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RESUMO

Syagrus schizophylla (Mart.) Glass. (Arecaceae) é uma palmeira oleaginosa nativa do Nordeste
do Brasil, e conhecida popularmente como Aricuriroba. Estudos sobre o seu potencial
biotecnoldgico sdo escassos, entretanto, ha estudos sobre varias espécies desta familia que
comprovam suas atividades biologicas. Diante do exposto, o objetivo do trabalho foi avaliar as
atividades anti-inflamatoria, antinociceptiva, antipirética e cicatrizante do 6leo de sementes
de S. schizophylla (OFSs), em camundongos. Para tanto, a toxicidade aguda foi investigada em
camundongos em duas fases. Na fase um cada grupo recebeu uma concentragao diferente de
OFSs (10, 100 e 1000 mg/kg) por gavagem. Na segunda fase, foi administrada altas doses de
OFSs (1600 e 2900 mg/kg). Os parametros analisados em ambas as fases foram comportamento
e mortalidade. Realizou-se ainda o teste de contor¢do abdominal induzida por acido acético
0,8%, teste de dor por formalina, edema de pata induzido por carragenina 1%, peritonite aguda
(com avaliacdo da migracao leucocitos e neutréfilos e quantificacdo de citocinas IL1-o. e TNF-
a) e pirexia induzida pela levedura Saccharomyces cerevisiae. A atividade cicatrizante foi
investigada em feridas cutaneas induzidas em camundongos tratados durante 15 dias com
DMSO 2% (controle negativo), Dersani, Dexpantenol, OFSs (10%, 25% e 100%) ou pomada
de OFSsa 5%. A identificacdo, caracterizacdo e quantificacdo dos compostos presentes no
OFSs por CG-MS e GC-FID revelaram a presenca de oito compostos diferentes, sendo o acido
laurico o mais abundante (50,45 + 2,30%). O 6leo ndo promoveu mortalidade dos animais no
teste de toxicidade aguda. O OFSs em concentra¢des crescentes na segunda fase do teste de
toxicidade (10, 100, and 1000 mg/kg) ndo induziu alteragdes/modificacOes persistentes
comportamentais durante todo o ensaio, demonstrando possuir um valor de LD50 maior que
5000 mg/kg. As contor¢bes abdominais foram reduzidas utilizando o OFSs, de 16,17, 51,96 e
72,05%, e reduziu-se o tempo de lambedura da pata, de 16,17, 51,96 e 72,05%, respectivamente.
A investigacdo dos mecanismos sugere acdo antinociceptiva via sistema opioide. O 6leo
mostrou-se eficaz na inibicdo de 100% (400 mg/kg) do edema a partir de 5 horas, com resultado
superior a indometacina (20 mg/kg, v.0.). O modelo de peritonite demonstrou migracao
significativa de leucdcitos (37,93, 62,06 e 77,58%, nas concentracOes testadas respectivamente)

e



neutréfilos (41,02, 66,66 e 87,17%) respectivamente. Além disso as concentragdes do 6leo de
OFSs foram capazes de reduzir os niveis de IL-1p em 59,26, 68,93 e 76,35% ¢ TNF- a em
41,60, 57,52 e 75,44%. A administracdo do OFSs inibiu a febre nos animais desde a primeira
hora de teste, em todas as doses testadas. A morfometria revelou que os animais tratados com
Dersani®, dexpantenol, OFSs 10% e 25% apresentaram o menor tempo de reepitelizagdo. O
numero de fibroblastos foi maior no OFSs 25% (67,04%) e na pomada de OFSs (63%), quando
comparado ao grupo controle negativo (45,08%). O estudo mostrou-se promissor para industria
terapéutica, e demonstrou que o OFSs pode ser um contributo para o auxilio de doengas,
atuando como agente antinociceptivo, anti-inflamatorio, antipirético e cicatrizante. Além da
pomada de OFSs estabelecer potencial para se tornar um tratamento tdpico alternativo no

processo de reparo tecidual.

Palavras-chave: Syagrus schizophylla; Inflamacdo; Nocicepcgéo; Pirexia; Cicatrizagdo de
feridas.



ABSTRACT
Syagrus schizophylla (Mart.) Glass. (Arecaceae) is an oleaginous palm tree, native from
Brazilian northeast, and is popularly known as “aricuriroba”. There are no scientific reports
about its biotechnological potential, however, there is several species from this family proving
different biological activities. With that in mind, the aim of the present study was to evaluate
the anti-inflammatory, antinociceptive, antipyretic and wound healing potential from the oil
from the seeds of S. schizophylla (OFSs), as well an ointment formulation containing 5% of
OFSs in mice. An acute toxicity effect was investigated, where 3 groups (n=6) in two different
phases. In the phase one, each group received different OFSs concentration (10, 100, and 1000
mg/kg orally). At the phase two, the concentration was higher (1600 and 2900 mg/kg). In both
phases the behavior and mortality were observed. We also performed abdominal contortion test
induced by acetic acid (0.8%), paint test induced by formalin, paw edema induced by
carrageenan 1%, acute peritonitis, with leukocytes and neutrophils migration evaluation, 1L1-
a e TNF-a quantification, and pyrexia induced by Saccharomyces cerevisiae. The wound
healing activity was investigated in induced cutaneous wounds in mice treated for 15 days, the
treatment consisted in DMSO 2% as negative control, two commercial products, Dersani® and
dexpanthenol, as positive control, tree different concentrations of OFSs (10%, 25%, and 100%),
and our ointment formulation. The chemical characterization was made using GC-MS and GC-
FID and revealed the presence of eight different compounds, with lauric acid being the major
compound (50.45 + 2.30%). The OFSs didn’t induce mortality in all tested concentrations in
the acute toxic test. As also, didn’t induced any behavior modification during the entire assay,
which in turn showed to have a LD50 higher than 5000 mg/kg. The abdominal contortion assay
was reduced in 16.17, 51.96 and 72.05% and the paw-licking time in 16.17, 5.96 and 72.05%,
respectively. According to our data, there is evidence that the antinociceptive mechanism of
action is due the opioid system. The OFSs was able to inhibit in 100% (400 mg/kg) the edema
after 5 hours, with the results being superior to indomethacin (20 mg/kg v.0.). The peritonitis
model showed significant leukocytes migration (37.93, 62.06, and 77.58%), as well neutrophills
(41.02, 66.66, 87.17%) respectively. Besides that, the OFSs were able to reduce the IL-1p in
59.26, 68.93, and 76.35%, and the TNF-0.in 41.60, 57.52, and 75.44%, as well, inhibit the fever
since the first hour during the assay, in all tested concentration. Histomorphometry revealed
that animals treated with Dersani®, dexpanthenol, 10% and 25% OFSs had the shortest re-
epithelialization time. The number of fibroblasts was higher in the OFSs 25% (67.04%) and in
the OFS ointment (63%), when compared to the negative group (45.08%). Our data shows that

S. schizophylla is a promising candidate to the therapeutic industry since the OFSs can



contribute to treat several diseases, acting as antinociceptive, anti-inflammatory, anti-pyretic
and wound healing agent. Besides that, the ointment may be a potential product that can be

applied in the tissue restoration process.

Keywords: Syagrus schizophylla; Inflammation; Nociception; Pyrexia; Wound healing.
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1 INTRODUCAO

O uso de plantas com fins medicinais é realizado de forma empirica, pelo conhecimento
tradicional, através de preparagdes que busquem extrair seus principios ativos (FIRMO et al.,
2011; ASADI-SAMANI; RAFIEIAN-KOPAEI; AZIMI, 2013; PADILHA et al.,
2017). Syagrus schizophylla (Mart.) Glass. (Arecaceae) € uma espécie oleaginosa de palmeira
que possui potencial ornamental e paisagistico (TEIXEIRA etal., 2019; PADILHA et al., 2017,
BELTRAME et al., 2019). E conhecida popularmente como aricuriroba, é uma espécie
endémica do Brasil e difundida no Nordeste, sendo encontrada nos estados de Alagoas, Bahia,
Pernambuco e Sergipe, principalmente nas areas costeiras (restinga) e de Mata Atlantica
(LEITMAN et al., 2015; BELTRAME, JASMIM, VIEIRA, 2019). Os relatos acerca de seu
potencial biotecnol6gico ainda sdo escassos na literatura. As investigacdes cientificas
realizadas até 0 momento exploram seu potencial nutricional, relatando o alto valor calérico de
suas améndoas, e demonstrando seu uso culinario (PADILHA et al., 2017).

A familia Arecaceae destaca-se por suas plantas apresentarem enorme potencial
terapéutico. Ha estudos sobre vérias espécies desta familia que comprovam diversas atividades
bioldgicas, dentre elas, propriedades antioxidante, antimicrobiana (NONATO et al., 2018),
analgésica, antipirética, anti-inflamatéria (ELHAKIM; ABDEL-BAKY; BISHAY, 2017),
antimalarica (TAYLER et al., 2019) e antibacteriana (JOY et al., 2019). A variedade de
atividades biologicas supracitadas pode ser proveniente dos inUmeros compostos descritos nesta
familia. Isso porque as espécies dessa familia sdo ricas em muitos compostos, dentre eles,
taninos (JOY et al., 2019), rutinésido de caempferol de vanilico, &cido g-linolénico, &cido
linoleico, acido oleico, acido cinamico, acido cafeico, protocatecuico, acido ferulico, acido
sérico, quercetina, entre outros (MARQUES et al., 2016; NONATO et al., 2018).

A presenga de acidos graxos nas espécies da familia Arecaceae vem sendo bastante
reportada, como &cido oleico, 4cido laurico, &cido laurico, acido céprico, acido miristico e
acido caprilico (LOPES et al., 2018; MARINS et al., 2018; LIMA et al., 2018). Estudos
rotineiramente relatam o acido laurico como composto majoritario de éleos vegetais nas plantas
dessa familia. Sales et al. (2020) destacam o &cido laurico como acido graxo predominante em
plantas da familia Arecaceae, e que a presenca desse composto permite alta estabilidade
oxidativa com alegag@es funcionais. E importante destacar ainda que os acidos graxos sdo
utilizados no tratamento de feridas (FERREIRA et al., 2012) e possuem propriedade
antineoplasica (FAUSER et al., 2013), além de ndo serem toxicose serem compostos com longa
vida util (PARK JUN-HYUN et al., 2019).
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O Brasil é o pais que possui a maior biodiversidade do planeta, possuindo cerca de
45.000 espécies vegetais catalogadas (FLORA DO BRASIL, 2017). A formulacdo e efetivacdo
de politicas publicas que valorizem o conhecimento tradicional e cientifico de plantas
medicinais, assim como a sua insercao na salde publica, simbolizam um marco regulatorio e
um incentivo a pesquisa de plantas fitoterapicas e medicinais, o que prioriza a biodiversidade
do pais, o desenvolvimento de tecnologias e inovagbes das mais diversas fases da cadeia
produtiva (SALES et al., 2015). Nesse contexto, € importante e necessario que S. schizophylla
seja explorada para fins terapéuticos, uma vez que as plantas sdo utilizadas como terapia
alternativa para o tratamento de diversas doengas (BEVILACQUA, 2010; DUTRA et al., 2016).

De acordo com a Associacdo Internacional para o Estudo da Dor (IASP, 2020), a dor
trata-se de uma experiéncia sensorial e emocional desagradavel, usualmente causada por lesdo
tecidual atual ou potencial. A capacidade de sentir dor e assim perceber estimulos nocivos
estabelece uma funcéo fisioldgica essencial ao organismo, o que representa um sinal de alerta
contra ameacas a sua integridade (MARTINI et al., 2018). Persistindo o agente lesivo, ocorre a
evolucdo da inflamacdo, passando de aguda para ser considerada cronica, podendo durar meses
ou anos, causando destruicdo do tecido e a proliferacdo do tecido conjuntivo (RANG et al.,
2011; NWAEHUJOR et al., 2014). Desse modo, enquanto for transitoria, a dor pode ser
considerada um sintoma clinico interessante para prevencédo e limitacdo de danos. Entretanto,
quando essa condicdo se torna persistente ela deixa de desempenhar sua funcdo primaria,
passando a ser considerada debilitante (MARTINI et al., 2018).

Apesar do processo inflamatorio ser satisfatorio para o corpo humano ele pode
desencadear alguns sinais classicos que podem levar ao desconforto e acabam por interferir na
qualidade de vida (AGHASAFARI et al., 2019), bem como pode passar de um impulso de
preservacao da integridade do corpo para uma inflamacéo descontrolada (RONCHETTI et al.,
2017).

Nesse sentido, é necessario que se faca uma intervencdo farmacologica para o
tratamento da dor e demais sinais de inflamacdo (DHINGRA et al., 2015). No entanto, as atuais
classes de medicamentos que viabilizam o tratamento dessas condi¢cdes possuem efeitos
colaterais significativos, o que se justifica a busca por novas moléculas que possuam efeitos
farmacoldgicos (YAXLEY; LITFIN, 2016). Desse modo o tratamento da dor e da inflamagéo
tem causado a preocupagdo da comunidade cientifica e da inddstria farmacéutica, pois ha a
necessidade urgente de analgésicos e anti-inflamatorios mais eficazes e com menos efeitos
adversos (BENEDITO, 2013).

Por se tratar de uma espécie que dispde de poucos relatos na literatura com relacdo a



21

constituicdo quimica e propriedades descritas, investigar o potencial biotecnoldgico de S.
schizophylla pode direcionar a formacao de novos farmacos, sejam estes compostos obtidos por
sintese a partir de moléculas protétipos ou por isolamento nas fontes de origem. Diante do
exposto, o objetivo do trabalho foi investigar as atividades anti-inflamatoria, antinociceptiva,
antipirético e cicatrizante do 6leo fixo de sementes de S. Schizophylla (OFSs), bem como
determinar o mecanismo de acdo da atividade antinociceptiva em modelos experimentais in

Vivo.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Investigar as atividades anti-inflamatoria, antinociceptiva, antipirética e cicatrizante do
6leo fixo de S. Schizophylla (OFSs) o 6leo em camundongos Swiss.

