agregacdo plaquetaria, o uso prolongado desta classe de medicamentos se relaciona com o
aumento da incidéncia de toxicidade, que incluem eventos cardiovasculares como acidente
vascular cerebral/infarto do miocardio, Ulcera péptica, retencdo de liquidos; e até mesmo
insuficiéncia renal aguda ap6s um més de uso por pacientes idosos. A presenca desses efeitos

adversos €, na verdade, um combustivel na busca de novas alternativas farmacologicas, de
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origem natural, e com menos efeitos adversos (SCHNEIDER et al., 2006; MARCUM e
HANLON, 2010; BACCHl et al., 2012; PANCHAL e SABINA, 2023).

Figura 3. Medicamentos anti-inflamatdrios da classe dos AINEs.
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Fonte: Elaborada pelo autor, 2023.

Os anti-inflamatorios corticosteroides, também conhecidos como esteroides, sdo outra
classe de medicamentos, como os glicocorticoides e mineralocorticoides que incluem farmacos
como prednisona, prednisolona e dexametasona (Figura 4). Os corticosteroides iniciam a
regulacdo positiva da lipocortina e da anexina Al, uma proteina que reduz a sintese de
prostaglandinas e leucotrienos pela inibicdo da fosfolipase A2, além de inibirem a atividade da
COX-2, reduzindo a sintese de prostaglandinas. De forma geral, esses agentes inibem os fatores
de transcricdo que controlam a sintese de diversos mediadores pré-inflamatorios, incluindo
COX-2, oxido nitrico sintase induzivel e citocinas pré-inflamatorias, incluindo TNF-a e
interleucinas; além da diminuicdo de células inflamatérias como macrofagos, eosinoéfilos,
linfocitos, mastocitos e células dendriticas, e a entrada desses leucdcitos nos locais da
inflamacdo. Devido a diversidade no mecanismo de acao dos corticoides, eles podem provocar
uma ampla gama de efeitos adversos, que variam de leves a graves. Altas doses e 0 uso
prolongado s&o os fatores de risco mais significativos para tais efeitos. Entre os impactos estéo
a supressdo do eixo hipotalamo-hipofise, infeccbes graves, osteoporose, osteonecrose,
miopatias, retencdo de liquidos, edema, supressdo adrenal, ganho de peso, hipertenséo,
arritmias, gastrite, diabetes, distdrbios psiquiatricos e do sono. Isso deixa claro as limitacGes
das abordagens farmacoldgicas existentes, de forma que, buscar solugdes com mecanismos de
acao mais especificos pode representar uma alternativa na procura por agentes anti-
inflamatdrios com menor incidéncia de efeitos adversos (INGAWALE e MANDLIK, 2019;
TIMMERMANS et al., 2019; HODGENS e SHARMAN, 2022).
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Figura 4. Medicamentos anti-inflamatérios da classe dos corticoides.

(e}

Prednisona Prednisolona Dexametasona

Fonte: Elaborada pelo autor, 2023.

O dialogo entre o sistema imunologico e 0s neurdnios nociceptores € crucial na
inflamacéo, seja ela aguda ou crbnica. O adequado funcionamento do sistema nociceptivo
reforca respostas comportamentais protetoras, como o equilibrio ou retirada da pata (no teste
de alodinia induzida por acetona) para evitar estimulos extremamente dolorosos. Em casos de
lesdo, o sistema nociceptivo adapta-se a vulnerabilidade causada, diminuindo limiares
nociceptivos e facilitando respostas nocifensivas para proteger os tecidos. Neste estudo, a lesdo
tecidual seré& representada pela aplicacdo de agentes flogisticos como carragenina, CFA e
formalina, que, ao ativar diretamente as fibras nociceptivas, induzem a secrecéo de citocinas
pré-inflamatorias, reduzindo o limiar de dor. As manifestacdes comportamentais protetivas e
adaptativas exploradas incluem a alodinia e a hiperalgesia. A alodinia é caracterizada pela dor
devido a estimulo que geralmente ndo a provoca, como a alodinia ao frio induzida pela aspersdo
de acetona. Por outro lado, a hiperalgesia é definida pelo aumento da dor devido a um estimulo
gue normalmente seria doloroso, como a hiperalgesia causada por estimulo mecanico (VERMA
et al., 2015; GREGORY et al., 2013).

Embora a dor em animais ndo possa ser diretamente medida, é crucial empregar modelos
quantificaveis, sensiveis e especificos para avaliar a sensacao de dor. Ao escolher parametros
como hiperalgesia e alodinia, é importante ter em mente que qualquer reacdo a um estimulo
doloroso ndo necessariamente indica uma sensagdo simultanea de dor. 1sso acontece porque,
mesmo ao classificar o tipo de estimulo como naturalmente causador ou ndo de dor, o que
realmente medimos é o aumento ou a auséncia de nocicepcdo. A nocicep¢do refere-se aos
mecanismos moleculares, celulares e sisttmicos envolvidos no processamento de informagdes
relacionadas a dor, sua amplificagdo ou depressdo. Enquanto a dor € uma experiéncia sensorial
e emocional desagradavel associada a dano tecidual real ou potencial, ou descrita em termos de
tal dano, ela permanece, em muitos aspectos, subjetiva (SANDKUHLER, 2009; DEUIS et al.,
2017; KALIYAPERUMAL et al., 2019).
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A terapia utilizada para analgesia € feita com medicamentos que trazem insensibilidade
a dor sem perda de consciéncia. Sendo os analgésicos mais comuns os anti-inflamatorios e 0s
opioides. A analgesia causada pelos medicamentos anti-inflamatorios geralmente esta
relacionada com a inibicdo da COX, atenuando assim a sintese de prostaglandinas. Como ja
mencionado, as classes mais comuns de medicamentos anti-inflamatorios sdo os corticoides e
AINEs (Figura 3 e 4). A farmacologia da dor utilizando opioides inclui medicamentos naturais
como a morfina e codeina, e sintéticos e semissintéticos, como o fentanil, hidrocodona, petidina,
metadona e oxicodona (Figura 5). Os opioides sdo agentes analgésicos que atuam em
receptores especificos no sistema nervoso central e periférico. Os principais mecanismos de
acao incluem o agonismo dos receptores MOP (mu), DOP (delta) e KOP (kappa). A ligacao
dos opioides ao receptor MOP ativa vias inibitérias que reduzem a transmissao nociceptiva da
periferia para o talamo. Além disso, eles inibem diretamente neurdnios nociceptivos na
substancia gelatinosa da medula espinhal e no tecido periférico. Os que se ligam ao receptor
DOP proporcionam analgesia espinhal e supraspinal, com a redugdo da motilidade géstrica. J&
0s que se ligam ao receptor KOP causam analgesia espinhal, diurese e disforia. Os opioides,
como tramadol e metadona, apresentam efeitos ndo opioides, incluindo atividade em outros
receptores e sistemas de neurotransmissores, como NMDA, recaptacdo de serotonina e
noradrenalina, e o sistema nociceptina/orfanina FQ. Esses efeitos podem contribuir para a
analgesia, mas por atuarem em receptores no sistema nervoso central e periférico também estéo
associados a diversos efeitos adversos, como constipacdo, depressao respiratoria, sedacdo,
eventos cardiovasculares, imunossupressdo, fraturas, desregulacdo hipotalamo-hipéfise-
adrenal, dependéncia, tolerancia e overdose. O estudo de plantas medicinais visa buscar novas
terapias analgésicas focadas na melhoria da eficicia e poténcia analgésica, bem como na
reducdo de efeitos colaterais (PATHAN e WILLIAMS, 2012; BALDINI et al., 2012; LISTOS
etal., 2019; PAUL et al., 2021).

Figura 5. Principais analgésicos opioides.
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Fonte: Elaborada pelo autor, 2023.

2.1.1 Modelos animais na avaliacédo da inflamacéo e dor

Atualmente, a pesquisa com produtos naturais busca moléculas que inibam a sintese ou
acdo de mediadores inflamatorios, visando desenvolver adjuvantes ou substitutos com menos
efeitos adversos em comparagdo aos farmacos anti-inflamatorios disponiveis (ARULSELVAN
etal., 2016). O papel da farmacologia de plantas medicinais no estudo da inflamacdo € explorar
novos farmacos por meio de modelos apropriados, elucidando 0s mecanismos de
direcionamento das terapias anti-inflamatérias. O objetivo principal é aprimorar a qualidade de
vida com solugdes farmacoldgicas mais acessiveis, especificas e com menores efeitos adversos.
Os modelos experimentais, embasados em principios farmacoldgicos, devem oferecer uma
representacdo fisiologica e clinicamente relevante, relacionando os efeitos observados no
modelo pré-clinico aos resultados no cenario clinico, incluindo alteragdes imunoldgicas,
bioquimicas e fisiologicas do processo inflamatério (WEBB, 2014; PATIL et al., 2019).

Os modelos animais de quadros inflamatdrios, embora fornecam informacoes
importantes sobre os possiveis aspectos clinicos subjacentes das doengas humanas, ndo refletem
uma doenca especifica, mas certos aspectos das doencgas em si, como a presenca/auséncia e/ou
intensidade de alteracGes macroscopicas ou microscopicas resultantes do processo inflamatorio.
Essas alteracGes incluem desde o aumento da permeabilidade vascular e migracdo leucocitaria
observada no teste de pleurisia induzida por carragenina, até o surgimento de edema nos testes
de edema de pata induzido por carragenina ou CFA, e sensibilizacdo periférica e central
observada no teste de von Frey/hiperalgesia mecanica, alodinia ao estimulo térmico e teste da

formalina (nocicepgéo induzida por estimulo quimico) (PATIL et al., 2019).
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Neste estudo, a carragenina e o0 CFA foram empregados como agentes flogisticos. A
carragenina, um mucopolissacarideo das paredes celulares de algas vermelhas, atua como
agente inflamatorio ao ativar células como neutréfilos e macréfagos. Essas células liberam
diversos mediadores inflamatorios, incluindo citocinas, proteinas de choque térmico e espécies
reativas do oxigénio (EROs). Esses eventos culminam na sensibilizagdo de receptores
mecanicos/térmicos, desencadeando hiperalgesia e aumento da permeabilidade vascular,
resultando na formacdo de edema na regido da injecdo. Para analisar as fases iniciais do
processo inflamatorio (até 24 horas), utilizamos como controle positivo anti-inflamatorios
esteroidais, como prednisolona e dexametasona, devido & sua eficacia superior em reduzir o
edema de pata induzido por carragenina em comparacdo aos AINEs (KOCHER et al., 1987;
HENRIQUES et al., 1987; AL-SWAYEH et al., 2000; NECAS e BARTOSIKOVA, 2013).

O CFA consiste em uma suspensdo de Mycobacterium tuberculosis inativada por calor,
cujo mecanismo de acao esta associado a um processo inflamatdrio prolongado, simulando a
cronificacdo da inflamacéao. A liberacdo prolongada de anticorpos estimula coestimuladores de
ativacdo de células T e B, bem como citocinas por células apresentadoras de antigenos,
prolongando a expressdo de complexos peptideo-MHC (Complexo Principal de
Histocompatibilidade) em suas superficies. A injecdo de CFA na pata do animal provoca edema
nos tecidos periarticulares, com aumento progressivo na fase inicial da inflamacao, atingindo o
pico em 24 horas. Esse edema torna-se constante e pode persistir por pelo menos 7 dias. Além
do edema, a injecdo de CFA resulta em alteracbes como alodinia térmica e hiperalgesia
mecanica, decorrentes da infiltracdo macica de leucdcitos, aumento dos niveis de quimiocinas
e citocinas, incluindo IL-1B ¢ TNF-q, assim como a liberagdo de EROs (STILS Jr., 2005;
PATIL etal., 2019; MCCARSON e FEHRENBACHER, 2021).

Uma maneira de avaliar a hiperalgesia mecanica é por meio do teste de von Frey, que
utiliza uma estrutura pontiaguda calibrada, comumente conhecida como analgesimetro ou von
Frey digital, aplicada na pata do animal. Esse aparelho determina o limiar de forca (em gramas)
necessario para desencadear a retirada da pata em contato com o medidor. Quanto ao modelo
de alodinia ao frio, ele envolve a indugdo da sensagéo de frio pela asperséo de acetona na pata
do animal, com a subsequente medi¢cdo da duracdo e intensidade dos comportamentos
nociceptivos (DEUIS et al., 2017).

O teste da formalina, ou nocicepg¢do induzida por formalina, envolve a injecdo de
formalina (formol diluido) no tecido subcutdneo da pata do animal. Apds a aplicacdo, a
formalina desencadeia uma resposta dolorosa aguda, seguida por uma fase cronica de dor,

evidenciada por comportamentos nociceptivos como balanco e lambida da pata injetada. Na
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primeira fase (1-10 minutos), também conhecida como fase neurogénica, a formalina ativa as
fibras aferentes primarias, cuja excitacdo dos receptores € mediada pelo canal catidnico de
potencial receptor transitério A1 permeavel ao célcio, denominado TRPAL. Alem disso, a
liberacdo de neurotransmissores como serotonina e substancia P amplifica a transmissdo da dor
pelo sistema nervoso. Ao final da primeira fase, ocorre um periodo de quiescéncia chamado
interfase, caracterizado por hiperpolarizacdo e inativagdo transitoria de neurénios, resultando
na reducao da corrente nos canais de calcio dependentes de voltagem. Na segunda fase (15-60
minutos), muitas vezes descrita como fase inflamatdria, a formalina continua ativando os
neurdnios nociceptores de maneira excitotoxica, além de desencadear a cascata inflamatoria e
aumentar a liberacdo de citocinas inflamatorias, como TNF-a e interleucinas, contribuindo para
a sensacdo dolorosa (VANEGAS e SCHAIBLE, 2004; SAWYNOK e LIU, 2003; DUBIN e
PATAPOUTIAN, 2010; HOFFMANN et al., 2022).

2.2 Deméncia e controle farmacoldgico

Doencas neurodegenerativas resultam da deterioracdo das células nervosas,
prejudicando o funcionamento do sistema nervoso. A progressdo dessas condi¢bes pode
influenciar diversos aspectos, como locomocéo, linguagem, percepcdo, cognicdo e memoria,
variando conforme as regides cerebrais afetadas. A deméncia, uma manifestacdo proeminente
nas doencas neurodegenerativas, caracteriza-se pela deterioracdo do funcionamento cognitivo,
abrangendo pensamento, memoria e raciocinio, interferindo substancialmente nas atividades
diarias dos individuos afetados. Os sintomas clinicos da deméncia incluem desde a perda de
habilidades mentais, até alteragdes emocionais e de personalidade, evidenciando o impacto
abrangente dessa condicdo. A deméncia € um desafio de saude publica em escala global, com
sua prevaléncia crescendo especialmente entre os idosos, com estimativas que chegam em mais
de 150 milhGes de casos em 2050. Ainda que a doenca de Alzheimer seja a mais conhecida,
outras formas de deméncia incluem a deméncia vascular, deméncia com corpos de Lewy, a
frontotemporal ou a coexisténcia destas (DENING e SANDILYAN, 2015; NICHOLS et al.,
2022; ARANDA et al., 2021).

A doenga de Alzheimer, correspondendo a 60-70% dos casos de deméncia, é
caracterizada por niveis elevados de beta-amiloide e proteina tau fosforilada. Essas alteracdes
estdo associadas a perturbacdes no sistema colinérgico central, resultando em um declinio
cognitivo irreversivel e deterioracdo da memoria. Atualmente, ndo h&d uma cura conhecida para
a doenga de Alzheimer, e o desafio persiste em retardar sua progressao. As abordagens

terapéuticas concentram-se no alivio sintomatico para desacelerar o avango da doenga. Os
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tratamentos principais incluem inibidores da AChE (donepezila, rivastigmina e galantamina) e
antagonistas do receptor N-metil-D-aspartato (NMDA), uma subfamilia de receptores de
glutamato, conforme apresentado na Figura 6. Infelizmente, esses medicamentos estdo
associados a numerosos efeitos adversos graves. Por esse motivo, alguns inibidores da AChE
de primeira geracdo, como tacrina, velnacrina e fisostigmina, ja foram retirados do mercado.
Os inibidores de segunda geracdo, ainda presentes, cursam com efeitos adversos, incluindo
nauseas, vomitos, anorexia e insonia, resultantes de suas acdes nao seletivas em diversos
tecidos, tanto central quanto perifericamente (TAN et al., 2014; BRIGGS et al., 2016; LEI et
al., 2021; FERRARI e SORBI, 2021; RUANGRITCHANKUL et al., 2021).

Figura 6. Medicamentos utilizados no tratamento do declinio cognitivo.
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Fonte: Elaborada pelo autor, 2023.

As abordagens de tratamento existentes atualmente tém como objetivo principal
diminuir a progressao clinica da doenga e aliviar os sintomas. Os inibidores da AChE, utilizados
na terapia sintomatica para a doenca de Alzheimer baseia-se na hipdtese colinérgica, e visam
compensar a reducao de acetilcolina no cérebro, que, segundo a teoria inicial, se inicia no ndcleo
de Meynert. A degeneracdo dos neurdnios colinérgicos esta ligada a alterages na sintese da
acetilcolina ou em sua recaptura pré-sinaptica, resultando em um declinio gradual na
capacidade de memoria. Enquanto a terapia com inibidor de glutamato esta fundamentada na
hipbtese excitotdxica. No entanto, os beneficios gerais dos inibidores da AChE e antagonistas
do receptor NMDA sdo modestos para retardar o declinio do comportamento e a mudanca
clinica global dos pacientes. E considerando as sucessivas falhas no desenvolvimento de
medicamentos para tratar doencas neurodegenerativas e sintomas demenciais, € pertinente a
necessidade de buscar terapias alternativas principalmente para melhoria da qualidade de vida
dos individuos acometidos pela deméncia, com medicamentos com agdo especifica, menor
custo e menos efeitos adversos (TAN et al., 2014; FERRARI e SORBI, 2021).
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O interesse em novas terapias para combater o declinio cognitivo aumentou durante e
apos a pandemia de COVID-19, devido ao impacto significativamente negativo nas pessoas
afetadas pela deméncia, e ao surgimento de sintomas neurolégicos em individuos sem
deméncia. As alteracdes relacionadas a infeccdo pelo virus levaram a hipotese de efeito
neurodegenerativo como consequéncia da infeccdo pelo SARS-CoV-2. Descobertas diversas,
que véo desde 0 aumento da resposta imune e o0 agravamento da neuroinflamac&o até a reducao
na espessura da substancia cinzenta, correlacionam-se com um declinio cognitivo mais
pronunciado durante e apds o periodo de infeccdo. Apesar de os conhecimentos sobre a ligacao
entre neurodegeneracdo e infeccdo pelo SARS-CoV-2 ndo estarem completamente claros, é
fundamental buscar alternativas que possam aprimorar o funcionamento cognitivo na
farmacologia das sindromes demenciais (LIU et al., 2021; LUC et al., 2022; DING e ZHAO,
2023; OLIVERA et al., 2023).

2.2.1 Modelos comportamentais para avaliacdo do declinio cognitivo

Modelos animais de comprometimento cognitivo sdo essenciais para entender as bases
neurais de aprendizagem e memoria, além de testar alternativas aos tratamentos convencionais.
Os modelos farmacolégicos, especialmente focados nos receptores colinérgicos muscarinicos e
nicotinicos, desempenham papel crucial na investigacao das disfungdes cognitivas, permitindo
simular eficazmente sindromes especificas de comprometimento cognitivo (LEVIN e
BUCCAFUSCO, 2006).

O modelo farmacoldgico amplamente utilizado ¢ o da amnésia induzida por
escopolamina, um antagonista do receptor muscarinico que blogueia a neurotransmissao
colinérgica, resultando em comprometimento da memdria em roedores. Este comprometimento
pode ser resultado de alguns dos efeitos da escopolamina, incluindo neuroinflamacao (CHEON
et al., 2021), interrupcdo da conectividade de circuitos colinérgicos, interrup¢cdes na amplitude
e no alinhamento de ondas cerebrais teta (2-10 Hz) durante a codificacdo da memoria no
hipocampo (GEDANKIEN et al., 2023), estresse oxidativo (RAHIMZADEGAN e SOODI,
2018), disfuncdo mitocondrial e aumento da atividade da AChE (WONG-GUERRA et al.,
2017). Assim, ao considerarmos um tratamento complementar eficaz, efeitos como a
restauracao da atividade do sistema colinéergico, inibindo a enzima AChE, efeito antioxidante e
anti-inflamatorio sdo fundamentais. Efeitos estes observados em muitas plantas medicinais
(ULLAH et al., 2020), incluindo a A. edulis (UMEO et al., 2011; TIRLONI et al., 2015;
SANTOS et al. 2021) e explorados nesta tese.
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O teste de reconhecimento de objetos novos (Novel object recognition test) € uma
ferramenta comportamental usada para avaliar a memoria de reconhecimento em animais,
especialmente a de objetos. Esse teste se baseia na tendéncia natural dos roedores de dedicar
mais tempo a exploracdo de um objeto recém-introduzido em compara¢do com um objeto
familiar. Além de medir a memoria, o teste também ¢é utilizado para avaliar comportamentos
relacionados a ansiedade, como a preferéncia por novidades. Os pardmetros comportamentais
analisados no teste incluem o tempo de exploracdo de objetos novos e familiares, a taxa de
exploracdo e a preferéncia pelo objeto recém-introduzido (ENNACEUR e DELACOUR, 1988).

O teste do labirinto aquéatico de Morris (Morris water maze test), € uma ferramenta
comportamental usada para estudar a aprendizagem, a memoria espacial e a memdria de longo
prazo em roedores. Consiste em uma piscina (aparato) circular de agua com pistas de
localizacdo nas laterais, onde o animal é colocado e deve encontrar uma plataforma submersa
para escapar da dgua. O tempo de escape, também chamado de laténcia de fuga, € uma medida
de aprendizado, pois avalia a capacidade dos animais de lembrar a localizac&o da plataforma.
O teste compreende um periodo de treinamento de quatro dias, durante o qual os animais
aprendem a encontrar a plataforma e sdo condicionados a associar esse encontro com a saida
do aparato. Outros parametros comportamentais avaliados incluem o tempo de escape, a
distancia percorrida, a velocidade e o tempo gasto no quadrante da plataforma ap6s o periodo
de aprendizagem (MORRIS, 1984).

2.3 Ansiedade e controle farmacoldgico

A ansiedade é o transtorno psiquidtrico mais comum globalmente, afetando
aproximadamente 4% da populagdo. Este transtorno abrange condi¢cGes como ansiedade
generalizada, panico, estresse pos-traumatico, transtornos obsessivo-compulsivos e fobicos.
Em muitos casos, a ansiedade se manifesta de maneira debilitante, sendo inclusive um sintoma
frequente em casos de deméncia (presente em 38% a 72% dos casos). No entanto, ela recebe
relativamente pouca atengdo e pesquisa em comparagdo com outros sintomas
neuropsiquiatricos. Além da escassez de novas abordagens terapéuticas, apenas 60-85% dos
pacientes com transtornos de ansiedade respondem efetivamente aos tratamentos existentes,
que incluem abordagens farmacologicas e psicoterapéuticas. Além disso, esses pacientes
enfrentam baixa recuperacao e altas taxas de recorréncia nos sintomas. A ansiedade pode causar
uma diminuicdo na qualidade de vida do paciente e contribuir para 0 aumento da sobrecarga do
cuidador, especialmente em casos de pacientes idosos. Além de impactar negativamente a

cognicgéo, o comportamento e a funcionalidade do paciente com deméncia, a ansiedade também
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pode ser considerada um fator de risco para a progressédo da deméncia (KWAK et al., 2017,
GARAKANI et al., 2020; WHO, 2023).

A terapia ansiolitica atual inclui inibidores seletivos da recaptacédo da serotonina (como
fluoxetina e sertralina), inibidores da recaptacdo da serotonina e norepinefrina (duloxetina e
venlafaxina), antidepressivos triciclicos (clomipramina e nortriptilina), agonistas dos receptores
do &cido gama aminobutirico A (GABA-A) (benzodiazepinicos, como diazepam e lorazepam)
e anti-histaminicos (hidroxizina), alguns destacados na Figura 7. Devido a ampla gama de
mecanismos de acdo e efeitos em diferentes sistemas, muitos efeitos adversos sao relatados,
incluindo né&usea, dor de cabeca, boca seca, diarreia ou prisdo de ventre, disfuncdo sexual,
mudangas de peso, sedacdo, retengdo urinaria, arritmias, risco de mortalidade em caso de
sobredosagem, toleréncia e dependéncia. Diante desses desafios, torna-se essencial o continuo
desenvolvimento de medicamentos de origem natural baseados em neurorreceptores
especificos, visando reduzir os efeitos adversos associados a terapia ansiolitica convencional
(FARACH et al., 2012; LIU et al., 2015; GARAKANI et al., 2020).

Figura 7. Medicamentos ansioliticos.
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Fonte: Elaborada pelo autor, 2023.

2.3.1 Modelos comportamentais para avaliagcéo da ansiedade

Na avaliacdo do efeito ansiolitico em modelos animais, alguns testes sdo empregados
para definir a eficacia de novas abordagens terapéuticas. Um desses testes é o claro/escuro
(Light/dark test), utilizado para avaliar respostas de ansiedade ndo condicionadas em roedores.
Fundamentado na aversdo inata a areas iluminadas e no comportamento exploratorio
espontaneo, o teste aplica estressores leves, como um ambiente novo e luz. O aparato consiste
em uma zona escura (considerada segura) e uma zona iluminada (considerada aversiva), sendo

que o tempo gasto em cada zona funciona como um parametro indicativo da presenca ou
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auséncia de comportamento ansioso (CRAWLEY e GOODWIN, 1980; COSTALL et al.,
1989).

Outro método de avaliacdo da ansiedade em roedores € o teste de campo aberto (Open
field test). Este teste € empregado para avaliar os niveis gerais de atividade locomotora,
ansiedade e motivacao para explorar em roedores, utilizando também a aversdo do animal a
areas expostas e mais iluminadas, como o centro do aparato. A arena do campo aberto possuli
paredes para evitar fugas e € dividida em zonas mais ou menos afastadas das laterais do aparato,
incluindo a zona central e a zona periférica. Esse delineamento possibilita a medicéo de diversos
padrGes comportamentais, como a razdo tigmotéatica (preferéncia por estar préximo as paredes),
tempo gasto na zona central, cruzamentos de linhas, entradas na area central, exploracéo vertical
por levantamento (rearing), além de comportamentos como autolimpeza, defecacdo e mic¢do
(HALL, 1934; KRAEUTER et al., 2019).

2.4 Abordagem etnodirigida

Novas abordagens terapéuticas complementares tém sido buscadas para o tratamento de
condicdes inflamatdrias, dor, sindromes demenciais e ansiedade, que incluem combater fatores
como dor e inflamacg&o, além de contribuir para o declinio cognitivo, como a modulacdo da
neurogénese, sinalizacdo cerebral, neuroinflamagdo (WANG et al., 2019), estresse oxidativo
(ABORODE et al., 2022) e comportamentos ansiosos (KHAN et al., 2022). Essas alternativas
abrangem dietas saudaveis, suplementacdo alimentar, exercicios fisicos e meditacdo. Diversas
plantas medicinais sdo consideradas para desempenhar um papel complementar na terapia da
inflamacdo e dor, tais como Ricinus communis (Euphorbiaceae), Curcuma longa
(Zingiberaceae), Zingiber officinale (Zingiberaceae), Rosmarinus officinalis (Lamiaceae). Para
melhoria cognitiva, destacam-se Bacopa monnieri (Plantaginaceae), Centella asiatica
(Apiaceae), Ginkgo biloba (Ginkgoaceae), Cinnamomum zeylanicum (Lauraceae) e Panax
ginseng (Araliaceae). No ambito da ansiedade, plantas como Lavandula angustifolia
(Lamiaceae), Melissa officinalis (Lamiaceae), Passiflora incarnata (Passifloraceae), Erythrina
verna (Fabaceae) e Valeriana officinalis (Caprifoliaceae) tém sido estudadas (GHASEMIAN
etal., 2016; SHARMA e KUMAR, 2019; AREMU e PENDOTA, 2021; KENDA et al., 2022).

Ha evidéncias crescentes de que os flavonoides presentes em alimentos vegetais e
plantas medicinais beneficiam a saide cognitiva, associados a taxas mais lentas de declinio
cognitivo. Estudos destacam a relag@o positiva entre a ingestdo desses compostos, como 0s
encontrados em frutas vermelhas e outros alimentos (LETENNEUR et al., 2007; DEVORE et

al., 2012), e melhorias na funcdo executiva em casos de Alzheimer leve a moderada (KENT et
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al., 2016). Embora a ingestdo a curto prazo possa promover beneficios cognitivos agudos
(WHYTE et al., 2021), sabe-se que a ingestdo a longo prazo esta associada a riscos mais baixos
de doenca de Alzheimer e deméncias relacionadas (SHISHTAR et al., 2020), aléem da
manutencdo da saude cognitiva em geral (GODOS et al., 2020; YEH et al., 2021). As
caracteristicas protetivas da ingestdo de flavonoides estdo associadas a um declinio mais lento
em varias areas cognitivas (memdria episddica, memoria semantica, velocidade perceptual,
memoria de trabalho e de forma menos intensa, na habilidade visuoespacial), além de melhora
na funcdo executiva, com destaque para quercetina e canferol (JENNINGS et al., 2021;
HOLLAND et al., 2023).