2.2 OBJETIVOS ESPECIFICOS

a) Caracterizar a composicao quimica do OFSs por Cromatografia Gasosa GC-FID e
Cromatografia gasosa acoplada a espectrometria de massas GC-MS;

b) Avaliar a toxicidade aguda do OFSs em camundongos;

c) Investigar o potencial antinociceptivo do OFSs mediante o teste de dor por &cido acético
e formalina;

d) Analisar o potencial anti-inflamat6rio do OFSs no teste de edema de pata e peritonite
por carragenina;

e) Investigar o potencial antipirético do OFSs por meio do método de pirexia induzida por
leveduras;

f) Awvaliar a atividade cicatrizante do OFSs e de uma formulagdo em pomada a base de

OFSs a 5% em camundongos;
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3 REFERENCIAL TEORICO
3.1 PLANTAS MEDICINAIS

O Brasil é o Pais que dispde da maior biodiversidade do planeta, possuindo mais de
45.000 espécies vegetais catalogadas (FLORA, 2019). Em diferentes partes do mundo as
plantas sdo consideradas como fundamentais a salde humana e sdo utilizadas como terapia
alternativa para tratar diversas doencas, desde milhares de anos antes de Cristo
(BEVILACQUA, 2010; DUTRA et al., 2016; MATTOS et al., 2018; PADILHA et al., 2017,
OLIVEIRA et al., 2021).

A difuséo do conhecimento popular permitiu que as plantas fossem positivamente
selecionadas para atuar nas necessidades de cura de diversas enfermidades (SILVA,
OLIVEIRA, 2018). O conjunto de saberes que € internalizado nos diversos usuarios das
comunidades se estabelece como uma pratica comum e bem conservada (SILVA; OLIVEIRA,
2018; PANYADEE et al., 2019), principalmente em &reas rurais, de todo o mundo (WHO,
2002), onde representa de forma muito frequente o Unico recurso possivel para o tratamento de
doencas na comunidade local (ROQUE, 2010).

Além de apresentar uma excelente fonte para a busca de novos compostos
farmacologicamente ativos (DUTRA et al., 2016; MARTINS; ALVES; MAMPRIM, 2016)
algumas plantas medicinais podem estabelecer melhores resultados terapéuticos quando
comparado com substancias sintéticas (JOY et al., 2019). Essas plantas representam uma fonte
de riqueza da flora de cada pais, e a nivel mundial, independentemente dos continentes onde
estdo inseridas, a sua utilizacdo sé tem crescido nas Gltimas décadas, se tornando assim um

grande desafio a investigacdo de suas propriedades biotecnologicas (MOREIRA et al., 2015).
3.2 CAATINGA

A Caatinga corresponde a uma das maiores savanas sazonais do mundo, abrangendo
grande parte do Nordeste do Brasil e uma pequena parte do Sudeste (Figura 1), sendo
constituida por um mosaico de diferentes tipos de floresta, caracterizada por arvores e arbustos
com espinhos e adaptacdes para combater o déficit hidrico. Trata-se de uma area severamente
modificada pela agricultura de corte e queima de madeira, caca e acao continua de rebanhos
bovinos e caprinos, sendo que apenas uma porcentagem reduzida encontra-se bem preservada
e protegida (ARAUJO; FERREIRA; ARANTES, 2012; LUCAS DA SILVA et al.,2015).
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A Caatinga comporta uma variedade de cobertura vegetal, determinada em grande parte
pelo clima, topografia e geologia. Sua decidua vegetacdo ampara a formacdo de uma camada
de matéria organica natural que protege o solo em estacdo seca (LUCAS DA SILVA et al.,
2015). Diversas comunidades rurais presentes no Nordeste fazem parte de areas de vegetacao
da Caatinga, local em que retiram seu sustento, proveniente da agricultura, assim como de
produtos ndo madeireiros, como plantas medicinais, 6leos, sementes e frutos. As ervas
medicinais se tornam a Unica alternativa dos moradores dessas comunidades para combater
enfermidades, uma vez que € o Unico recurso disponivel (SILVA, 2015).

A conveniéncia pela exploragéo racional da biodiversidade vegetal como fonte natural
de produtos alimentares sustentaveis e compostos bioativos que promovem salde vem
aumentando devido a sua abundancia, seguranca e impactos na economia local (MACIEL;
YOSHIDA; GOYCOOLEA, 2019). Isto porque a Caatinga dispGe de uma composi¢do vegetal
do tipo xerofita, adaptada ao clima seco e arido e cujo metabolismo secundario pode originar
moléculas diferenciadas e unicas (MORAIS et al., 2005; SILVA ELOI, 2016).


https://educa.ibge.gov.br/jovens/conheca-o-brasil/territorio/18307-biomas-brasileiros.html
https://educa.ibge.gov.br/jovens/conheca-o-brasil/territorio/18307-biomas-brasileiros.html
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3.3 FAMILIA ARECACEAE
3.3.1 Distribuicao e caracteristicas botanicas

A familia das palmeiras (Arecaceae) compreende cerca de 2600 espécies em 181
géneros que sdo distribuidos principalmente em regides tropicais e subtropicais em todo o
mundo, embora palmeiras arborescentes também possam ocorrer em regides aridas de climas
desérticos (BAKER; DRANSFIELD, 2016; EMILIO et al., 2019).

A riqueza de espécies da familia Arecaceae apresenta uma perceptivel variacao
geogréfica, porém os processos que impulsionam essa variacdo ainda ndo estdo esclarecidos na
literatura (SVENING et al.,2008; EISERHARDT et al., 2011). Gama de Souza e colaboradores
(2020) destacam que, das espécies presentes nessa familia, 48 sdo nativas do Brasil e ocorrem
em regides de transicdo entre a Amazonia, Cerrado e Caatinga. Além disso, as plantas dessa
familia sdo corriqueiramente utilizadas como fonte de alimento e subsisténcia, apresentando
riqueza de compostos bioativos lipofilicos, principalmente carotenoides, poliacidos graxos
insaturados, tocoferdis e vitamina A (GAMA DE SOUZA et al., 2020).

3.3.2 Género Syagrus

O género Syagrus € pertencente a familia Arecaceae e é inserido na subtribo Attaleinae
da tribo Cocoseae (subfamilia Arecoideae). O epicarpo de seus frutos (Figura 2) é do tipo
membranaceo, uma caracteristica peculiar, que diferencia as plantas desse género (NOBLICK
et al., 2017; ELIAS et al., 2018). Atualmente existem 65 espécies, 2 subespécies e 67 taxons,
em que 57 ocorrem no Brasil. O género € distribuido pela regido Neotropical (Figura 2), com

maior concentracdo no leste e centro do Brasil.

Figura 2 — Mapa de distribuicdo do género Syagrus
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As espécies do género Syagrus sao encontradas em diversos lugares. Algumas habitam florestas
tropicais umidas, como a Amazénia (S. inajai) ou a Mata Atlantica (S. botryophora). Algumas
(S. coronata, S. vagans) podem sobreviver a condi¢des extremamente aridas, como a Caatinga.
Entretanto, em zonas de transicdo, em savanas (cerrados) e campos rupestres encontram-se a
maior parte deste género. As plantas desse género podem ser muito altas, com caules variando
de colunares a caules subterraneos curtos (NOBLICK et al., 2017). O género Syagrus possuli
muitas palmeiras que sdo ricas em compostos ativos, apresentando muitas propriedades que
podem ser utilizadas no auxilio a tratamentos e/ou prevencdo de doencas cronicas, como
diabetes e Alzheimer. Além disso, o0 género demonstra potencial para a producédo de biodiesel,
demonstrando assim a sua versatilidade (CORIOLANO et al., 2021).

As plantas do género Syagrus séo corriqueiramente relatadas por estabelecer diversas
propriedades, sejam mencionadas no uso popular ou testadas cientificamente. S&o relatadas por
conferir varias propriedades biologicas (FARIAS et al., 2021), das quais podemos citar,
atividade anti-inflamatdria de Syagrus cearensis citada no uso popular (JUNIOR; LADIO;
ALBUQUERQUE, 2011), além das folhas de Syagrus romanzoffiana que auxiliam no
emagrecimento (DIAS-OLIVEIRA et al., 2012) e atividade antichagasica de améndoas de
Syagrus coronata, assim como o uso tradicional na para cicatrizacao de feridas (SOUZA et al.,
2017). Além disso, estudos sobre algumas plantas do género Syagrus ainda séo pouco relatados,
como a espécie Syagrus schizophylla, que seu uso etnofarmacoldgico € mencionado na

preparacdo de um suco medicinal, entretanto, as atividades farmacolégicas ainda ndo foram
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investigadas cientificamente (OLIVEIRA et al., 2012).
3.4 OLEOS FIXOS

A aplicacdo topica de Oleos fixos vegetais para fins cosméticos e medicinais ja é
utilizada h& muito tempo, uma vez que os produtos tépicos apresentam beneficios de possuir
maior biodisponibilidade na pele e terem um efeito localizado, ao invés de efeitos sistémicos
(PATZELT etal., 2012).

Muitas espécies vegetais possuem tecidos especializados no armazenamento de
gorduras, tais como polpas de frutos e sementes (RAMALHO; SUAREZ, 2013). Oleos fixos
de espécie de plantas tém-se tornado populares em virtude da sua grande concentragdo de acidos
graxos saturados e insaturados (TIMILSENA et al., 2017).

Acidos graxos s&o acidos carboxilicos, com cadeia carbonica longa que diferem entre si
pelo nimero de carbonos da sua cadeia principal, quantidade e posi¢cdo de suas insaturagdes
(RAMALHO; SUAREZ, 2013). Dada a diversidade dos tecidos que armazenam acidos graxos,
existem varios processos de extracdo e purificacdo de 0leos, uma vez que isso depende das
caracteristicas da oleaginosa. Dentre 0s processos de extracdo, podemos identificar algumas
operagdes unitarias basicas envolvidas na extragédo, dentre elas, a prensagem mecanica, extracéo
a solvente ou autoclavagem (RAMALHO; SUAREZ, 2013).

Mesmo com 0s avangos tecnoldgicos, ainda € possivel observar processos rudimentares
de extracdo. Ha milhares de anos a extracdo por prensagem mecanica € utilizada pela populacao
para producdo de Oleos e gorduras. Um exemplo disso é a utilizacdo de prensagem que era
utilizada em moinhos de pedra movidos por tracdo animal, ambos utilizados na antiguidade em
diversas cidades do norte da Africa (RAMALHO; SUAREZ, 2013).

Atualmente o processo de extracdo de 6leos fixos se fundamenta principalmente em
duas técnicas: a extracdo por pressao, com 0 uso de prensas hidraulicas em que o 6leo é
removido parcialmente, e a extracdo por solventes organicos (esgotamento por solventes
volateis), em que o solvente mais comumente utilizado é o hexano (CRUZ, 2012).

E sabido que as propriedades de muitos &cidos graxos e outros componentes de 6leos
vegetais aportam beneficios para a saude (FOOD, 2014). Isso porque o0s 6leos fixos de origem
vegetal possuem uma composicao rica em acidos graxos, que podem variar de acordo com a
espécie, mas frequentemente sdo compostas por: acido caprilico (8:0), acido céprico (10:0),
laurico (12:0), miristico (14:0), &cido palmitico (16:0), palmitoleico (16:1), acido estearico
(18:0), acido oleico (18:1), &cido vacénico (18:1 cis 11), acido linoleico (18:2), acido linolénico
(18:3) e acido araquidico (20:0) (MEYER, 2013).
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Nessa perspectiva, o interesse da industria farmacéutica no potencial biotecnoldgico de
6leos fixos se da devido a presenca de componentes majoritarios com propriedades bioativas
(HIDALGO; ZAMORA, 2006; YARA-VARON et al., 2017). Além de que, a identificacdo e
caracterizacdo de 6leos extraidos da flora cultivada pela populagdo local tem potencial para
contribuir para o uso sustentavel de recursos vegetais locais (ABREU, 2019).

3.4.1 Syagrus schizophylla

Syagrus schizophylla (Mart.) Glass. (Tabela 1) é uma espécie oleaginosa de palmeira,
com potencial ornamental, conhecida popularmente como “aricuriroba”, “coco-babdo” ou
“coco-caboclo”, sendo uma espécie endémica do Brasil e difundida no Nordeste, por ser
encontrada nos estados de Alagoas, Bahia, Pernambuco e Sergipe, principalmente nas areas
costeiras (restinga) e de Mata Atlantica(BELTRAME et al., 2018; PADILHA et al., 2017;
LEITMAN et al., 2015; BELTRAME et al., 2018; SILVA et al., 2016; NOBLICK et al., 2017,

NOBLICK, 2019).

Tabela 1 — Classificacdo taxonémica da Syagrus schizophylla (Mart.) Glassman

Reino Plantae
Filo Trachophyta
Classe Liliopsida
Ordem Arecales
Familia Arecaceae

Fonte: O Autor (2022).

Syagrus schizophylla é uma espécie amplamente distribuida (Figura 3) e localmente
abundante, entretanto, as restingas que a espécie habita enfrentam uma intensa pressdo da
expansdo urbana e turistica da especulacdo imobiliaria, de modo que a espécie possa ser
ameacada de extingdo em um futuro préximo (CNC FLORA, 2012; NOBLICK, 2019).