Os mecanismos neuroprotetores dos flavonoides em quadros demenciais envolvem a
modulacdo de vias de sinalizacdo neuronal, incluindo a inibicdo da AChE, a reducdo da
agregac¢do da proteina Tau, [3-secretase, estresse oxidativo, inflamag&o e apoptose. Essas acdes
ocorrem por meio de vias que englobam quinases reguladas por sinal extracelular,
fosfatidilinositol-3-quinase, fator nuclear kappa B, proteina quinase ativada por mitdégeno, Fator
Neurotrofico Derivado do Cérebro e sistemas enzimaticos antioxidantes enddgenos. Essas
alteracdes culminam no aprimoramento de mecanismos relacionados a plasticidade sinaptica,
reducdo da neuroinflamacdo e otimizacdo do fluxo sanguineo cerebrovascular, inclusive pela
modulacdo da microbiota intestinal (WILLIAMS et al., 2008; CALDERARO et al., 2022;
WANG et al., 2023).

Este trabalho pretende investigar os potenciais efeitos farmacoldgicos de Allophylus
edulis no tratamento de inflamacé&o, dor, declinio cognitivo e ansiedade. A planta é conhecida
por sua riqueza em flavonoides e tem sido utilizada na medicina popular para tratar diversas
condicBes patoldgicas. Sua aplicacdo pode representar uma alternativa promissora no
desenvolvimento de solucdes terapéuticas de origem natural, com potencial para minimizar

efeitos adversos.

2.5 Familia Sapindaceae e género Allophylus

Sapindaceae é composta por 141 géneros e 2000 espécies, distribuidas principalmente
em regides tropicais e subtropicais, composta principalmente pelos géneros Allophylus L. (250
especies), Cupania L. (50 espécies), Matayba Aubl. (50 espécies), Paullinia L. (190 espécies),
Serjania Mill. (230 espécies) e Talisia Aubl. (ACEVEDO-RODRIGUEZ et al., 2010; ZINI et
al., 2012). No territdrio brasileiro estdo catalogados 27 géneros e 419 espécies, das quais 193

sdo endémicas, com presenca em todos os biomas do territorio nacional (COELHO, 2014).
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Considerando a abundancia de espécies de Allophylus, ela é, consequentemente, a que possui a
maior relevancia etnofarmacolégica (JOLY, 2005; JUDD, 2008).

Diversas espécies de Allophylus sdo utilizadas na medicina popular (CHAVAN e
GAIKWAD, 2013) e algumas com estudos quimicos e efeitos farmacoldgicos evidenciados

cientificamente (Tabela 1).

Tabela 1. Espécies de Allophylus e suas caracteristicas ethofarmacologicas.
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Espécie

Utilizacao popular (Parte/forma

de uso)

Estudos

farmacol6gicos

Estudos quimico

Referéncia

A. africanus P.

Beauv.

A. cobbe (L.)

Raeusch.

A. cominia (L.) Sw.

A. ferrugineus Taub.

Dor de cabeca (F/V); malaria (-/-);
febre (F/D); conjuntivite (F/M);
diarreia e vermicida (R e C/-);
artrite (R, C e F/-); epilepsia e
insanidade (F e R/D)

Bandagem de fraturas dsseas (R e
F/-); erupcdes cutaneas (F/S);
diarreia (R/D); dor de estbmago
(F/IM); e enxaguante bucal (F/-).

Diabetes (F/D); Resfriado comum,
disenteria, dispepsia, hemoptise,
dor de estdmago, tétano, dor de
dente, tuberculose, depurativo,

perda de ferro e célicas menstruais

(-/-).
Gases estomacais, tosse, lombrigas
e febre (R/1).

Antioxidante,
antitumoral, anti-
inflamatério e

antimalarico

Antioxidante,
antitumoral,
antimicrobiano e

citotoxico

Antidiabético,
inibidor da
glicoproteina P (P-
gp) e anti-

inflamatério

Terpenos, flavonoides,
taninos, fitosterois,
alcaloides e glicosideos

cardioativos

Terpenos, acidos fendlicos,
cumarinas, fitosterais,
saponinas, acidos graxos e

alcanos

Flavonoides, acidos
fendlicos, taninos,
fitosterois, antocianidinas e

saponinas

IWU e ANYANWU, 1982; OLADOSU et
al., 2013; BALOGUN et al., 2014;
OLADOSU et al., 2015; CHAVAN E
GAIKWAD, 2016; FERRERES et al., 2018;
IBRAHIM et al., 2018; KINSOU et al.,
2019; ZEUTSOP et al., 2022; RIBEIRO et
al, 2023.

EDIRIWEERA e GRERUB, 2009;
PUNEKAR e LAKSHMINARASIMHAN,
2011; BHAT et al. 2012; ISLAM et al.,
2012; CHAVAN e GAIKWAD, 2013;
CHAVAN e GAIKWAD, 2016; CHAVAN
e GAIKWAD, 2017; GHAGANE et al.,
2017; SANGSOPHA et al., 2019;
THUSYANTHAN et al., 2022.

RODRIGUEZ et al., 2004; CHAVAN e
GAIKWAD, 2016; OLIVA-HERNANDEZ
etal., 2013; SANCHEZ et al., 2014; PEREZ

etal., 2017; SEMAAN et al., 2017;
SEMAAN et a., 2018.

CHAVAN e GAIKWAD, 2016.



A. occidentalis (Sw.)
Radlk.

A. racemosus Sw.
A. rubifolius (Hochst.
ex A. Rich.) Engl.

A. serratus (Roxb.)

Kurz

A. timoriensis (DC.)
Blume

A. zeylanicus L.

A. laevigatus (Turcz.)
Radlk.

A. longipes Radlk.

Resfriado comum, tétano, dor de

dente, tuberculose e depurativo (-/-
).

Ictericia (R/-)
Infeccdes de feridas (F/P);

cicatrizagdo (F/-); Furdnculos (-/-).

Fraturas 6sseas (F/-); Tonico doce,

refrescante e nutritivo (FR/-).

Mal-estar (-/-).

Fraturas e deslocamentos (-/-).

Gastroprotetivo

Antitumoral

Terpenos, saponinas,

alcanos e 4cidos graxos

Terpenos e flavonoides

Cumarinas e fitosterois
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CHAVAN e GAIKWAD, 2016.

CHAVAN e GAIKWAD, 2016.
MARWAH et al., 2007; CHAVAN e
GAIKWAD, 2016.
DHARMANI, et al., 2005; CHAVAN e
GAIKWAD, 2013; CHAVAN e
GAIKWAD, 2016; CHAVAN e
GAIKWAD, 2017.

BRADACS et al., 2010; CHAVAN e
GAIKWAD, 2016.

CHAVAN e GAIKWAD, 2016.

DAVID et al., 2004.

ZHANG et al., 2012.

(-): N&o descrito.

Partes: - (Ndo descrito), R (Raizes), C (Cascas), F (Folhas), e FR (Frutos).

Formas de uso: - (N&o descrito), M (Moido), S (Suco), D (Decocgdo), | (Infuséo), P (Pasta feita com folhas), e V (Vapor inalado/fumigado).
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2.6 Allophylus edulis (A.St.-Hil., Cambess. & A. Juss.) Radlk.
2.6.1. Aspectos botanicos e étnicos

A origem etimoldgica da palavra Allophylus remete ao termo grego allos (de outro) e
phylus (nacéo), referindo-se a uma situacdo geografica, pois o material da descricdo original do
género era procedente do Ceildo (atual Sri Lanka) e edulis remete a sua caracteristica edivel, j&
que os frutos desta espécie sdo apreciados como alimento tanto pelo homem quanto por animais
silvestres (REITZ, 1980; MARCHIORI, 1995).

Allophylus edulis A.St.-Hil., Cambess. & A. Juss. Radlk. possui as sinonimias
Allophylus cambessedei Blume, Allophylus edulis var. gracilis Radlk., Schmidelis edulis A. St.-
Hil., Cambess. & A. Juss, Allophylus guaraniticus (A. St.-Hil.) Radlk., Schmidelia edulis A.St.-
Hil., Cambess. & A.Juss., Schmidelia guaranitica Griseb, Urvillea seriana Griseb. e Nassavia
terminalis Vell. (SANO et al., 2008; POWO, 2023; COELHO, 2023).

E uma espécie conhecida popularmente no Brasil pelos nomes de vacum, chal-chal,
fruta-de-pombo, fruta-de-passarinho, olho-do-pombo, fruta-de-parad, fruto-do-farao, fruto-do-
rei, grao-de-galo, trés-folhas-do-mato, baga-de-morcego, pau-de-pedreira, cocu, murta-branca,
vacunzeiro, murta-vermelha. Na argentina, por frutilla, chalchal, albarillo, chanchal, cacu,
caguy, no Paraguai por cochinilld, cochinillo, cocu e por comunidades indigenas Guarani como
waku, kok( e pykasu rembi’u (ARISAWA et al., 1989; ABREU et al., 2005; KOHLER et al.,
2013; COELHO, 2023).

A distribuicdo geografica dessa espécie compreende parte significativa da América do
Sul, em paises como as Guianas, Bolivia, Paraguai, Uruguai e Argentina (DIAZ et al., 2014).
No Brasil, a ocorréncia se estende por areas de Floresta Ombrdfila Mista, Floresta Estacional
Decidual e Semidecidual, e Cerraddo; especialmente nos estados do Amazonas, Ceara, Bahia,
Mato Grosso, Mato Grosso do Sul, Minas Gerais, Rio de Janeiro, Sdo Paulo, Parana, Santa
Catarina e Rio Grande do Sul (REITZ, 1980; DURIGAN et al., 2004; BACKES e IRGANG,
2004; LORENZI, 2016).

A espécie é descrita como arvore, de até 17m de altura, ramos cilindricos, estriados,
lenticelados, (Figura 8A). As folhas sdo trifolioladas e peciolo subcilindrico e os foliolos
laterais menores que o central e cartdceos (Figura 8B). Inflorescéncias sdo axilares, ndo
ramificadas, maiores ou menores que os peciolos, menores que as folhas, raramente maiores.
As flores possuem sépalas glabras em ambas as faces, e membranaceas. Pétalas séo espatuladas,

com &pice agudo a irregular (Figura 8C) (COELHO, 2014). A coloragdo do fruto varia de
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acordo com o estagio de maturacdo, variando do verde-escuro e amarelo-laranja (Figura 8D)
até o vermelho vivo, quando totalmente maduro (Figura 8E) (ABREU, 2005).

Figura 8. Imagem de Allophylus edulis (A), suas folhas (B), flores (C) e frutos (D e E).

B

Fonte: Elaborada pelo autor, 2023.

Em relacdo ao uso medicinal de A. edulis, Kujawska e Schmeda-hirschmann (2022) e
Kujawska e Pieroni (2015) descrevem o uso das cascas do caule para ictericia; da fruta crua
para aftas; e das folhas para limpeza do sangue, catapora, remédio frio contra superaquecimento
do estdbmago e figado, problema de digestdo, azia, hepatite, hipertensdo, ressaca, diurético e
profilaxia, em preparados que englobam desde a maceracdo a frio, infusdo até a decoccéo.
Enquanto Arisawa et al., (1989) descreve o uso da planta sem processamento (crude drug) para
o0 tratamento de problemas hepaticos, digestivos e colecistite, além de fazer referéncia ao uso
do suco das folhas (maceracdo a frio) em casos de ictericia. O cha das folhas € utilizado em
inflamacdes da garganta, febre, diabetes, problemas intestinais, diarreia e problemas digestivos,
enquanto o decocto é utilizada para lavar feridas, contra a pressdo alta (KORBES, 1995;
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FRANCO e FONTANA, 2001; ALVES et al., 2008) e estimulante da secrecdo da bile para o
duodeno (colagogo) (GRANDTNER e CHEVRETTE, 2013).

Kinupp et al. (2007) cita que existe aceitabilidade na utilizagcdo dos frutos como fruta
de mesa, no entanto, pela perecibilidade, seu uso para a fabricacdo de licores, sucos e polpa
congelada sdo mais indicados. Os frutos quando submetidos ao processo de fermentacao
produzem uma bebida vinosa conhecida como aloja de chachal, chicha ou aloja, sendo
preparado com milho e consumida por indios peruanos, argentinos e brasileiros (REITZ et al.,
1988; ABREU et al., 2005; CHEBEZ e MASARICHE, 2010).

Também ha relato do uso das folhas desta espécie como refrescante, na forma de infuséo
fria conhecido como tereré, composta pelo ingrediente principal, de folhas de erva-mate (llex
paraguaiensis St. Hil., da familia Aquifoliaceae), acompanhado de capim-limdo (Cymbopogon
citratus (DC.) Stapf., da familia Poaceae) e erva-luisa (Aloysia citriodora Palau, da familia
Verbenaceae) utilizadas popularmente em casos de hipertensdo, ressaca, profilaxia e
refrescante. O consumo na forma de maceracgéo aquosa também € descrito em comunidades que
conservam costumes da tradigdo Guarani tanto na Argentina quanto no Paraguai, com a
preparagdo composta por A. edulis em conjunto com folhas de pitanga (Eugenia uniflora L., da
familia Myrtaceae) e gervaozinho-do-campo (Verbena litoralis Kunth, da familia VVerbenaceae)
como refrescante. Ou ainda de A. edulis em conjunto com lantana-de-montevidéu (Verbena
montevidensis Spreng., da familia VVerbenaceae), gervaozinho-do-campo (V. litoralis Kunth.,
da familia Verbenaceae), quebra-pedra (Phyllanthus niruri L., da familia Phyllanthaceae) e
perpétua (Gomphrena celosioides Mart., da familia Amaranthacea) em casos de problemas de
digestdo e ressaca (KUJAWSKA e PARDO-DE-SANTAYANA, 2015; KUJAWSKA, 2018;
KUJAWSKA e SCHMEDA-HIRSCHMANN, 2022).

2.6.2 Composicao quimica

O estudo quimico das folhas (extratos alcodlicos), como ilustrado na Figura 9, reportam
a presenca de flavonoides (1-18), um acido fendlico (19), isocumarinas (20-21), sesquiterpenos
(22, 24), um diterpeno (28), um triterpeno (29), fitosterois (30-31), um acucar (32) e uma
glioxildiureida (33) (ARISAWA et al. 1989; HOFFMANN-BOHM et al. 1992; DIAZ et al.
2008; DIAZ et al., 2014). Arruda et al. (2018) também descreveu qualitativamente a presenca

de saponinas e flavonoides.
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Figura 9. Estruturas quimicas de substancias isoladas de A. edulis.
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Em relacdo ao dleo essencial obtido das folhas de A. edulis, nosso grupo de pesquisa
descreveu a presenca de 41 substancias, com predominancia do sesquiterpeno viridiflorol
(30,88%, Figura 9, 25) de amostras coletadas em Dourados/MS em marco de 2015
(TREVIZAN et al., 2016). De forma complementar, Santos et al. (2021) também evidenciou a
presenca majoritaria de sesquiterpenos nas amostras coletadas na cidade de Dourados e
Bonito/MS, em julho de 2018, com predominancia do 6xido de cariofileno (29,5%, Figura 9,
23), em Dourados e a-zingibereno (45%, Figura 9, 26), em Bonito. O espécime coletado por
Piekarski-Barchik et al. (2021) em Almirante Tamandaré/PR, apresentou 18 substancias, sendo

a mais abundante o sesquiterpeno E-nerolidol (59,44%, Figura 9, 27).

A utilizacdo de A. edulis, bem como os componentes quimicos de seus extratos tém sido
direcionados para uma grande variedade de funcGes, que vao desde a busca por solucdes
sustentaveis na agricultura, até a busca por alternativas farmacol6gicas no tratamento de

diversas condi¢fes patoldgicas.

2.6.3 Estudos bioldgicos

Produtos naturais sao alternativas seguras para praticas agricolas sem produtos quimicos
sintéticos, conhecida como agricultura sustentavel. O interesse em compostos bioativos de
plantas (biopesticidas) surge de sua eficacia no controle de pragas agricolas, custo reduzido,
biodegradabilidade, facil disponibilidade e baixa toxicidade para organismos ndo-alvos
(GODLEWSKA et al., 2021). No contexto da busca por pesticidas naturais e ecologicos, A.
edulis foi estudada. O extrato etandlico dos galhos demonstrou acao repelente contra o pulgéo-
verde-do-pessegueiro (Myzus persicae) e joaninha (Epilachna paenulata) (CASTILLO et al.,
2009). Além disso, ao utilizar o extrato etandlico e fragdes, observou-se atividade contra o
pulgdo-da-aveia (Rhopalosiphum padi) e a lagarta-do-algodo (Spodoptera littoralis) (DIAZ et
al., 2014). Neste Gltimo estudo, verificou-se que o extrato foi mais efetivo contra pulgdes,
enquanto as fragbes foram mais efetivas contra insetos mastigadores, indicando um possivel

sinergismo dos compostos do extrato na agdo contra pulgdes.

2.6.4 Estudos farmacolégicos

A aplicacdo farmacologica dos extratos e fragcdes de A. edulis estdo descritas no
desenvolvimento de estudos na pesquisa pré-clinica, desde ensaios primarios e fundamentais
envolvendo atividade antioxidante e antimicrobiana até a aplicagcdo em condicdes patoldgicas

mais complexas, como nos sistemas cardiaco, renal e hepatico. Os estudos mais difundidos para
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esta especie sdo aqueles utilizando extragdes alcodlicas (etandlicas e metandlicas), aquosas e
hidrodestilacdo (6leos essenciais) de diversas partes da planta.

Com relacdo ao extrato etanolico, estudos utilizando as folhas relatam auséncia de
atividade antimicrobiana (300 mg/ml), frente a Escherichia coli e Candida albicans, e efeito
bactericida frente a S. aureus (TIRLONI et al., 2015). Assim como atividade antioxidante in
vitro pela eliminagéo de radicais livres (DPPH, ICso 17,4 pug/ml), diminuicdo da peroxidagéo
lipidica em eritrocitos (até 77%), e de protecdo contra hemdlise oxidativa de eritrocitos
(TIRLONI et al., 2015). As folhas também foram responsaveis pela atividade inibidora da
enzima conversora de angiotensina, de 34% (100 pg/ml) para o extrato e 53% (100 pg/ml) para
a fragdo n-butandlica (ARISAWA et al., 1989). Mais recentemente foi relatado efeito
nefroprotetivo em modelo de nefrotoxicidade induzido por gentamicina (GALEANO et al.,
2023).

Ao utilizarem o extrato etandlico dos frutos como substrato de anélise, foi observado
aumento da atividade antioxidante pelo ensaio de DPPH (ICso 46,4 de pg/ml), e atividade
anticolinesterasica moderada (a partir de 100 pg) por meio de ensaio bioautografico em
microplaca (UMEO et al., 2011).

Os extratos metandlicos também sdo uma alternativa muito explorada nos estudos
envolvendo A. edulis. Com relatos que remontam a Hoffmann-Bohm et al. (1992), que
demonstrou até 79% de protecdo contra toxicidade de tetracloreto de carbono e galactosamina
em cultura primaria de hepatocitos de rato, tanto do extrato metanélico quanto dos flavonoides
isoladas, de A. edulis var. edulis e A. edulis var. gracilis, evidenciando potencial
hepatoprotetivo. E Matsunaga et al. (1997), que sem descrever a parte da planta, reportou
potencial ionotropico negativo in vitro da fragdo acetato de etila, n-butanol e aquosa (0,3 mg/ml)
no atrio esquerdo isolado de Cobaia (Cavia porcellus), ao observar inibicdo da contratilidade
do atrio em 100% (fracdo acetato de etila), 79% (fracdo n-butandlica) e 83% (fracdo aquosa),
baseado na resposta maxima.

Estudos envolvendo o extrato metanolico dos frutos, reportam apenas atividade
antioxidante, utilizando o mesmo método de DPPH, com prote¢do méaxima de 33% (100 pg/ml),
e inibicdo menor que 50% (50 pg/ml) na inibigdo do &nion superdxido e xantina oxidase
(SCHMEDA-HIRSCHMANN et al., 2005).

Ainda que as descrigdes etnofarmacologicas retratem o uso de preparagdes aquosas
utilizando partes diversas de A. edulis, esta segue sendo uma das formas menos exploradas desta

especie, com relatos limitando-se a avaliagdo antimicrobiana e antioxidante. Com relacéo a
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infusdo das folhas, Arruda et al. (2018) relatou auséncia de atividade inibitoria pelo teste de
disco difusdo em agar frente a E. coli, S. aureus e C. albicans em nenhuma das concentracdes
testadas (12,5-200 mg/ml). Ao utilizar o extrato aquoso obtido por maceracéo das folhas a frio
(4°C), efeitos similares foram observados, com auséncia de inibi¢do do crescimento de E. coli
e C. albicans (300 mg/ml), ainda que houvesse efeito bacteriostatico contra S. aureus
(TIRLONI et al., 2015). Nesse mesmo estudo, Tirloni et al. (2015) também reportou atividade
antioxidante in vitro pela eliminacédo de radicais livres (DPPH, 1Csg 45,8 pug/ml). No trabalho
desenvolvido nesta tese, pretendemos utilizar a infusdo das folhas ndo apenas pelo seu uso
tradicional, mas também como uma maneira de reduzir o emprego de solventes quimicos. A
quimica verde tem crescido em resposta as questdes ambientais e de seguranca (SAHOO e
BANIK, 2020). Com essa abordagem, almejamos minimizar o impacto ambiental decorrente
da utilizacdo de solventes, diminuindo a producao de subprodutos e residuos. Ao mesmo tempo,
buscamos aumentar a seguranca e a salde dos envolvidos na pesquisa, contribuindo para o

desenvolvimento de estudos mais sustentaveis na area de farmacognosia.

Em relacdo ao 6leo essencial obtido das folhas de A. edulis, nosso grupo de pesquisa
tem explorado de forma extensiva, especialmente por seus efeitos em modelos de inflamacéo e
hiperalgesia. De forma que os primeiros trabalhos remontam as amostras coletas no Cerrado
sul-mato-grossense. Trevizan et al. (2016) realizou a avaliagdo em modelos animais utilizando
carragenina como agente flogistico nos modelos de edema de pata e pleurisia tanto do éleo
essencial quanto do composto majoritario, viridiflorol. Foi observado que, tanto o éleo essencial
quanto o viridiflorol inibiram significativamente a pleurisia induzida por carragenina,
reduzindo a migracdo de leucdcitos totais em camundongos em 62% (30 mg/kg de 6leo), 35%
(100 mg/kg de oleo), 71% (3mg/kg de viridiflorol) e 57% (30 mg/kg de viridiflorol). Em
adicional, este estudo descreve o efeito antioxidante pelos métodos de DPPH (ICso 82,9 pug/ml
para o 6leo e 74,7 pg/ml para o viridiflorol) e ABTS (ICsp 44,3 pg/ml para o 6leo, 57,5 pg/ml
para o viridiflorol), bem como atividade antimicobacteriana contra Mycobacterium tuberculosis
(Concentracdo Inibitoria Minima (CIM) de 157,5 mg/ml para o 6leo essencial e 190,0 mg/ml
para o viridiflorol). De forma complementar, Piekarski-Barchik et al. (2021) descreveu a
atividade antioxidante nos testes de DPPH (105,6 mmol equivalentes de Trolox (ET) por 100 g
de 6leo essencial), ABTS (29,1 mmol de ET/100g) e FRAP (76.8 mmol de ET/100g) para o

6leo essencial.

Da mesma maneira, Santos et al. (2021) e Balsalobre et al. (2023) encontraram efeitos

anti-inflamatorios similares de perfis quimicos distintos do 6leo essencial de A. edulis.
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Enquanto Santos et al. (2021) observou a diminuicdo do edema agudo de pata induzido por
carragenina (inibicdo méxima de 89% nas doses de 30 e 100 mg/kg das amostras de 6leo, e nas
doses de 30 mg/kg de oxido de cariofileno ¢ 40 mg/kg de a-zingibereno) quanto edema
prolongado (até 12 dias), induzido por CFA (inibicdo maxima de ~50%). Neste caso 0s
tratamentos também foram capazes de diminuir a hiperalgesia mecénica e térmica (alodinia ao
frio). Balsalobre et al. (2023) descreveu a exposicao oral as doses de 30, 100 e 300 mg/kg do
oleo essencial e 30, 100 e 200 mg/kg de viridiflorol no modelo de nocicep¢éo e edema induzido
por formalina, com resultados de inibicdo maxima de 70% das manifestacGes de dor e 69% do
edema de pata, ambos para a dose de 300 mg/kg do 6leo essencial. Enquanto o viridiflorol
inibiu as manifestacdes de dor em no maximo 70% e o edema em, no maximo 66%, ambos
também na dose maxima testada, 200 mg/kg. A dose de 200 mg/kg continuou a mais efetiva ao
utilizar zimosam para induzir inflamacao articular, de forma que foi possivel observar inibicéo,
apos 4 horas, de 63% da hiperalgesia mecéanica, e 79% da formacdo de edema para o 6leo
essencial e 59% da hiperalgesia mecanica e 78% do edema para o viridiflorol. Ao final de 6
horas, ambos os tratamentos foram capazes de inibir até 69% de leucocitos totais e até 64% dos
polimorfonucleares. Nesta mesma linha, foi observado diminuigéo da producéo de 6xido nitrico
(méximo 86%) e extravasamento de proteinas (até 74%). A administracdo intraplantar de
viridiflorol (300 pg/pata) também foi capaz de inibir a hiperalgesia mecanica (até 71%), térmica
(até 88%) e edema de pata (até 81%) apos 4h da injecdo. Quando houve injecdo intraplantar de
viridiflorol (300 pg/pata) concomitante com TNF-a (100 pg/pata) ou dopamina (30 pg/pata), o
viridiflorol foi capaz de inibir 72% e 53% da hiperalgesia mecanica, respectivamente, apés 4
horas. Trés horas apds as aplicacdes, foi observada inibicdo de 31% (pata com TNF-a) e 83%
(pata com dopamina) da formacdo do edema.

2.6.5 Estudos de toxicidade

Plantas medicinais, embora geralmente consideradas seguras, ndo estdo isentas de
efeitos secundarios ou toxicidade. Portanto, a avaliacdo dos parametros de toxicidade é
essencial para garantir a seguranca de uma planta cujos efeitos bioldgicos e farmacoldgicos sao
conhecidos (JITAREANU et al., 2023). Neste sentido, o teste de toxicidade aguda utilizando
larvas de Artemia salina apresentou baixa toxicidade na concentracdo de 200 mg/ml, quando
utilizado o extrato aquoso das folhas (ARRUDA et al., 2018) e CLso maior que 1000 pg/ml com
extrato etanolico da polpa dos frutos (UMEO et al., 2011). A atividade antiproliferativa e
genotoxica de extratos aquosos de folhas através do sistema teste de Allium cepa também foi
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descrita, sendo observado atividade genotoxica apenas na concentracgéo de 4 g/l (YAJIA et al.,
1999; PASQUALLLI et al., 2015). Quanto ao estudo de toxicidade aguda em roedores (Rattus
norvegicus - Wistar), a DLso do extrato etandlico das folhas foi descrita como maior que 5 g/kg,
pois demonstrou baixa toxicidade, considerando apenas 0 aumento no peso do figado na maior

dose testada (5 g/kg), sem quaisquer outras alteracdes relatadas (TIRLONI et al., 2015).
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3 OBJETIVOS

GERAL
Investigar as propriedades quimicas e farmacoldgicas das folhas de A. edulis, visando
compreender sua composi¢do quimica e seu potencial terapéutico em modelos de inflamacéo,

ansiedade e declinio cognitivo, bem como a toxicidade oral em camundongos.

ESPECIFICOS
ARTIGO 1
Avaliar a composic¢do quimica do 6leo essencial das folhas de A. edulis coletadas em

Dourados/MS e Bonito/MS ao longo de quatro estaces.

ARTIGO 2

Submeter as folhas a cortes histoldgicos, identificagdo das estruturas secretoras e
avaliacdo histoquimica das secrecdes.

Preparar a infusdo das folhas de A. edulis (ILAE) e fracionar as fragcdes hexanica (Hf),
acetato de etila (EAf) e hidrometandlica (HMf).

Quantificar os teores de compostos fenolicos totais, flavonoides, flavondis e taninos
condensados de ILAE, EAf e HMT.

Submeter a vitexina 2"-O-ramnosideo a predicdo in silico de similaridade farmacoldgica
(parametros de Lipinski), alvos farmacodinamicos e toxicidade oral em roedores.

Avaliar a atividade antioxidante de ILAE, EAf e HMf por métodos de sequestro de
radicais livres (DPPH e ABTS) e inibicao da lipoperoxidacao lipidica do -caroteno.

Avaliar o efeito da administracdo oral de ILAE (3, 30 e 100 mg/kg) e HMf (3 mg/kg)
em modelos de inflamacdo aguda (edema de pata e pleurisia induzidos por carragenina),
hiperalgesia mecanica, alodinia térmica e nocicep¢édo (induzido por formalina).

Avaliar o efeito da administracdo oral de ILAE (30 mg/kg), HMf (3 e 30 mg/kg) e AE-
1 (3 mg/kg) em modelo de inflamagdo prolongada (edema de pata induzido por CFA),

hiperalgesia mecanica e alodinia térmica.

ARTIGO 3
Avaliar o efeito da administracdo oral de ILAE (3, 30 e 100 mg/kg) e HMf (3 mg/kg)

em modelos de ansiedade, incluindo o teste de campo aberto e claro/escuro.
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Avaliar o efeito da administracdo oral de ILAE (3, 30 e 100 mg/kg) e HMf (3 mg/kg)
em modelo de declinio cognitivo agudo e prolongado, utilizando o teste de reconhecimento de
objetos e o teste do labirinto aquatico de Morris, ambos induzidos por escopolamina.

Utilizar a estrutura cerebral dos modelos animais para avaliar a inibi¢ao da peroxidacéo
lipidica e da atividade da AChE.

Realizar a redocagem molecular da vitexina 2"-O-ramnosideo na AChE.

Avaliar a toxicidade oral em camundongos do tratamento de 28 dias com ILAE (30, 100
e 300 mg/kg).
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investigate the chemical composition profiles of the essential oil from A. edulis leaves collected seasonally
(the four seasons) in two cities. The A. edulis leaves were collected in winter (July) and spring (November)
2018 and summer (January) and autumn (May) 2019, in the cities of Bonito and Dourados, in the state of
Mato Grosso do Sul, Brazil. The essential oils were extracted by hydrodistillation and analyzed by gas chro-
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matography-mass spectrometry (GC—MS). The essential oil yield in this seasonal variation study consistently

Ke'w ords; ranged between 0.07% and 0.6% (wet wt.) for all samples, increasing considerably with higher temperature
g:g:f:g Ie s and during the inflorescence stage. In the oil samples obtained from Dourados, the major components pres-

ent were «-pinene, caryophyllene oxide, and viridiflorol with yields of 3.04—29.81% across all four seasons,
being caryophyllene oxide the most abundant (20.1-29.81%). The major compound identified in the oil sam-
ples obtained from Bonito was a-zingiberene for all four seasons, though its concentrations were highest in
summer (46.90%) and spring (45.05%). The chemical composition profiles of both cities’ oil samples were sim-
ilar, in that they shared four sesquiterpene compounds, caryophyllene oxide, germacrene D, E-caryophyllene
and viridiflorol. The study highlighted that both seasonal and geographical variation can influence the chem-
ical composition of essential oil from A. edulis.
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1. Introduction

Allophylus edulis (A.St.-Hil., A. Juss. & Cambess.) Radlk., in the fam-
ily Sapindaceae, popularly known as “chal-chal”, “vacuum” or “cocu”,
is a tree (6-10 m in height) with flowering from September to
November and fruiting between November and December (Arisawa
et al., 1989; Korbes, 1995; Lorenzi, 1992). It is widely distributed in
the Brazilian native flora as well as in Bolivia, Argentina, Guayanas
and Uruguayan, with climates ranging from equatorial in the north
and subtropical in the center-south (Diaz et al., 2014; Reitz, 1980). In
Brazil, there is a description of its presence in all biomes, with the
highest incidence in the Atlantic Forest, Pampa, and Cerrado by areas

* Corresponding author at: Faculty of Health Sciences, Federal University of Grande
Dourados, Dourados-Itahum Highway, 79804-970 Dourados, Mato Grosso do Sul,
Brazil.
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of Mixed Ombrophylous Forest, Deciduous and Semideciduous Sea-
sonal Forest, and predominance in Latosols, Ultisols and Neosols
(Durigan et al., 2004; Backes and Irgang, 2004; Lorenzi, 2016). Con-
sidering the diversity of biomes and environmental characteristics
present in the different places where the plant is described, the phe-
nology can change, flowering in February or July to November and
fruiting from February to March, according to Fortunato and Quirino
(2016).

In folk medicine, the leaves (cold maceration with water, infusion,
and decoction) are used in the treatment of gastrointestinal disorders
or as an anti-inflammatory (Korbes, 1995; Kujawska and Schmeda-
Hirschmann, 2022). Biological effects for A. edulis with extracts
obtained from leaves have reported, such as antioxidant (Tirloni et
al., 2015; Piekarski-Barchik et al., 2021), antimicrobial (Tirloni et al.,
2015), hepatoprotective (Hoffmann-Bohm et al.,, 1992), negative ion-
otropic potential (Matsunaga et al., 1997), anticholinesterase activity
(Umeo et al, 2011) and angiotensin-converting enzyme inhibitory
activity (Arisawa et al., 1989). Chemical studies of this species with
extracts reported the presence of cyanolipids and triacylglycerols
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(Aichholz et al., 1997), flavonoids and coumarin (Arisawa et al., 1989),
sesquiterpenes and phytosterols (Diaz et al., 2014), and L-quebrachi-
tol (Diaz et al., 2008).

Investigations by our research group show that the essential oil of
A. edulis leaves collected in March 2015, in Dourados, Mato Grosso do
Sul State, Brazil, was 6.5% for which high concentrations of sesquiter-
penes, with viridiflorol the main constituent found (30.88%) exhib-
ited biological activities, such as anti-mycobacterial, anti-
inflammatory and antioxidant activity (Trevizan et al, 2016). Later, a
re-investigation of the plant’s essential oil composition was done
with leaves collected in July 2018, in Dourados and Bonito, which
also reported sesquiterpenes as the major constituent; however, dif-
ference in chemical composition was noticed, highlighting caryo-
phyllene oxide (29.5%) in Dourados, and «-zingiberene (45.0%) in
Bonito, with viridiflorol present at a low concentration of 2.9% (San-
tos et al,, 2021). This divergent composition could be due to several
factors, such as environmental differences and the plant’'s growth
stage. Nevertheless, both studies also reported biological activities,
including anti-inflammatory activity.

Essentials oils are complex mixtures of several volatile secondary
metabolites from plants, and it is known that intrinsic and extrinsic
factors can change this secondary metabolism and, consequently, sig-
nificantly alter the variation in chemical composition throughout the
seasons of the year (Yang et al,, 2018). Consequently, this temporal
variation may, in part, influence the biological activity of the plant.
Therefore, identifying how the combination of these factors might
influence the chemical composition of an essential oil may be rele-
vant not only for phytochemical prospecting of A. edulis but also for
providing support to explore the active agents responsible for this
plant’s pharmacological action in future studies.

Here we report on the seasonal and geographical variation in
chemical composition of the essential oil of A. edulis (leaves). This
species was selected because it is widespread in the Brazil and still
used in the practice of local traditional medicine.

2. Material and methods
2.1. Plant material and extraction of essential oil

Allophylus edulis leaves were collected in winter (July) and spring
(November) 2018 and summer (January) and autumn (May) 2019, in
two locations in the state of Mato Grosso do Sul, Brazil: Bonito (21°
15'56"S, 56°42'10"W) and Dourados (22°08'23"S, 55°08'16"W). The
taxonomic identity of the plant was certified at the Herbarium of the
Federal University of Grande Dourados (City of de Bonito; 6342 and
City of Dourados, 6343). Access to the plant’s samples was carried out
in accordance with the Sistema Nacional de Gestao do Patrimonio
Genético e do Conhecimento Tradicional Associado (SisGen-
A51F665). The samples (400 g of fresh leaves) were subjected to
hydrodistillation in a Clevenger-type apparatus for approximately
4 h, trapping the essential oil in n-hexane. The oil was dried over
anhydrous sodium sulfate and stored at 4 °C until analyzed. The
essential oil yields were expressed as weight of oil/weight of plant
material.

2.2. Gas chromatography-mass spectrometry (GC/MS)

The analysis was performed using a gas chromatograph equipped
with a mass spectrometer (GC/MS-QP2010 Ultra, Shimadzu, Kyoto,
Japan). A DB-5 column (30 m length, 0.25 mm internal diameter,
0.25 pem film thickness) was used, with helium (99.999% purity) as
the carrier gas at a flow rate of 1.0 mL min~! and an injection volume
of 1 ;L (in the split mode, 1:10). The starting oven temperature was
50 °C, then heated to 280 °C at a rate of 3 °C min~". The injector tem-
perature was set to 220 °C, and the temperature of the transfer line
and the quadrupole detector was 280 °C. The MS scan parameters
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included an electron impact ionization voltage at 70 V, a mass range
from 50 to 600 Da, and a scan interval of 0.3 s. The retention index
was calculated using a mixture of linear alkanes (C8—-C40) as an
external reference. Compound identification was achieved by com-
paring the mass spectra of the samples with the spectra available in
the NIST21 and WILEY229 libraries, as well referring to data found in
published studies (Adams, 2007).

3. Results and discussion

To study how the collection period (time) and geography (space)
influenced the chemical composition of the essential oil from A. edulis
leaves, these were collected during the four yearly seasons (at 8 AM)
at two locations - Bonito and Dourados, in the state of Mato Grosso
do Sul, Brazil.

We reported that the essential oil yield consistently ranged
between 0.07% and 0.6% (w/w) for all seasonal samples in both cities
(Fig. 1). The yield was affected by seasonal changes. The highest
amount of the essential oil in the A. edulis was found during springer
(0.6%) which decreased in autumn to 0.07%. In Dourados and Bonito,
springer and summer is quite hot with an average temperature
32-38 °C, that in part, also resulted in the highest essential oil con-
tent consisted of those months that received the highest light inten-
sity (Fig. 1). As is known, increasing average monthly temperatures
create an effect of temperature stress on aromatic plants and cause
an increase in essential oil content. In springer (November) the plants
were at the inflorescence stage, which may have favored the synthe-
sis of essential oil, which differed from the autumn (May) sample
(Fig. 1). This stage remarkably increased oil yield, to attract pollina-
tors such as bees and other insects.

The variability of the chemical composition revealed over 20
organic volatile compounds, at relative concentrations of 1.00% to
29.81%, with a predominance of sesquiterpenes found as well as
smaller amounts of non-oxygenated monoterpenes in both oil sam-
ples. These results agree with the literature on the chemical composi-
tion of essential oils from A. edulis, which is known to feature a
predominance of sesquiterpenes (Trevizan et al,, 2016; Santos et al.,
2021). Other remaining constituents were present at concentrations
of less than 0.1%. The main substances present in the essential oil of
A. edulis leaves in the different seasons at the two different localities
are shown in Table 1. This could be explained the synthesis stages
and plant needs. Sesquiterpenes are larger, denser and less volatile
molecules than the monoterpenes, which often have protective func-
tions.

The chemical composition of the essential oil samples obtained
from the A. edulis leaves varied according to the place of collection
and across seasons. Those samples obtained from Dourados were dis-
tinguished by «-pinene, caryophyllene oxide and viridiflorol as major
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Fig. 1. Seasonal variation in the yield of essential oil from A. edulis leaves.
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Majority substances present in the essential oil of A. edulis leaves collected in the cities of Dourados and Bonito, MS, Brazil.

Retention indexes

Essential oil (Dourados) (%) Essential oil (Bonito) (%)

Compound Retention time Determined Literature Winter Spring Summer Autumn Winter Spring Summer Autumn
Monoterpenes

a-Pinene 7.001 938 932 3.04 22.29 11.12 10.01 02 09 - -
Camphene 7.441 950 946 013 033 0.58 0.39 - 0.03 - -
Thuja-2-4(10)-diene 7.623 955 953 0.07 0.21 029 047 - - - -
Myrcene 8.885 992 988 - 0.34 0.19 - - - - -
o-Cymene 10.115 1022 1022 - 0.26 0.2 - - - - -
Limonene 10.130 1026 1024 012 - 037 0.29 - 0.02 - -
Sylvestrene 10.285 1026 1025 - 0.66 - - - - - -
a-Campholenal 14.092 1121 1122 028 0.22 021 - - - - -
Trans-Pinocarveol 14.636 1135 1135 04 0.34 032 - - - - -
Cis-Verbenol 14.763 1138 1137 0.54 04 044 - - - - -
Trans-Verbenol 15.194 1143 1140 249 1.68 1.69 277 - - - -
p-Mentha-1,5-dien-8-ol 15.304 1146 1166 118 112 11 153 - - - -
Myrtenal 17.142 1194 1195 028 0.32 044 - - - - -
Myrtenol 17.194 1196 1194 0.24 0.16 - 032 - - - -
Verbenone 17.633 1208 1202 0.66 0.46 0.64 0.76 - - - -
Sesquiterpenes

§-Elemene 23.436 1337 1335 - - - - 0.35 035 0.14 -
a-Copaene 25.185 1375 1374 1.65 1.85 - 312 0.36 - - 0.17
B-Elemene 25,571 1389 1389 0.25 0.11 0.19 - 8.26 9.89 9.26 8.58
(E)-Caryophyllene 27.056 1420 1417 358 544 539 2.84 29 6.86 5.98 420
a-trans-Bergamotene 27.713 1436 1432 - - - - 1.92 1.02 131 1.58
a-Humulene 28.397 1453 1452 1.03 1.82 14 1.0 - 0.73 04 0.93
9-epi-{E)-Caryophyllene 28.688 1461 1464 - - - - - - 0.39 -
y-Muurolene 29.336 1477 1478 029 - 021 025 - - - 1283
ar-Curcumene 29.403 1480 1479 - - - - - 278 1.57 3.08
Germacrene D 29.528 1484 1484 1.84 11.76 115 1.55 124 11.23 6.91 145
y-Himachalene 29.597 1487 1481 - 4.05 1.93 135 - 0.66 0.49 0.58
cis-Eudesma-6,11-diene 29.747 1488 1489 149 - - - 0.15 - - -
a-Zingiberene 30.157 1497 1493 1.89 - - - 27.55 45.0 46.9 25.86
Bicyclogermacrene 30218 1498 1500 243 264 41 5.09 - - - -
a-Muurolene 30.224 1501 1500 0.64 0.67 067 053 - 061 0.44 0.55
(E,E)-a-Farnesene 30.545 1506 1505 - - - - 5.94 6.76 7.18 6.02
Cubebol 30.676 1510 1514 - - - 1 - - - 1.07
S-Amorphene 31.113 1521 1511 - 347 - - - 0.46 0.55 -
$-Cadinene 31.291 1522 1522 322 - 4 264 - - - -
B-Sesquiphellandrene 31.296 1525 1521 - - - - 1275 6.73 89 5.84
trans-Cadina-14-diene 31.430 1533 1533 0.18 0.04 0.06 0.12 0.05 0.07 - -
a-Agarofuran 32.064 1547 1548 156 1.64 13 - - - - -
Germacrene B 32.369 1558 1559 238 - - 1.85 0.19 047 022 0.1
(E)-Nerolidol 32.778 1564 1561 - - - - - 073 0.61 0.74
Spathulenol 33.149 1578 1577 - - 313 25 0.54 051 0.17 1.53
Germacrene p-4-ol 33.200 1579 1574 - 232 - - - - 0.02 -
Caryophyllene oxide 33.888 1583 1582 28.48 20.1 29.81 22.88 1.55 1.06 117 1.54
Viridiflorol 34.044 1592 1592 28 2.5 8.66 14.47 1.04 1.62 138 0.08
Globulol 34.145 1580 1590 - - 292 1.88 - 1 1.12 1.42
Humulene epoxide Il 34.655 1613 1608 3.69 3.07 33 212 - - - -
10-epi-y-Eudesmol 34.978 1622 1622 171 5.62 12 - 0.06 - - -
epi-a-Muurolol 35.535 1645 1640 - 3.6 277 157 - - - -
epi-a-Cadinol 35.556 1626 1638 - - - - - 1.62 1.14 -
a-Muurolol! 35.762 1647 1644 - - 0.83 0.5 3.92 13 1.57 -
Agarospirol 35.845 1646 1646 341 - - - - - - -
4-a-hydroxy-Dihydri agarofuran 35.979 1650 1651 125 - - - - - - -
a-Cadinol 36.356 1656 1652 452 3.66 3.56 1.55 343 352 128 -
14-hydroxy-9-epi-(E)-Caryophyllene  36.806 1668 1668 - 0.84 148 - - - - -
Occidenol 36.983 1676 1676 3.66 - - - - - - -
11-aH— Himachal-4-en-1--ol 37.490 1689 1699 - - - - 6.55 - 1.99 -

(-) not determined.

components, ranging from 3.04% to 29.81% for all four seasons, in
which caryophyllene oxide was most prevalent (20.1-29.81%)
(Table 1). Those three major compounds accounted for 34.32—54.99%
of the total oil composition over the different seasons. There was no
fluctuation in caryophyllene oxide levels during the analysis period.
The presence of «-pinene was highest during the spring (22.29%),
with a much lower level in winter (3.04%), where the viridiflorol con-
tent peaked in autumn (14.47%), with lower levels obtained in both
winter and spring (2.8% and 2.5%) (Table 1).

More intriguingly, however, was the difference in oil composition.
Considering the major compounds identified in the oil samples

obtained from Bonito, «-zingiberene was dominant all year, reaching
its highest concentrations in summer (46.90%) and spring (45.05%).
This level of concentration varied temporally, with lower levels
obtained for the winter (27.55%) and autumn (25.86%) collection
periods (Table 1). The other compounds present, namely S-elemene
and B-sesquiphellandrene, also had relatively moderate concentra-
tions that ranged from 8.26% to 9.86% and 5.84% to 12.75%, respec-
tively (Table 1).

The level of concentration of the compounds present in essential
oils was distributed unevenly among seasons. It is known, that all ter-
penoids are synthesized by the condensation of repetitive 5-carbon
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isoprene units, isopentenyl pyrophosphate (IPP), and its isomer,
dimethylallyl-pyrophosphate (DMAPP) (Singh and Sharma, 2015).
The formation of IPP can occur by two biosynthetic routes: the classi-
cal or mevalonate pathway (MVA), responsible for the formation of
sesquiterpenes, which occurs preferentially in the cytosol and whose
precursors are pyruvate and acetyl coenzyme A. The formation of ses-
quiterpenes begins with the condensation of two pyrophosphate iso-
prenoids (IPP and DMAP), forms the geranyl pyrophosphate,
precursor of monoterpenes, and units are added of the IPP, generat-
ing farnesyl pyrophosphate. These structures are modified by
enzymes (hydroxylases, dehydrogenases, reductases and glycosyl,
methyl and acyl transferases), which together generate a number of
different compounds, that can be generated from rearrangement and
cyclization, as showed this study, in different collection period, show-
ing a significant variability, when the concentration of the a-pinene,
viridiflorol and «-zingiberene varied in relation the temperature.
Under unfavorable conditions, whose combinations of substrate pref-
erence and folding, transient stabilization of carbocations and con-
trolled suppression of carbocations will lead to the production of
others terpenes (Verma and Shukla, 2015; Rudolf and Chang, 2020).

These variations may be partially correlated with some character-
istics of the access sites. Bonito city (Serra da Bodoquena National
Park), biome consists mainly of deciduous forest and semideciduous
seasonal forest so that the territory comprises features such as the
Caatinga, Cerrado, Chaco and Atlantic Forests (Caceres et al., 2007;
Uetanabaro et al., 2007). The climate is characterized as Aw (tropical
climate with a dry season in winter), according to the Koppen classifi-
cation (Chagas et al., 2009). In Dourados, the climate is considered a
transition between tropical and subtropical, and Koppen's classifica-
tion is Cwa (humid temperate climate with dry winter and hot sum-
mer) (Souza et al, 2017). Similarities can be observed in the soil
characteristics of the two sites. Soil pH varies between slightly acidic
and neutral and has low fertility. In the city of Dourados, the soil is
classified as Red Latosol with higher levels of aluminum, magnesium,
and lower levels of potassium and sodium, as well as the calcareous
soil of Bonito, classified as Red Argisol. Although the concentration of
these elements does not clarify their bioavailability, since the
nutrients may be present in non-assimilable forms, the similarity
between soil characteristics may be responsible for the specific simi-
larities in the oil composition (Lourente et al., 2011; Silva et al., 2013;
Souza et al., 2017).

The chemical composition profiles of both cities’ oil samples were
similar, in that they shared four sesquiterpene compounds, caryo-
phyllene oxide (1.06—29.80%), germacrene D (1.45—11.76%), E-caryo-
phyllene (2.9-6.86%) and viridiflorol (0.08-14.47%) (Table 1), which
can be suggested in part as chemical markers of the species.

Although there is no information about the dynamic accumulation
of sesquiterpenes in A. edulis, it is possible to define this compound
class as being the most expressive in the species, at least among the
studied samples here. This interpretation is supported by comparing
our results to those of Trevizan et al. (2016), Santos et al. (2021), and
Piekarski-Barchik et al. (2021), who respectively reported viridiflorol,
caryophyllene oxide and «-zingiberene, and (E)-nerolidol, as the
major compounds in the analyzed samples, in addition to having
larger amounts sesquiterpenes compared to other terpenes. The
same pattern was observed for the essential oil samples obtained
from A. africanus, which showed caryophyllene oxide as one of the
major substances (Balogun et al., 2014). To our best knowledge, the
present study is the first to report seasonal and geographical effects
upon the chemical composition of essential oil from A. edulis leaves.

The variation observed in the concentration of chemical constitu-
ents of the essential oils from A. edulis can be attributed, in part, to
environmental conditions, mainly water availability and tempera-
ture, which can change the relative proportions of compound in the
oil composition profile. In this study, the concentration of terpenoids
in the oil samples appeared to generally increase at higher
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temperatures (i.e., in spring and summer), with some exceptions to
this pattern. Many factors could influence the seasonal variation of
the essential oil composition, i.e. thermoregulatory, as the essential
oil hydrophobic compounds could increase during the hot periods to
protect the plant from desiccation and luminosity fluctuation rates
(Kamatou et al,, 2008; de Amaral et al., 2015). In this study, results
showed a progressive increase in essential oil yield with increasing
temperature, showed a significant positive correlation between
essential oil content and in the concentration of chemical constitu-
ents with temperature, respectively.

This is in agreement, when a correlation was performed with the
data obtained from the Weather and Climate Monitoring Center of
the state of Mato Grosso do Sul (CEMTEC/SEMAGRO) (http:/fwww.
cemtec.ms.gov.br/) by Dourados and Bonito city, during spring (Sep-
tember to December) and summer (January to March) higher insola-
tion (incidence of UV radiation), temperatures and precipitations
were observed compared to autumn (March to June) and winter
(June to September). Such conditions may provide an increase in the
photosynthetic activity and growth of species, contributing with a
greater amount of carbon skeletons to produce secondary metabo-
lites (Santos et al., 2012).

These results agree with other studies in the literature that docu-
mented higher levels of terpenoids in spring and summer than in
autumn and winter (Chen et al., 2014; Robles and Garzino, 2000; Riv-
oal et al., 2010; Silva et al., 2019).

4. Conclusion

The chemical composition and yield of the essential oil from A.
edulis varied significantly during the collections, highlighting the
presence of caryophyllene oxide (Dourados city) for all four seasons
and a-zingiberene (Bonito) in summer and spring. In turn, there was
a increase in essential oil yield and difference in chemical profiles
with increasing temperature and during the inflorescence stage. Four
sesquiterpene, caryophyllene oxide, germacrene, E-caryophyllene
and viridiflorol were reported in all collections which in part may
indicate the possibility of being a chemical marker of the species.
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ABSTRACT

Ethnopharmacological relevance: Allophylus edulis, known as “vacum” in Brazil, is used in
popular medicine for the treatment of inflammatory disease. However, there is no scientific
evidence demonstrating this activity by infusion obtained from A. edulis leaves.

Aim of the study: This research aims to evaluate the chemical composition, potential antioxidant
activity, anti-inflammatory, and antinociceptive properties of the infusion obtained from A.
edulis leaves. Additionally, a detailed histochemical description of A. edulis leaf sections is
provided.

Materials and Methods: Fresh A. edulis leaves underwent histochemical analysis. Another set
of leaves was used to produce lyophilized infusion (ILAE) and the hydromethanolic fraction
(HMT), along with the compound vitexin 2"-O-rhamnoside (AE-1). Chemical investigation
(quantification of total phenols, flavonoids, flavonols and condensed tannins) of the ILAE and
isolation of vitexin 2"-O-rhamnoside (AE-1) was performed. In silico methods predicted drug
similarity and identified pharmacodynamic targets for vitexin 2"-O-rhamnoside, along with
projecting its oral toxicity in rodents. The antioxidant activity of ILAE, HMf and ethyl acetate
fraction (EAf) was evaluated by radical scavenging (2,2-Diphenyl-1-picrylhydrazyl (DPPH)
and 2,2'-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid (ABTS)) and lipid peroxidation (j3-
carotene/linoleic acid). The anti-inflammatory and anti-nociceptive properties of oral
administration of ILAE (3, 30 and 100 mg/kg), hydromethanolic fraction HMf (3 and 30 mg/kg)
and EA-1 (3 mg/ kg) were evaluated in the following models: carrageenan-induced acute paw
edema/hyperalgesia and pleurisy, formalin-induced nociception and by Complete Freund’s
Adjuvant (CFA) induced paw inflammation in mice.

Results: The ILAE and fractions has total phenols measuring < 177 mg GAE/g, also identified
in secretory structures. Additionally, it exhibited antioxidant activity by inhibiting free radicals

(ICs0 <28 pug/mL in DPPH and 61 pg/mL in ABTS) and lipid peroxidation (ICso < 195 pg/mL
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in B-carotene/linoleic acid). The vitexin 2"-O-rhamnoside, a flavonoid with three Lipinski's rule
violations and low predicted toxicity through in silico methods was obtained from
hydromethanolic fraction. All oral doses of ILAE and HMf significantly reduced carrageenan-
induced paw edema/hyperalgesia and leukocyte migration, particularly at a dose of 3 mg/kg for
both ILAE and HMf. Among the samples, HMf (3 mg/kg) most effectively reduced formalin-
induced manifestations, particularly during phase Il. Similarly, both edema and hyperalgesia
induced by CFA responded to treatments with ILAE (30 mg/kg), HMf (30 mg/kg) and AE-1 (3
mg/kg).

Conclusions: This study revealed the chemical compositions, mainly polyphenolic substances,
of lyophilized infusion obtained from of A. edulis leaves. The antioxidant capacity, particularly
in free radical inhibition, and the acute and prolonged anti-inflammatory, antihyperalgesic, and
antinociceptive properties explains the popular use and the potential for novel therapies in

inflammation-related pathologies.

Keywords: Vacum, Leaf Infusion, Vitexin flavonoid, Carrageenan, Complete Freund’s

Adjuvant.

1. Introduction

The use of medicinal plants serves as the primary therapeutic approach for a wide range
of pathologies, especially within specific communities. Peruvian, Argentine and Brazilian
traditional communities report the traditional use of leaves (agueous maceration and/or
infusion) from Allophylus edulis (A. St.-Hil., A. Juss. & Cambess.) Radlk. This plant
(Sapindaceae family) is known as “vacum”, “cocu” or “chal-chal”, and is traditionally used to
treat several inflammatory conditions, including sore throat, cholecystitis and fever (Arisawa et

al., 1989; Korbes, 1995; Franco and Fontana, 2001).
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In an attempt to demonstrate these effects, some studies have provided evidence that
extracts from the leaves (aqueous, ethanolic, or methanolic), exhibit antimicrobial properties
(Arruda et al., 2018), angiotensin-converting enzyme inhibition (Arisawa et al., 1989),
antioxidative effects (Tirloni et al., 2015), hepatoprotective potential (Hoffmann-Bohm et al.,
1992), and negative ionotropic properties (Matsunaga et al., 1997). Additionally, chemical
studies on the leaves of A. edulis (methanolic extracts), have reported the isolation and
characterization of phenolic acids, coumarins, and flavonoids (Arisawa et al., 1989; Hoffmann-
Bohm et al., 1992).

In the same context, as part of efforts to validate the ethnobotanical use of A. edulis
leaves for their anti-inflammatory effects, it was demonstrated anti-inflammatory activity for
both the essential oil and its major components. The anti-inflammatory potential was assessed
through various methods, revealing significant inhibition of leukocyte migration, edema, cold
sensitivity, and mechanical hyperalgesia induced by agents including carrageenan, zymosan,
tumor necrosis factor-o (TNF-a), dopamine (DOPA), Complete Freund’s Adjuvant (CFA), and
formalin-induced nociception (Trevizan et al., 2016; Santos et al., 2021; Balsalobre et al.,
2023). However, to date, the anti-inflammatory actions of the leaf extract have not been
evaluated, despite its traditional folk use.

This reinforces the importance of continuing studies with A. edulis, since maceration or
infusion of the leaves are used to treat inflammation (Arisawa et al., 1989; Kdrbes, 1995). As
such, controlling the duration and magnitude of inflammation plays a central role in mitigating
the damage caused by these pathologies (Kaur and Singh, 2022). And knowing that there are
few effective anti-inflammatory drugs with minimal side effects, there is an evident need for
more effective drugs with low toxicity. One of the alternatives is the use of glycosylated

flavonoids, abundant metabolites in A. edulis that have important pharmacological properties,
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especially due to their solubility, stability, and bioactivity in the human body (Plaza et al., 2014;
Xu et al., 2016).