Figura 3 — Mapa de distribuicdo de Syagrus schizophylla
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E uma espécie de palmeira baixa. Com m uma coroa (capitel) densa, um pouco achatada,
e um caule com 1-4 m x 10-15 cm, com entrends muito curtos. Os peciolos ou margens da
bainha apresentam-se armados com dentes ou espinhos, e a base das folhas é muito firme no
caule. Seus frutos quando maduros variam da cor amarelo avermelhado a alaranjado e crescem
até 3.5 cm (Figura 4). Seu nome indigena tupi “arikuryroba” significa infrutescéncia longa

(arib) com améndoas (kury) que sdo amargas (rob) (NOBLICK, 2019).

Figura 4 — Frutos da espécie Syagrus schozphylla
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Os relatos sobre o potencial biotecnoldgico de Syagrus schizophylla ainda séo escassos
na literatura, todavia, investigagdes cientificas realizadas até o momento exploram acerca de
seu valor nutricional (PADILHA et al., 2017), e relatam sobre a utilizacdo do seu fruto para
preparacdo de suco medicinal em que ndo se € mencionada a sua aplicabilidade (OLIVEIRA et
al., 2012).

3.4.2 Dor

Uma das funcdes importantes para a manutencdo da vida é o fornecimento de
informacdes sobre a ocorréncia ou ameaca de uma lesdo. Para nosso organismo, uma das
maneiras de emitir essa resposta € na forma de dor. Entretanto, por diversas vezes a dor pode ir
além da sua funcdo protetora, desencadeando assim uma doenca (VERMA et al., 2015). A dor
¢ definida pela Associagdo Internacional para o Estudo da Dor (IASP) como “uma experiéncia
sensorial e emocional desagradavel que esta associada a um dano tecidual potencial (TREEDE
et al., 2018; RAJA et al., 2020; IASP et al., 2020; WILLIAMS; CRAIG, 2016; THOMPSON;
NEUGEBAUERA, 2018), o que torna uma sensacgao protetora importante que influencia no
comportamento com o intuito de evitar mais lesdes e promover a cura (LIGON et al., 2016).

A dor é classificada como o 5° sinal vital, e se estabelece como a principal causa da
procura por assisténcia a satde e de consumo de medicamentos, além de impactar de forma

direta a qualidade de vida das pessoas. A investigacdo de moléculas eficientes no controle de
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condicBes algicas e com baixos efeitos colaterais tém aumentado ao longo dos anos. Deste
modo, as plantas e seus compostos sdo opg¢des para o controle da dor e para o desenvolvimento
de novos farmacos analgésicos (ALMEIDA-OLIVEIRA et al., 2014)

O entendimento a respeito da dor avangou bastante nas Gltimas décadas, uma vez que
técnicas moleculares e de imagens funcionais ajudaram na compreensdo de mecanismos
nociceptivos a nivel celular, assim como sobre a funcéo do cdrtex cerebral na percepcao da dor.
Isso permitiu uma reavaliacdo sobre qual o melhor caminho para reduzir principalmente as
dores cronicas, gracas ao desenvolvimento da pesquisa translacional (COLVIN; OWBOTHAM
2013; JOHNSON, 2016; VARDEH et al., 2016).

As plantas medicinais destacam-se pelas contribuices constantes para se ter
conhecimento dos mecanismos relacionados a geracao, transmissdo, manutencao e controle da
dor. Consideravelmente, as principais drogas atualmente utilizadas como analgésicos sdo
derivadas de espécies de plantas ou sdo sintetizadas com base em produtos de origem natural.
Entretanto, os analgésicos disponiveis ndo sao ideais para todos 0s pacientes, nem mesmo para
diferentes tipos de dor existentes. Deste modo, a descoberta de novos analgésicos seguros com
efeitos colaterais reduzidos é urgentemente imprescindivel (DUTRA et al., 2016). Nessa
perspectiva, 0 uso dos produtos naturais e seus metabolitos no controle da dor e de doengas tem
sido reconhecido pela ciéncia contemporanea, de maneira que uma gama de medicamentos sdo
provenientes destes (PETROVSKA, 2012).

Apesar de significativos avangos na compreensao da neurofisiologia da dor, 0 aumento
na disponibilidade de procedimentos diagndsticos avancados e a aplicacdo de modalidades e
abordagens terapéuticas, no presente momento, tratamentos disponiveis para dor crbnica
raramente resultam em resolucdo completa dos sintomas. Assim, pessoas com dor cronica
convivem com algum nivel de dor independentemente do tratamento atual ou tratamentos que
venham a receber em um futuro préximo (TURK; WILSON; CAHANA, 2011).

A dor sendo caracterizada como uma condi¢do multifacetada e multifatorial, exerce um
desafio em seu tratamento e gerenciamento. Terapias convencionais, como analgésicos, anti-
inflamatorios ndo esteroidais (AINES) e corticosteroides, entre outros, tém sido bem-sucedidos
em certa medida em seu manejo e tratamento. No entanto, tais terapias tendem a ser
acompanhadas de efeitos indesejaveis e tém um alcance terapéutico limitado
(SREEKEESOON; MAHOMOODALLY, 2014). Desta forma, quando a dor torna-se
persistente, as terapias tradicionais incluindo analgésicos opioides e nao opioides, anti-
inflamatorios ndo esteroidais (AINES) e corticosteroides, sdo pouco eficazes (TURK et al.,
2011; BASHIR; COLVIN, 2013).
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De acordo com o Controle Internacional de Narcéticos, 5,5 milhGes de pessoas possuem
acesso reduzido ou nenhum acesso a analgésicos, incluindo opidceos, codeina e morfina.
(BOURZAC et al., 2017). Os anti-inflamatorios ndo esteroides (AINES) representam um dos
pilares do tratamento da dor associada a uma variedade de condigbes médicas, e foram
desvendados em 1987 (BARKIN; PHARM, 2015; LOPES, DORADO; NARDINO, 2016).
Desde entéo os AINESs tornaram-se uma das classes de medicamentos mais utilizadas no mundo
(WALTERS; WOESSNER, 2016).

Essa classe de medicamentos é amplamente utilizada no tratamento da dor associada a
diversas indicagdes, como por exemplo, condi¢es artriticas, mas sua serventia é muitas vezes
limitada pela dose, devido aos efeitos adversos, como disturbios gastrointestinais, eventos
cardiovasculares e toxicidade (BARKIN; PHARM, 2015).

3.5 NOCICEPCAO

A nocicepgdo é denominada como um mecanismo sensorial e fisiologico em que 0s
nociceptores, que sdo receptores sensoriais especializados, detectam os estimulos nocivos, que
podem deflagrar em dano tecidual (TRACEY JR, 2017; VARDEH; WOLLER et al., 2017). E
corriqueiramente caracterizada também como um fendmeno pelo qual ocorre a codificacédo e o
processamento dos estimulos ambientais fisicos, quimicos ou patoldgicos que resultam na dor,
por meio de uma cascata complexa de eventos, que vai da periferia até as estruturas superiores
do sistema nervoso central. O reconhecimento e a avaliacdo da dor sdo etapas fundamentais
para 0 sucesso em seu tratamento e devem ser baseados em indicadores fisioldgicos,
biomarcadores especificos e parametros comportamentais (OLIVEIRA ALVES et al., 2017).

A relacdo entre a percepcdo da dor e a funcdo cognitiva é fundamental, uma vez que
esse conceito é central para compreender esse tipo de informacéo que pode ser estabelecida a
partir da mensuracdo da dor e da nocicepcdo. De maneira abrangente diferentes medidas de
nocicepcao/dor refletirdo em conhecimentos sobre a fungdo de todo o percurso da dor ou sera
limitado a uma parte especifica dele (JOHSON, 2016).

O sistema imunoldgico desempenha um papel fundamental na via da dor, por meio da
liberacdo de mediadores moleculares que sensibilizam os nociceptores, que por sua vez tém
receptores para detectar as citocinas, os lipidios, as proteases e os fatores de crescimento que
sdo liberados durante a inflamacdo. A informacao é transmitida como potencial de agdo, através
da medula espinhal até o cérebro, onde é processada como dor (CABRAL SILVA, 2013).

De modo que as diferentes medidas refletem e verificam a atividade em diferentes partes

do sistema é estabelecida uma consideracdo muito importante na escolha de uma técnica para
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mensurar a dor para uma determinada aplicagéo de pesquisa (JOHSON, 2016). Diferentemente
de nocicepcdo, a dor € mais que uma sensacdo, € uma experiéncia, podendo englobar
componentes sensoriais com influéncias pessoais e ambientais importantes. Enquanto isso, a
palavra nocicepcao refere-se ao estimulo doloroso propriamente dito, sem levar em
consideracdo o componente emocional, ou seja, abrange as vias neuroanatdmicas, assim como
0s mecanismos neuroldgicos e os receptores especificos que identificam o estimulo lesivo
(IASP, 2020)

A dor pode ser classificada de acordo com o tipo de lesdo e com os mediadores
relacionados, recebendo as seguintes denominagdes: neurogénica, quando ocorre lesdo do
tecido neuronal; neuropatica, quando ocorre a disfuncdo de um nervo; psicogénica, que ocorre
por fatores psicoldgicos; ou nociceptiva, quando ocorre por estimulacdo em excesso dos
nociceptores. Desse modo, o potencial antinociceptivo de um produto natural, por exemplo,
pode ser mensurado por sua capacidade de maximizar o limiar de excitacdo das terminacGes
nervosas ao estimulo doloroso, ou entdo, fazer com que 0s nociceptores ndo percebam ou nao
respondam ao estimulo doloroso promovido (CABRAL SILVA, 2013).

Com base no que foi anteriormente supracitado, tem-se a necessidade de descobrir
medidas alternativas para o desenvolvimento de medicamentos que atuem no tratamento da dor.
Tendo assim, 0s produtos naturais com uma perspectiva para elucidar essa questdo, uma vez
que caracteriza uma fonte promissora na pesquisa de moléculas com potencial atividade
analgésica (CABRAL SILVA, 2013).

3.6 INFLAMACAO

A inflamacédo faz parte da resposta biologica natural do corpo a danos nos tecidos e
estimulos nocivos, como invasdo de patdgenos e danos celulares e teciduais, bem como uma
resposta protetora envolvendo células imunes, vasos sanguineos e mediadores moleculares.
Trata-se de um processo antigo e evoluido, que envolve o recrutamento e acao de células de
imunidade inata e adaptativa (GRETEN et al., 2019). Nesse sentido, a inflamagéo caracteriza
um conjunto amplo de resposta fisioldgica a um organismo estranho ou lesdo (ARULSELVAN
et al., 2016), cujo objetivo principal é limitar e eliminar as causas do dano celular, assim como,
eliminar células atrofiadas e tecido necrosado, promovendo o reparo tecidual (SINGH et al.,
2016).

A resposta inflamatoria, pode ser deflagrada por estimulos de origens diversas (agentes
fisicos, quimicos e bioldgicos) (CHEN et al., 2018) e caracteriza-se pela producdo de fluidos,

substancias quimicas e células danificadas com alteragfes nos vasos sanguineos, recrutamento
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e ativacdo de leucocitos para induzir o reparo celular, resultando em alteracfes teciduais e
funcionais que constituem as cinco principais marcas do processo inflamatorio, calor,
vermelhidao, inchaco (edema), dor e perda de funcdo (BARNES, 2016).

Atualmente existem algumas terapias anti-inflamatorias desenvolvidas que sdo baseadas
nas propriedades de inibir ou antagonizar a produgéo ou acdo de mediadores pro-inflamatorios.
Essa capacidade de regular mediadores inflamatorios é, sem ddvida, um pré-requisito
importante para um agente anti-inflamatorio, essencialmente quando se trata da modulacéo do
recrutamento de leucdécitos (SERHAN; CHIANG; DALLI, 2015; AZIZ et al., 2018).

Diversas classes de farmacos ja sdo relatadas para tratamento de doencas inflamatorias,
entre elas, os anti-inflamato6rios nao esteroidais (AINES) e corticosteroides. Esses farmacos
possuem acdes antipiréticas, analgésicas e anti-inflamatorias, agindo na inibicdo da via das
ciclooxigenases (COX) no mecanismo da dor, febre e inflamag&o. No entanto, o uso deles de
forma prolongada pode causar graves efeitos colaterais, tais como diarreia, somado a iSso Sao
de custo elevado.

Nesse contexto, justifica-se a procura por novas substancias, com capacidade de auxiliar
no tratamento de doencas no qual o processo inflamatorio estd envolvido, com o objetivo de
limitar os efeitos nocivos desse processo, assim como 0s compostos derivados de origem
vegetais sdo extremamente importantes por serem precursores na descoberta de novas
alternativas de tratamento (GUO, 2017).

3.6.1 Pele e cicatrizacdo de feridas

A pele é o maior 6rgdo do corpo humano, e compde 16% do peso corporal,
desempenhando multiplas funcdes, dentre elas a de revestimento da superficie do corpo. Este
6rgdo é composto por um tecido epitelial de origem ectodérmica, a epiderme, e um tecido
conjuntivo de origem mesodermica, a derme. Gragas & estrutura da epiderme, com suas
multiplas camadas celulares, ela protege o organismo contra desidratagdo, atrito, agentes
quimicos e patogenos. Por meio das terminacdes nervosas sensoriais que possui, a pele recebe
constantemente informacdes sobre o ambiente e as direciona para 0 sistema nervoso central.
Abaixo e em continuidade com a derme, encontra-se a hipoderme ou tecido celular subcutaneo,
que nao faz parte da pele, mas lhe serve de unido com os 6rgaos subjacentes (JUNQUEIRA,
CARNEIRO, 2018).

As feridas sdo eventos que resultam na abertura ou ruptura da pele e acontecem

rigorosamente devido as lesdes (LORDANI et al., 2018). Os cortes que sdo formados na
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epiderme da pele resultam em infecgdes deflagradas por microorganismos como bactérias e
fungo (SUGUMAR et al., 2013; LORDANI et al., 2015).

A cicatrizacdo de feridas cutaneas € um mecanismo que caracteriza uma vantagem
evolutiva ndo s6 para os mamiferos. Em decorréncia das fun¢des da pele como barreira quimica
e bacteriana, a cicatrizacdo de feridas cutaneas é um passo crucial para a sobrevivéncia. Apesar
do grande namero de trabalhos dispostos na literatura sobre os mecanismos de cicatrizacdo de
feridas, otimizatr o processo de reparagdo tecidual continua sendo o objetivo, uma vez que o
processo de regulacdo fisioldgica da cicatrizacdo € um processo complexo, e que depende de
muitos tipos de células e mediadores, em uma sequéncia temporal imensamente sofisticada
(SORG et al., 2017; COSTA et al., 2018).

As feridas podem ser classificadas como abertas ou fechadas e, dependendo da causa
subjacente, como agudas ou cronicas com base na fisiologia da cicatrizacdo de feridas. O
processo de cicatrizacdo pode ser largamente categorizado em quatro fases: fase de hemostasia
(coagulacdo), fase inflamatoria, fase proliferativa (formacdo de tecido de granulacdo e sintese
de colageno) e a fase de remodelacdo, que define a forca e a aparéncia do tecido cicatrizado
(AGYARE et al., 2015; PEREIRA; BARTOLO, 2013). Esse processo pode ser afetado por
fatores locais ou fatores sistémicos como é o caso de infec¢fes (LORET] et al., 2015).

A regeneragdo de uma pele saudavel e funcional prossegue estabelecendo um desafio
devido a sua estrutura multicamada e a presenca de diferentes tipos de células dentro da matriz
extracelular de forma ordenada (PEREIRA; BARTOLO, 2013). Os agentes curativos
convencionais exercem uma atividade central no tratamento de feridas devido a sua eficécia
clinica, simplicidade e acessibilidade.

As terapias supracitadas representam uma alternativa econémica para o tratamento de
diversas feridas de dificil cicatrizacdo (por exemplo, Ulceras, queimaduras e feridas infectadas),
possibilitando efeitos terapéuticos que estimulam a processo de cicatrizacdo e melhoram a
qualidade do novo tegumento. Essas terapias convencionais também podem ser aplicadas em
combinagcdo com praticas clinicas modernas, proporcionando o desenvolvimento de
tratamentos terapéuticos, como a reducdo da resisténcia bacteriana e reducdo do tempo de
cicatrizacdo (PEREIRA; BARTOLO, 2013).

O crescente interesse pela utilizacdo de produtos convencionais para cicatrizagdo de
feridas direcionou a um aumento do nimero de investigacdes cientificas que buscam a eficacia
clinica, seguranca e efeitos colaterais de terapias. Assim sendo, esses trabalhos tem permitido
a execucdo de novos produtos e praticas clinicas que atualmente séo utilizadas por clinicos e

cirurgides no tratamento de lesdes. Mesmo com o0s avancos, esforcos adicionais fazem-se
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indispensaveis para aprovacdo de terapias tradicionais e compostos curativos naturais que
viabilizem a utilizacdo de curativos naturais no mercado nacional dos sistemas de saude
(PEREIRA; BARTOLO, 2013).

3.6.2 Desenvolvimento de formulagdes com agao cicatrizante

As formulacdes em pomadas s@o preparagdes semissolidas atribuidas ao uso externo e
que devem ser facilmente espalhaveis (MINISTERIO DA SAUDE, 2012). Uma pomada ideal
deve possuir um aspecto homogéneo, ndo induzir produzir irritagdo ou sensibilizacdo na pele,
e nem retardar cicatrizacdo. As pomadas sdo habitualmente usadas como emolientes que tornam
a pele mais hidratada e flexivel, e agem como barreira protetora, que previne a absorcéo de
substancias perigosas por meio da pele e veiculo em que sdo incorporadas (MIRANDA DE
MORAIS, et al., 2017).

As pomadas caracterizam-se por formulacdes para uso topico, quase sempre
constituidas por um ou mais corpos gordurosos de consisténcia mole, gordura semi-sélida ou
gordura pléastica, como por exemplo a vaselina (FERREIRA, 2010). As bases para estas podem
ser do tipo oleaginosa e de absor¢do. As oleaginosas sdo anidras e insolUveis em &gua. Ja as
bases de absor¢do sdo anidras, insollveis e ndo lavaveis com agua, todavia, podem absorver
agua. Sendo assim permitem a inclusdo de medicamentos solveis em agua diretamente na base
ou posteriormente a sua dissolucio em quantidade minima de agua. E valido destacar ainda as
bases de natureza hidrofilica, como aquelas preparadas pela associacdo de polietilenoglicois de
pesos moleculares diferentes, instituindo que sejam obtidas preparacdes de diferentes
viscosidades (MINISTERIO DA SAUDE, 2012).

No Brasil temos varias apresentacdes comerciais disponiveis para utilizagdo no reparo
tecidual, dentre outras, temos as seguintes, Dersani ® (Saniplan), Curatec® AGE (LM Farma),
Repitelin® (Biolab), Dermosan® (Sunny Day), AGE Cremer 6leo® (Cremer), AGEDerm®
(Helianto Farmaucéutica Ltda), Lin’Oleo® (V Declair), Primoderm® (LC produtos Naturais
com Caléndula) Supriderm® (LC produtos Naturais com caléndula), genericamente
denominadas como AGE (Acidos graxos essenciais) (FERREIRA et al., 2012).

Mesmo com os grandes avang¢os em produtos para o tratamento de feridas por meio de
terapias tradicionais, investigar compostos de origem natural, sdo alternativas plausiveis. Uma
vez que essas terapias podem oferecer novas perspectivas para auxiliar no tratamento de
doengas na pele, ampliando o acesso aos cuidados de saude, e possibilitando ultrapassar

algumas limitacGes relacionadas a produtos e terapias, como por exemplo, altos custos, longos



tempos de fabricacio e acréscimo da resisténcia bacteriana (PEREIRA; BARTOLO, 2013).
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4 RESULTADOS E DISCUSSAO

41 ARTIGO 1 - EMERGING SOURCE OF BIOACTIVE COMPOUNDS FROM
ARECACEAE FAMILY: A SYSTEMATIC REVIEW

O artigo “Emerging source of bioactive compounds from Arecaceae family: a systematic
review” foi publicado no periédico Research, Society and Development, volume 10, artigo 10,
2021, link para acesso: https://doi.org/10.33448/rsd-v10i10.18994
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Abstract

The use of plants for medicinal purposes is performed empirically by traditional knowledge with the use of
preparations that seek to extract their active principles, and are considered to be fundamental to human health. In this
context, the aim of the present study was to of this study was to carry out a systematic review of the biological
activities of the Arecaceae family distributed throughout Brazil. This research was carried out through a
comprehensive search using the following databases, Scopus, Portal Periodicos Capes, PubMed, Google Scholar and
Science Direct, using the following descriptors: “Arecaceae” and “Biological properties of the family Arecaeae”,
checked at <www.theplantlist.org/> to check synonyms. It was possible to identify numerous biological activities in
the arecaceae family, among the most recurring ones, the antioxidant, antimicrobial and anti-inflammatory activity.
These activities are justified by the presence of fatty acids, phenolic compounds, alkaloids and terpenes. Studies
routinely report lauric acid as a major in the plants of this family, which makes it a potential compound to cure or
assist in the treatment of various diseases.

Keywords: Medicinal plants; Brazilian biodiversity; Biological activities; Arecaceae.
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Resumo

A utilizacdo de plantas com fins medicinais € realizada empiricamente pelos conhecimentos tradicionais com a
utilizagdo de preparagdes que buscam extrair seus principios ativos, e sdo consideradas fundamentais para a saide
humana. Nesse contexto, o objetivo deste estudo foi realizar uma revisdo sistematica das atividades biologicas da
familia Arecaceae distribuida por todo o Brasil. Esta pesquisa foi realizada por meio de uma busca abrangente nas
bases de dados Scopus, Portal Periodicos Capes, PubMed, Google Scholar e Science Direct, utilizando os seguintes
descritores: “Arecaceae” e “Propriedades biologicas da familia Arecaeae”, verificados em <www .theplantlist.org />
para verificar sinénimos. Foi possivel identificar imimeras atividades biologicas na familia das Arecaceae, entre as
mais recorrentes, a atividade antioxidante, antimicrobiana e antiinflamatoria. Essas atividades sdo justificadas pela
presenca de acidos graxos, compostos fenolicos, alcaldides e terpenos. Os estudos rotineiramente relatam o acido
laurico como um dos principais nas plantas desta familia, o que o torna um composto potencial para curar ou auxiliar
no tratamento de varias doencas.

Palavras-chave: Plantas medicinais; Biodiversidade brasileira; Atividades biologicas; Arecaceae.

Resumen

La utilizacion de plantas para fines medicinales es realizada empiricamente por los conocimientos tradicionales con la
utilizaciéon de preparos que buscan extraer sus principios activos y son considerados fundamentales para la salud
humana. En este contexto, el objetivo del estudio fue realizar una revision sistematica de las actividades bilogicas de
la familia Arecaceae repartida por todo el Brasil. Esta investigacion fue realizada a través de una busqueda integral en
las bases de datos Scopus, Portal Periddicos Capes, PubMed, Google Scholar y Science Direct, utilizando los
siguientes descriptores “Areacaceae” y “Propriedades biologicas da familia Arecaceae”, verificados en <www
.theplantlist.org/> para la verificaciéon de sinénimos. Fue posible identificar muchas actividades bioldgicas en la
familia de las Arecaceae, entre las mas recurrentes, la actividad antioxidante, antimicrobiana y antiinflamatoria. Esas
actividades son justificadas por la presencia de acidos grasos, compuestos fenolicos, alcaloides y terpénicos. Los
estudios rutinariamente reportar el acido laurico como un de los principales en las plantas de esta familia, lo que torna
un compuesto potencial para curar o auxiliar en el tratamiento de variadas enfermedades.

Palabras clave: Plantas medicinales; Biodiversidad brasileira; Actividades biologicas; Areacaceae.

1. Introduction

The use of medicinal plants as an alternative to treat several diseases is an old habit in different cultures, which
remains until nowadays, especially in developing countries (Mattos, Camargo, Sousa, & Zeni, 2018; Padilha et al., 2017).
Some reasons for the use of medicinal plants are due to its low cost, easy access and the belief that natural products are safer
when compared to synthetic drugs (Silva & Santana, 2018; Filho, 2010). Thus, several research on medicinal plants are
focused on discovering bioactive molecules with benefits to human health and low toxicity (Al-Okbi, 2014; Lee, Lee, Tsai, &
Su, 2012), demanding studies to identify plant compounds and related biological activities (Lana, Martins Necchi, Casoti, &
Manfron, 2012). For this reason, the phytochemistry study of plants with medicinal properties represents an essential step to
define their composition and provides evidence of potential biological activities and mechanism of action (Leén-mejia et al.,
2011; Vinod, Tiwari, & Meshram, 2011).

Natural chemical compounds have been used to treat health problems and historically their derivates are extremely
important as nutraceuticals, supplements and therapeutic agents (Lescano & Kassuya, 2014). However, besides the therapeutic
purpose, in some cases, the plant chemical compounds may present toxic effects, such as the terpenoids, alkaloids, tannins and
glycosides (Pereira & Cardoso, 2012).

Additionally, the use of medicinal plants may present better therapeutic results when compared to synthetic
substances. Thus, the preliminary phytochemical analysis is a very important step for the for the beginning of the
phytochemical study of the plant to be studied, and may show several classes of bioactive compounds, among them:
flavonoids, reducing sugars, alkaloids, tannins, lignins, saponins, steroids (Joy et al., 2019). Therefore, plants present bioactive
compounds that can be toxic, mutagenic, carcinogenic and teratogenic, especially when they are consumed without restriction,
so, it is important to evaluate the toxicity with biological activities (Lopez-Romero et al., 2018).

Brazil has the greatest biodiversity worldwide, being a source of natural molecules with high biological potential

(Khan et al., 2018). Thus, studies that demonstrate the potential of medicinal plants found in Brazilian biomes are essential for
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maintaining the conservation of species, as well as providing scientific evidence regarding the invaluable source of new
bioactive molecules for diverse purposes, including for the treatment of several diseases, many of them still without effective
treatment (Brasil, 2011).

The Arecaceae family is one the biggest family worldwide and it is strongly distributed in tropical zones, with 181
genus and 2600 species (Emilio et al., 2019; Henrique, Koolen, & Soares, 2019). This family is extremely valuable due to its
diversity of species, in Brazil it comprises 37 genera and 293 species, occurring in all Brazilian biomes (Leitman, Soares,
Henderson, Noblick & Martins, 2015). The species from this family present morphological and functional differences, like
bush species, woody trees, or even grasses (Balslev, Laumark, Pedersen, & Grandez, 2016; Santos, Aguiar-Dias, Amarante, &
Coelho-Ferreira, 2013). Additionally, there is a big variety of edible fruits, like nuts, berries, or drupes, with different textures,
forms, colors, and chemical compositions (Blok, Katan, Jos, & Meer, 1996; James, Gibson, & Cleland, 2000).

Figure 1. Acrocomia aculeata (Jacq.) Lodd. ex Martius. A: specimen in natural habitat. B: infructescence.

Source: Rodrigues et al. (2011).