Considering that the reports made by our research group showed anti-inflammatory,
anti-arthritic and anti-hyperalgesic properties from its essential oil (apolar metabolites), this
work aims to evaluate the anti-inflammatory, antioxidant and antinociceptive activity from the
infusion leaves (polar) (ILAE) and major compound (AE-1) of A. edulis (Fig. 1). Additionally,
we reported the histochemical analysis of leaf secretory structures, which aids species

identification, and contributes for the quality control of herbal products.

Rha—Gilc

Fig. 1. Chemical structure of Vitexin 2"-O-rhamnoside isolated from A. edulis.

2. Material and methods
2.1. Drugs and solvents

A-Carrageenan, Complete Freund's Adjuvant (CFA), Prednisolone, Bradford Reagent,
Quercetin hydrate, Catechin hydrate, Gallic Acid, 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2'-
Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), Butylated
hydroxytoluene (BHT), silica gel GF (254) and Lipophilic sephadex resin (Sephadex LH-20)
were purchased from Sigma-Aldrich (St. Louis, MO, USA). TCL Silica gel 60 were purchased
from Merck KGaA (Darmstadt, DE). Dexamethasone was purchased from EMS (Hortolandia,
SP, BR). L-Ascorbic acid from Dinadmica (Sdo Paulo, SP, BR). Morphine from Cristalia
(Itapira, SP, BR). Formalin from Cromato (Diadema, SP, BR). Turk's solution from Newprov

(Pinhais, PR, BR). Methanol and n-Hexane from Neon (Suzano, SP, BR). Ethyl acetate from
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Proquimios (Rio de Janeiro, RJ, BR). Methanol-D4 was used on Nuclear Magnetic Resonance
(NMR) was LC grade and purchased from Cambridge Isotope Laboratories (Andover, MA,

USA). Additional other drugs and reagents used were of analytical grade.

2.2. Plant material

The A. edulis leaves were collected at the Medicinal Plant Garden of the Federal
University of Grande Dourados (UFGD), in the city of Dourados (Mato Grosso do Sul, Brazil,
22°11°43.7”’S 54°56°08.5”W), identified by Dr. Zefa Valdivina Pereira, and deposit in the
UFGD herbarium under the code DDMS 342. Authorization to access the Brazilian genetic
heritage was obtained by the National System for the Genetic Heritage and Associated

Traditional Knowledge Management (SisGen-A51F665).

2.3. Histochemical analyses

Free-hand sections of fresh leaves of A. edulis were transversely sectioned and,
subsequently submitted to different treatments to investigate the chemical composition of the
secretions present in the glandular trichomes, ducts, laticifers and idioblasts. Various reagents
were used for detection of classes of compounds and the reagents description/compounds are
as follows: : (a) Sudan Il to verify the presence of lipophilic compounds (Pearse, 1972); (b)
Nadi reagent to detect terpenoids (David and Carde, 1964); (c) ferric chloride (Johansen, 1940)
and potassium dichromate (Gabe, 1968) to reveal the presence of phenolic compounds; (d)
vanillin — hydrochloric acid to evidence tannins (Mace and Howell, 1974); (¢) Dragendorft’s
reagent (Svendsen and Verpoorte, 1983) to detect the presence of alkaloids and (f) oil red O
reagent to detect latex (Pearse, 1968). Untreated sections were used as control. Slides were
observed under bright field and the photomicrographs were obtained using an Olympus CX31

attached to a C7070 control unit.
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2.4. Infusion preparation, fractioning, isolation, and NMR analysis

The infusion of A. edulis leaves (ILAE) was obtained by boiling distilled water (10 L),
which was then placed over fresh chopped A. edulis leaves (1.0 kg). After infusing for 15-25
minutes, it was filtered and lyophilized (Lyophilizer Christ, Osterode am Harz, DE). The
resulting A. edulis leaf infusion (ILAE, 40 g) was stored in a freezer at -5°C until needed for
the experiments.

Part of the ILAE (38 g) was dissolved in MeOH: H20 (1:1) and partitioned with n-
hexane and ethyl acetate, to obtain the n-hexane (Hf, 7.6 g), ethyl acetate (EAf, 9.5 g) and
hydromethanol (HMf, 13.7 g) fractions, which subsequently analyze by Thin-layer
chromatography (TLC) plates (silica gel 60 or GF254), accomplished by UV irradiation at 254
and 366 nm, and/or by spraying with a H.SO4/MeOH (1:1), H.SOa4/anisaldehyde/acetic acid
(1:0.5:50 mL) solutions followed by heating at 100°C or dragendorff's solution. The HMf,
resulting from partitioning, was subjected to column chromatography on Sephadex LH-20
eluted with H,O, H.O-MeOH 8:2, 6:4, 4.6, and 2:8, and MeOH. After preparative TLC
(CHCI3/MeOH 2:8), afforded AE-1 (16 mg). The isolated compound was identified by
comparing spectroscopic data (*H NMR) with data from the literature (Chopin et al., 1977, Li
etal., 2015). *H NMR (300 MHz), spectra were recorded on a Bruker Ascend 300 spectrometer
(Bruker, Germany), in ppm, using Methanol (MeOD-D4) as solvent.

Vitexin 2"-O-rhamnoside (AE-1): *H NMR &4 (300 MHz, MeOD): 8.04 (d, J= 7.8 Hz),
7.44 (d, J=7.8 Hz), 6.92 (s), 6.58 (5), 5.51 (d, J=4.5 Hz), 5.47 (d, J=4.8 Hz), 4.39-2.03 (m) sugar

protons, 1.04 (m).

2.5. Quantification of constituents: total phenol content and polyphenolics
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The ILAE, EAf and HMf were submitted to the quantification of constituents: (A) total
phenols, measured at 760 nm using a UV spectrophotometer (Bel Photonics, Monza, IT), using
1 mg/ml (in methanol HPLC) of each sample, with results expressed as mg of gallic acid
equivalent per gram of sample (mg GAE/g) with reference to the gallic acid (0.005-0.05
mg/mL) calibration curve (y = 1.3516x + 0.1098, R?>=0.9802) (Siddhuraju and Becker, 2003);
(B) flavonoids were measured at 415 nm, using 2 mg/ml (in methanol HPLC) of each sample;
(C) flavonols at 440 nm, using 2 mg/ml (in ethanol P. A.) of each sample, both expressed as
mg of quercetin equivalent per gram of sample (mg QE/g) by reference to the quercetin (0.001
—0.01 mg/mL) calibration curve (y = 12.94x - 0.0148, R?=0.9991) and (y = 26.143x + 0.3571,
R? = 0.9885), respectively (Aryal et al., 2019); and (D) condensed tannins were measured at
500 nm, using 10 mg/ml (in Methanol HPLC) of each sample, expressed as mg of catechin
equivalent per gram of sample (mg CE/g) with reference to the catechin (0.02 — 0.2 mg/mL)
calibration curve (y = 1.5666x - 0.0412, R?=0.9905) (Hayat et al., 2020). The tests were carried

out in triplicate.

2.6. Drug-likeness, pharmacodynamic targets and toxicity prediction of vitexin 2"-O-
rhamnoside

The prediction of drug likeness and the identification of pharmacodynamic targets for
vitexin 2"-O-rhamnoside (AE-1) were conducted utilizing the Molinspiration online server
(https://www.molinspiration.com) and Swiss ADME (http://www.swissadme.ch/) (Daina et al,
2017), employing Lipinski's rule of five (Lipinski et al., 1997; Lipinski, 2000). The projection
of rodent oral toxicity was performed via the Protox Il servers (https://tox-
new.charite.de/protox_II), estimating LDso values in accordance with the methodology

described by Banerjee et al. (2018).
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2.7. Antioxidant activity
2.7.1. Radical scavenging activity

The ABTS (2,2'-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) radical scavenging
method, as described by Re et al. (1999) and Formagio et al. (2014), involved creating the
ABTS radical by mixing ABTS (7.0 mM) and potassium persulfate (140 mM) and allowing in
darkness at room temperature for 16 hours. The resulting ABTS+ solution was then diluted with
ethanol (P.A) to achieve an absorbance of 0.700+0.05 at 734 nm. Different concentrations of
ILAE, EAf, and HMf (0.6-0.05 mg/mL in methanol) were added to this solution, and the
absorbances were measured after 6 minutes. BHT was used as positive control. The ABTS+
scavenging activity was calculated as: ABTS+ scavenging activity (%) = (Abs Sample - Abs
Control/Abs Control) x 100. The results were expressed as I1Cso.

The DPPH (2,2-Diphenyl-1-picrylhydrazyl) scavenging method, as described by Blois
et al. (1958) and Formagio et al. (2014), used different concentrations (0.6-0.05 mg/mL in
methanol) of ILAE, EAf and HMf mixed with DPPH (0.1 mM). After incubating in the dark at
room temperature for 30 minutes, the absorbance was measured after 30 minutes at 515 nm
using a spectrophotometer (Bel Photonics, Monza, IT). The experiments were conducted in
triplicate and BHT was used as positive control. The percentage of DPPH inhibition was
calculated as follows: 1% = (Abs Sample - Abs Control / Abs Control) x 100. The results were

reported as 1Cso.

2.7.2. Lipid peroxidation assay
The antioxidant activity of ILAE, EAf and HMf was assessed using the [-carotene/
linoleic acid method, following Marco (1968) and Formagio et al. (2014). A solution of -

carotene was prepared (2 mg/mL of f-carotene in chloroform mixed with 20 pLL of 99 % linoleic
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acid and 200 pL of Tween 40). After eliminating chloroform, an emulsion was formed by
vigorously stirring the solution with oxygen-rich distilled water. Aliquots of this emulsion were
mixed with samples at various concentrations (0.01-1 mg/mL). Absorbance at 470 nm was
immediately measured post-preparation. The solutions were then placed in a 50 °C water bath,
and absorbance readings were taken every 20 minutes to track oxidation until the 3-carotene
coloration disappeared within 100 minutes. Antioxidant activity, measured as the percentage of
bleaching inhibition, was determined using the formula %AA = 100-[(Ai — At)/(A'1 — A't) x
100]. Ai = initial absorbance of the sample, At = after 100 minutes of incubation at 50 °C, A'li
= initial absorbance of the control, and A't = control's after 100 minutes of incubation at 50

°C. The results were reported as ICso. The assay was performed in triplicate.

2.8. Animals and ethical clearance

Experiments were performed on male and female Swiss mice (25-30 g), from the
Central animal house facility of the Federal Faculty of Grande Dourados. Animals were housed
in 30x20x13cm polypropylene cages at 22+2°C with a 12:12 h light-dark cycle, with free access
to commercial pelleted food and water. The preparations of infusion and hydrometanolic
fraction were solubilized in 0.9% saline solution and were given to the animals according to
their weight. All animals were euthanized by cervical dislocation or lethal injection of ketamine
(300 mg/kg) and xylazine (30 mg/kg), according to the Euthanasia Practice Guideline,
Normative Resolution No. 37/2018 of the National Council for the Control of Animal
Experimentation (CONCEA). The CONCEA also defined the parameters for handling animals,
and the project received approval from the Committee of Ethics on the Use of Animals (CEUA)

of the Federal University of Grande Dourados (n. 05.2021).

2.9. Anti-inflammatory activity
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2.9.1. Paw edema, cold allodynia and mechanical hyperalgesia induced by carrageenan in
mice paw

Male Swiss mice (n=5) were distributed in groups according to oral (gavage) treatments.
Groups with different doses ILAE (3, 30 or 100 mg/kg), HMf (3 mg/kg), Dexamethasone
(DEXA 1 mg/kg) or control (0.9 % saline solution) received the oral treatment. After 1 h, the
inflammation was induced by injection of carrageenan (300 pg/paw, 50 pL in sterile 0.9 %
saline) in the right paw and 50 pL of 0.9 % saline solution in the contralateral paw (Winter et
al. 1962; Santos et al. 2021). The basal group (physiological control) received no treatment or
injections. Edema was measured after 0.5, 1, 2 and 4 h with a paw plethysmometer (PANLAB
Harvard), and the degree of edema was compared to the one in the left paw.

In this same experiment, the animals were subjected to the cold allodynia using acetone
(Decosterd and Woolf, 2000), and mechanical hyperalgesia (Von Frey test) assessed using an
electronic von Frey apparatus (Deuis et al., 2014). Both parameters were measured 3 and 4 h

after carrageenan injection.

2.9.2. Pleural cell migration and protein exudation induced by carrageenan

Different groups of female Swiss mice (n=5) were treated orally at different doses of
ILAE (3, 30 or 100 mg/kg), HMf (3 mg/kg), DEXA (1 mg/kg) or control (0.9 % saline solution).
The naive group was treated orally and received intrapleural injection of sterile saline solution
(0.9 %). Inflammation of the pleura (pleurisy) was induced by applying 100 uL of 1 %
carrageenan into the mice's pleural cavity (Vinegar et al. 1973; Santos et al. 2021). After 4 h,
euthanasia was performed by injection of ketamine/xylazine, and the thoracic cavity was
washed with 1 mL of phosphate buffered saline (PBS), and the pleural exudate was collected.
The exudate volume was measured and 20 pL are diluted in Turk's Liquid (1:20) and used to

determine the total number of leukocytes present in a Neubauer chamber. Protein extravasation,
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a portion of the exudates were centrifuged, and the protein concentrations were determined by

the Bradford method (Bradford, 1976).

2.9.3. Spontaneous nociceptive response in the formalin model

Male Swiss mice (n=5) were treated orally at different doses ILAE (3, 30 or 100 mg/kg),
HMT (3 mg/kg), or control (sterile saline solution 0.9 %). The positive control group received
morphine (MOR 4 mg/kg) by intraperitoneal route. The animals received 20 uL of 2.5 %
formalin solution by subplantar injection in the right paw. Immediately, were observed pain
manifestations and timed from 0-5 min (first phase) and 15-40 min (second phase). Pain
manifestations were considered as the time (s) that the animal spent licking, shaking, and

holding the injected paw (Hunskaar and Hole, 1987; Sufka et al., 1998).

2.9.4. Paw edema, mechanical and cold hyperalgesia induced by Complete Freund's Adjuvant
(CFA) in mice paw

Male Swiss mice (n=5) were treated orally at different doses ILAE (30 mg/kg), HMf (3
and 30 mg/kg), AE-1 (3 mg/kg), Prednisolone (PRED 3 mg/kg) or control (sterile saline
solution 0.9 %). The basal group (physiological control) received no treatment or injections.
Inflammation was induced by injection of a suspension of CFA (20 pL/right paw) and 0.9 %
saline solution (20 pL) in the contralateral paw (Larson et al., 1986). Edema, cold sensitivity,
and mechanical sensitivity were measured 3, 4, and 24 h after CFA injection, and the

methodology used is described above.

2.10. Statistical analysis
Statistical comparisons were performed using a one-way analysis of variance (ANOVA)

followed by the Tukey’s test, and the differences were considered statistically significant when
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P < 0.05. All statistical calculations and graphs were prepared using GraphPad Prism version
8.0 for Windows (GraphPad Software, San Diego, CA, USA). The 1Cso value is determined as

the concentration of the sample at which the percentage inhibition reaches 50%.

3. Results
3.1. Histochemical analysis of leaf secretory structures

It has compound leaves, trifoliate, with serrated margin and acuminate apex. A. edulis
leaves (Fig. 2a, b) presented four distinct types of secretory structures represented by ducts
(Fig. 2c, 2d, 2e, 2f, 3d, 3e, 3i, 3I), glandular trichomes (Fig. 2g, 2h), laticifers (Fig. 2e, 2i, 2],
39g-i, 3k, 3m) and idioblasts (Fig. 2c-e, 2j, 3c, 3e, 3g-i, 3k-m).

In the present study, secretory ducts were present in the midrib (Fig. 2c-e, 3a, 3b),
lamina (Fig. 2f), petiole (Fig. 3f, 3i) and petiolule (Fig. 3j, 3I). They were commonly found in
the collenchyma or near it (Fig. 2c, 2d, 3d, 3e). The secretion of the secretory ducts reacted
positively with Sudan 111 (Fig. 2e) and with NADI reagent that confirm the presence of essential
lin blue) oil as the secretion storage in ducts (Fig. 2d). Glandular trichomes (Fig. 2g, 2h) were
rare and found on the epidermis of leaves (midrib, lamina, petiole and petiolule). The secretion
reacted with Sudan 111 and become red-orange (Fig. 2h) and turned blue in the NADI reaction,

indicating the presence of essential oils.
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Fig. 2. Histochemical analysis of leaf secretory structures of A. edulis. Fresh material. (a) Plant
in inhabit. (b) A twig. (c, d) Detection of secretory ducts and essential oil by NADI reagent in
the midrib. (e) Exposure of secretory ducts and essential oils by Sudan Il in the midrib. (f)
Positive result for secretory ducts in the lamina by NADI reagent. (g) Glandular trichome
without reaction. (h) Observation of lipophilic material in the glandular trichome using Sudan

I11. (i) Detection of latex in the laticifers of petiole by red oil O reagent. (j) Positive result of
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the presence of latex in the laticifers of petiolule by red oil O reagent. [ct: cuticle, eo: essential
oil, ep: epidermis, fi: fiber, gt: glandular trichome, id: idioblast, la: laticifer, ph: phloem, pp:
palisade parenchyma, sd: secretory duct, sp: spongy parenchyma, xy: xylem]. Scale bars: a =5

cm;b=10cm;d, e, f,i,j =50 um; c, g, h =20 um.

Laticifers were observed in great amount in the ground parenchyma of midrib (Fig. 2e,
3d, 3e), petiole (Fig. 2i, 3h, 3i) and petiolule (Fig. 2j, 3m). Specifically, laticifers were present
in the collenchyma in the ground parenchyma and near the fibers (Fig. 2e, 2j, 3g-i, 3k, 3m), in
the phloem (Fig. 2i, 2j, 3d, 3g-i), close to the xylem and in the pith (Fig. 2i, 2j, 3h). Latex
reacted positively with red oil O (Fig. 2i, 2j, 3i, 3m) in the histochemical tests. VVarious chemical
classes of metabolites were detected in the latex. Lipids were evidenced using Sudan Il (Fig.
2e), phenolic compounds were evidenced with ferric chloride (Fig. 3c, 3k) and potassium
dichromate (Fig. 3g). Tannins were detected with vanillin solution only in the laticifers of

phloem (Fig. 3d, 3h). Alkaloids were distinguished using Dragendorff (Fig. 3e).
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Fig. 3. Histochemical analysis of leaf secretory structures of A. edulis. Fresh material. (a-€)
Midrib. (f-i) Petiole. (j-m) Petiolule. (a,f,j) Positive reaction of fibers and xylem with
phloroglucinol/HCI. (b,c,k) Detection of phenolic compounds by ferric chloride solution. (d,h)
Detection of tannins by vanillin. (e) Detection of alkaloids in the laticifers by Dragendorff. (g)
Phenolic compounds in reaction with potassium dichromate solution. (i,m) Detection of latex
in the laticifers by red oil O reagent. (I) Detection of essential oils in the secretory ducts by

NADI reagent. [co: collenchyma, cr: crystal, eo: essential oil, ep: epidermis, fi: fiber, id:



87

idioblast, la: laticifer, ph: phloem, sd: secretory duct, tt: non-glandular trichome, xy: xylem].

Scale bars: f, j = 500 pum; a, b = 200 um; ¢, g-i, k, I, m =50 pm; d, e = 20 pm.

Secretory idioblasts were frequently observed in leaves of A. edulis (midrib, petiole and
petiolule). They were found beneath the epidermis, forming rows (Fig. 2c-e, 3c-e), scattered in
the collenchyma (Fig. 2c-¢, 2j, 3c-e) and in the parenchyma cells of the xylem (Fig. 2i) and in
small amount in the pith (Fig. 2d). The histochemical tests evidence the presence of lipids (Fig.
2e) and phenolic compounds (Fig. 3c, 3g, 3K) in the idioblasts. Vanillin was detected only in
the idioblasts of the collenchyma (Fig. 3d), yet not found in the idioblasts present in the xylem
(Fig. 3h). Laticifers contrast with idioblasts in terms of cell diameter, shape, color, localization
of storage, and the chemical composition of the secretion (Fig. 2e, 2i, 2j, 3d, 3e, 3h, 3i).
Idioblasts were frequently found in the leaves of A. edulis and formed extensive rows, whereas

laticifers formed less extensive rows and were less abundant.

3.2. Chemical study

The infusion (ILAE) and fractions resulting from partitioning (Hf, EAf and HMf)
showed moderate concentration of the total phenols < 177 mg GAE/g, flavonoids < 63 mg EC/g
and condensed tannins < 75 mg QE/g, (Table 1). The flavonol showed lower concentration in

all samples (<23 mg QE/g) (Table 1).

Table 1. Total phenol, flavonoids, flavonols and condensed tannins of A. edulis.

Metabolites ILAE Hf EAf HMf
Total phenols (mg GAE/g) 177.56+6.16  88.15+5.24  155.92+4.59 159.56+4.74
Flavonoids (mg QE/g) 37.29+0.18 24.36+0.39 46.37+£0.18 63.10+0.20
Flavonols (mg QE/g) 5.22+0.11 6.39+0.07 23.71+0.09 21.63+£0.42

Condensed tannins (mg CE/g) 37.78+1.12 46.48+1.01 75.53+1.31 63.88+1.50
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The values represent the means of three measurements +standard deviation.

The HMf partitioning resulted in the isolation and identification of vitexin 2"-O-
rhamnoside (EA-1). This compound is a flavone-C-glycosides, by the presence of two signals
from hydrogen atoms located in ring A and C, corresponding to the H-6 (6+ 6.58) and H-3 (6n
6.92) for the C-8-susbtituted apigenine skeleton. The tHNMR spectra of EA-1 showed signals
characteristics for a ring B the mono-oxygenated ring at C-4’, due the presence of ortho coupled
aromatic hydrogens at &4 8.04 (d, J= 7.8 Hz, H-2’/H-6) and dn 7.44 (d, J=7.8 Hz, H-3’/H-5").
In addition, the sugar units, C-4 glucose-2'-O-ramnose were evidenced by the signals in o4 5.51

(d, J=4.5 Hz), 5.47 (d, J=4.8 Hz) and 4.39-2.03 (m) sugar protons.

3.3. Drug-likeness, pharmacodynamic targets and toxicity prediction of vitexin 2"-O-
rhamnoside

The results are shown in Table 2 and indicate that the vitexin 2"-O-rhamnoside
exhibited three violations surpassing acceptable thresholds of MW (578.52 g/mol), H-bond

acceptors (14), and hydrogen bond donors (9). The predicted oral bioavailability was 17%.

Table 2. Drug-likeness, pharmacodynamic targets and toxicity prediction of vitexin 2"-O-
rhamnoside from A4. edulis.

VN . . . . . Water
Lipinsk’s parameter Drug Likeness Bioactive scores Toxicity solubility
GPCR .
MW 578.52 | TPSA 23997 ligant 0.12 Hepatot. Inactive Log S -2.82
Bioav. 0.17 %ABS  26.21 Ton channel -0.37 | Carcinog. Inactive
modulator
Log P -0.18 Kinase 0.05 | Immunog. Active

inhibitor
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Nuclear
nOH 14 receptor -0.01 Cytot. Inactive
ligant
Protease LDso 5000
NHn 9 inhibitor ~ °%* | (mg/kg) (class 5)
Enzyme

inhibitor 0.33

Violations 3

TPSA: topological polar surface area (< 140 A2); %ABS: theoretical oral absorption percentage (% = 109 — [0.345
x TPSA]); MW: molecular weight ( < 500 g/mol); Bioavailability score (> 0.1); LogP: octanol-water partition
coefficient Log P (lipophilicity) (not > 5); nOH: number of H-bond acceptors ( < 10); NHn: number of H-bond

donors (not > 5); and Log S (solubility) (-1 to -5).

Considering positive values (>0.0) for plant molecules as a bioactivity predictor (Lata
et al., 2023), the analysis of vitexin-2"-O-rhamnoside's pharmacodynamic behavior reveals its
potential for greater bioactivity as a GPCR ligant, kinase, protease, and enzyme inhibitor (Table
2). When submitted to the server of oral toxicity analysis in rodents, exhibited class 5 toxicity,
with a predicted LDso of 5000 mg/kg and an accuracy of 67.38%. It showed no hepatotoxicity
or toxicological parameters related to carcinogenicity, mutagenicity, and cytotoxicity.

However, it demonstrated active immunotoxicity (Table 2).

3.4. Antioxidant activity

The results showed that ILAE, EAf and HMf have potent antioxidant activity by
reducing the DPPH radical (ICso < 28.07 pg/mL), highlighting the HMf with ICsp (15.1 pg/mL)
(Table 3). Higher ICso values were found in the assessment of lipid peroxidation assessed by
the B-carotene/linoleic acid test, which showed values of 1Csg <195.6 ug/mL, highlighting also

HMT (with ICso of 55.44 pug/mL), when compared to BHT (ICs0 = 13.03) (Table 3).

Table 3. Antioxidant activity of infusion (ILAE) and fractions (EAf and HMf) of A. edulis

leaves.

Antioxidant activity ILAE EAf HMf BHT
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ICs0 (ug/mL)
DPPH 27.88+0.002 28.07+0.003 15.17+0.004 9.89+0.002
ABTS 40.55+0.029 25.15+0.039 61.80+0.013 9.75+0.004
[B-carotene/linoleic acid 117.9+0.50 195.6+0.09 55.44+0.72 13.03+0.04

The values represent the means of three measurements +standard deviation.

3.5. Anti-inflammatory, anti-hyperalgesic and antinociceptive activity of ILAE, HMf and/or
AE-1

In the carrageenan-induced paw edema inflammatory model, the oral exposure to ILAE
(3 mg/kg) and HMf (3 mg/kg) at 0.5 h significantly reduced edema formation by 60.0 and
55.0%, respectively, compared to the control (both P<0.05). The positive control (DEXA 1
mg/kg) also significantly reduced edema formation by 60.0% compared to the control (P<0.05).
When comparing ILAE and HMf doses, there was no statistical difference, except for the 3 and
30 mg/kg ILAE doses (P<0.05). This lack of statistical difference persisted when comparing
with DEXA, except for the 30 mg/kg ILAE dose (P<0.05). At 1 h after carrageenan injection
(Fig. 4B), ILAE (3 mg/kg) demonstrated inhibition of edema formation at 82.7% (P<0.001),
while HMf (3 mg/kg) exhibited a 51.7% inhibition (P<0.01). In contrast, DEXA showed a
substantial inhibition of 72.4% (P<0.001), all relative to the control. No statistical differences
were observed between ILAE and HMf treatments, as well as in comparison with DEXA (Fig.
4B). After 2 h (Fig. 4C), ILAE (3 mg/kg) and HMf (3 mg/kg) significantly reduced edema
formation by 65.5% (P<0.001) and 58.6% (P<0.01), respectively, compared to the control. In
parallel, DEXA (1 mg/kg) exhibited an inhibition of 72.4% (P<0.001) relative to the control.
No statistical differences were observed between ILAE and HMTf treatments. The only
differences found were between ILAE (100 mg/kg) and DEXA (1 mg/kg) treatments, with
P<0.05 (Fig. 4C). In the final evaluation at 4 h (Fig. 4D), ILAE (3 mg/kg) and HMf (3 mg/kg)

demonstrated a statistically significant effect with 79.3 and 72.4% inhibition of paw edema
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compared to the control (P<0.001), respectively. In a similar vein, DEXA (1 mg/kg) also
exhibited a significant effect with 72.4% inhibition of paw edema compared to the control
(P<0.001). No statistically significant differences were observed between treatments, as well as
in comparison with DEXA (Fig. 4D).

In the carrageenan paw model, the acetone-induced allodynia and oral administration of
ILAE and HMTf significantly reduced responses to cold stimuli, by 50.0% (ILAE 3 and 100
mg/kg, and HMf 3 mg/kg) and 54.0% (ILAE 30 mg/kg) at 3 h (Fig. 4E), compared to the control
group (all with P<0.01). After 4 h (Fig. 4F), the observed reduction was 47.6% (ILAE 3 and
100 mg/kg, and HMf 3 mg/kg, P<0.01) and 61.9% (ILAE 30 mg/kg, P<0.001), compared to
control. Treatment with DEXA (1 mg/kg) exhibited a decrease of 77.2% at 3 h and 61.9% at 4
h (Fig. 4E, F) compared to the control group (both with P<0.001). No statistically significant
differences were observed between ILAE and HMf, as well as between both and DEXA at 3
and 4 h (Fig. 4E, F).