Figure 2. Cocos nucifera (Arecaceae). A: specimen in natural habitat. B: fruit.

mesocarp
epicarp
rigid shell
copra

Source: Adapted from (Belviso et al., 2013) and (Bessa et al., 2016)
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Most species from this family are reported in the literature due to their biological potential, an example is Syvagrus
coronata, which is used for fruit production. This species also has emerged as to its medicinal potential, due to its
leishmanicidal activity (Rodrigues et al., 2011), antioxidant (Belviso et al., 2013) and antimicrobial (Bessa et al., 2016).
Another species is Butia odorata, which is known due to its antioxidant and antitumor potential (Boeing et al., 2019),
hypolipidemic and anti-inflammatory (Ramos, Silva, Oliveira, Bona, Hofmann, & Chaves, 2020), antihyperglycemic
(Vinholes, Lemos, Lia, Franzon, & Vizzotto, 2017), and antibacterial activity (Maia, 2019). The species Syagrus schizophylla
also has a range of biological activities, such as antioxidant, antimicrobial (Nonato et al., 2018) analgesic, antipyretic and anti-
inflammatory (Elhakim, Abdel-Baky, & Bishay, 2017), antimalarial (Tayler et al., 2019), and antibacterial (Joy et al., 2019).
Most of those pharmacological properties are reported in ethnobotanical studies and have been proved in scientific research.

In this context, the present study aimed to carry out a systematic review of the biological activities from the Arecaceae

family with occurrence in Brazilian territory.

2. Methodology

The search for articles was performed between the months of September and December of 2020, using the species
names, verified in <www.theplantlist.org/> in case of synonyms. The searched databases were Scopus, Portal Peridédicos
CAPES, PubMed, Google Scholar and Science Direct, using the descriptors: “Arecaceae” and “Biological properties of the
family Arecaceae™.

This research was carried out through a search between the months of September to December 2020, with the names
of the species verified on the site <www.theplantlist.org/> to check synonyms. A comprehensive search for articles was carried
out using Scopus, Portal Periddicos Capes, PubMed, Google Scholar and Science Direct, using the following descriptors:
“Arecaceae” e “biological properties of the family Arecaceae”. Studies published between 2010 and 2020 were included.
Complete articles containing the descriptors included in the abstract or keywords were selected. Duplicate articles in the search
platforms, review articles, articles of genetic and taxonomic scope and studies on plant metabolism were excluded. The other
articles were then selected based on the title, abstract and keywords. Finally, the complete articles were analyzed according to
the following criteria (1): phytochemistry; 2): ethnobotanical uses; (3): bioactivities; (4): bioactivities of compounds isolated in

the Arecaceae family; (5): types of products used.

3. Results and Discussion
Extracts
Among the articles, 30 of them investigated extracts from 19 different genus and their biological activities, as
shown in Table 1. The most used vegetal parts were the fruits (72%). As for essential oil, the leaves were the most used part

(66%), followed by the fruits (33%) and fixed oil; the fruits were used in all research.
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Table 1. Biological activities from Arecaceae species.

Specie

Biological activity

Type of product

References

Hyphaene thebaica

Antioxidant and Antimicrobial

Methanolic and Ethanolic
extract

(Aboshora et al., 2014)

Phoenix dactylifera Determination of the nutritional Ethanol extract (Abdul-hamid et al., 2020)
class of compounds present and
antioxidante
Oenacapus bataua Antimicrobial Ethanol extract (Aranaga et al., 2020)
Euterpe precatoria Antimicrobial Ethanol extract (Aranaga et al., 2020)
Cocus nucifera Antitoxic Ethanol extract (Adaramoye & Ola-

davies, 2015)

Attalea speciosa Antimicrobial and Ethanol extract (Barroqueiro et al., 2016)
immunomodulatory
Orbignya phalerata Th1 immunomodulatory activity Aqueous extract (Guerra, Silva, Aragao-
franca, Oliveira, &
Feitosa, 2011a)
Hyophorbe indica Antioxidant activity, a-glucosidase | Ethanol extract (William et al., 2018)
inhibition and hypoglycemic
activity.
Cocos nucifera Antimicrobial Aqueous, ethanol, chloroform | (Joy et al., 2019)
and diethyl extracts
Cuminum cyminum Antimicrobial Aqueous extract (Karamian & Kamalnejad,
2019)
Melia azedarach Larvicide Methanolic extract (Koc, Evren, & Cetin,
2016)
Phoenix theophrasti Larvicide Methanolic extract (Koc et al., 2016)
Styphnolobim aponicum | Larvicide Methanolic extract (Koc et al., 2016)
Pyracantha coccinea Larvicide Methanolic extract (Koc et al., 2016)
Cocos nucifera Antimicrobial Aqueous extract (Kadja, Atsain-allangba,
Kouamé, & Janat, 2020)
Phoenix dactylifera Hepatoprotetor Methanolic extract (Okwuosa, Udeani,
Umeifekwem, &
Augustine, 2014)
Attalea speciosa, Antimicrobial Ethanol extract (Oliveira et al., 2016)
Mauritia flexuosa Antimicrobial Ethanol extract (Oliveira et al., 2016)
Acrocomia aculeata Antimicrobial Ethanol extract (Oliveira et al., 2016)
Phoenix dactylifera Protective effect against oxidative Aqueous extract (Jahromi, Rasooli,
testicular damage Kamali, Ahmadi, &
Sattari, 2017)
Bactris setosa Antioxidant Aqueous extract (Rosa, Arruda, Egle, &

Arruda, 2016)

Phoenix loureiroi

Intestinal anti-inflammatory activity

Methanolic, ethyl, chloroform
extract, ethyl acetate

(Murugan, Saravanan, &
Parimelazhagan, 2018)

Cocos nucifera

Antiparasitic and anticancer

Dichloromethane and
methanol extracts

(Tayler et al., 2019)

Cocos nucifera

Synthesis of silver nanoparticles

Methanol extract

(Mariselvam et al., 2014)

Raphia vinifera

Cytotoxicity

Chloroform and methanolic
extracts

(Chi, Sop, Mbaveng, &
Ombito, 2020)
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Ravenea rivularis

Antioxidant, anti-inflammatory and

Metanolic, hexanic, ethyl

(Elgindi, Singab,

cytotoxicity against Hep-G2 acetate and butanolic extracts Mahmoud, & Abdullah,
2015)
Orbignya phalerata, Immune responses Aqueous extract (Guerra et al., 2011a)
Raphia hookeri Antimicrobial and modulation Methanol extract (Nguenang et al., 2018).

Caryota mitis lour

Analgesia, antipyretic and anti-
inflammatory.

Aqueous and ethanolic extract

(Elhakim et al., 2017)

Cocos nucifera

Antifungal and antioxidante

Methanolic extract

(Thebo et al., 2016)

Hyophorbe indica Antioxidant, anti-hypoglycemic and | Ethanol extract (William et al., 2018)
metabolite profile.

Rdfia gentiliana Anti-hyperglycemic and Aqueous and ethanolic extract | (Mpiana, Masunda,
hyperglycemic Longoma, Tshibangu, &

Ngbolua, 2013)
Mauritia flexuosa Antioxidant and antimicrobial Chloroform extract, ethyl (Nonato et al., 2018)
acetate and ethanolic
Phoenix dactylifera Hepatoprotection Methanolic extract (Okwuosa et al., 2014)
Euterpe oleracea Antioxidant Aqueous extract (Minighin et al., 2019)

Mauritia flexuosa Antimicrobial and antioxidante Fraction (Nonato et al., 2018)
Orbignya speciosa Antinociceptive Fraction (Pinheiro, Boylan, &
Fernandes, 2012)
Raphia farinifera Cytotoxicity Fraction (Tapondjou, Siems,
Bottger, & Melzing, 2015)
Euterpe oleracea Anti-inflammatory and Fixed oil (Favacho et al., 2011)
antinociceptive
Livistona australis Antioxidant and anti- Fixed oil (Kassem & Afifi, 2014)
hyperlipidemic
Acrocomia aculeata Diuretic and anti-inflammatory Fixed oil (Lescano & Kassuya,
2014)
Attalea phalerata Cytotoxicity, Genotoxicity and Fixed oil (Lima et al., 2016)
Clastogenicity
Attalea phalerata Cytotoxicity, Genotoxicity and Fixed oil (Lima et al., 2016)

Clastogenicity

Chamaerops humilis

Antimicrobial

Essential oil

(Inouye, Yamaguchi, &
Takizawa, 2001)

Euterpe oleracea

Genotoxicity and clastogenics /
anagenic potential

Essential oil

(Marques et al., 2016)

Antioxidant activity

Source: Authors.

The endogenous antioxidant system is essential to maintain integrity and body homeostasis, since several reactive

oxygen species (ROS) are constantly generated in cells as products of cellular metabolism. Although these ROS have benefic

functions on the organism, at high concentrations they induce toxic effects and are associated with several diseases (Alves et
al., 2010; Santos et al., 2014).

Arecaceae species have demonstrated antioxidant potential. The extract obtained from Hyphaene thebaica fruits

present antioxidant activity in DPPH reduction assay (Aboshora et al., 2014). As for Hvophorbe indica leaf extract, which

presents compounds known as antioxidants, like gallic acid, catechin and citric acid, also present an antioxidant effect, being

able to reduce the DPPH radical, and achieving the IC50 of 35.35 0,18 pg/mL (Aboshora et al., 2014). The extract
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from Bactris setosa, with a higher content of flavonoids, presents antioxidant activity, in FRAP and B-carotene oxidation
assays (Rosa et al., 2016). Mauritia flexuosa showed antioxidant activity being able to reduce the ABTS radical and chelate
80.9% of Fe+2 in vitro, available at 700 pg/mL (Nonato et al., 2018). Other Arecaceae species that also showed antioxidant
activity in vitro models are Euterpe Oleracia (Minighin et al., 2019), Hyophorbe indica (William et al., 2018), Cocos
nucifera (Kadja et al., 2020; Thebo et al., 2016), and Ravena rivularis (Elgindi et al., 2015)

Kassem (Kassem & Afifi, 2014) studied the lipophilic fraction obtained from Livistona australis fruit (LALF), which
presented oleic acid as major content (59.05%), palmitic acid (20.59%), phytol-diterpene (7.98%) and linoleic acid (0.79%).

Oleic acid (OA) is the main component among the fatty acid contents of LALF. Oleic acid, linoleic acid and phytol
inhibited hyperlipidemia probably through the oxidation reaction. The LALF content can play a role with strong antioxidant
activity in inhibiting lipid peroxidation and protecting against oxidative degradation of biologically active substances. In
silico studies, with oleic acid, indicates that it acts as a competitive inhibitor with nitric oxide on the active site of nitric oxide
synthase (Kassem & Afifi, 2014). The unsaturated fatty acids play important roles in the immunological system and
inflammatory process (Menéndez et al., 2006; Weatherill et al., 2005).

According to the literature, even if some of the studies do not bring exactly the compounds present in the extracts,
they still have at least the metabolite class present in these extracts, as disposed of in Table 2. It was possible to observe that
the aforementioned studies have in common the occurrence of phenolic and flavonoid compounds, which are known
antioxidant molecules (Balasudram, Sundram, & Samman, 2006), being used in several industries, such as food, aesthetics,

pharmaceuticals, and textile.

Table 2. Phytochemical compounds present in Arecaceae family.

Species Vegetal part Chemical compounds References

Hyphaene thebaica Fruit Unidentified (Aboshora et al., 2014)

Phoenix dactylifera Fruit Unidentified (Abdul-hamid et al.,
2020)

Oenacapuis bataua Root Unidentified (Aranaga et al., 2020)

Euterpe precatoria Root Unidentified (Aranaga et al., 2020)

Cocus nucifera Fruit Unidentified (Adaramoye & Ola-
davies, 2015)

Attalea speciosa Fruit Unidentified (Barroqueiro et al.,
2016)

Orbignya phalerata Fruit Unidentified (Guerra et al., 2011a)

Hyophorbe indica Leaves Citric acid, procyanidin B3, epicatechin, | (William et al., 2018)

procyanidin B2, catechin, catechin
derivative, procyanidin B1, apigenin-c-
hexocide-c-hexocide, Kaempferol,
Kaempferol derivative, quinic acid
derivative, gallic acid

Cocos nucifera Leaves Tannin, lignins, flavonoids. (Joy et al., 2019)
Cuminum cyminum Leaves Total phenol, flavonoid, ascorbic acid, (Karamian &
starch, reducing sugars. Kamalnejad, 2019)
Melia azedarach Fruit Unidentified (Koc et al., 2016)
Phoenix theophrasti Fruit Unidentified (Koc et al., 2016)
Styphnolobim aponicum Fruit Unidentified (Koc et al., 2016)
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Pyracantha coccinea Fruit Unidentified (Kocetal., 2016)
Cocos nucifera Fruit peel Coumarins, flavonoids, steroids, tannins (Kadja et al., 2020)
and triterpenes
Phoenix dactylifera Leaves Unidentified (Okwuosa et al., 2014)
Attalea speciosa, Leaves Unidentified (Oliveira et al., 2016)
Mauritia flexuosa, Leaves Unidentified (Oliveira et al., 2016)
Acrocomia aculeata Leaves Unidentified (Oliveira et al., 2016)
Phoenix dactylifera Leaves Unidentified (Jahromi et al., 2017)
Bactris setosa Leaves Unidentified (Rosa et al., 2016)
Phoenix loureiroi Leaves Unidentified (Murugan et al., 2018)
Cocos nucifera Peel, Leaf and Unidentified (Tayler et al., 2019)
Fruits
Cocos nucifera Inflorescence Unidentified (Mariselvam et al.,
2014)
Raphia vinifera Fruit Saponins (1-4) (Chi et al., 2020)
Ravenea vivularis Leaves Lupeol acetate, betulinic acid, apigenin, (Elgindi et al., 2015)
luteolin, luteolin-7-O-B-D-
glucopyranoside, ferulic acid, caffeic acid
and chlorogenic acid
Orbignya phalerata, Fruit Unidentified (Guerra et al., 201 1a)
Raphia hookeri Fruit Alkaloids, triterpenes, steroids and (Nguenang et al., 2018)
polyphenols, including flavonoids.
Caryota mitis lour Leaves Unidentified (Elhakim et al., 2017)
Cocos nucifera Fruit Unidentified (Thebo et al., 2016)
Hyophorbe indica Leaves Unidentified (William et al., 2018)
Rdfia gentiliana Fruit Unidentified (Mpiana et al., 2013)
Mauritia flexuosa Fruit Unidentified (Nonato et al., 2018)
Phoenix dactylifera Fruit Unidentified (Okwuosa et al., 2014)
Euterpe oleracea Fruit Unidentified (Minighin et al., 2019)
Mauritia flexuosa Fruit Flavonoids (Nonato et al., 2018)
Orbignya speciosa Leaves Unidentified (Pinheiro et al., 2012)
Raphia farinifera Fruit Unidentified (Tapondjou et al., 2015)
Euterpe oleracea Fruit Palmitic acid, palmitoleic acid and oleic (Favacho et al., 2011)
acid
Livistona australis Fruit Oleic acid, linoleic and palmitic acids, (Kassem & Afifi, 2014)
diterpene-phytol
Acrocomia aculeata Fruit Oleic acid, palmitic acid and linoleic (Lescano & Kassuya,
acid. 2014)
Attalea phalerata Fruit B-carotene and o-carotene (Lima et al., 2016)
Attalea phalerata Fruit B-carotene (Lima et al., 2016)
Chamaerops humilis Leaves and fruit Unidentified (Inouye et al., 2001)