In the carrageenan paw model, the mechanical hyperalgesia was evidenced after 3 and
4 h from carrageenan injection. (Fig. 4G). The ILAE inhibited mechanical sensitivity by 63.7%
(3 mg/kg, P<0.01), 73.8% (30 mg/kg, P<0.001), and 72.6% (100 mg/kg, P<0.001), while HMf
(3 mg/kg, P<0.01) inhibited by 61.3% compared to the control group. At 4 h (Fig. 4H), ILAE
treatments (3, 30, and 100 mg/kg) inhibited mechanical sensitivity by 79.6, 83.2, and 80.1%,
respectively, and HMf (3 mg/kg) by 81.4%, all compared to the control group (P<0.001). The
positive control, DEXA, showed a significant reduction at all time points (78.6% after 3 h and
85.4% after 4 h), with P<0.001, compared to the control group (Fig. 4G, H). When comparing
treatments, no statistical difference was found between ILAE and HMf doses at 3 and 4 hours.
In contrast, compared to DEXA, the positive control exhibited statistical differences from ILAE
(3 mg/kg) and HMf (3 mg/kg) at 3 hours (P<0.001) and from ILAE (3 and 100 mg/kg) at 4

hours (P<0.05) (Fig. 4G, H).
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Fig. 4. Effect of oral ILAE (3, 30 and 100 mg/kg), HMf (3 mg/kg), DEXA (1 mg/kg), or the
vehicle (control) administration on (A, B, C and D) carrageenan-induced paw edema; (E and
F) acetone-induced cold allodynia, and (G and H) mechanical hyperalgesia in mice. Each point
represents the mean+SEM of 5 animals. The (¢) symbol indicates the significant differences
between basal and control group (+P<0.01 and *++P<0.001), while the (*) symbol indicates the
significant differences between treated groups compared with control group (*P<0.05,
**P<0.01 and ***P<0.001), and (+) symbol indicates the significant differences between
treated groups (+P<0.05 and +++P<0.001). Differences between groups were analyzed by one-

way ANOVA followed by the Tukey’s test.

Oral treatment with ILAE (3 and 30 mg/kg) and HMf (3 mg/kg) significantly reduced
leukocyte counts by 45.1, 52.0, and 53.4%, respectively, compared to the control, with P<0.01
(Fig. 5A). The positive control, DEXA (1 mg/kg), decreased leukocyte migration by 79.2%,
with P<0.001, while Naive group decreased by 66.3%, with P<0.001 (Fig. 5A). Differences
between treatments were found only between ILAE (100 mg/kg) and DEXA (1 mg/kg), with
P<0.05 (Fig. 5A). Protein exudation decreased more significantly in treatment with ILAE (30
mg/kg) by 63.3% (P<0.001), while ILAE (3 mg/kg) and HMf (3 mg/kg) decreased by 52.1 and
58.2%, respectively, compared to control (P<0.01) (Fig. 5B). The DEXA (1 mg/kg) decreased
by 66.6% compared to the control, with P<0.001, while Naive group decreased by 64.1%, with

P<0.001 (Fig. 5B). No differences between treatments were found.
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Fig. 5. Effect of oral treatment with ILAE (3, 30 and 100 mg/kg), HMf (3 mg/kg), in
carrageenan-induced pleurisy model, measured by (A) total leukocyte count and (B) protein
dosage. The other induced groups received DEXA (1 mg/kg, p.0.), or the vehicle (control). The
data are represented as the means+SEM of 5 animals. The (¢) symbol indicates the significant
differences between naive and control group (***P<0.001), while the (*) symbol compares the
treated groups with the control group (**P<0.01 and ***P<0.001), and the (+) symbol indicates
the significant differences between treated groups (+P<0.05). Differences between groups were

analyzed by one-way ANOVA followed by the Tukey’s test.

In the phase | of formalin induced nociception, no significant effects were verified when
animals were treated with HMf or ILAE (Fig. 6A). In the phase Il of formalin induced
nociception the HMf (3 mg/kg) significantly reduced pain by 52.6% (P<0.001), while ILAE (3,
30, and 100 mg/kg) reduced pain by a maximum of 21.8% (P<0.05), and the positive control
(MOR) caused a reduction of 76.1% (P<0.001) when compared to control group. The
comparison between treatments showed a statistical difference among all groups with P<0.001,
except between ILAE doses, which were not significant. The comparison did not include the

MOR group (4 mg/kg) due to the difference in administration routes.
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Fig. 6. Effect of treatment with ILAE (3, 30, and 100 mg/kg, p.o.), HMf (3 mg/kg, p.o.), and
MOR (4 mg/kg, i.p.) on formalin-induced nociception. The nociception was measured by pain
manifestations in the (A) first phase and (B) second phase after the injection of a 2.5% formalin
solution in the right paw. Each column represents the mean£SEM of 5 animals. The (*) symbol
indicates the significant differences between treated groups compared with control group
(*P<0.05 and ***P<0.001), and (+) symbol indicates the significant differences between treated
groups (except the MOR group) (+++P<0.001). “ns” indicates not significant (P>0.05). One-

way ANOVA followed by the Tukey’s test was used to analyze the differences between groups.

During the evaluation of CFA-induced paw edema at various intervals, ILAE (30
mg/kg), HMf (30 mg/kg), and AE-1 (3 mg/kg) demonstrated reductions in paw edema by
74.5%, 35.5%, and 50.8% at 3 h; 71.8%, 39.0%, and 48.4% at 4 h; and 61.9%, 36.9%, and
40.4% at 24 h, respectively, compared with the control (all with P<0.001). In contrast, PRED
(3 mg/kg) exhibited a more substantial reduction, with 89.1% at 3 h, 85.4% at 4 h, and 79.5%
at 24 h, all relative to the control (all with P<0.001) (Fig. 7A-C). When comparing A. edulis
treatments, all showed a statistical difference with P<0.001, except between HMf (30 mg/kg)
and AE-1 (3 mg/kg), which exhibited P<0.05 at 3 h and no statistical difference at 4 and 24 h

(Fig. 7A-C). In comparison with the positive control (PRED 3 mg/kg), only ILAE (30 mg/kg)
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showed no significant difference at 3 and 4 h after CFA injection. And the remaining ones that
showed statistical differences had a significance level of P<0.001 (Fig. 7A-C).

When assessing acetone-induced allodynia (Fig. 7D-F) and mechanical hyperalgesia
models (Fig. 7G-I) influenced by CFA, all treatments demonstrated statistically significant
inhibition compared to the control, except for HMF (3 mg/kg). The ILAE (30 mg/kg), HMf (30
mg/kg), and AE-1 (3 mg/kg) showed inhibition of acetone-induced allodynia by 88.2%, 70.5%,
and 88.1% at 3 hours; 88.8%, 83.3%, and 88.7% at 4 hours; and 90.4%, 85.7%, and 90.3% at
24 hours, respectively, all with P<0.001. In contrast, PRED (3 mg/kg) exhibited a higher
inhibition, reaching 92.1% at 3 hours, 92.6% at 4 hours, and 93.6% at 24 hours, all relative to
the control, with P<0.001 (Fig. 7D-F). Comparison of treatments with A. edulis revealed that
all treatments differed from the HMf group (3 mg/kg), with a P<0.001 in most comparisons.
Only HMTf (3 mg/kg) differed from the positive control (P<0.001) at 3, 4, and 24 h after CFA
injection (Fig. 7D-F).

In the mechanical hyperalgesia model following CFA injection, ILAE (30 mg/kg), HMf
(30 mg/kg), and AE-1 (3 mg/kg) exhibited inhibitions of hyperalgesia by 82.1%, 77.7%, and
80.3% at 3 hours; 68.9%, 59.0%, and 65.3% at 4 hours; and 75.9%, 70.4%, and 76.3% at 24
hours, respectively, all with P<0.001. In contrast, PRED (3 mg/kg) demonstrated a higher
inhibition of 87.0% at 3 hours, 79.2% at 4 hours, and 84.9% at 24 hours, relative to the control,
with P<0.001 (Fig. 7G-1). Group comparisons indicated that all treatments differed from the
HMTf group (3 mg/kg) with P<0.001. When compared with the positive control, all treatments
showed a significant difference with P<0.001, except ILAE (30 mg/kg), which exhibited a

smaller difference with P<0.01 at 3 h after CFA injection (Fig. 7G-I).
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Fig. 7. Effect of oral treatment with ILAE (30 mg/kg), HMf (3 and 30 mg/kg), AE-1 (3 mg/kg),

PRED (3 mg/kg), or vehicle (control) on (A, B and C) CFA-induced paw edema; (D, E and F)

acetone-induced cold allodynia, and (G, H and I) mechanical hyperalgesia in mice, by 3, 4 and

24 h after of CFA injection. Each point represents the mean+SEM of 5 animals. The () symbol

indicates the significant differences between basal and control group (++*P<0.001), while the

(*) symbol indicates the significant differences between treated groups compared with control

group (***P<0.001), and (+) symbol indicates the significant differences between treated

groups (+P<0.05, ++P<0.01 and +++P<0.001). “ns” indicates not significant (P>0.05).

Differences between groups were analyzed using one-way ANOVA followed by the Tukey’s

test.
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4. Discussion

This study provides the first description of secretory structures and their chemical
components in A. edulis leaves. In addition, it reveals the acute anti-inflammatory and
antinociceptive effects, along with prolonged anti-inflammatory benefits, resulting from the
infusion of A. edulis leaves. Our results contribute significantly by aiding in the identification
to the plant material and to the elucidation of the ethnobotanical use of this plant in traditional
South American medicine for the treatment of inflammatory diseases (Korbes, 1995).

Allophylus edulis is naturally distributed throughout South America in biomes such as
the Amazon, Caatinga, Cerrado, Atlantic Forest, and Pantanal (Forzza et al., 2010). It is
described as a tree with an erect trunk reaching up to 17 meters in height (Backes and Irgang,
2004), it features trifoliate leaves (Fig. 2b) that are cartaceous consistency, with lateral leaflets
smaller than the terminal leaflets (Lorenzi, 2016). Histological sections of the leaves revealed
secretory structures, including ducts, glandular trichomes, laticifers, and idioblasts (Fig. 2, 3).
Some of these have been previously identified in Allophylus species and other genera within
the Sapindaceae family (Arambarri et al., 2006; Cunha Neto et al., 2017; Medina et al., 2021).
Laticifers and idioblasts, identified in Allophylus sericeus (Cambess.) Radlk., were stored in
the pith and phloem (Medina et al., 2021). In A. edulis, these structures, when treated with dyes,
reveal the presence of essential oils, latex, phenolic compounds, tannins, and alkaloids (Fig. 2,
3). Medina et al. (2021) reported that the main components of latex in the Sapindaceae family
are the lipid fraction, with the predominant compounds being terpenes (essential oils and
resins), carbohydrates (mucilage), proteins, and phenolic compounds. In addition, the detection
of alkaloids (Fig. 3e), even in a qualitative context, seems to be a novel observation for this
species, as they have only been found in the latex of the genus Paullinia (Medina et al., 2021)
and in the hydromethanolic extract of the leaves of Allophylus africanus P. Beauv. (Ibrahim et

al., 2018).
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Our research group has extensively investigated the presence of essential oils in A. edulis
leaves. This exploration is driven by the chemical diversity of terpenes, as well as their potential
applications in pain and inflammatory models. The results, presented in studies by Trevizan et
al. (2016), Santos et al. (2021), and Santos et al. (2023), showed promising results regardless
of terpene quantity and quality.

The presence of phenolic and polyphenolic compounds in the secretory structures was
revealed by partitioning of the leaf infusion and spectrophotometric quantification of these
secondary metabolites. Both the leaf infusion and the hexane, ethyl acetate, and
hydromethanolic fractions displayed high levels of total phenolics, flavonoids, flavonols, and
condensed tannins (Table 1).

Our results showed amounts higher than those observed by Tirloni et al. (2015), who
described lower concentrations of total phenolics and flavonoids in the aqueous extract of
leaves, possibly due to the low extraction temperature (4°C) they used. In our study, the
extraction of phenol compounds and flavonoids may have been enhanced in the leaf infusion
because traditional extractions yield higher amounts of total polyphenols at temperatures above
60°C (Antony and Farid, 2022). Based on the histological results, it is possible to infer those
phenolic compounds in the idioblasts of the midrib (Fig. 3c), petiole (Fig. 3g), and petiolule
(Fig. 3k) can be extracted at higher temperatures. Previous studies using alcoholic extracts have
also reported the isolation of phenolic compounds, specially flavonoids (Arisawa et al., 1989;
Hoffmann-Bohm et al. 1992; Diaz et al., 2008; Diaz et al., 2014; Arruda et al., 2018).

Given the elevated levels of all quantified constituents, the hydromethanolic fraction
was selected for chromatographic column fractionation, which revealed the presence of vitexin
2"-O-rhamnoside (EA-1). This derivative of vitexin has an alpha residue -L-rhamnosyl attached
at the 2" position of the glycosidic unit. This compound has been previously identified in

alcoholic extracts of A. edulis, showing both angiotensin-converting enzyme inhibitory
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(Arisawa et al., 1989) and hepatoprotective effects (Hoffmann-Bohm et al., 1992). Aqueous
extracts of Allophylus africanus, with a significant amount of vitexin 2"-O-rhamnoside, also
show anti-inflammatory potential (Ferreres et al., 2018). Other species with an abundance of
this substance and its analogues have shown potential antinociceptive (Strada et al., 2017), anti-
inflammatory (Hong et al., 1996; Rosa et al., 2016; Nascimento et al., 2021; Li et al., 2021),
antioxidant (Ying et al., 2008; Wei et al., 2014; Wang et al., 2019), and immunomodulatory
effects (Wang et al., 2022).

In an attempt to understand some of the mechanisms involved in the activity of this
compound, we subjected it to in silico tests for drug similarity, identification of
pharmacodynamic targets and oral toxicity in rodents. In silico predictive methods offer an
alternative approach to streamline preclinical drug development, resulting in reduced time, cost,
and dependence on animal testing. Lipinski's Rule, also known as the "Rule-of-Five", serves as
a molecular descriptor that is reliably informative and predictive regarding whether a chemical
compound will exhibit pharmacological or biological activity as an orally active drug in
humans. Here, we observed three violations of Lipinski's Rule, which states that two or more
violations by a compound indicate inadequate solubility and/or permeability (Lipinski et al.,
1997; Lipinski, 2000). Although bile salts significantly enhancing the intestinal absorption of
vitexin 2"-O-rhamnoside (Xu et al., 2008), this detail does not alter its poor bioavailability (Gao
et al., 2016), which is attributed to the first-pass effect through the intestine, with hepatic and
gastric first-pass effects described as nearly negligible. This Information is consistent with the
high levels of TPSA (239.97 A?) (Table 2), indicating poor intestinal absorption, when lower
than 140 A? is desirable (lbrahim et al., 2021). The potential to act as a GPCR ligand, kinase,
protease, and enzyme inhibitor and the absence of predicted oral toxicity, are consistent with
reports indicating the absence of cytotoxicity on human adipose-derived stem cells (Wei et al.,

2014), inhibition of breast cancer resistance protein (BCRP) (Pick et al., 2011), and
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immunomodulatory activity (Wang et al., 2022). Low toxicity of natural compounds is critical
to ensure that therapeutic treatments are effective without causing harmful side effects, thereby
improving the overall safety and tolerability of the potential medications.

The presence of phenolic and polyphenolic compounds, along with the potential of the
isolated compound, encourages bioguided investigation, given that these substances possess
antioxidant and anti-inflammatory properties (Arulselvan et al., 2016). This study marks the
first exploration of the anti-inflammatory effects of A. edulis leaves infusion, shedding light on
its traditional medicinal use in Brazil for the treatment of inflammatory diseases (Korbes, 1995).
And considering the connection between oxidative stress and several pathologies, including
inflammation, we evaluated the antioxidant capacity of the leaf infusion and its fractions. The
results showed lower ICso values through free radical scavenging methods (< 28.07 pg/mL,
DPPH) and higher 1Cso values in lipid peroxidation (ICso <195.6 ug/mL, B-carotene/linoleic
acid test). These results are similar to those found in the aqueous extract analyzed by Tirloni et
al. (2015), which showed an ICsp of 45.8 pg/mL (DPPH). The antioxidant potential was also
observed in the evaluation of the ethanolic (Umeo et al., 2011) and methanolic (Schmeda-
Hirschmann et al., 2005) extracts of A. edulis fruits. This property is largely attributed to the
presence of flavonoids, which have the ability to scavenge free radicals by forming less reactive
phenoxyl flavonoid radicals due to their hydrogen atom donating ability. These properties are
closely related to the distribution of hydroxyl and methoxy radicals as the presence of electron-
donating or withdrawing groups in the aromatic system directly influences the redox potential
of flavonoids (Arora et al., 1998). The presence of flavonoids, such as vitexin derivatives may
also support the endogenous antioxidant defenses during a chronic inflammatory process
(Lorizola et al., 2018).

To evaluate the anti-inflammatory effects of A. edulis leaves, we used experimental

models of carrageenan and CFA-induced paw edema, carrageenan-induced leukocyte
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migration, acetone-induced cold allodynia, and mechanical hyperalgesia in mice. These models
were selected based on the methodology outlined by Santos et al. (2021), who used the essential
oil from the leaves of the same species.

The acute anti-inflammatory effects of leaf infusion (ILAE) and HMf (phenolic
compounds and flavonoids-rich fraction) were evaluated using carrageenan-induced
inflammation models. Carrageenan, a mucopolysaccharide, triggers inflammation by activating
genes for cytokines and promoting the migration of immune system cells (Myers et al., 2019).
The carrageenan-induced inflammatory response is a local process characterized by the cardinal
signs typical of inflammation, including redness, heat, pain and edema. These manifestations
result from increased blood flow to the inflamed site, driven by changes in the local
microvasculature, resulting in the extravasation of fluids, plasma proteins, and leukocytes, as
well as proinflammatory cytokines (Pober and Sessa, 2015). Both ILAE (3 mg/kg) and HMf (3
mg/kg) reduced paw edema development time (Fig. 4A-D) during the early (up to 2 h) and late
(3-4 h) phases of carrageenan-induced inflammation. And recognizing the efficacy of the
treatments in reducing edema formation, a process resulting from microvascular changes,
evaluated and observed reduced leukocyte migration (Fig. 5A) and protein extravasation (Fig.
5B), especially at the lowest doses, both of ILAE (3 and 30 mg/kg) and HMf (3 mg/kg).
Although leukocyte migration is a critical mechanism of inflammatory response, chronic
inflammation can exacerbate the intensity and duration of the process. The observed regulatory
effect on leukocyte infiltration in the pleura may be attributed to the changes instigated by the
flavonoids contained in the treatments, such as changes in leukocyte rolling ability, adhesion,
and transmigration (Suyenaga et al., 2014; Werner et al., 2014). The presence of a 2, 3 double
bond and the 4-keto group of the C ring, have been identified as key requirements for the
inhibition of adhesion molecule expression (Lotito and Frei, 2006). This effect may be in line

with the in vivo antioxidant capacity (Wang et al., 2022) and the protective effect on endothelial
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cells and injured cardiac myocytes (Zhu et al., 2006), described for the vitexin 2"-O-rhamnoside
(AE-1) from A. edulis. Although ILAE doses did not exhibit dose-dependent anti-inflammatory
activity in acute assessments (paw edema and pleurisy), they generally did not significantly
differ from the positive control (DEXA 1 mg/kg). Both ILAE and HMf were administered oral,
suggesting potential similarities with dexamethasone, such as inhibition pro-inflammatory
cytokine production (including IL-1 and IL-6), prostaglandin E2, and histamine, along with
cellular and vascular effects (Madamsetty et al., 2022).

Carrageenan-induced inflammation action produces chemical mediators responsible for
activating and sensitizing peripheral nociceptors, resulting in subtle changes that cause pain
hypersensitivity (cold allodynia and mechanical hyperalgesia) (Li et al., 2012). While this is an
adaptive response aiming to sensitize the injured area (and adjacent uninjured tissue causing
secondary hyperalgesia), promoting vigilance, and preventing new injury (Jensen and Finnerup,
2014). In our study of acute inflammation induced by carrageenan and treated with A. edulis,
we observed the ability of the treatments to consistently reduce cold allodynia by acetone spray
(Fig. 4E, F) and mechanical hyperalgesia in the von Frey test (Fig. 4G, H) across doses tested,
with no statistical differences between them. The effects of all treatments on cold allodynia
were comparable to the positive control (DEXA 1 mg/kg) at both 3 and 4 hours after
carrageenan injection (Fig. 4E, F). However, when evaluating the efficacy of the treatments in
reducing sensitivity to mechanical stimuli (von Frey test), although all showed statistically
significant effects compared to the control, there were differences compared to the positive
control at 3 hours (ILAE 3 mg/kg and HMf 3 mg/kg) and 4 hours (ILAE 3 and 100 mg/kg) after
carrageenan injection (Fig. 4G, H). Nevertheless, the consistent impact of treatments across
various doses indicates that even smaller doses can effectively reduce sensitivity to both the

cold stimulus of acetone and the mechanical stimulus of the von Frey test.
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Previous studies by our research group have documented analogous results with
essential oil, particularly at doses of 30 and 100 mg/kg, indicating a consistent reduction in
edema formation and responsiveness to cold-induced and mechanical stimuli (Santos et al.,
2021). Regardless of the chosen extraction method (polar or non-polar), the plant retains its
anti-inflammatory properties. In extraction by infusion, we are also able to partially extract an
amount of essential oil by adding the plant and leaving the mixture remains in a smothered
reserve for a few minutes. Thus, leaf infusion over essential oil can result in higher yields of
products derived from A. edulis without compromising the anti-inflammatory effect of the plant.
The yield of essential oil ranges from 0.07 to 0.6% (Santos et al., 2023), while we observed a
yield of 4%, contributing to the standardization of A. edulis-derived products.

When examining treatments for their impact on formalin-induced nociception (Fig. 6A,
B), no antinociceptive effects were observed in the first phase, characterized by the activation
of primary afferent fibers stimulated by TRPA1-mediated nociceptor activation (transient
receiver potential cation channel Al). The observed effect in the second phase may be linked
to vascular and cellular changes noted in earlier tests, potentially involving the reduction of
inflammatory mediators in the formalin-induced lesion, as well as facilitating formaldehyde
dilution and elimination in the animal's tissue. This process diminishes the substance's quantity
and its excitotoxic effect (Hoffmann et al., 2022). Treatments rich in flavonoids operate through
a physiological mechanism that reduces neuroinflammatory, cellular, bioenergetic, and
oxidative stress markers (Basu and Basu, 2020), thereby restoring homeostasis to injured
tissues. An alternative explanation is the direct interaction of treatments with opioid receptors,
inducing an anesthetic effect similar to that observed with HMf (3 mg/kg) (Fig. 6B). This effect
is documented in flavonoid studies (Higgs et al., 2013), limiting the transient excitability of
demyelinated C and A9 fibers, restored only after the interphase caused by formalin (Heinke et

al., 2011; Alizadeh et al., 2014).
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To determine the prolonged CFA induction after verifying the effectiveness of
treatments within 4 hours following carrageenan injection (Fig. 4A-D). The CFA-induced paw
edema is recognized as a model of chronic or persistent inflammation resulting from the
continuous release of antibodies stimulating phagocytosis, cytokine secretion by mononuclear
phagocytes, and the expression of costimulators for T cell activation and proliferation (Billiau
and Matthys, 2001). To explore the potential for sustained effects, the intermediate dose of
ILAE (30 mg/kg) was retained, given the absence of differences among the analyzed doses in
carrageenan models. In investigating the persistence of HMf effects during the prolonged
inflammatory process, the dose of HMf (30 mg/kg) was introduced. Furthermore, vitexin 2"-O-
rhamnoside (AE-1), derived from A. edulis, was tested to explore any potential correlation
between its presence and the observed pharmacological effects.

The effect of A. edulis was evident at doses of ILAE (30 mg/kg), HMf (30 mg/kg), and
AE-1 (3 mg/kg) observed at 3, 4, and 24 hours post-CFA injection (Fig. 7A-C), revealing
distinct differences in edema inhibition among treatment doses. The lack of statistical
significance, compared to the positive control (PRED 3 mg/kg), was observed only in the
comparison with ILAE (30 mg/kg) at 3 and 4 h after CFA injection (Fig. 7A, B). This suggests
a prolonged and more effective result, similar to the glucocorticoid, associated with to the
infusion of the leaves in their entirety (ILAE), and not only in the substances selected from the
hydromethanolic fraction (HMf), or even the isolated flavonoid vitexin 2"-O-rhamnoside (AE-
1), although they present antiedematogenic action when compared to the control (Fig. 7A-C).
These results indicate that the anti-edematogenic effect of A. edulis lasts longer than 4 hours in
animal models.

Similar results were observed when evaluating of treatment effects on cold-induced
allodynia (Fig. 7D-F) and mechanical hyperalgesia (Fig. 7G-1). At 3, 4, and 24 h post-CFA

injection, all treatments differed from the control group, except for HMf (3 mg/kg), was
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statistically different from all other treatments in both assessments. This makes it the only dose
without a significant effect in both tests (Fig. 7D-1). When evaluating cold allodynia, ILAE (30
mg/kg), HMf (30 mg/kg), and AE-1 (3 mg/kg) showed a statistically similar effect to the
positive control (PRED 3 mg/kg) at all time points analyzed (Fig. 7D-F). In contrast, with
respect to mechanical hyperalgesia, all A. edulis treatments were statistically different from the
positive control, although there were minimal statistical differences between them, specifically
in the doses of ILAE, HMf, and AE-1, except for HMf (3 mg/kg) (Fig. 7G-1).

These results demonstrate the prolonged effect of A. edulis treatment, except for HMf
(3 mg/kg), all other treatments maintained stable effects throughout the period, reducing edema,
cold allodynia and mechanical hyperalgesia. These findings are consistent with previous test
results shown here, suggesting that doses <30 mg/kg of ILAE are more effective in treating
edema, allodynia, and hyperalgesia induced by both acute (Fig. 4A-H) and prolonged (Fig. 7A-
I) inflammatory agents. Notably, while HMf at a 3 mg/kg dose effectively attenuates the effects
of carrageenan, it is noteworthy that only the 30 mg/kg dosage shows statistically significant
effects in the CFA models. These effects are consistent with observations from our research
group while assessing the impact of A. edulis essential oil (30 mg/kg) in the CFA model. The
antiedematogenic effect persisted consistently from 1h to 9 days post-CFA injection.
Meanwhile, the reduction in mechanical hyperalgesia remained virtually unchanged until the
twelfth day, and the decrease in cold-induced allodynia exhibited a transient effect (Santos et
al., 2021).

The well-documented antiedematogenic and analgesic effects of flavonoid-rich samples
are noteworthy (Ferraz et al., 2020). While flavonoids alone can reduce inflammation and
inflammatory pain (lannitti et al., 2020), their positive impact on the inflammatory agents
carrageenan and CFA may be related not only to the direct decrease of inflammatory factors or

oxidizing enzymes (Afridi et al., 2019) but also to changes in amino acid metabolism, crucial
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in pain transmission (Zhang et al., 2020). This includes the inhibition of regulatory enzymes,
antioxidant properties, influence on arachidonic acid metabolism, and genetic and cellular
modulation (Yahfoufi et al., 2018; Fraga et al., 2019; Maleki et al., 2019).

This investigation presents initial evidence of efficacy in reducing paw edema, cold-
induced allodynia, mechanical hyperalgesia and nociception using the infusion of A. edulis

leaves and HMT.

5. Conclusions

In conclusion, this study unveils the chemical diversity of secretory structures of A.
edulis leaves, highlighting the prevalence of polyphenolic substances in the leaf infusion. In
vitro studies underline its antioxidant capacity, especially in the inhibition of free radical.
Treatments involving leaf infusion and hydromethanolic fraction demonstrate acute and
prolonged anti-inflammatory and antihyperalgesic and antinociceptive activities. Notably, the
isolated flavonoid vitexin 2"-O-rhamnoside shows prolonged anti-inflammatory effects. These
effects explain the popular use of this plant as an anti-inflammatory and could facilitate the

development of novel therapies for inflammation-related pathologies.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

This work was supported by Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior — Brazil (CAPES/BRASIL) - Finance Code 001, Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq), Fundagdo de Apoio ao Desenvolvimento

do Ensino, Ciéncia e Tecnologia do Estado de Mato Grosso do Sul (FUNDECT), Federal



108

University of Grande Dourados and Financiadora de Estudos e Projetos (Finep) (Code

04.18.0011.00).

References

Afridi, R., Khan, A.U., Khalid, S., Shal, B., Rasheed, H., Ullah, M.Z., Shehzad, O., Kim, Y.S.,
Khan, S., 2019. Anti-hyperalgesic properties of a flavanone derivative Poncirin in acute and
chronic inflammatory pain models in mice. BMC Pharmacol. Toxicol., 20, 1-16.
https://doi.org/10.1186/S40360-019-0335-5/FIGURES/11.

Alizadeh, Z., Fereidoni, M., Behnam-Rassouli, M., Hosseini, S., 2014. Role of C-fibers in pain
and morphine induced analgesia/hyperalgesia in rats. Iran J. Neurol.,, 13, 19-27.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968353/.

Antony, A., Farid, M., 2022. Effect of temperatures on polyphenols during extraction. Appl.
Sci., 12, 2107. https://doi.org/10.3390/APP12042107.

Appel, S.H., Beers, D.R., Zhao, W., 2023. The role of inflammation in neurodegenerative
diseases. Neurobiol. Brain Disord. Biol. Basis Neurol. Psychiatr. Disord. Second Ed. 403—421.
https://doi.org/10.1016/B978-0-323-85654-6.00036-8.

Arambarri, A.M., Freire, S.E., Colares, M.N., Bayon, N.D., Novoa, M.C., Monti, C., Stenglein,
S.A., 2006. Leaf anatomy of Medicinal Shrubs and Trees from Gallery Forests of the
Paranaense Province (Argentina). Bol. Soc. Argent. Bot., 41, 233-268.

Arisawa, M., Morinaga, Y., Nishi, Y., Ueno, H., Suzuki, S., Hayashi, T., Shimizu Yoshizaki,
M., Morita, N., Berganza, L.H., 1989. Chemical and pharmaceutical studies on medicinal plants
in Paraguay. Constituents of angiotensin converting enzyme inhibitory fraction from “Cocu”,
Allophylus edulis Radlk. Japanese J. Pharmacogn., 43, 78-80.
http://dl.ndl.go.jp/info:ndljp/pid/10757818.



109

Arora, A., Nair, M.G., Strasburg, G.M., 1998. Structure—activity relationships for antioxidant
activities of a series of flavonoids in a liposomal system. Free Radic. Biol. Med., 24, 1355-
1363. https://doi.org/10.1016/S0891-5849(97)00458-9.

Arruda, G., Périco, L.G.V., Parpinelli, R., Peretti, R.F., Scur, M.C., Follador, F.A.C., 2018.
Phytochemical prospecting, antimicrobial activity, and acute toxicity of aqueous plant extract
of two plant species Allophylus edulis (A. St. Hilaire, Cambessedes & A. Jussieu) RADLK ex
WARM and Matayba elaesagnoides RADLK. Int. J. New Technol. Res., 5.
https://doi.org/10.31871/IINTR.5.2.7.

Arulselvan, P., Fard, M.T., Tan, W.S., Gothai, S., Fakurazi, S., Norhaizan, M.E., Kumar, S.S.,
2016. Role of antioxidants and natural products in inflammation. Oxid. Med. Cell. Longev.,
2016. https://doi.org/10.1155/2016/5276130.

Aryal, S., Kumar Baniya, M., Danekhu, K., Kunwar, P., Gurung, R., Koirala, N., 2019. Total
Phenolic Content, Flavonoid Content and Antioxidant Potential of Wild Vegetables from
Western Nepal. Plants, 8, 96. https://doi.org/10.3390/plants8040096.

Backes, P., Irgang, B. 2004. Mata Atlantica: as arvores e a paisagem. Porto Alegre: Paisagem
do Sul. 396 p.

Balsalobre, N.M., Santos, E., Santos, S.M, Arena, A.C., Konkiewitz, E.C., Ziff, E.B., Formagio,
A.S.N., Kassuya, C.A.L., 2023. Potential anti-arthritic and analgesic properties of essential oil
and viridiflorol obtained from Allophylus edulis leaves in mice. J. Ethnopharmacol., 301,
115785. https://doi.org/10.1016/J.JEP.2022.115785.

Banerjee, P., Eckert, A.O., Schrey, A.K., Preissner, R., 2018. ProTox-Il: a webserver for the
prediction of toxicity of chemicals. Nucleic Acids Res., 46, W257-W263.
https://doi.org/10.1093/NAR/GKY318.

Basu, P., Basu, A., 2020. In vitro and in vivo effects of flavonoids on peripheral neuropathic
pain. Molecules, 25. https://doi.org/10.3390/MOLECULES25051171.



110

Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem., 72, 248—
254. https://doi.org/10.1006/AB10.1976.9999.

Billiau, A., Matthys, P., 2001. Modes of action of Freund’s adjuvants in experimental models
of autoimmune diseases. J. Leukoc. Biol., 70, 849-860. https://doi.org/10.1189/JLB.70.6.849.

Blois, M.S., 1958. Antioxidant determinations by the use of a stable free radical. Nature, 181,
1199-1200. https://doi.org/10.1038/1811199A0.

Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, J., Li, Y., Wang, X., Zhao, L., 2018.
Inflammatory responses and inflammation-associated diseases in organs. Oncotarget, 9, 7204—
7218. https://doi.org/10.18632/ONCOTARGET.23208.

Chopin, J., Dellamonica, G., Bouillant, M.L., Besset, A., Popovici, G., Weissenbdck, G., 1977.
C-Glycosylflavones  from  Avena  sativa.  Phytochemistry, 16, 2041-2043.
https://doi.org/10.1016/0031-9422(77)80131-3.

Cunha Neto, I.L., Martins, F.M., Somner, G.V., Tamaio, N., 2017. Secretory structures in stems
of five lianas of Paullinieae (Sapindaceae): Morphology and histochemistry. Flora, 235, 29-40.
http://dx.doi.org/10.1016/j.flora.2017.09.001.

David, R.; Carde, J.P., 1964. Coloration différentielle des inclusions lipidiques et terpéniques
des pseudophylles du Pin maritime au moyen du réactif Nadi. Comptes Rendus Hebdomadaires
des Séances de I'Académie des Sciences, 258, 1338-1340.

Decosterd, 1., Woolf, C.J., 2000. Spared nerve injury: an animal model of persistent peripheral
neuropathic pain. Pain, 87, 149-158. https://doi.org/10.1016/S0304-3959(00)00276-1.

Deuis, J.R., Lim, Y.L., De Sousa, S.R., Lewis, R.J., Alewood, P.F., Cabot, P.J., Vetter, I., 2014,
Analgesic effects of clinically used compounds in novel mouse models of polyneuropathy
induced by oxaliplatin and  cisplatin.  Neuro. Oncol.,, 16, 1324-1332.
https://doi.org/10.1093/NEUONC/NOUO048.



111

Daina, A., Michielin, O., Zoete, V., 2017. SwisSADME: a free web tool to evaluate
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small molecules. Sci.
Reports, 71, 1-13. https://doi.org/10.1038/srep42717.

Diaz, M., Gonzélez, A., Castro-Gamboa, I., Gonzalez, D., Rossini, C., 2008. First record of I-
quebrachitol in Allophylus edulis (Sapindaceae). Carbohydr. Res., 343, 2699-2700.
https://doi.org/10.1016/j.carres.2008.07.014.

Diaz, M., Castillo, L., Diaz, C.E., Alvarez, R.G., Gonzalez-Coloma, A., Rossini, C., 2014.
Differential Deterrent Activity of Natural Products Isolated from Allophylus edulis
(Sapindaceae). Adv. Biol. Chem., 04, 168-179. https://doi.org/10.4236/ABC.2014.42021.

Ferraz, C.R., Carvalho, T.T., Manchope, M.F., Artero, N.A., Rasquel-Oliveira, F.S., Fattori,
V., Casagrande, R., Verri, W.A., 2020. Therapeutic potential of flavonoids in pain and
inflammation: Mechanisms of action, pre-clinical and clinical data, and pharmaceutical
development. Molecules, 25. https://doi.org/10.3390/MOLECULES25030762.

Ferreres, F., Gomes, N.G.M., Valentdo, P., Pereira, D.M., Gil-lzquierdo, A., Araljo, L., Silva,
T.C., Andrade, P.B., 2018. Leaves and stem bark from Allophylus africanus P. Beauv.: An
approach to anti-inflammatory properties and characterization of their flavonoid profile. Food
Chem. Toxicol., 118, 430-438. https://doi.org/10.1016/J.FCT.2018.05.045.

Formagio, A.S.N., Volobuff, C.R.F., Santiago, M., Cardoso, C.A.L., Vieira, M.D.C., Pereira,
Z.V., 2014. Evaluation of Antioxidant Activity, Total Flavonoids, Tannins and Phenolic
Compounds in Psychotria Leaf Extracts. Antioxidants, 3, 745-757.
https://doi.org/10.3390/ANTIOX3040745.

Forzza, R.C. 2010. Catalogo de plantas e fungos do Brasil. vol. 2. Rio de Janeiro: Andrea

Jakobsson Estadio and Instituto de Pesquisa Jardim Botanico do Rio de Janeiro.

Fraga, C.G., Croft, K.D., Kennedy, D.O., Tomas-Barberan, F.A., 2019. The effects of
polyphenols and other bioactives on human health. Food Funct, 10, 514-528.
https://doi.org/10.1039/C8FO01997E.



112

Franco, 1.J., Fontana, V.L. 2001. Ervas & plantas: a medicina dos simples. 6. ed. Erexim:
Edelbra, p. 207.

Gabe, M., 1968. Techniques histologiques. Masson & Cie, Paris.

Gao, Y., Du, Y., Ying, Z.,, Leng, A., Zhang, W., Meng, Y., Li, C., Xu, L., Ying, X., Kang, T.,
2016. Hepatic, gastric and intestinal first-pass effects of vitexin-2’’-O-rhamnoside in rats by
ultra-high-performance liquid chromatography. Biomed. Chromatogr., 30, 111-116.
https://doi.org/10.1002/BMC.3522.

Goswami, S.K., Ranjan, P., Dutta, R.K., Verma, S.K., 2021. Management of inflammation in
cardiovascular diseases. Pharmacol. Res., 173, 105912.
https://doi.org/10.1016/J.PHRS.2021.105912.

Hayat, J., Akodad, M., Moumen, A., Baghour, M., Skalli, A., Ezrari, S., Belmalha, S., 2020.
Phytochemical screening, polyphenols, flavonoids and tannin content, antioxidant activities and
FTIR characterization of Marrubium vulgare L. from 2 different localities of Northeast of
Morocco. Heliyon, 6, e05609. https://doi.org/10.1016/J.HEL1YON.2020.E05609.

Heinke, B., Gingl, E., Sandkiihler, J., 2011. Multiple targets of p-opioid receptor-mediated
presynaptic inhibition at primary afferent Ad- and C-fibers. J. Neurosci., 31, 1313-1322.
https://doi.org/10.1523/JNEUROSCI.4060-10.2011.

Higgs, J., Wasowski, C., Loscalzo, L.M., Marder, M., 2013. In vitro binding affinities of a
series of flavonoids for p-opioid receptors. Antinociceptive effect of the synthetic flavonoid
3,3-dibromoflavanone in mice. Neuropharmacology, 72, 9-109.
https://doi.org/10.1016/J.NEUROPHARM.2013.04.020.

Hoffmann, T., Klemm, F., | Kichko, T., Sauer, S.K., Kistner, K., Riedl, B., Raboisson, P., Luo,
L., Babes, A., Kocher, L., Carli, G., Fischer, M.J.M., Reeh, P.W., 2022. The formalin test does
not probe inflammatory pain but excitotoxicity in rodent skin. Physiol. Rep., 10, 15194.
https://doi.org/10.14814/PHY?2.15194.



113

Hoffmann-Bohm, K., Lotter, H., Seligmann, O., Wagner, H., 1992. Antihepatotoxic C-
glycosylflavones from the leaves of Allophyllus edulis var. edulis and gracilis. Planta Med., 58,
544-548. https://doi.org/10.1055/S-2006-961546.

Hong, I.-T., Kim, B.-J,, Yu, D.-C., Kim, Jung-Haeng, Kim, Jung-Han, Heo, M.-Y ., Lee, S.-J.,
Kim, H.-P., 1996. Antioxidative and anti-inflammatory activities of Phaseolus aureus. J. Soc.
Cosmet. Sci. Korea, 22, 41-51.

Hunskaar, S., Hole, K., 1987. The formalin test in mice: dissociation between inflammatory
and non-inflammatory pain. Pain, 30, 103—114. https://doi.org/10.1016/0304-3959(87)90088-
1.

lannitti, T., Di Cerbo, A., Loschi, A.R., Rea, S., Suzawa, M., Morales-Medina, J.C., 2020.
Repeated administration of a flavonoid-based formulated extract from citrus peels significantly

reduces peripheral inflammation-induced pain in the rat. Food Sci. Nutr., 8, 3173.

https://doi.org/10.1002/FSN3.1566.

Ibrahim, F.S.; Mohammed, Z.; Nuhu, A.; Shehu, S.; llyas, N. Acute Toxicity and Anti-
Inflammatory Activity of Hydromethanol Extract of Allophylus africanus Beauv in rats. J.
Journal of Herbmed Pharmacology, 119-123, 2018.

Ibrahim, Z.Y., Uzairu, A., Shallangwa, G.A., Abechi, S.E., 2021. Pharmacokinetic predictions
and docking studies of substituted aryl amine-based triazolopyrimidine designed inhibitors of
Plasmodium falciparum dihydroorotate dehydrogenase (PfDHODH). Futur. J. Pharm. Sci., 71,
1-10. https://doi.org/10.1186/S43094-021-00288-2.

Jensen, T.S., Finnerup, N.B., 2014. Allodynia and hyperalgesia in neuropathic pain: clinical
manifestations and mechanisms. Lancet. Neurol., 13, 924-935. https://doi.org/10.1016/S1474-

4422(14)70102-4.

Johansen, D.A., 1940. Plant Microtechnique. McGraw Hill Book, New York.



114

Kaur, B., Singh, P., 2022. Inflammation: Biochemistry, cellular targets, anti-inflammatory
agents and challenges with special emphasis on cyclooxygenase-2. Bioorg. Chem., 121,
105663. https://doi.org/10.1016/J.BIOORG.2022.105663.

Korbes, V.C. Plantas medicinais. 48.ed. Francisco Beltrdo: Associacdo de Estudo, Orientagéo
e Assisténcia Social, 1995. 188p.

Larson, A.A., Brow, D.R., El-Atrash, S., Walser, M.M., 1986. Pain threshold changes in
adjuvant-induced inflammation: a possible model of chronic pain in the mouse. Pharmacol.
Biochem. Behav., 24, 49-53. https://10.1016/0091-3057(86)90043-2.

Lata, S., Koli, P., Singh, S., Bhadoria, B.K., Chand, U., Ren, Y., 2023. The study of structure
and effects of two new proanthocyanidins from Anogeissus pendula leaves on rumen enzyme
activities. Front. Vet. Sci., 10. https://doi.org/10.3389/FVETS.2023.1163197.

Li, L., Wang, B., Gao, T., Zhang, X., Hao, J.-X., Vlodavsky, 1., Wiesenfeld-Hallin, Z., Xu, X.-
J., Li, J.-P., 2012. Heparanase overexpression reduces carrageenan-induced mechanical and
cold hypersensitivity in mice. Neurosci. Lett., 511, 4-7.
https://doi.org/10.1016/J.NEULET.2011.12.038.

Li, L.Z., Gao, P.Y., Song, S.J., Yuan, Y.Q., Liu, C.T., Huang, X.X., Liu, Q.B., 2015.
Monoterpenes and flavones from the leaves of Crataegus pinnatifida with anticoagulant
activities. J. Funct. Foods, 12, 237-245. https://doi.org/10.1016/J.JFF.2014.11.012.

Li, S., Liang, T., Zhang, Y., Huang, K., Yang, S., Lv, H., Chen, Y., Zhang, C., Guan, X., 2021.
Vitexin alleviates high-fat diet induced brain oxidative stress and inflammation via anti-
oxidant, anti-inflammatory and gut microbiota modulating properties. Free Radic. Biol. Med.,
171, 332-344. https://doi.org/10.1016/J.FREERADBIOMED.2021.05.028.

Lipinski, C.A., Lombardo, F., Dominy, B.W., Feeney, P.J., 1997. Experimental and
computational approaches to estimate solubility and permeability in drug discovery and
development settings. Adv. Drug Deliv. Rev., 23, 3-25. https://doi.org/10.1016/S0169-
409X(96)00423-1.



115

Lipinski, C.A., 2000. Drug-like properties and the causes of poor solubility and poor
permeability. J. Pharmacol. Toxicol. Methods, 44, 235-249. https://doi.org/10.1016/S1056-
8719(00)00107-6.

Liu, X., Yin, L., Shen, S., Hou, Y., 2021. Inflammation and cancer: paradoxical roles in
tumorigenesis  and implications  in  immunotherapies. Genes  Dis,, 10.
https://doi.org/10.1016/J.GENDIS.2021.09.006.

Lorenzi, H., 2016 Arvores brasileiras: manual de identificacio e cultivo de plantas arboreas
nativas do Brasil. v. 1. 7th ed. Nova Odessa: Instituto Plantarum.

Lorizola, .M., Furlan, C.P.B., Portovedo, M., Milanski, M., Botelho, P.B., Bezerra, R.M.N.,
Sumere, B.R., Rostagno, M.A., Capitani, C.D., 2018. Beet Stalks and Leaves (Beta vulgaris L.)
Protect Against High-Fat Diet-Induced Oxidative Damage in the Liver in Mice. Nutr., 10, 872.
https://doi.org/10.3390/NU10070872.

Lotito, S.B., Frei, B., 2006. Dietary flavonoids attenuate tumor necrosis factor a-induced
adhesion molecule expression in human aortic endothelial cells. J. Biol. Chem., 281, 37102—
37110. https://doi.org/10.1074/jbc.m606804200.

Mace, M.E., Howell, C.R., 1974. Histochemistry and identification of condensed tannin
precursor in roots of cotton seedlings. Canad. J. Bot, 52, 2423-2426.
https://doi.org/10.1139/b74-314.

Madamsetty, V.S., Mohammadinejad, R., Uzieliene, 1., Nabavi, N., Dehshahri, A., Garcia-
Couce, J., Tavakol, S., Moghassemi, S., Dadashzadeh, A., Makvandi, P., Pardakhty, A., Aghaei
Afshar, A., Seyfoddin, A., 2022. Dexamethasone: Insights into Pharmacological Aspects,
Therapeutic Mechanisms, and Delivery Systems. ACS Biomater. Sci. Eng., 8.
https://doi.org/10.1021/ACSBIOMATERIALS.2C00026.

Maleki, S.J., Crespo, J.F., Cabanillas, B., 2019. Anti-inflammatory effects of flavonoids. Food
Chem., 299, 125124, https://doi.org/10.1016/j.foodchem.2019.125124.



116

Marco, G.J., 1968. A rapid method for evaluation of antioxidants. J. Am. Oil Chem. Soc., 45,
594-598. https://doi.org/10.1007/BF02668958/METRICS.

Matsunaga, K., Sasaki, S., Ohizumi, Y., 1997. Excitatory and inhibitory effects of Paraguayan
medicinal plants Equisetum giganteum, Acanthospermum australe, Allophylus edulis and
Cordia salicifolia on contraction of rabbit aorta and guinea-pig left atrium. Nat. Med., 51, 478—
481. http://ci.nii.ac.jp/naid/110008731786.

Myers, M.J., Deaver, C.M., Lewandowski, A.J., 2019. Molecular mechanism of action
responsible for carrageenan-induced inflammatory response. Mol. Immunol., 109, 38-42.
https://doi.org/10.1016/J.MOLIMM.2019.02.020.

Medina, M.C., Sousa-Baena, M.S., Prado, E., Acevedo-Rodriguez, P., Dias, P., Demarco, D.,
2021. Laticifers in Sapindaceae: Structure, Evolution and Phylogenetic Importance. Front.
Plant Sci., 11, 612985. https://doi.org/10.3389/fpls.2020.612985.

Nascimento, R. de P. do, Machado, A.P. da F., Lima, V.S., Moya, A.M.T.M., Reguengo, L.M.,
Bogusz Junior, S., Leal, R.F., Cao-Ngoc, P., Rossi, J.C., Leclercq, L., Cottet, H., Cazarin,
C.B.B., Marostica Junior, M.R., 2021. Chemoprevention with a tea from hawthorn (Crataegus
oxyacantha) leaves and flowers attenuates colitis in rats by reducing inflammation and
oxidative stress. Food Chem. X, 12. https://doi.org/10.1016/j.fochx.2021.100139.

Pearse, A.G.E., 1968. Histochemistry: theoretical and applied. 4th ed. Churchill Livingston,
Edinburgh.

Pearse, A.G.E., 1972. Histochemistry: theoretical and applied, 3rd ed. Baltimore, MD: The
Williams & Wilkins Company.

Pick, A., Miiller, H., Mayer, R., Haenisch, B., Pajeva, I.K., Weigt, M., Bonisch, H., Miller,
C.E., Wiese, M., 2011. Structure—activity relationships of flavonoids as inhibitors of breast
cancer resistance protein (BCRP). Bioorg. Med. Chem., 19, 2090-2102.
https://doi.org/10.1016/J.BMC.2010.12.043.



117

Plaza, M., Pozzo, T., Liu, J., Zubaida, K., Ara, G., Turner, C., Karlsson, E.N., 2014. Substituent
Effects on in Vitro Antioxidizing Properties, Stability, and Solubility in Flavonoids. J. Agric.
Food Chem., 62, 3321-3333. https://doi.org/10.1021/jf405570u.

Pober, J.S., Sessa, W.C., 2015. Inflammation and the Blood Microvascular System. Cold Spring
Harb. Perspect. Biol., 7. https://doi.org/10.1101/CSHPERSPECT.A016345.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., Rice-Evans, C., 1999.
Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free
Radic. Biol. Med., 26, 1231-1237. https://doi.org/10.1016/S0891-5849(98)00315-3.

Rohm, T. V., Meier, D.T., Olefsky, J.M., Donath, M.Y., 2022. Inflammation in obesity,
diabetes, and related disorders. Immunity, 55, 31-55.
https://doi.org/10.1016/J.IMMUNI.2021.12.013.

Rosa, S.I1.G., Rios-Santos, F., Balogun, S.O., Martins, D.T.D.O., 2016. Vitexin reduces
neutrophil migration to inflammatory focus by down-regulating pro-inflammatory mediators
via inhibition of p38, ERK1/2 and JNK pathway. Phytomedicine, 23, 9-17.
https://doi.org/10.1016/J.PHYMED.2015.11.003.

Santos, S.M., de Oliveira Junior, P.C., Balsalobre, N.M., Kassuya, C.A.L., Cardoso, C.A.L.,
Pereira, Z.V., Silva, R.M.M.F., Formagio, A.S.N., 2021. Variation in essential oil components
and anti-inflammatory activity of Allophylus edulis leaves collected in central-western Brazil.
J. Ethnopharmacol., 267, 113495. https://doi.org/10.1016/J.JEP.2020.113495.

Santos, S.M., Cardoso, C.A.L., de Oliveira Junior, P.C., Silva, M. E., Pereira, Z.V., Silva,
R.M.M.F., Formagio, A.S.N., 2023. Seasonal and geographical variation in the chemical
composition of essential oil from Allophylus edulis leaves. S. Afr. J. Bot., 154, 41-45.
https://doi.org/10.1016/j.sajb.2022.12.013.

Schmeda-Hirschmann, G., Feresin, G., Tapia, A., Hilgert, N., Theoduloz, C., 2005. Proximate
composition and free radical scavenging activity of edible fruits from the Argentinian Yungas.
J. Sci. Food Agric., 85, 1357-1364. https://doi.org/10.1002/JSFA.2098.



118

Scott, D.L., Wolfe, F., Huizinga, T.W.J., 2010. Rheumatoid arthritis. Lancet, 376, 1094-1108.
https://doi.org/10.1016/S0140-6736(10)60826-4.

Siddhuraju, P., Becker, K., 2003. Studies on antioxidant activities of mucuna seed (Mucuna
pruriens var utilis) extract and various non-protein amino/imino acids through in vitro models.
J. Sci. Food Agric., 83, 1517-1524. https://doi.org/10.1002/JSFA.1587.

Strada, C.L., Lima, K. C., da Silva, V.C., Ribeiro, R. V., Dores, E.F.G. d. C., Dall’Oglio, E.L.,
Schmeda-Hirschmann, G., Carollo, C.A., Martins, D.T.O., de Sousa Junior, P.T., 2017.
Isovitexin as marker and bioactive compound in the antinociceptive activity of the brazilian
crude drug extracts of Echinodorus scaber and E. Grandiflorus. Rev. Bras. Farmacogn., 27,
619-626. https://doi.org/10.1016/j.bjp.2017.05.011.

Sufka, K. J., Watson, G. S., Nothdurft, R. E., Mogil, J. S., 1998. Scoring the mouse formalin
test: Validation study. Eur. J. Pain, 2, 351-358. https://doi:10.1016/s1090-3801(98)90033-7.

Suyenaga, E.S., Klein, L.C., Passos, C.D.S., Marin, R., Santin, J.R., Machado, I.D., Farsky,
S.H.P., Henriques, A.T., 2014. Beyond organoleptic characteristics: the pharmacological
potential of flavonoids and their role in leukocyte migration and in L-selectin and 2-integrin
expression during inflammation. Phytother. Res., 28, 1406-1411.
https://doi.org/10.1002/PTR.5144.

Svendsen, A.B., Verpoorte, R. 1983. Cromatography of alkaloids. Elsevier Scientific
Publishing Company, New York.

Tirloni, C.A.S., Macorini, L.F.B., dos Santos, U.P., da Rocha, P.S., Barros, S.V., de Melo,
A.M.M.F., Vieira, M.C., Souza, K.P., dos Santos, E. L., 2015. Evaluation of the antioxidant
activity, antimicrobial effect and acute toxicity from leaves of Allophylus edulis (A. St.-Hil., A.
Juss. Cambess &.) Hieron. ex Niederl. Afr. J. Pharm. Pharmacol., 9, 353-362.
https://doi.org/10.5897/AJPP2015.4270.

Trevizan, L.N.F., Nascimento, K.F. do, Santos, J.A., Kassuya, C.A.L., Cardoso, C.A.L., Vieira,
M. do C., Moreira, F.M.F., Croda, J., Formagio, A.S.N., 2016. Anti-inflammatory, antioxidant

and anti-Mycobacterium tuberculosis activity of viridiflorol: The major constituent of



119

Allophylus edulis (A. St.-Hil., A. Juss. & Cambess.) Radlk. J. Ethnopharmacol., 192, 510-515.
https://doi.org/10.1016/j.jep.2016.08.053.

Umeo, S.H., Ito, T.M., Yokota, M.E., Romagnolo, M.B., Junior, A.L., 2011. Avaliacdo das
propriedades antioxidantes, anticolinesterasicas e citotoxicas dos frutos de Allophylus edulis
(A.St.-Hil., Cambess. & A. Juss.) Radlk. (Sapindaceae). Arg. Ciéncias da Saude da UNIPAR
15.

Vinegar, R., Truax, J.F., Selph, J.L., 1973. Some quantitative temporal characteristics of
carrageenin-induced pleurisy in the rat. Proc. Soc. Exp. Biol. Med., 143, 711-714.
https://doi.org/10.3181/00379727-143-37397.

Wang, Y., Liu, T., Li, M.F., Yang, Y.S, Li, R., Tan, J.,, Tang, S.H., Jiang, Z.T., 2019.
Composition, cytotoxicity and antioxidant activities of polyphenols in the leaves of star anise
(Iicium verum Hook. F.). ScienceAsia, 45, 532-537.
https://doi.org/10.2306/SCIENCEASIA1513-1874.2019.45.532.

Wang, Y., Ni, W, Jin, X., Li, J, Yu, Y. 2022. Vitexin-2-O-rhamnoside improves
immunosuppression, oxidative stress, and phosphorylation of PI3K/Akt signal pathway in
cyclophosphamide treated mice. Eur. J. Pharmacol., 925, 1749909.
https://doi.org/10.1016/J.EJPHAR.2022.174999.

Wei, W., Ying, X., Zhang, W., Chen, Y., Leng, A., Jiang, C., Liu, J., 2014. Effects of vitexin-
2"-O-rhamnoside and vitexin-4"-O-glucoside on growth and oxidative stress-induced cell
apoptosis of human adipose-derived stem cells. J. Pharm. Pharmacol., 66, 988-997.
https://doi.org/10.1111/jphp.12225.

Werner, 1., Guo, F., Kiessling, A.H., Juengel, E., Relja, B., Lamm, P., Stock, U.A., Moritz, A.,
Beiras-Fernandez, A., 2014. Treatment of endothelial cell with flavonoids modulates
transendothelial leukocyte migration. Phlebology., 30, 405-411.
http://dx.doi.org/10.1177/0268355514531951.



120

Winter, C.A., Risley, E.A., Nuss, G.W., 1962. Carrageenin-induced edema in hind paw of the
rat as an assay for antiiflammatory drugs. Proc. Soc. Exp. Biol. Med., 111, 544-7.
https://doi.org/10.3181/00379727-111-27849.

Xu, Y.A,, Fan, G., Gao, S., Hong, Z., 2008. Assessment of Intestinal Absorption of Vitexin-2"-
O-Rhamnoside in Hawthorn Leaves Flavonoids in Rat Using In Situ and In Vitro Absorption
Models. Drug Dev. Ind. Pharm., 34, 164-170. https://doi.org/10.1080/03639040701484668.

Xu, Lijuan, Qi, T., Xu, Li, Lu, L., Xiao, M., 2016. Recent progress in the enzymatic
glycosylation  of phenolic compounds. J. Carbohydr. Chem., 35, 1-23.
https://doi.org/10.1080/07328303.2015.1137580.