Euterpe oleracea

Fruit

Oleic, palmitic and palmitoleic fatty acids

(Marques et al., 2016)

Source: Authors.
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Anti-inflammatory and protective activities

Inflammation can be defined as an organism natural response to several types of stimuli, which in turn culminates
into tissue damage. During this process, many molecular mechanisms are activated which induces histologic and vascular
alterations in the affected area (Ashley, Weil, & Nelson, 2012). Despite that, the inflammation may induce deleterious
effects when it persists on the organism and the inflammatory response is too strong. Several Arecaceae species demonstrate
anti-inflammatory effect.

Phoenix loureiroi extract was able to reduce intestinal inflammation, in mice, due to oral administration at a
concentration of 5 mg/kg, corroborating with the popular use of the fruit to treat intestinal pain (Murugan et al., 2018).
Elhakim et al. (2017) verified the anti-inflammatory potential of Caryota mitis, its extract was able to attenuate the
inflammatory response in mice paw edema induced by carrageenan at a concentration of 400 mg/kg. Besides that, the
research also highlighted the absence of toxicity, presenting an average lethal dose (LDso) higher than 5000 mg/kg. As for
Ravenea rivularis, which extract, presented antioxidant activity, also present anti-inflammatory activity. Is worth to noting
that the inflammation process is related to oxidative stress, therefore, it may be possible that the molecules found in the
extract present both effects, antioxidant and anti-inflammatory, promoting an efficient attenuation on inflammation process
and the diseased related to it (Elgindi et al., 2015).

As for the oils and fatty acids, some authors state that it can reduce the levels of cytokines, like the IL-1 o, TNF- a,
IL-6 e IL-1 B, which will result in an anti-inflammatory response (Blok et al., 1996; W. James et al., 2018). Oleic acid, palmitic
acid and palmitoleic acid are identified as the main components that play important physiological roles in the human body, due
to their chemical structure, these compounds have become the focus of interest for pharmaceutical and food companies (Blok
et al., 1996; James et al., 2018) and as seen in the table 2, the oils obtained from Areceae species are usually rich in those
compounds.

According to Favacho et al. (2011), the oil obtained from Euterpe oleracea fruits showed anti-inflammatory activity
in vivo in paw edema and ear erythema induced by croton oil. The average effective dose was 1226.8 mg/kg, and the results
showed that E. oleracea oil presents an anti-inflammatory effect by inhibiting prostaglandins biosynthesis. The
microencapsulated oil from Acrocomia aculeata fruits also presented anti-inflammatory in paw edema, and pleural edema
models, both induced by carrageenan (Lescano & Kassuya, 2014), both species have oleic acid as major compound.

The relation between oleic acid and the therapeutic potential for the treatment of inflammatory diseases is that it can
induce tissue repair, as discussed by Grimm et al. (2002), its occurs due to changes in metalloproteinases balance, which are
key molecules for the process of tissue healing. As for Calder (2002), the omega-3 unsaturated fatty acid can affect the
expression of pro-inflammatory cytokine genes, altering cell membrane’s characteristics, cell signaling, cell mobility, the
interaction of receptors, membrane and the formation of secondary signs (Grimm et al., 2002).

The balance of the dietary lipids is intended to control the inflammatory response when exacerbated by the intake of
unsaturated fatty acids. Studies express those fatty acids participate in the modulation of calcium signaling (Soldati et al.,
2002), protein kinase C (May & Calder, 1993), activation of phospholipase C , production of inositol-1,4,5-triphosphate (IP3)
and diacylglycerol (DAG). In addition, they are the primary precursors of lipid mediators during the inflammatory process,
such as arachidonic acid and prostaglandins (Soldati et al., 2002). With that in mind, there is several pathways that fatty acids
can act to attenuate the inflammatory process.

As for the protective effect, it is related with the capacity of a molecule or product prevent damages into a certain cells or
tissue before it starts an inflammation process. Some Arecaceae species showerd protective effect in different system, like the
hepatoprotective effect described for Phoenix dactylifera (Okwuosa et al., 2014), which in turn presented an LDso higher than

6000 mg/kg. The same species also presented a protective effect in bovine testicles (Jahromi et al., 2017). Investigating Cocos
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nucifera extract, intending to revert toxic effects induced by cisplatin in mice, Adaramoye and Ola-davies (2015) obtained
positive results by administrating 200 mg/kg daily on mice diet, they also noticed a decrease in lipid peroxidation and
intensification of antioxidant enzymes activity. And finally, the extract obtained from Orbignva phalerata presented a
protective effect by modulating the inflammatory response, and the fruit extract from this species associated or not with
aluminum particles increased interferons and interleukins concentration (Guerra, Silva, Aragdo-franca, Oliveira, & Feitosa,

2011b).

Antimicrobial activity

In the last 10 years, at least 10 Arecaceae species were studied as potential antimicrobial activity. The ethanolic
extract from H. thebaica fruits showed strong antibacterial activity against Staphylococcus aureus and Salmonella typhi, in the
disk diffusion method, it is worth noting that the extract showed positive results against two types of bacteria cells, a Gram-
positive and Gram-negative respectively, still, the control drugs, gentamicin, and ampicillin, showed higher zone of inhibition
when compared to the extract (Aboshora et al., 2014).

A similar methodology was employed to test the extract from C. nucifera leaves, rich in tannin, lignin, and
flavonoids, it was able to inhibit Escherichia coli growth, with an inhibition halo of 5 mm, 50% less compared to the drug
control, ciprofloxacin (a 1 pg) (Joy et al., 2019). Tayler et al. (2019) evaluated the antiparasitic effect from C. nucifera
Against several parasites, like Leishmania donovani, Trypanosoma cruzi, and Plasmodium falciparum, which showed
positive results.

Aranaga et al. (2020), evaluated the antimicrobial potential from several plant extracts, between then: Onecapaus
bataua and Euterpe precatoria, which were able to inhibit the PKnB kinase enzyme, essential to Mycobacterium
tuberculosis. The ICsp from the first species was of 60.9 pug/mL, while the second one showed 77.4 pg/mL, both being able
to inhibit the enzymatic activity, however, it was not able to inhibit bacteria growth. The extract capacity of inhibiting the
enzymatic activity brings new perspectives to the search of bacteria metabolism modulation mediated by plant extracts,
turning them more susceptible, or not, to antibiotics drugs.

An example of modulatory effect was observed in Raphia hookeri extract, which was able to decrease the antibiotic
concentration until 50% when combined with chloramphenicol, kanamycin, streptomycin, erythromycin, and tetracycline.
Also, according to the author, this effect was due to the metabolites present in R. hookeri, which could inhibit the efflux
bomb present in bacteria, which is a factor that grants bacteria the resistance effect (Nguenang et al., 2018). M. flexuosa
showed a similar effect, inducing susceptibility to conventional antibiotics in Gram-positive, Gram-negative and Candida
species (Nonato et al., 2018).

Another species, rich in phenolic compounds and flavonoids, is Attalea speciosa, which was able to inhibit the
growth of S. aureus resistant to methicillin strains, Enterococcus faecalis and Pseudomonas aerugionosa in vitro, as also an
excellent antiseptic in vivo model, being able to modulate the immunologic system, into a less intensive response
(Barroqueiro et al., 2016).

An alterntive approach approach is the use of natural products to decrease the virulence for bacteria strains, like
inhibiting the biofilm expression. The oil from Syagrus coronata, rich in octanoic, dodecanoic, decanoic and y-eudesmol
was able, not only to inhibit and kill bacteria strains resistant to antibiotics, as act over bacterias strains capable of forming a
biofilm, with MIC between 156 and 625 pg/mL, and MBC of 312 to 1250 pg/mL (B. S. Santos et al., 2019). The oil
from Chamaerops humilis leaves, whose authors emphasized that the fact of the leaves present more oil than the fruits, due
to the anatomic structures have several storage glands, present antibacterial action against S. aureus, E. coli, and P.
aeruginosa (Okkacha, Edine, & Raja, 2013).
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The bioproducts development has also been applied to the Arecaceae family, and it has proved to be efficient, as
related by Karamian and Kamalnejad (Karamian & Kamalnejad, 2019). The authors synthesized nanoparticles of silver with
the extract from Cuminum cyminum, with strong antibacterial activity. Although other studies with bioproducts made from M.
flexuosa and A. aculeata didn’t show any promising effect againstS. aureus, E. faecalis, E. coli and P. aeruginosa, C.

albicans and C. parapsiolis.

Cytotoxicity and anticancer

The use of medicinal plants has been growing progressively, mainly since they have biological activity and are
used as a source of new molecules and effects obtained by the synthetic drugs currently commercialized, and may even
confer a more potent effect, with a potential for less physiological damage. In addition, the cost of herbal medicines is
generally reduced, increasing access to this resource, ensuring quality treatment, with chances of cure and better quality of
life (Kharchoufa, Merrouni, Yamani, & Elachouri, 2018; Prasansuklab, Brimson and Tencomnao, 2020).

Even with a lower potential for intoxication, some plant species may present a risk of toxicity, mainly because they
produce neurotoxins, cytotoxins and metabolic poisons that will disturb the structural and functional integrity of internal
organs, such as the liver, heart, kidneys, gastrointestinal system and lungs. In addition, the dose is also important, as some
substances can show positive activity for some illnesses in minimal concentrations, but if there is an increase in the dose,
that previously therapeutic compound becomes toxic to the organism and can cause tissue or cellular injuries, especially
whether carcinogenesis, hormonal dysregulation and the interruption of reproductive and developmental processes (Kristanc
& Kreft, 2016; Nembo, Hescheler, & Nguemo, 2020; Shabbir, Shahzad, & Gobe, 2014).

Euterpe oleraceae, the Brazilian agai, is rich in fatty acids, like vanillic acid, palmitic acid, linolenic acid, linoleic
acid and oleic acid. This species well-known for its popular fruit, which is famous in the whole country, but specially the
North region.

The chromatographic analysis identified a range of fatty acids in the fruit, such as vanillic acid, palmitic acid, y-
linolenic acid, linoleic acid and oleic acid. Toxicity was assessed in rats at doses of 30 mg/Kg, 100 mg/Kg or 300 mg/Kg.
Only at a concentration of 300 mg/Kg the animals showed signs of intoxication, such as diarrhea and hair bristles. In
addition to acute toxicity, genotoxicity was performed by comet and micronucleus assays from leukocyte samples from
peripheral blood, liver, bone marrow and testicular cells taken from animals that were subjected to the acute test (Marques et
al., 2016).

In the comet assay, genetic material was used to measure DNA damage, such as single and double-strand breaks,
alkaline sites, DNA-DNA and DNA-protein cross-links. Thus, it was verified that there was no damage, indicating that the
oil did not present genotoxicity. According to the micronucleus assay, clastogenicity (chromosome breakdown) and
aneugenicity (chromosomal delay due to dysfunction of the mitotic apparatus) were measured, as well as it was possible to
estimate the proportion of polychromatic erythrocytes concerning normochromatic erythrocytes, suggesting any
disturbances in hematopoiesis. Thus, the study reported a non-genotoxic effect on bone marrow cells, with an average
micronucleus of 2.16 to 2.5 at concentrations of 30 mg/kg and 100 mg/kg, while the control reported a presence of an
average of 8.5 micronucleated cells. With that, it is possible to affirm that E. oleracea oil does not present genotoxicity,
however, from the concentration of 300 mg/kg, it is possible to observe an imbalance in homeostasis (Marques et al., 2016).

Studies with Attalea phalerata Mart. ex Spreng., well known as “bacuri” in vivo and in vitro models, were carried
out to evaluate toxicity using the Artemia salina and MTT assay models, in addition to the comet and micronucleus assays.
The results showed that bacuri oil did not induce cell death in the Artemia salina and MTT experiments and did not present

cytotoxicity. The oil also did not cause significant damage to the DNA of the rats in the four doses used when compared to
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the negative control group, in addition to not showing a significant increase in micronucleated polychromatic erythrocytes
(MNPCEs) for the four doses tested. Thus, the study suggested that this species widely used by popular medicine does not
cause cytotoxicity, genotoxicity and clastogenicity, and its main component was B-carotene (Lima et al., 2016).

Chi (Chi et al., 2020) isolated 4 saponins from Raphia vinifera, being toxic in average concentrations of 3.55 to
7.14 uM in cell lines sensitive to drugs CCRF-CEM, whereas in cell lines resistant to drugs, CEM/ADRS5000 concentration
mean ranged from 9.19 to 12.29 uM, showing an anticancer potential, since the cell lines tested are leukemic cells. The
saponins present in this species induced a cytotoxic effect in a drug-resistant phenotype, showing a potential alternative in
the treatment of cancer unresponsive to conventional drugs. Tayler (Tayler et al., 2019), when evaluating the action of
Cocos nucifera, verified the potential for anticancer activity in MCF-7 breast cancer cell line, all in vivo tests, obtaining
promising results.

Arboviruses comprise a group of viral diseases transmitted by arthropods (mosquitoes) and have been plaguing the
world, causing epidemic crises mainly in developing countries (Mayer, Tesh, & Vasilakis, 2016). Recently, the most
prominent outbreaks are dengue (DENV), Zika virus (ZIKV) and chikungunya (CHIKYV), which are associated with
symptoms of hemorrhagic fever, microcephaly and arthritic disease, respectively (Palmer, Dittmar, Gordesky-gold,
Hofmann, & Cherry, 2020). The Aedes aegypti mosquito is an important vector for the transmission of arboviral pathogens
of dengue, chikungunya, Zika virus and yellow fever. Its life cycle (stage of eggs, larvae and pupae) occurs in an aquatic
way until reaching its full development, becoming adult and aerial life. Due to the need for aquatic development, in regions
where standing water facilitates its dissemination, therefore, poor regions with few resources for sanitation and water
treatment are the places with the highest incidence of the mosquito and consequently the diseases associated with it (Luz,
Mesquita, Amaral, & Coutinho, 2020; Omondi et al., 2019). Phoenix dactylifera L. is a species widely cultivated in the
Arabian Peninsula and especially in Saudi Arabia. The extraction of the essential oil from the spathe (a region that protects
the flowers) by hydrodistillation obtained the majority of 3,4-dimethoxytoluene (73.47%), 2,4-dimethoxytoluene (9.47%)
and B-karyophylene (5, 47%). In the repellency test, both essential oil and the two major oils (3,4-dimethoxytoluene and 2.,4-
dimethoxytoluene) were used. According to the results, the essential oil, 3,4-dimethoxytoluene and 2,4-dimethoxytoluene
presented a minimum effective dose of 0.051, 0.063 and 0.063 mg / cm2, respectively. These results can illustrate a repellent
effect, because when we compare these data with that obtained by the standard DEET repellent (N, N -diethyl-3-
methylbenzamide) with a minimum effective dose of 0.018 mg/cm?, a statistically relevant result. With this, it is possible to
verify that the mixture between the oil components is more potent than isolated products, this is due to the synergy between
oil compounds, the same does not occur when using the isolated molecule (Demirci, Tsikolia, Barbier, Agramonte, &
AlgasoumiL, 2013).

According to Santos (L. M. M. Santos et al., 2017), a study was carried out using oil of Syagrus coronata, for
larvicidal and ovicidal activity. S. coronata is a typical Caatinga species, popularly known as “ouricuri” or “licuri”.
According to gas chromatography (GC) analysis, the oil showed prominence for octanoic acid (40.55%) and dodecanoic
acid (40.48%). In the larvicidal test, the larvae were reduced by half after 48 hours in the concentrations 0of 21.07, 19.72 and
51.78 ppm for the samples of oil, dodecanoic acid and octanoic acid, respectively. According to the oviposition, the oil
affected the oviposition of the females more intensely, reducing the number of eggs by 35% compared to the control, while
the octanoic acid reduced by 31%. The results indicated that the larvicidal activity is due to the action of dodecanoic acid,
while the effect of oviposition is probably related to the presence of octanoic acid. Finally, the Phoenix theophrasti extract

has larvicidal activity, at a concentration of 1000 ppm against larvae of the Culex pipiens insect (Tayler et al., 2019).
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Hypoglycemic activity

William (William et al., 2018) demonstrated the hypoglycemic potential of the Hyophorbe indica extract, through
the in vivo assay of a-glucosidase inhibition with IC50 36.52 + 0.08 ng / mL. Raphia gentiliana, on the other hand, was able
to decrease the concentration of glucose in the blood by 27 and 56% after one and two hours, respectively, after ingesting
the fruit extract at a concentration of 0.2 g/Kg. In this same study, it was reported that the extract changed the glycemic
index by -3.1% and the glycemic load by -1.36% in humans (Mpiana et al., 2013).

4. Final Considerations

The development of the present study showed that the Arecaceae family has a composition rich in fatty acids,
phenolic compounds, alkaloids and terpenes, with the main compound of the family lauric acid, a compound already used as a
therapeutic alternative to help various diseases. Among the most recurrent biological activities, we can report the antioxidant,
antimicrobial and anti-inflammatory activity.

Thus, it is possible to consider that the abundance and the processing capacity of the plants of the Arecaceae family in
Brazil bring us the need for more in-depth studies, which allows us to investigate other important activities for future
therapeutic innovations. In addition, by adding in-depth scientific research, it will bring the possibility of developing a local
production chain, valuing and generating income in the traditional communities that popularize its use. It is also important to
note that the development of research on bioactive molecules of Brazilian biodiversity not only brings therapeutic innovations,
but also promotes the emergence and development of traditional communities, valuing customs, culture and the history of sub-
existence.

The relevance and importance of this work lies in the review of the medicinal potential of the Arecaceae family, and
this data collection could serve as a basis for collaboration in future studies and projects for the development of new

therapeutic applications for phytotherapics, cosmetics and food.
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Abstract

Aim: The present study evaluated the phytochemical composition of the fixed oil obtained from
S. schizophylla almond (OFSs), as well as its anti-inflammatory, antinociceptive, and
antipyretic activities in vivo, and its antinociceptive mechanism of action.

Materials and methods: The phytochemical evaluation was determined using the Gas
Chromatography attached to a Flame lonization Detector (GC-FID). As for the pre-clinical
pharmacological activities, all assays were carried out in swiss mice. The acute toxicity assay
was performed by administrating doses of the OFSs, orally, in different concentrations (1.75,
5.5, 17.5, 55, 175, 550 and 2.000 mg/kg). To determinate the antinociceptive activity, the
abdominal contraction test was performed using acetic acid and formalin as inducing agents.
For the anti-inflammatory activities, the paw edema induced by carrageenan test, and acute
peritonitis protocols were applied. And finally, the pyrexia induced by yeast assay was
performed to evaluate the antipyretic activity.

Results: The GC-FID analysis revealed the presence of eight compounds, with lauric acid being
the major compound. As for the pre-clinical pharmacological results, the acute toxicity test did
not present mortality or animal behavior alteration in any of the tested concentrations. The
antinociceptive assay pointed a decrease in the abdominal contortion frequency (in 16.17, 51.96
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and 72.05%, according to the tested concentrations), with our data suggesting that the OFSs
acts in the opioid system. As for the anti-inflammatory activities, both protocols showed that
OFSs was able to attenuate the inflammation, being able to inhibit the paw edema formation at
400 mg/kg concentration, 5 hours after carrageenan injection, as well a decreased in the
leukocytes and neutrophils migration in the peritonitis test, a decrease was also registered in the
IL-18 and TNF-a concentrations. And finally, the OFSs inhibit the fever induced by yeast
during the entire experiment in all tested concentrations (100, 200 and 400 mg/kg).

Conclusion: Our data shows that OFSs is a promising natural product that could be explored in
the phytotherapeutic industry, being a good candidate for clinical studies, due to their anti-
inflammatory, antinociceptive, and anti-pyretic.

Keyword: Biological activities; inflammation; pain; fever; vegetable oil.

Introduction

The Arecaceae is an important family with several therapeutic potentials. There is much
research proving its biological activity, highlighting the antioxidant, antimicrobial [1,2]
analgesic, antipyretic, anti-inflammatory [3], and antimalarial [4] activities. Those biological
activities are due to a range of chemical compounds that occur in this family species, such as
tannins [2], vanillic kaempferol, cinnamic acid, caffeic acid, protocatechuic acid, ferulic acid,
serum, quercetin, kaempferol, and the fatty acids y-linolenic, linoleic, and oleic acid [1,5].

The presence of fatty acids in Arecaceae species is also widely reported in the literature,
besides the fatty acids mentioned above, some species also present lauric acid, methyl, and ethyl
esters, capric acid, myristic acid, and caprylic acid [6,7,8], with lauric acid being the major
compound observed in the most phytochemical profiles in this family species. According to
Sales et al. [9], the fact that lauric acid is the major fatty acid present in fruits may explain the
reason why Arecaceae species have oils with high oxidative stability and stay functional for
long periods of time.

In this context, the development of products using species with biotechnological
potential, and species that are native to Brazilian biodiversity, such as S. schizophylla, can
contribute to establishing new hytotherapeutics for treatment, prevention, and support of the
management of several diseases, while it contribute to the local economy [9,11].

Since there are not many reports about S. schizophylla, especially in the light of its
pharmacological activities, besides its chemical composition, the investigation of S.
schizophylla potential can guide the characterization of new potential drugs. With that in mind,
the present research aimed to evaluate S. schizophylla fixed oil phytochemical profile, and

evaluate its anti-inflammatory, antipyretic, antinociceptive activities in vivo, using swiss mice
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as models.
Materials & Methods

Plant Material and oil extraction

Syagrus schizophylla seeds were collected at Coruripe Power Plant located at Coruripe
— Alagoas/Brazil (-10.0933332 S, -36.1877785 W). The oil was obtained by hydraulic press
(model Tecnal® — TE-098) and stored in amber recipients under 4 °C. A sample of the specimen
was deposited in the Herbarium of the Biology Departament at Universidade Federal Rural de
Pernambuco (UFRPE), under the voucher N° 55.148 BR-AL-CORURIPE, B.O. VERAS.

Phytochemical profile

The phytochemical profile was determined by Gas chromatography attached to a Flame
lonization Detector (GC-FID) (Thermo Scientific®, Milan, Italy) and a capillary column VB-5
of silica (ValcoBond® 30 m x 0.25 mm id.; film thickness: 0.25 mm) (Valco® Instruments
Company Inc., Houston, TX, USA). Nitrogen was adopted as a carrier gas at a flow rate of 1
L/min and an inlet pressure of 30 psi. As for the oven temperature program, it was initially set
at 40 °C, and held for 2 min, later it was increased to 230 °C at 4° C/min and was then held for
5 min. Injector and detector temperatures were set to 250 °C and 280 °C mutually. The sample
(1 pL; 2 mg/mL in n-hexane) was injected without splitting. The relative amount of each
component was estimated from the corresponding peak area and expressed as a percentage of
the total area of the chromatogram. The analyses were carried out in triplicate and the
identification of the present compounds was carried out by GC coupled to mass spectrometry
(GC-MS).

These analyses were performed using an Agilent® 5975C series GC/MSD (Agilent
Technologies®, Palo Alto, CA, USA) quadrupole instrument equipped with an Agilent J&W
DB-5 non-polar fused silica capillary column (30 m x 0.25 mm id.; film thickness: 0.25 pm)
(Agilent Technologies®, Palo Alto, CA, USA). For each sample, 1 uL was injected in split mode
(50:1) with the inlet temperature set at 250 °C. The GC oven temperature was set at 40 °C, and
was held for 2 min, was maximized to 230 °C at 4 °C/min and was then set for 5 min. Helium
(He) gas was used as carrier gas at a flow of 1 mL/min, established at a constant pressure of 7.0
psi.

The source and quadrupole temperatures were determined for 230 °C and 150 °C,
respectively. Mass spectra were acquired at 70 eV (in EI mode) with a sweep speed of 1.0

sweeps of m/z 35-350. The recognition of the individual components was determined against
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previously reported values of retention indices, obtained by co-injecting oil samples and a set
of linear hydrocarbons C9-C30, and calculated according to the Van den Dool and Kratz
equation (1963). Then, the acquired MS data for each component were combined with the data
available in the mass spectral library of the GC-MS system (MassFinder® 4, scientific
consultancy of Dr. Hochmuth, Hamburg, Germany); NIST08 Mass Spectral Library
(ChemSW® Inc. Fairfield, CA, USA); Wiley Registry ™ by Mass Spectral Date 9th Edition
(Wiley®, Ho boken, NJ, USA) and with other mass spectral data published [12].

Pre-clinical assays

Males and females swiss mice, with 10 to 12 weeks and body weight between 30 and
35 g, were obtained from the bioterium of the Imunopathology Keizo Asami Laboratory from
the Universidade de Pernambuco (UFPE) and kept at Animal Experimentation Laboratory from
Biochemistry Department from the UFPE, under temperature of 23 + 2 °C, and controlled
luminosity (12 h of light and 12 h of darkness), with water and food ad libitum. After the
adaptation period, the animals were divided in different groups to perform the assays. All the
experiments were made according to the current guidelines for the care of laboratory animals,

with the approval of Committee on Animal Research and Ethics under the protocol 0039/2021.

Acute toxicity

For this assay, female swiss mice were used and were divided in seven groups, each
group containing 4 animals (n=4). The animals received doses of OFSs daily, orally. After the
dosage administration, the animals were kept under continuous observation during the first 4
hours. During 14 days, animal body weight, feed consumption, as well as adverse events, such
as convulsions, salivation, pyloreation, bleeding, diarrhea, lethargy, coma, and other toxicity
indicator were registered. The median lethal dose (DLso) was calculated according to the
Organization for Economic Cooperation and Development protocols, guideline 425 (OECD,
2008), defined according to number of deaths and calculated with the software LCso Modem
System.