Yahfoufi, N., Alsadi, N., Jambi, M., Matar, C., 2018. The immunomodulatory and anti-
inflammatory role of polyphenols. Nutr., 10, 1618. https://doi.org/10.3390/NU10111618.

Ying, X,, Li, H., Xiong, Z., Sun, Z., Cai, S., Zhu, W., Bi, Y., Li, F., 2008. LC determination of
malondialdehyde concentrations in the human umbilical vein endothelial cell culture medium:
Application to the antioxidant effect of vitexin-2"-O-rhamnoside. Chromatographia, 67, 679—
686. https://doi.org/10.1365/S10337-008-0569-7/FIGURES/7.

Zhang, W., Lyu, J., Xu, J., Zhang, P., Zhang, S., Chen, Y., Wang, Y., Chen, G., 2020. The
related mechanism of complete Freund’s adjuvant-induced chronic inflammation pain based on
metabolomics analysis. Biomed. Chromatogr., 35. https://doi.org/10.1002/BMC.5020.

Zhu, X. X., Li, L. D., Liu, J. X, Liu, Z. Y., Ma, X. Y. 2006. Effect of vitexia-rhamnoside (V-
R) on vasomotor factors expression of endothelial cell. Zhongguo Zhong Yao Za Zhi, 31, 566—
569.



121

5.3 Artigo I11: Anxiolytic, antiamnesic and toxicological assessment of Allophylus edulis
(A. St.-Hil., A. Juss. & Cambess.) Radlk. leaves

Periodico de escolha: Nutritional Neuroscience (Qualis A2 e FI 3.6)

Normas de publicacéo:
https://www.tandfonline.com/action/authorSubmission?show=instructions&journalCode=ynn
s20.



122

Therapeutic potential, subacute toxicological analyses and in silico studies of
compound and extracts from the leaves of Allophylus edulis (A. St.-Hil., A.
Juss. & Cambess.) Radlk.

Sidney Mariano dos Santos?, Felipe Francisco Bittencourt Junior®, Adlize Oliveira
Sarati Bittencourt®, Pedro Cruz de Oliveira Jinior¢, Jéssica Maurino dos Santos?,
Maiara Fava de Souza?, Janaine Alberto Marangoni Faoro? Anelise Samara

Nazari Formagio*?°¢

#Faculty of Health Sciences, Federal University of Grande Dourados, Dourados, Mato Grosso
do Sul, Brazil

bLaboratory School of Clinical Analysis, University Center of Grande Dourados, Dourados,
Mato Grosso do Sul, Brazil

‘Faculty of Biological and Environmental Sciences, Federal University of Grande Dourados,

Dourados, Mato Grosso do Sul, Brazil

*Correspondence to: Faculty of Health Sciences, Federal University of Grande Dourados,
Dourados-Itahum Highway, Zip Code: 79804-970. Dourados, Mato Grosso do Sul, Brazil. E-
mail address: aneliseformagio@ufgd.edu.br; aneliseformagio@gmail.com (A.S.N. Formagio).

Notes on contributors
Sidney Mariano dos Santos

Sidney Mariano dos Santos, (ORCID: 0000-0003-3269-8530) holds a PhD in Health Sciences with an
emphasis on pharmacology of natural products from the Federal University of Grande Dourados.
Currently, he serves as an undergraduate professor at the Faculty of Health Sciences at the same
institution. His expertise lies in researching natural products, specifically in the phytochemical study of
secondary metabolites, pharmacological evaluation, and in vivo safety assessment of plant extracts and

substances isolated from medicinal plants.

Felipe Francisco Bittencourt Junior



123

Felipe Francisco Bittencourt Junior, (ORCID: 0000-0001-8801-9934), holds a master's degree in
Natural Resources from the State University of Mato Grosso do Sul (UEMS), specializing in
bioprospecting, microbiology, and biochemistry. With a focus on plant extracts, he has expertise in their
antimicrobial and antioxidant properties. Currently serving as a clinical analyst in public service, he also
holds a position as a professor at the Faculty of Health Sciences at Centro Universitario da Grande
Dourados (UNIGRAN).

Adlize Oliveira Sarati Bittencourt

Adlize Oliveira Sarati Bittencourt, (ORCID: 0009-0004-9994-5561), holds a pharmacy degree from
Centro Universitario da Grande Dourados (UNIGRAN) and specializes in Public Health from the
Federal University of Grande Dourados (UFGD). Currently practicing as a hospital pharmacist, she also
has experience in the biological evaluation of aromatic-rich medicinal species, exploring them as

alternatives in bioinsecticide production.

Pedro Cruz de Oliveira Jinior

Pedro Cruz de Oliveira Janior, (ORCID: 0000-0000-0000-0000), holds a bachelor’s degree in
Biological Sciences from the State University of Mato Grosso do Sul (UEMS), as well as degrees in
Agricultural Production Technology and Agronomy from Centro Universitario da Grande Dourados
(UNIGRAN). In his postgraduate studies, he specialized in the bioprospecting of medicinal plants for
pharmacological purposes and earned a doctorate in Biotechnology and Environment from the Federal
University of Grande Dourados - UGFD. His expertise lies in the field of phytochemical assessment and
biological and pharmacological evaluation of medicinal plants from the Brazilian Cerrado, with a focus

on anti-inflammatory and neuroprotective activities.

Jéssica Maurino dos Santos

Jéssica Maurino dos Santos, (ORCID: 0000-0001-9557-8064), is a Nutritionist from the Federal
University of Grande Dourados (UFGD). Specialized in functional foods and nutrigenomics, her
master's degree focused on evaluating the bioprospecting and pharmacological safety of medicinal
plants and functional foods in health-related bioassays, employing in vitro, cellular, and animal models.
Her research spanned oxidative stress, obesity, diabetes, dyslipidemia, and metabolic syndrome,

encompassing nutrition and collective feeding. Currently pursuing her doctorate in the Postgraduate



124

Program in Health Sciences, she also serves as a Student Assistance nutritionist at the Federal University
of Grande Dourados (UFGD).

Maiara Fava de Souza

Maiara Fava de Souza, (ORCID: 0009-0006-2514-7449), holds a Pharmacy degree from Centro
Universitario da Grande Dourados (UNIGRAN) and a master’s degree in health sciences from the
Federal University of Grande Dourados (UFGD). Her research at UFGD focuses on exploring the
neuroprotective potential of plant extracts and isolated substances in animal models of cognitive decline.
Additionally, she possesses a degree in Biological Sciences from the State University of Mato Grosso
do Sul (UEMS) and specializes in Biotechnology and Clinical Neuropsychopedagogy.

Janaine Alberto Marangoni Faoro

Janaine Alberto Marangoni Faoro, (ORCID: 0009-0006-9888-3412), holds a Pharmacy degree from
Centro Universitario da Grande Dourados (UNIGRAN) and a master’s degree in Biodiversity and
Environment from the Federal University of Grande Dourados (UFGD). Additionally, she is a specialist
in Clinical and Hospital Oncology Pharmacy. Currently a Ph.D. student in Health Sciences, her research
focuses on the pharmacology of medicinal plants, involving phytochemical investigation and the
biological and pharmacological evaluation of plant extracts and isolated substances. This encompasses

activities such as antioxidant, anti-inflammatory, and neuroprotective effects.

Anelise Samara Nazari Formagio

Anelise Samara Nazari Formagio, (ORCID: 0000-0002-2505-0923) obtained her Ph.D. in Organic
Chemistry from the State University of Maringa. Specializing in Natural Product Chemistry, her focus
is on isolating and identifying secondary metabolites from medicinal plants. Her research evaluates
biological activities, encompassing antioxidant, anti-inflammatory, and behavioral models related to
dementia, anxiety, and depression. As an advisor in the Graduate Programs at the Federal University of
Grande Dourados, specifically in Health Sciences - Pharmacology (PPGCS) and Biodiversity and
Environment (PPGBMA), Anelise has mentored around 27 undergraduate students, 16 master's
students, and 4 Ph.D. students from 2010 to 2022. Her significant contributions include authoring 70

published articles in national and international indexed journals.



125

Therapeutic potential, subacute toxicological analyses and in silico studies
of compound and extracts from the leaves of Allophylus edulis (A. St.-Hil.,
A. Juss. & Cambess.) Radlk.

Background: Allophylus edulis, a plant native to the Brazilian Cerrado, renowned for its
antioxidant and anti-inflammatory properties, and abundant in flavonoids, remains
unexplored in terms of its anxiolytic potential, its ability to counteract cognitive
impairment induced by scopolamine as well as the subacute toxicity of the leaf infusion.
Objectives: This study explores the pharmacological effects of A. edulis leaf infusion
(ILAE 3, 30, and 100 mg/kg) and the hydromethanolic fraction (HMf 3 mg/kg), focusing
on anxiolytic effects (light/dark and open field tests) and short-term memory protection
(new object recognition test), as well as spatial learning memory (Morris water maze
test). Additionally, we assess the antioxidant and acetylcholinesterase inhibitory impact
on the mouse brain. In silico analysis examines the interaction capacity of the compound
abundant in ILAE. Subacute toxicity evaluation of ILAE (30, 100, and 300 mg/kg) aims
to establish the safety of leaf infusion. Results: Although treatments minimally inhibit
anxious behavior, they exhibit the ability to partially restore short-term memory
impairment induced by scopolamine in the object recognition test. Neuroprotective
effects observed may be attributed to antioxidant impact and the reduction in
acetylcholinesterase (AChE) activity in the brain homogenate of treated mice. Molecular
re-docking of vitexin 2"-O-rhamnoside (AE-1) reveals hydrogen bonding interactions,
both conventional and unconventional, along with =-stacking interactions with the
enzyme. Oral toxicity evaluation in mice during the 28-day treatment period indicates
low toxicity across the assessed parameters. Conclusion: These findings contribute
significantly to characterizing A. edulis as a medicinal plant with neuroprotective

properties.

Keywords: vacum; anxiety; amnesia; acetylcholinesterase; flavonoid; scopolamine.
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1. Introduction

Vacum (scientifically known as Allophylus edulis, Sapindaceae) is a South American
tree that thrives in several biomes, including the Amazon, Caatinga, Cerrado, Atlantic Forest,
and Pantanal (Forzza et al., 2010). It is native to countries such as the Guianas, Bolivia,
Paraguay, Uruguay, and Argentina (Diaz et al., 2014). This species is used in traditional
Guarani practices and adopted by migrants in the region, wich is commonly prepared as an
infusion, decoction, or cold maceration drink known as tereré (often combined with Ilex
paraguariensis (Aquifoliaceae) and other species). A. edulis is used medicinally for
gastrointestinal, hepatic, diuretic, hypertensive, and anti-inflammatory disorders (Arisawa et
al., 1989; Korbes, 1995; Franco and Fontana, 2001; Alves et al., 2008; Kujawska and Pardo-
De-Santayana, 2015; Kujawska and Pieroni, 2015; Kujawska and Schmeda-Hirschmann,
2022).

The aqueous, alcoholic extracts, and/or essential oils have demonstrated antioxidant
(Tirloni et al., 2015; Piekarski-Barchik et al., 2021), nephroprotective (Galeano et al., 2023),
anticholinesterase effects in vitro (Umeo et al., 2011), hepatoprotective (Hoffmann-Bohm et
al., 1992), negative ionotropic in vitro (Matsunaga et al., 1997), and anti-inflammatory
properties (Trevizan et al., 2016; Santos et al., 2021; Balsalobre et al., 2023). These effects are
attributed to polyphenolic substances, especially flavonoids, which are abundant in A. edulis
leaves (Arisawa et al., 1989; Hoffmann-Bohm et al., 1992; Diaz et al., 2008; Diaz et al., 2014).

Neurodegenerative diseases, such as Alzheimer's, becoming increasingly prevalent
worldwide, particularly among the elderly, causing memory loss, anxiety, and dementia. The
changes associated with disturbances in the central cholinergic system led to an irreversible
cognitive decline. Current dementia treatments, such as acetylcholinesterase (AChE) inhibitors,
namely donepezil, rivastigmine, and galantamine, are symptomatic but associated with side
effects, including nausea, vomiting, anorexia, and insomnia (Tan et al., 2014; Briggs et al.,
2016; Lei et al., 2021; Ferrari and Sorbi, 2021; Ruangritchankul et al., 2021).

Numerous medicinal plants, including A. edulis with its flavonoids, such as quercetin,
vitexin, and isovitexin, have been cited for reducing symptoms of cognitive decline, attenuating
neuroinflammation, improving cholinergic and glutamatergic communication, and decreasing
tau protein phospholylaton (Li et al., 2022).

The aim of this study was to investigate the effects of A. edulis leaf infusion (ILAE) and
hydromethanolic fraction (HMf) on the cognitive performance in mice using light/dark, open
field, novel object recognition and Morris water maze tests. In addition, AChE inhibition and

lipid peroxidation in brain homogenate, were measured. Study of the molecular re-docking in
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AChE were carried out with the main constituent (vitexin 2"-O-rhamnoside) obtained of the

HMTf. Also, this study aims to determine the subacute toxicity of the infusion of A. edulis leaves.

2. Material and methods
2.1. Drugs and solvents

Scopolamine hydrobromide, Bradford reagent, (5,5-dithio-bis-(2-nitrobenzoic acid)
(DTNB), acetylthiocholine iodide (AcSCh) and bovine serum albumin were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Trichloroacetic acid and thiobarbituric acid were
purchased from Dinamica (Sao Paulo, SP, BR). Ketamine and xylazine were purchased from
Syntec (Santana de Parnaiba, SP, Brazil). Other drugs and reagents used were of analytical

grade.

2.2. Plant material, infusion, fractioning, and isolation of vitexin 2"-O-rhamnoside (AE-1)
The leaves of A. edulis were collected from the Medicinal Plant Garden at the Federal
University of Grande Dourados (UFGD) the city of Dourados (Mato Grosso do Sul, Brazil,
22°11°43.7”S 54°56°08.5”W). Dr. Zefa Valdivina Pereira identified and deposited in the
herbarium of the UFGD 342. The authorization to access the Brazilian genetic heritage was
obtained through the National System for the Genetic Heritage and Associated Traditional
Knowledge Management (SisGen-A51F665). The infusion of A. edulis leaves (ILAE),
hydromethanol fraction (HMf) and vitexin 2"-O-rhamnoside (AE-1) were obtained as shown in

a previous study (unpublished data).

2.3. Animals and ethical approval

Adult male and female Swiss mice (25-30 g) were provided by the Central Animal Care
Facility of the Federal University of Grande Dourados. The animals were housed in
polypropylene cages measuring 30x20x13 cm. Housing conditions maintained a temperature
of 22+2°C with a 12:12 h light-dark cycle, and the mice had free access to water and standard
pelleted food. Euthanasia was performed by administering a lethal injection of ketamine (300
mg/kg) and xylazine (30 mg/kg) or cervical dislocation, according to the euthanasia practice
guideline outlined in Normative Resolution No. 37/2018 of the National Council for the Control
of Animal Experimentation (CONCEA). The parameters for animal handling were also
established by CONCEA, and the project was approved from the Committee of Ethics on the
Use of Animals (CEUA) at the Federal University of Grande Dourados (approval number
05.2021).
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2.4. Experimental Design - Animal grouping and drug administration for scopolamine-induced
amnesia and brain collection for antioxidant and AChE activity analysis

Two days before the start of the experiment, the animals were acclimatized in the
laboratory. After a 2-day acclimation period, mice were distributed into 6 groups (n=6) and
treated once daily for 16 days. Groups received oral a 0.9% saline solution (control) and three
doses of ILAE (3, 30, and 100 mg/kg) and HMf (3 mg/kg). A scopolamine group was also used,
and treatment consisted of an intraperitoneal injection (once daily) of a solution containing
scopolamine (1 mg/kg, i.p.) from day 11 to day 16. All groups underwent light/dark, open field,
novel object recognition (NOR) and Morris water maze (MWM). For the NOR and MWM tests,
an additional group was included, receiving only scopolamine (1 mg/Kkg, i.p.). For the ILAE
and HMf memory test analyses, mice also received a daily injection of scopolamine (1 mg/kg,
I.p.) from day 11 to day 16, administered 0.5 hours prior to the experiment to induce amnesia.
On day 16, after completion of the tests, all animals were sacrificed, and their brains were
isolated for subsequent determination of AChE activity and antioxidant levels using the MDA

method. The complete scheme is shown in Figure 1.

2.5. Behavioral tests for anxiety
2.5.1. Light/dark box test

The light/dark transition test (Crawley and Goodwin, 1980; Costall et al., 1989)
consisted of two rectangular compartments, one light and one dark, made of white and dark
materials. The dimensions were 40x40 cm for the light compartment and 40x33 cm for the dark
compartment, interconnected by a slit (6 x 6 cm). On day 9, after 1 hour of treatment, the
animals' behavior was recorded for 5 minutes (using ANY-maze version 7.2, Stoelting Co.
USA). Parameters included total time spent in the light and dark compartment. After each trial,

the floor of the apparatus was cleaned using a 15% ethanol solution.

2.5.2. Open field test

One hour after treatment (day 10) the mice were individually placed in the center of the
open field (62 cm diameter circular apparatus) (Hall, 1934), and allowed to explore freely for
5 minutes under standard room lighting conditions. The assessment of anxiety was based on the
mouse's preference for the open areas of the field. This revealed that open areas are anxiogenic,

although their innate curiosity drives exploration. Parameters analyzed included the
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thigmotactic ratio, time spent in the central zone, and the number of line crossings, all
automatically recorded using ANY-maze version 7.2 (Stoelting Co. USA). In addition, the
number of rearings and fecal boli were manually evaluated. After each trial, the floor of the

apparatus was cleaned with a 15% ethanol solution.

2.6. Behavioral tests for learning and memory
2.6.1. Novel object recognition (NOR) test

The day before the test, animals were allowed to freely acclimatize to the test apparatus
for 10 min without any objects present. The apparatus comprised of a 40x40 cm polypropylene
box (Ennaceur and Delacour, 1988). On the test day (day 11), two identical objects were placed
inside the box, allowing mice a 10-minute exploration period. Subsequently, the animals
received oral treatment, followed by scopolamine administration (1 mg/kg, i.p.) after 30
minutes. One hour after treatment, the animals returned to the apparatus for another 10 minutes,
during which the objects were replaced — one new and one identical to the familiar object. Time
spent with the novel object was measured using ANY-maze version 7.2 (Stoelting Co. USA)
and included instances in which mice touched the object with their nose or directed their nose
toward the object at a minimum distance of 2 cm. The discrimination index (DI) was then
calculated based on these observed parameters, reflecting improved working memory if
increased. DI = [(time spent on new object - time spent on old object)/ (time spent on new object

+ time spent on old object)].

2.6.2 Morris water maze test

The circular tank (65 cm in diameter and 30 cm in height) , was divided into four
guadrants, with the water temperature maintained at 25 + 1 °C. A submerged platform (1 cm
below the water surface) was placed in one quadrant, referred to as the target quadrant/ platform
quadrant (Morris, 1984). The apparatus was equipped with a video camera and a tracking
system (ANY-maze version 7.2, Stoelting Co., USA) to record the performance of the mice.
The acquisition test, which lasted from day 12 to day 15, consisted of three daily trials starting
from different quadrants. The mice were given 60 seconds to locate the hidden platform; if
unsuccessful, they were gently led to the platform and allowed to remain for 20 seconds. After
finding the platform, they spent an additional 10 seconds on it for familiarization. The platform
remained stationary, while starting points varied randomly. Escape latency served as the
measure for acquisition or learning. In day 16, the platform was removed for a 60-second probe

trial. Mice were placed in the apparatus opposite to the target quadrant, and number of platform
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zone entries, time spent in platform zone, and distance travelled until first entry into the

platform zone were assessed.

2.7. AChE activity and lipid peroxidation
2.7.1. Determination of acetylcholinesterase activity

On the last day (day 16) of the study, all mice were anesthetized with ketamine (300
mg/kg) and xylazine (30 mg/kg), before decapitation for brain extraction. To prepare the brain
homogenate, the brain was homogenized and crushed in a 5% weight/volume phosphate buffer
solution (0.01 M, pH 7.4) using a TURRAX-type homogenizer (Marconi, Brazil). The
homogenate was then centrifuged (6000 rpm) for 20 minutes. An aliquot (10 pl) of the
supernatant was collected, and the protein concentration was estimated using Bradford reagent
(Bradford, 1976). A mixture of 25 ul of brain homogenate, 150 pl of potassium phosphate
buffer (0.1 M, pH 7.4), 100 pl of DTNB (0.01 M, pH 7), and 20 pl of acetylthiocholine iodide
(0.075 M), was added to a microplate (iMark, Bio-Rad Laboratories, USA), and absorbances
were read at 415 nm for 7 minutes, with readings taken every 30 seconds (Ellman et al., 1961)
and the specific activity was calculated using the formula: AChE activity = (AA x total volume
X 60)/13.6 x AcSCh volume x protein of tissue (mg/ml)), were: AA is the change in absorbance
per minute; and 13.6 represents the TNB molar absorption coefficient. All the reactions were
performed in triplicate and expressed as hydrolysis of acetylthiocholine in pmol per hour per

milligram protein (umol AcSCh/h/mg of protein).

2.7.2. Determination of lipid peroxidation inhibition

On the last day (day 16) of the assessments, based on the methodology developed by
Stocks et al. (1974), total mice brain homogenate was obtained by homogenization crushing
with phosphate-buffered saline using a TURRAX-type (Marconi, Brazil). The homogenate was
centrifuged at 3000 rpm for 10 minutes. The resulting supernatant was collected and further
diluted (1:3, v/v) in phosphate-buffered saline. Subsequently, 3 ml of the homogenate was
mixed with 1.5 ml of 10% trichloroacetic acid and centrifuged for at 3000 rpm for 20 min. After
discarding the precipitated proteins, the sample was incubated in a water bath at 37°C for 1
hour. After this incubation, 1 ml of 0.67% thiobarbituric acid was added, and the mixture was
kept in a water bath at 100°C for 15 minutes. The reaction mixture was then cooled in an ice
bath and read at 532 nm using a UV spectrophotometer (Bel Photonics, Monza, IT). The

percentage of lipid peroxidation inhibition was calculated using the following formula: %l =
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(Control group Abs - Sample Abs) / Control group Abs x 100. All the reactions were performed

in triplicate.

2.8. Molecular Re-docking

Molecular anchoring tests were performed using the three-dimensional structure of
vitexin 2"-O-rhamnoside (AE-1) obtained from PubChem website
(https://pubchem.ncbi.nlm.nih.gov/compound/Vitexin-2_-O-rhamnoside) and the structure of
the AChE (AChE, PDB: 5NAP, resolution 2.17 1&) complexed with a non-chiral inhibitor
analogous to donepezil (DZ7). The simulations were carried out using the Gold (2020.3.0)
program (Jones et al., 1997), following the steps: (i) removal of all water molecules from the
enzyme structure; (ii) the ligand binding site DZ7 was used in the automatic function of the
program to recognize the ligand cavity of interest; (iii) radius of ISA, together with the genetic
search algorithm and the ChemPLP ranking function. Finally, 10 scans were simulated to
establish the re-docking protocol.

For molecular docking simulations, this was increased to 100 runs per ligand and 5 scans
in total. Score values were determined as the simple arithmetic mean of the five scans plus the
population standard deviation value of the measurements taken. Interactions of vitexin 2"-O-
rhamnoside (AE-1) with the receptor were analyzed using the software Discovery Studio
Visualizer version 21.1.0.20298 (BIOVIA, San Diego, CA, USA).

2.9 Subacute Oral Toxicity Study

The evaluation of oral toxicity in mice was performed according to OECD Guideline
407 (58 OECD, 2008). Thirty-two female Swiss mice (n=8) were divided into 4 groups. These
groups received different oral treatments for 28 days: a negative control group (0.9% saline
solution) and treatment groups administered with ILAE (30, 100, or 300 mg/kg) solubilized in
0.9% saline solution. Behavioral and physiological changes were closely monitored throughout
the 28-day period. At the end of the experiment, euthanasia was performed by cervical
dislocation, and macroscopic and histopathological evaluations of organs were performed.
Blood samples were collected, and hematological parameters (erythrocyte and platelet counts,
total and differential count of leukocytes, hematocrit, hemoglobin, and hematimetric indexes),
and biochemical parameters (glucose, urea, creatinine, alanine aminotransferase, aspartate

aminotransferase, albumin, total cholesterol) were evaluated.

2.9. Statistical analysis
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Statistical comparisons were made using a one or two-way analysis of variance
(ANOVA) followed by Tukey’s test, and the differences were considered statistically
significant when P<0.05. All statistical calculations and graphs were generated using GraphPad
Prism version 8.0 for Windows (GraphPad Software, San Diego, CA, USA).

3. Results
3.1 Behavioral tests for anxiety

Anxiety-like behavior was first assessed using the light/dark test (Figure 2). Animals
treated with ILAE (30 and 100 mg/kg) and HMf (3 mg/kg) showed a significant reduction in
the time spent in the dark zone, with values of 19.28, 20.57 and 18.99%, respectively compared
to control (Figure 2A). The anxiolytic effect was also presented based on the time spent in the
light zone, which increased for treatments with ILAE. An increase of 31.9% (ILAE, 30 mg/kg),
33.7% (ILAE, 100 mg/kg) and 31.94% (HMf, 3 mg/kg) was observed (Figure 2B). There were
no significant differences among treatments.

Anxiety related to locomotor performance was assessed using the open field test (Figure
3). A significant decrease in the thigmotactic ratio was observed in ILAE (30 mg/kg) and HMf
(3 mg/kg), with values of 60.59 and 56.44%, respectively, compared with control (Figure 3A).
This trend also extended to the time spent in the centre zone, which was higher at doses of 30
mg/kg of ILAE (47.97%) and 3 mg/kg of HMf (49.36%) compared to control (Figure 3B).
When comparing treatments, significant differences were found only when ILAE (100 mg/kg)
was compared with ILAE (30 mg/kg) and HMf (3 mg/kg), with P<0.05 for both (Figure 3B).
There was an increase line crossing, more significant at ILAE (3 mg/kg) and HMf (3 mg/kg)
by 48.66 and 55.18%, respectively, when compared to control (Figure 3C). When comparing
treatments, significant differences were found in the comparison between ILAE (100 mg/kg)
and HMf (3 mg/kg), with P<0.001 (Figure 3C). And a decrease in spontaneous rearing,
significantly with ILAE (30 mg/kg), by 40.07%, compared to control (Figure 3D). In addition,
a decrease in defecation was observed in ILAE (100 mg/kg) and HMf (3 mg/kg) of 47.91 and
65.27%, respectively, compared to control (Figure 3E). When comparing the treatments, they
were all differed from each other (P<0.001), with no significance only in the comparison
between ILAE (100 mg/kg) and HMf (3 mg/kg) (Figure 3E).

3.2 Behavioral tests for cognitive function
Short-term memory was assessed using the novel object recognition test (Figure 4).

Scopolamine was able to induce a decrease in memory compared to the control group, which



133

was observed both in the shorter time spent exploring the novel object (Figure 4A) and in the
lower discrimination index (Figure 4B). The effect of scopolamine was reversed by treatments
with ILAE (3 and 30 mg/kg) and HMf (3 mg/kg), with increase in 71.31, 67.32 and 67.44%,
respectively, when compared with scopolamine (Figure 4A), allowing to recall the familiar
object and to devote more time to explore the novel object, as observed by the increased
discrimination index (Figure 4B). No significant differences were found among treatments.

Spatial learning and long-term memory were assessed using the Morris water maze test
(Figure 5). The post-hoc test revealed that scopolamine alone significantly increased escape
latency values from the day 13 onwards (P < 0.01), indicating a decrease in platform recall,
when compared to control group (Figure 5A). At day 15 treatments with ILAE (3 and 30
mg/kg) and HMf (3 mg/kg) show a statistically significant decrease in escape latency compared
to the scopolamine group (Figure 5A). On probe day, long-term memory retention was
assessed. Scopolamine injection alone reduced the number of platform quadrant entries
(43.39%) (Figure 5B) and the time spent in the platform quadrant (63.12%) (Figure 5C)
compared to the control group, indicating memory loss in the mice. A significant improvement
in memory conservation was observed only in incread (41.17%) of platform quadrant entries
by HMf (3 mg/kg) treatment compared to scopolamine (Figure 5B). A significant increase
(62.25%) in the distance traveled to reach the platform quadrant for the first time was also
observed in the scopolamine group compared to the control group (Figure 5D). All treatments
of ILAE were able to reduce this distance, highlighting the doses of 3 and 100 mg/kg (79.17
and 83%, respectively), when compared to the scopolamine group (Figure 5D). There were no
statistically significant differences between treatments.

The treatments with ILAE (3 mg/kg) and HMf (3 mg/kg) showed inhibition of lipid
peroxidation of 62.44 and 62.12%, respectively, in comparison to the scopolamine group
(19.12%) (Figure 6A). The scopolamine group showed displayed a significant increase of
34.77% of the AChE activity, when compared to the control group (Figure 6B). All treatment
with ILAE (3, 30 and 100 mg/kg) and HMf (3 mg/kg) significantly reduced AChE activity in
the homogenate obtained from brains of mice and the observed inhibitions were of 47.52, 30.59,
25.52 and 44.49%, respectively (Figure 6B). The treatment with ILAE (3 mg/kg) (P<0.001)
showed significant differences when compared to the ILAE (30 and 100 mg/kg) (Figure 6B).
The treatment with HMf (3 mg/kg) showed significant differences in relation to ILAE (100
mg/kg) (P<0.001) and ILAE (100 mg/kg) (P<0.01) (Figure 6B).

3.3 Molecular Re-docking
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An illustration of the three-dimensional (3D) modeled molecular surface structure of
vitexin 2"-O-rhamnoside within the binding site of SNAP (AChE enzyme) is shown (Figure
7A). A focused examination of the docked compound superimposed on DZ7 confirms that the
flavonoid occupies binding pockets analogous to those of DZ7 (Figure 7B). In the DZ7 binding
site of the AChE enzyme, vitexin 2"-O-rhamnoside participates in seven hydrogen bonding
interactions, six of which are conventional and one unconventional, and three =-stacking
interactions.

The crucial residues in the AChE enzyme binding site (Figure 7B) indicate hydrogen
bonding interactions with the glucitol moiety (TYR121 and TYR?70), the rhamnosyl moiety
(TYR334), A ring atoms (SER286), and C ring atoms (PHE288 and ARG289). Additionally,
carbon-hydrogen bonds form between C ring atoms and ILE287. Furthermore, n-stacking
interactions are observed between the B ring and PHE331, as well as between the A and C rings
with TRP279.

These intermolecular interactions mentioned are important for anchoring the ligand in
the binding site and are in accordance with some characteristics present in that cavity: binding
site cavity has few residues containing hydrophobic regions (Figure 8A), and almost no regions
containing residues with electrical charges (Figure 8B). The region of the enzyme in which
vitexin 2"-O-rhamnoside is anchored has more hydrogen bond donor and acceptor regions and
regions containing more aromatic residues (Figure 8C and 8D, respectively).

3.4 Subacute Oral Toxicity Study

In the 28-days subacute toxicity animal model, daily oral administration of ILAE (30,
100 and 300 mg/kg) did not result in mortality or any observable signs of toxicity. A summary
of the physiological parameters observed in mice exposed to ILAE is represented in Table 1.
Body weight values showed no significant difference at baseline, and this consistency
maintained after 28 days of ILAE administration. The results of weight gain of treated groups
were also not statistically different from to the control group. The results of food consumption
were statistically similar in all groups, water consumption was significantly different from the
control at doses of 100 mg/kg (P<0.01) and 300 mg/kg (P<0.001), resulting in decreased
consumption of 19.3% and 22.1%, respectively. After 28 days of ILAE administration, vital
organs (brain, liver, kidneys, spleen, heart, and lungs) were weighed. Statistically significant
changes in organ weight were observed only in the liver, with a decrease of 4.8% (ILAE 30 and
100 mg/kg) and a 9.5% decrease (ILAE 300 mg/kg), with P values of <0.01, <0.05, and <0.001,
respectively (Table 1).
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The oral administration of ILAE's induced changes in only one hematological
parameter, as summarized in Table 1, indicating that platelet counts were significantly different
from the control group only at doses of 30 mg/kg and 300 mg/kg, with P<0.05 and P<0.001,
respectively. The 30 mg/kg dose showed a 7.0% decrease, while the 300 mg/kg dose showed a
15.1% increase. Among the biochemical parameters, only AST levels demonstrated a
statistically significant change. The ILAE (100 mg/kg) showed an increase of 33.7% (P<0.001),
while the ILAE (300 mg/kg) showed a decrease of the 26.4% (P<0.001).

4. Discussion

This study presents, for the first time, an exploration of A. edulis properties on cognitive
abilities in a mouse model. The models used in this study aim to mimic natural anxiety and
manifestations akin to neurodegenerative conditions, such as amnesia, seen in dementia,
particularly Alzheimer's disease. Dementia is characterized by a progressive decline in
cognitive function (Andersson and Stone, 2023). Anxiety, whether associated to dementia or
not, is known to increase the risk of cognitive decline (Sun et al., 2023). Consequently, may be
beneficial not only for the well-being of individuals with dementia but also for the prevention
of dementia itself.

Rodents naturally exhibit anxiolytic behaviors, with protective mechanisms that result
in a preference for less exposed areas near walls in an open and lit arena (Horev et al., 2007).
The evaluation of the anxiolytic effect performed out on the ninth day of treatment, using the
light/dark test (Figure 2), revealed a preference for the brighter and generally more aversive
area, compared to the control group. Complementarily, the treatments were also able to provoke
anxiolytic behaviors in the open field test on the tenth day of treatment, with no differences
among treatments (Figure 3). The anxiolytic effect to all doses is evident from the fact that the
treated animals successfully navigated the anxiety-inducing open fields and generally showed
a greater ability to explore, with few statistical differences among treatments. There was an
observable increase in horizontal locomotor activity, measured by line crossings (Figure 3C).
These data reflect an increase in general motor activity, although no difference in distance
traveled was observed among groups (data not shown). Conversely, a decrease in vertical
locomotor activity, indicated by spontaneous rearing (sum of supported and unsupported
rearing), was significantly at higher doses ILAE (30 and 100 mg/kg) (Figure 3D), reflecting
lower directed exploration. In addition, a decrease in defecation, considered a parameter of

emotional stress was more evident in ILAE (100 mg/kg) and HMf (3 mg/kg) (Figure 3E).
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Compounds with an affinity for the GABA receptor are believed to play a significant
role in anxiety (Felice et al., 2022). Given that A. edulis is a polyphenol-rich plant (Arisawa et
al., 1989; Hoffmann-Bohm et al., 1992), particularly flavonoids, many of which are known to
interact with benzodiazepine sites on GABA receptors (Karim et al., 2018; Rios et al., 2022), it
is plausible that this contributes to anxiety relief. And although it is an undesirable effect of
several anxiolytics, the negative ionotropic effect on the guinea pig atrium reported by
Matsunaga et al. (1997) in fractions of the methanolic extract of A. edulis may be associated
with the observed anxiolytic effect here. This is because, although they act on GABA receptors,
different subtypes of receptors generate distinct responses (Rudolph and Knoflach, 2011).

From the eleventh day of treatment with ILAE and HMf, memory and spatial learning
tests were performed by inducing amnesia with scopolamine. Scopolamine model used is a
method to simulate cognitive decline by disrupting learning and impairing of short (NOR test)
and long (MWM test) term memory in rodents. This is done by inhibiting of muscarinic
receptors in the brain, which prevents memory encoding (Gedankien et al., 2023), inducing
neuroinflammation (Cheon et al., 2021), causes oxidative stress (Rahimzadegan and Soodi,
2018), and increases acetylcholinesterase activity (Wong-Guerra et al., 2017).

We assessed spontaneous recognition capacity by observing animals' innate tendency to
respond more to a new stimulus than to a familiar one (NOR test). Notably, the administration
of scopolamine alone reduced mice's ability to differentiate the novel object from the familiar
one, significantly decreasing both the time spent on the novel object (Figure 4A) and the
discrimination index (Figure 4B). It is known that flavonoids demonstrate neuroprotective
activity, even at low concentrations in the brain (Figueira et al., 2017). We observed a
neuroprotective effect on short-term memory, showed at the treatment ILAE (3 and 30 mg/kg)
and HMf (3 mg/kg) (Figure 4), indicating that a dose-dependent effect does not occur, and that
low doses can improve short-term memory impairment induced by scopolamine.

When we subjected the animals to spatial learning in the MWM test scopolamine-
induced, we observed no improvement in cognitive performance during acquisition in the first
three days of training, with a slight improvement on the fourth day (Figure 5A). The A. edulis
treatments were ineffective in mitigating cognitive decline in long-term memory, as
demonstrated by the animals' inability to recall the platform over the 16-day period. A. edulis
was able to improve short-term memory more effectively in the new object recognition test
(Figure 4), whereas in long-term memory it was more effective only in the distance travelled

until first entry into the platform quadrant (Figure 5D).
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After completing behavioral assessments, brain homogenate was used to evaluate lipid
peroxidation and AChE activity. And all treatments demonstrated discrete potential in
inhibiting lipid peroxidation (Figure 6A). Inhibiting the formation of MDA, the final product
generated by the decomposition of arachidonic acid and other larger polyunsaturated lipids,
serves as a predictor of the antioxidant capacity of A. edulis. This capability, whether in
inhibiting free radicals or lipid peroxidation, has been previously reported for alcoholic extracts
(Tirloni et al., 2015), attributed to high concentrations of polyphenols known for their reducing
action (Kumar and Goel, 2019).

While biological factors such as oxidative stress, neuroinflammation, and protein
accumulation are linked to the pathogenesis of neurodegenerative diseases, it is essential to
emphasize that the foundation of memory processing heavily relies on the cholinergic system.
This system plays a crucial role in maintaining acetylcholine levels (Newman et al., 2012). This
dependence becomes particularly evident when considering that one of the mechanisms
scopolamine-induced amnesia in rodents involves a specific increase in AChE activity, thereby
manipulating acetylcholine. The scopolamine group displayed elevated levels of AcSCh
hydrolysis (Figure 6B), reinforcing the notion that this is one possible mechanism inducing
amnesia in rodents, manipulating acetylcholine. Memory impairment due to reduced
acetylcholine levels can be mitigated with AChE inhibitors as demonstrated when mice were
treated with ILAE and HMf (Figure 6B). The AChE inhibition using a bioautographic assay
had previously been described for the ethanolic extract of A. edulis fruits (Umeo et al., 2011).
Still, this marks the first description of AChE activity inhibition in animal models. The
reduction in AChE activity may, at least partially, account for the effects observed in short-term
memory during object recognition (Figure 4A, B), yet it is insufficient to enhance the
parameters of long-term memory and spatial learning (Figure 5). The benefits of treatments
aiming to inhibit AChE include improving the cholinergic anti-inflammatory signal (Shaked et
al., 2009) and inhibiting motor neuron loss (Gotkine et al., 2015), enabling application in
various pathologies.

The neuroprotective efficacy of flavonoid-rich samples can be attributed, in part, to the
ability of these metabolites to influence various systems, as antioxidant defenses, and
promotion of neuronal connectivity (Bakoyiannis et al., 2019; Cheatham et al., 2022). New
molecules have been constantly sought, aiming to inhibit AChE in silico (Das et al., 2017).
AChE is considered one of the enzymes with the highest catalysis rates, including the catalysis
of acetylcholine. The catalytic site is formed by three amino acids (SER203, GLU334, and
HIS447), but there are also peripheral binding sites. So that interaction can happen with both
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sites (Peitzika and Pontiki, 2023). In this context, the fractionation of HMf resulted in the
isolation of the glycosylated flavonoid, vitexin 2"-O-rhamnoside, which may partly corroborate
the effect of A. edulis. Thus, to explain the possible effect, study of the re-docking was
established using the GOLD program, in which the genetic search algorithm was able to reinsert
the ligand DZ7 in AChE with a low deviation from the crystallographic pose, determined in
terms of RMSD = 0.43+0.03. The structure of vitexin 2"-O-rhamnoside was inserted into the
molecular docking simulations, whose average score was 78.87+2.08.

With molecular redocking we observed seven hydrogen bond interactions, six of which
are conventional and one unconventional, and three n-stacking interactions. As well as few
residues containing hydrophobic regions, or with electrical charges, despite having more
hydrogen bond donor and acceptor regions and regions containing aromatic residues. It is
possible to note that, predominantly, interactions involving = systems occur between amino
acid residues containing aromatic groups and the aromatic rings of the flavonoid portion of the
ligand. Hydrogen bonds occur both with polar regions of the flavonoid portion and with the
polar regions of the sugar portion, resulting mainly from hydroxyl groups (OH).

This study marks the inaugural exploration of the toxicological potential of A. edulis
leaf infusion. Previously, only acute toxicity evaluations in rats have been reported, indicating
low toxicity with a single dose of 2 and 5 g/kg of the ethanolic leaf extract, exhibiting an LDsg
greater than 5g/kg (Tirloni et al., 2015). In this study, we present the first evidence of low
toxicity associated with leaf infusion at doses of 30, 100, and 300 mg/kg.

The only parameters that statistically differed from the control group were the reduction
in liver weight and altered AST values, indicating a potential impact on hepatic metabolism —
a finding also observed by Tirloni et al. (2015). The increase in AST values at a dose of 100
mg/kg is a sign of hepatotoxicity. A dose of 300 mg/kg, in turn, revealed much lower values
compared to the control, which combined with the more intense decrease in liver weight (9.5%),
is possible that this reflects the loss of functional mass associated with atrophy, also
characteristic of acute injury (Cattley and Cullen, 2013). Additionally, while platelet count
relative values differed statistically from the control, they remained within the reference values
for mice (O'Connell et al., 2015).

5. Conclusions
Our study investigated the effects of A. edulis leaf infusion (ILAE) and hydromethanolic
fraction (HMf) on mice cognitive performance using various behavioral tests. The ILAE

demonstrated significant anxiolytic effects and protected short-term memory. The results linked
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cognitive benefits to A. edulis's antioxidant properties and AChE inhibition. Molecular re-
docking studies with vitexin 2"-O-rhamnoside from HMf supported these findings.
Additionally, we evaluated the subacute toxicity of ILAE over 28 days, confirming its low

toxicity and safety for potential therapeutic use.
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List of tables
Table 1. Parameters evaluated in the subacute oral toxicity study of A. edulis infusion.

ILAE
Parameters Control
30 mg/kg 100 mg/kg 300 mg/kg
Body weight gain and food and water consumption
Initial BW (g) 26.88+0.54% 26.25+0.92? 26.25+0.88? 26.00+0.84
Final BW (g) 28.13+0.95 28.50+0.86° 27.00+0.732 27.13+1.072
BW gain (g) 1.25+0.64 2.25+0.64 0.75+0.64% 1.12+0.69?
Food intake (g/day) 3.72+0.09% 3.79+0.03° 3.64+0.06%° 3.48+0.05%
Water intake 6.86+0.35% 6.45+0.33% 5.53+0.18" 5.3420.16°
(mL/day)
Organ weight
Brain (g/10g BW) 0.15+0.007 0.14+0.00? 0.16+0.007 0.16+0.00?
Liver (g/10g BW) 0.42+0.01? 0.40+0.00° 0.40+0.01° 0.38+0.00°
Kidney (g/10g BW) 0.13+0.00° 0.13+0.00° 0.13+0.00° 0.12+0.00°
Spleen (g/10g BW) 0.05+0.007 0.04+0.002 0.05+0.007 0.04+0.00°
Heart (g/10g BW) 0.05+0.007 0.05+0.00? 0.06+0.007 0.05+0.00?
Lung (g/10g BW) 0.07+0.00? 0.07+0.00? 0.07+0.00? 0.08+0.00?
Hematological parameters
WBC (10%/uL) 2.82+0.30% 4.92+0.89° 5.88+0.93° 4.67+0.36°
RBC (10%/uL) 8.40+0.18% 8.68+0.45 9.79+0.34% 9.14+0.222
HBG (g/dL) 12.76x0.28° 13.30+0.522 14.47+0.39° 14.14+0.50°
HCT (%) 40.83+0.95 42.12+2.32% 47.50+1.95 44.17+1.332
MCV (fL) 48.51+0.32? 48.48+0.34% 48.42+0.35 48.24+0.47%
MCH (pg) 15.18+0.052 15.40+0.31° 14.82+0.19° 15.44+0.26°
MCHC (g/dL) 31.26+0.072 31.75+0.65 30.61+0.46° 31.98+0.30?
PLT (10%/uL) 1,069.12+52.23% 994.14+89.74° 1,084.00+72.03* 1,231.00+39.11°
MPV (fL) 6.48+0.10% 6.58+0.06° 6.55+0.06° 6.40+0.072
LYM (%) 38.12+1.272 16.00+1.25° 16.00+2.082 17.71+1.40°
EOS (%) 1.12+0.12? 1.14+0.142 1.12+0.12? 1.14+0.14
MON (%) 2.50+0.46% 1.71+0.362 2.12+0.29 1.14+0.50?
NEUT (%) 58.25+1.16° 81.14+1.05 80.75+2.282 80.00+1.482

Biochemical parameters
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CR (mg/dL) 0.1620.028 0.12+0.022 0.10+0.00° 0.20:£0.00°
TC (mg/dL) 61.60+5.63%  53.61+4.147  54.70+1.44° 50.20+4.56°
ALB (g/L) 23.02+1.88°  19.75+2.61°  21.36+1.27 16.90+1.522
URE (mg/dL) 45.10+2.45°  38.40+#3.11°  26.85+1.41° 36.90+2.32¢
ALT (U/L) 36.35+6.69°  32.64+2.46%  20.15+1.87° 15.43+2.27°
AST (U/L) 184.20+29.06° 181.44+15.25% 246.45+12.90°  135.45+17.71°
Gl 116.25+7.02¢  106.75¢5.57°  119.87+3.522  108.37+6.19°

ALB: albumine; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BW: body
weight; CR: creatinine; EOS: eosinophils; Gl: glycaemic index; HBG: hemoglobin; HCT:
hematocrit; LYM: lymphocytes; MCH: mean corpuscular hemoglobin; MCHC: mean
corpuscular hemoglobin concentration; MCV: mean corpuscular volume; MON: monocytes;
MPV: mean platelet volume; NEUT: neutrophils; PLT: platelet count; RBC: red blood cell
count; TC: total cholesterol; URE: urea; WBC: white blood cell count. Mean + standard error
of 8 animals. Different letters indicate statistically significant differences (P < 0.05; ANOVA
followed by Tukey).



149

List of figures

Sacrifice
AChE activity
Antioxidant (MDA)

Novel Object Morris Water Maze A
Recognition 'y 1
4 |- -------- T |
Open Field |
. 1
nghtIDark 1 Daily injection of Scopolamine (i.p). 30 min before test
4 I |- ----------------------------
1 I
-2 1 9 10 1 12 13 14 15 16 days
| | | [ | [ [ | [ }
1 1 1 ) | 1 1 ) !
acclimatization
o (ow v ov oviow I_ _______________________________________________________________ .l
Daily treatment: Control (0.9% saline)
(p.o) ILAE (3, 30 and 100 mg/kg)
HMF (3 mg/kg)

Figure 1. Experimental design with the infusion (ILAE) and fraction (HMf) of A. edulis in

neurobehavioral tests.
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Figure 2. The anxiolytic activity in mice treated with ILAE (3, 30, and 100 mg/kg) and HMf
(3 mg/kg) was assessed using the light/dark box test. (A) The time spent in the dark box, (B)
time spent in the light box. Comparisons were made with the control and presented as mean +
SEM (n = 6). Differences between groups were analyzed by one-way ANOVA, followed by
the Tukey’s test. The (*) significance levels compared with the control group data, *P < 0.05
and **P < 0.01.
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Figure 3. Evaluation of anxiolytic-like activity in mice pre-treated with ILAE (3, 30 and 100

mg/kg) and HMf (3 mg/kg) by open field test. (A) thigmotactic ratio, (B) the time spent in the

centre zone, (C) number of line crossings, (D) number of rearing, and (D) number of fecal boli

were recorded for 5 min. Comparisons were made with the control and expressed as mean +

SEM (n = 6). Differences between groups were analyzed by one-way ANOVA, followed by

the Tukey’s test. The (*) significance levels compared with the control group data, *P < 0.05,

**pP <0.01 and ***P<0.001. (+) symbol indicates the significant differences between treated

groups (+P<0.05 and +++P<0.001). “ns” indicates not significant (P>0.05).
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Figure 4. Assessment of recognition memory of the novel object in mice pre-treated with ILAE
(3, 30 and 100 mg/kg), and HMf (3 mg/kg). (A) The time spent with the novel object and (B)
discrimination index. The control group was compared with Scopolamine group only, ¢#P <
0.01 and ¢#¢P < 0.001. Treatments were compared with Scopolamine group and expressed as
mean £ SEM (n = 6), with *P < 0.05, **P <0.01 and ***P <0.001. One way ANOVA followed
by Tukey’s posttest.
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Figure 5. Effect of A. edulis treatments on Morris water maze task. (A) Escape latency in the
acquisition phase (s), (B) Number of platform quadrant entries, (C) Time spent in platform
quadrant (s), and (C) Distance travelled until first entry into the platform quadrant (m) in probe
trial. Control group was compared with Scopolamine group only, P < 0.05, 4¢P < 0.01 and
+¢¢P < 0.001. One or two-way ANOVA followed by Tukey’s posttest. Treatments were
compared with Scopolamine group and articulated as mean £ SEM (n = 6), with *P < 0.05, **P
<0.01 and ***P <0.001.
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Figure 6. Effect of A. edulis treatments on the (A) inhibition of MDA formation and (B) specific
acetylcholinesterase activity. Control group was compared with Scopolamine group only (A),
with ¢eeP < 0.001. Treatments were compared with scopolamine group and expressed as mean
+ SEM. * P < 0.05 and ***P < 0.001. (+) symbol indicates the significant differences between
treated groups (++P<0.01 and +++P<0.001). One way ANOVA followed by Tukey’s post hoc

test.
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Figure 7. Representation of the intermolecular interactions present in the vitexin 2"-O-
rhamnoside-AChE complex. (A) three-dimensional representation and (B) two-dimensional

representation.
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Figure 8. Representation of the binding cavity of the vitexin 2"-O-rhamnoside - AChE enzyme:

A) hydrophobic regions; B) charged regions; C) hydrogen bond acceptor or donor regions and

D) aromatic regions.
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Figure 1. Experimental design with the infusion (ILAE) and fraction (HMf) of A. edulis in

neurobehavioral tests.

Figure 2. The anxiolytic activity in mice treated with ILAE (3, 30, and 100 mg/kg) and HMf
(3 mg/kg) was assessed using the light/dark box test. (A) The time spent in the dark box, (B)
time spent in the light box. Comparisons were made with the control and presented as mean +
SEM (n = 6). Differences between groups were analyzed by one-way ANOVA, followed by
the Tukey’s test. The (*) significance levels compared with the control group data, *P < 0.05
and **P < 0.01.

Figure 3. Evaluation of anxiolytic-like activity in mice pre-treated with ILAE (3, 30 and 100
mg/kg) and HMf (3 mg/kg) by open field test. (A) thigmotactic ratio, (B) the time spent in the
centre zone, (C) number of line crossings, (D) number of rearing, and (D) number of fecal boli
were recorded for 5 min. Comparisons were made with the control and expressed as mean +
SEM (n = 6). Differences between groups were analyzed by one-way ANOVA, followed by
the Tukey’s test. The (*) significance levels compared with the control group data, *P < 0.05,
**P <0.01 and ***P<0.001. (+) symbol indicates the significant differences between treated

groups (+P<0.05 and +++P<0.001). “ns” indicates not significant (P>0.05).

Figure 4. Assessment of recognition memory of the novel object in mice pre-treated with ILAE
(3, 30 and 100 mg/kg), and HMTf (3 mg/kg). (A) The time spent with the novel object and (B)
discrimination index. The control group was compared with Scopolamine group only, ¢#P <
0.01 and ¢#¢P < 0.001. Treatments were compared with Scopolamine group and expressed as
mean = SEM (n = 6), with *P < 0.05, **P <0.01 and ***P <0.001. One way ANOVA followed
by Tukey’s posttest.

Figure 5. Effect of A. edulis treatments on Morris water maze task. (A) Escape latency in the
acquisition phase (s), (B) Number of platform quadrant entries, (C) Time spent in platform
quadrant (s), and (C) Distance travelled until first entry into the platform quadrant (m) in probe
trial. Control group was compared with Scopolamine group only, ¢P < 0.05, ¢#P < 0.01 and
+¢¢P < 0.001. One or two-way ANOVA followed by Tukey’s posttest. Treatments were
compared with Scopolamine group and articulated as mean £ SEM (n = 6), with *P < 0.05, **P
<0.01 and ***P <0.001.
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Figure 6. Effect of A. edulis treatments on the (A) inhibition of MDA formation and (B) specific
acetylcholinesterase activity. Control group was compared with Scopolamine group only (A),
with ¢eeP < 0.001. Treatments were compared with scopolamine group and expressed as mean
+ SEM. * P <0.05 and ***P < 0.001. (+) symbol indicates the significant differences between
treated groups (++P<0.01 and +++P<0.001). One way ANOVA followed by Tukey’s post hoc

test.

Figure 7. Representation of the intermolecular interactions present in the vitexin 2"-O-
rhamnoside-AChE complex. (A) three-dimensional representation and (B) two-dimensional

representation.

Figure 8. Representation of the binding cavity of the vitexin 2"-O-rhamnoside - AChE enzyme:
A) hydrophobic regions; B) charged regions; C) hydrogen bond acceptor or donor regions and

D) aromatic regions.
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6 CONCLUSAO FINAL

Este estudo proporciona insights valiosos sobre os efeitos farmacoldgicos das folhas de
Allophylus edulis, destacando sua riqueza em constituintes bioativos. A andlise da variacdo
sazonal e geogréafica revelou influéncias significativas na composicdo quimica dos Oleos
essenciais, enquanto a infusdo das folhas demonstrou marcados efeitos farmacologicos,
incluindo propriedades antioxidantes, anti-inflamatorias, antinociceptivas, ansioliticas e
neuroprotetoras na memoria de curto prazo. O isolamento do vitexin 2"-O-ramnosideo da fracéo
hidrometanolica (HMf) evidenciou propriedades promissoras, destacando-se na reducdo do
edema/hiperalgesia e na inibicdo da migracdo de leucdcitos. Os tratamentos orais, notavelmente
com ILAE e HMf, demonstraram eficacia na atenuacdo de diversas respostas fisioldgicas,
inclusive ansiedade e melhorias ha memoria de curto prazo, assim como baixa toxicidade. Estas
descobertas contribuem significativamente para a compreensdo das potencialidades
terapéuticas das folhas de A. edulis, abrindo caminho para futuras investigacdes e aplicacdes

clinicas.
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7. ANEXO

7.1 Parecer de aprovacao do comité de ética (original)

MINISTERIO DA EDUCACAO
FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO.REITORIA DE ENSINO DE POS-GRADUAGAO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA
Dourados-MS, 05 de Abril de 2022.

CERTIFICADO

Certificamos que a proposta intitulada "Potencial farmacologico e
toxicologico de Allophylus edulis (A.St.-Hil.,, A.Juss. & Cambess.)
Radlk.”, registrada sob o protocolo de n® 05.2021, sob 2 responsabilidade de
Anelise Samara Nazari Formagio e Sidney Mariano dos Santos — que envolve a
producao, manutencao e/ou utilizacdo de animais pertencentes zo filo Chordata,
subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica (ou ensino),
encontra-se de acordo com os preceitos da Lei n® 11.794, de 08 de outubro de
2008, do Decreto n® 6.899, de 15 de julho de 2009, e com as normas ediadas
pelo Conselho Nacional de Controle da Experimentacao Animal (CONCEA), e foi
aproveda pelsa Comiss3o de Etica no Uso de Animais (CEUA/UFGD) da
Universidade Federal Da Grande Dourados, em reuniao de 18/06/2021.

Finalidade ( ) Ensino ( X ) Pesquisa Cientifica
Vigéncia da autorizacao 06/04/2022 a 30/12/2023
Espécie/linhagem/raca Mus musculus

N©° de animais 216

Peso/idade 25-30 g/ 45 dias

Sexo 168 machos e 48 fémeas
Origem Biotério Central — UFGD

Apibinn. VR pipulocon

Melissa Negrao Sepulvida
Coordenadora CEUA

Conmissio de Etica no Uso de Anitads ~ CEUA/UFGD - Fum Jodo Rosa Goes, 1761 - Vila Progrenso
Dourados™MS. E-mail: coeuagindpd edu br
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7.2 Parecer de aprovacao do comité de ética (atualizado apds adendo)

MINISTERIO DA EDUCAGAO
FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO-REITORIA DE ENSINO DE POS-GRADUAGAO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA

Dourados-MS, 16 de agosto de 2023

CERTIFICADO

Certificamos que o projeto intitulado "Potencial farmacologico e
toxicologico de Allophylus edulis (A.St.-Hil., AJuss. & Cambess.)
Radlk.", protocolo 05.2021, sob a responsabilidade de Anefise Samara Nazari
Formagio, - que envolve a producdo, manutencao efou utilizacdo de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de
pesquisa cientifica (ou ensino) - encontra-se de acordo com os preceitos da lei no.
11.794, de 8 de outubro de 2008, do Decreto no 6.899, de 15 de julho de 2009,
com as nommas editadas pelo Conselho Nadonal de Controle de Experimentacio
Animal (CONCEA), tendo sido aprovado pela COMISSAO DE ETICA NO USO DE
ANIMAIS (CEUA) da Universidade Federal da Grande Dourados (UFGD).
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Daniela Torres Cantadori
Coordenadora em exercicio CEUAJURGD

Camissdo de Erica no Uso de Animais - CEUAUFGD - Rua Jodo Rom Goes, 176] - Vila Progreso
Dourados™S. E-oaxil: ceuadiufed adu be