Antinociceptive activity
The antinociceptive potential was evaluated using two methods, the abdominal

contortion induced by acetic acid and the pain induced by formalin, with the last one providing

data about the possible antinociceptive mechanism.
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Abdominal contortion induced by acetic acid

The abdominal contortion assay was carried out in accordance with the recommended
standards described by Radulovic et al. [2015] with adaptations. The nociception was induced
by acetic acid at 0.8% (10 mL/Kg) (i.p.). The animals were divided in five experimental groups,
each group with five animals (n = 5): control group (NaCl solution at 0.9%); indomethacin (20
mg/kg), morphine (10 mg/kg) and OFSs (100, 200 and 400 mg/kg). All treatments were
administrated orally, 1 hour before the nociceptive agent, and the number of contortions were

registered between 5 and 15 minutes after the acetic acid administration [16].

Pain induced by formalin and antinociceptive mechanism of action

This assay was performed following the protocol of Vaz et al. [17]. The animals were
divided in five experimental groups, each group containing five animals (n = 5): control group
(NaCl solution at 0.9%); indomethacin (20 mg/kg), morphine (10 mg/kg) and OFSs (100, 200,
and 400 mg/kg), administrated orally 30 minutes before the nociceptive agent.

The nociception was induced with a formalin injection (2.5%) in the paw of the animals.
The animals were observed to register the total time of paw licking. The number of paw licking
was registered with a stopwatch considering two phases as described by Shibata et al. [18]: the
first phase occurred right after the formalin administration and it was due to the direct
stimulation on the nociceptors, it lasted for 5 min, while the second phase, occurred due to an
inflammatory process and started around 15 to 30 minutes after the injection.

To verify the mechanism of action possibly involved on the antinociceptive effect, the
animals were treated 30 minutes before the nociceptive agent, with the following antagonists:
naloxone (opioid antagonist 1 mg/kg i.p.), glibenclamide (Katp channels antagonist at 1 mg/kg
i.p.), atropine (competitive antagonist of acetylcholine receptors 1 mg/kg i.p.) and caffeine

(adenosine receptor antagonist at 1 mg/kg i.p.).

Anti-inflammatory activity

Paw edema induced by carragenin

The paw edema was induced by 1% carrageenan, injected in the right paw while a Saline

solution (0.9%) was injected in the left paw. The animals were divided in five experimental
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groups, each group containing five animals (n = 5): control group (NaCl solution at 0.9%);
indomethacin (20 mg/kg) and OFSs (100, 200, and 400 mg/kg), orally. The animals were treated
1 hour before the carrageenan injection, and the edema was measured with a pachymeter at
different times: 1, 2, 3, 4, and 5 hours after the carrageenan administration. The edema
inhibition was calculated following the equation proposed by Winter: Right paw edema — Left

paw edema [19].

Peritonitis induced by carrageenan

The assay was performed according to Souza and Ferreira [20] protocol. The
experimental groups consisted in five groups, each group containing five animals (n=5), the
treatments consisted of different concentrations of OFSs (100, 200, and 400 mg/kg), saline
solution (NaCl 0.9%), administered orally, and dexamethasone (10 mg/kg i.p.). The treatments
were administrated 1 hour before 1% carrageenan injection (500 pg) on the peritoneal cavity.
The animals were euthanized 3 hours after the carrageenan injection. 3 mL of saline solution
buffered with PBS and EDTA (1 mM) was injected in the peritoneal cavity to collect leukocytes
and neutrophil cells. The peritoneal fluid (20 pL) was diluted in Turk solution (0.4 mL), the
cells were stained in hematoxylin-eosin and counted in microscope and the number of the
differentiated cells were calculated due to the percentage of total cell number.

An aliquot of the peritoneal fluid was centrifuged at 12,000 g for 15 min at 4°C, the
supernatant was stored in ultra-freezer for future analysis. 100 pL from the peritoneal fluid was
used to determinate the TNF-o and IL-1p concentrations, using ELISA kit from Thermo Fisher

(Waltham, USA), following the manufacturer instruction.

Antipyretic activity

Finally, the antipyretic activity was performed according to Sobeh et al. [21] protocol.
The animals were divided into five groups, each group containing 5 animals, and each group
received doses of different treatments: a negative control group (NaCl solution at 0.9%),
dypirone (100 mg/kg) and OFSs (100, 200, and 400 mg/kg). In this methodology, the fever is
induced by vyeast inoculation. The rectal temperature was registered before the yeast
inoculation, the inoculum consisted in a suspension of Saccharomyces cerevisiae (15% w/v in
saline solution) inoculated in a subcutaneous route. After 18 hours, the animals that presented

an average increase in the body temperature of 37.5 and 39 °C received a treatment dose, and
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were kept under observation for 6 hours, with temperatures measured in intervals of 1, 2, 3, 4
and 5 hours.
Statistical analysis

Data were analyzed for normality using the Shapiro-Wilk test. In case of normal
distribution, the data were submitted to analysis of variance test (ANOVA) followed by Tukey
test, for multiple comparison. If the distribution is not normal, the data were submitted to the
Kruskal-Wallis’s test, followed by Dunn's method. All statistical analyzes were performed

using performed and considered significant when p < 0.05and were

Results and Discussion

Phytochemical profile

The GC analysis revealed the presence of eight different compound in OFSs, as
described in Table 1. Lauric acid was the major compound (50.45 + 2.30%), followed by
caprylic acid (16.46 + 0.43%), and myristic acid (10.94 £ 0.38%).

Table 1. Syagrus schizophylla (OFSs) fixed oil chemical constituents

Compounds Usual nomenclature Total area (%) + SD
Octanoic acid (C8:0) Caprylic acid 16.46 £ 0.43
Decanoic acid (C10:0) Capric acid 10.33 £ 0.53
Dodecanoic acid (C12:0) Lauric acid 50.45 £ 2.30
Tetradecanoate (C14:0) Muyristic acid 10.94 +0.38
Hexadecanoic acid (C16:0) Palmitic acid 3.50+0.72

9,12- Octadecadienoic acid (C18:2) Linoleic acid 0.52 +0.31

9- Octadecenoic acid (Z)- (C18:1) Elaidic acid 2.65+0.90
Octadecanoic acid (C18:0) Stearic acid 0.58 +0.16

Results expressed as mean and standard deviation (n=3). Fatty acids were identified according to an external
standard (FAME Supelco™ mix C4 — C24, Bellefonte, PA, USA) and their percentage (%) calculated according
to normalization peak areas.

Research focusing on S. schizophylla chemical profile are scarce, however, species from
the same genus or family have been studied in the last decades and, not only its chemical
composition are characterized, but also its biotechnological potential. Recently, Souza et al.
[22] evaluated the phytochemical characterization in fixed oil from S. coronata and found the

presence of lauric acid as major compound (43.64%), followed by myristic acid (14.32%), both
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present in OFSs. Our data is also aligned with Bauer (2013) research, which reported that lauric
acid is the major compound present in S. coronata (44.2%), as well myristic acid (14.45%), and
oleic acid (12.08%).

Another Arecaceae species which is widely studied is Attalea speciosa, known as
“babagu”, whose oil also presented lauric acid as major compound (46.05%) [23].
Chandrashekar et al. [24], evaluated the hypoglycemic effect of Cocus nucifera oil, and found
a similar pattern of chemical compounds: lauric acid as major compound (48.5%), followed by
myristic acid (21.2%), and oleic acid (5.2%), which suggest that the lauric acid is a signature
compound present in Arecaceae species.

According to Lescano et al. [25], the fatty acids have a relevant biotechnology potential,
once they can promote an improvement in life quality through the development of new drugs,
or even nutraceuticals. As stated by Lappano et al. [26], the medium chain saturated fatty acids
are related with certain health benefits, like patients with breast cancer that ingested the coconut
oil during the chemotherapy and improved their quality of life. With that in mind, the use of
fixed oil from Arecaceae species have been increasingly and recommended, mainly because the
benefits of lauric acid, that may provoke inhibitory effects on cancer cells, preventing tumor
growth [26].

Acute toxicity

Furthermore, it is very important to evaluate the toxicity of new drugs in potential [27].
OFSs acute toxicity was tested in different concentrations: 1.75, 5.5, 17.5, 55, 175, 550 e 2,000
mg/kg (table 2). The results have shown that OFSs have not induced any type of toxicity, except
for the animals that were treated with doses of 2,000 mg/kg, that presented diarrhea symptoms.
Besides that, none of the tested concentration was lethal to the animals, with the LDso being
higher than 2,000 mg/kg, together, this data suggests that OFSs has a good safety range and can

be applied for therapeutic purpose.

Table 2. Effect of Syagrus schizophylla fixed oil (OFSs) in the acute toxicity test

Sample Dose (mg/kg; p.0.)  Behavior effects Number of dead  Mortality (%)
animals
1.75 N.D. 0/3 0.00

5.5 N.D. 0/3 0.00
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"OFSs 175 N.D. 0/3 0.00
55 N.D. 0/3 0.00
175 N.D. 0/3 0.00
550 N.D. 0/3 0.00
2.000 Diarrhea 0/3 0.00

N.D.= No modifications detected.

According to the Globally Harmonized Classification System, S. schizophylla fixed oil
fits in class 5, which represents the compounds with low, or even absence of toxicity [27,28].
Therefore, the low toxicity may be associated with the presence of fatty acids, mainly because
lauric acid, since according to Fauster et al. [29] and Park et al. [30], the lauric acid is a
compound with low toxicity, being considered safe and easy to handle. Therefore, natural
products usually have more probability to show low toxicity, which make them a promising
source for drug development [31,32]. In a study guided by Santos et al. [23] with S. coronata
fixed oil, the results have not shown any level of toxicity or mortality as well, these results
corroborated with our findings.

Antinociceptive activity

Abdominal contortion tests

The OFSs was able to significantly reduce the number of abdominal contortions in the
tested concentrations (100, 200, and 400 mg/kg), being able to reduce in 16.17%, 51.96 and
72.05%, respectively, while the animals treated with indomethacin reduced the number of
abdominal contortions in 39.7%. These data are disposed in the Figure 1, as well the efficacy

of OFSs in attenuating pain and inflammation.
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Fig. 1. Effect of OFSs in the abdominal contortion induced by acetic acid. Effect of S. schizophylla fixed oil
(OFSs) on acetic acid-induced abdominal writhing. Control Group (0.9% saline solution); Indomethacin (20

mg/kg,.), morphine (10 mg/kg) and OFSs (100, 200, and 400 mg/kg, v.0.).* p < 0.001 compared to control,
one-way ANOVA followed by Tuckey's test.

Similar results are reported in the literature for another Arecaceae species. An example
is the report made by Naskar et al. [33], which investigated C. nucifera fruits, at concentration
of 250, 400, and 500 mg/kg, and they noticed a decrease in contortion number in 21, 24, and
28% respectively.

Formalin test

The formalin test was carried out in two phases. The first one is characterized due to the
neurogenic pain in the nociceptors between 0 to 5 minutes right after the formalin injection, as
for the second phase, which occurs between 15 and 30 minutes after the injection, the pain is
due to the inflammation process [36]. General drugs with central action can inhibit the phase 1
and 2 evenly, as for drugs with peripheric action inhibit the phase 2 [37].

The formalin test results showed that the OFSs at concentration of 100, 200, and 400
mg/kg was able to reduce the paw licking time, already in the first phase, in 84.47%, 64.89%,
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and 38.77% respectively, when compared to control group. The morphine, at concentration of
10 mg/kg, reduced the paw licking time in 86.51%, while indomethacin has not differentiated
from the control group.

The inhibition of paw licking time on the phase 1 (known as neurogenic) corroborate
with our results from the abdominal contortion test induced by acetic acid [38]. It is plausible
that the oil acts on the chemical inhibition of nociceptive afferent fibers, which are suspended
by opioids analgesics, like morphine [39].

For the second phase, the OFSs at 100, 200, and 400 mg/kg also reduced the paw licking
time by 57.95, 67.99 and 84.94% respectively. The positive controls, indomethacin (20 mg/kg)
and morphine (10 mg/kg) reduced the paw licking time at 87.21 and 96.02% (figure 2).
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Fig. 2. Fixed oil of Syagrus schizophylla (OFSs) on the treatment in the formalin assay. Effect of OFSs and
morphine on the formalin test (1st and 2nd phases). Negative control (0.9% saline), morphine (10 mg/kg) and
OFSs (100, 200 and 400 mg/kg). Values in each column represent the mean £ s.d. The ANOVA test was performed,
followed by the Kruskall-Wallis’s test.

The reduction in the paw licking time, in both phases, corroborate with the results
obtained from abdominal contortion assay, evidencing the OFSs efficiency on the pain
treatment. Zhao et al. [40], investigated the antinocipcetive effect of Areca catechu, an
Arecaceae species, and verified a reduction in the paw licking time in mice.

No reports were found in the literature in the light of antinociceptive effect of fixed oils
from Arecaceae family, using the formaline model. However, Shajib et al. [35] verified that the
methanolic extract obtained from Phoenix sylvestris at concentrations of 50, 150, 300, and 450
mg/kg was able to reduce the paw licking time in the neurogenic phase, in 16.18%, 42.49%,
55.21%, and 68.21%, as for the inflammatory phase, the paw-licking time was reduced in
28.79%, 54.30%, 64.64%, and 75.68%, respectively. It is important to mention that the extract
composition is rich in lauric acid, as well in linoleic acid, both present in OFSs. Besides that,
the authors report that the anti-inflammatory activity from the fatty acids cited above may be

responsible for the antinociceptive effect observed.
Antinociceptive mechanism
To verify this mechanism, the animals were pre-treated with naloxone (opioid

antagonist) and it was verified a partial inhibition of the antinociceptive effect induced by OFSs,

reducing the first phase activity by 50.79%, as for the second phase, the inhibition was of
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28.59%. Taken together, those results suggest that the antinociceptive action from OFSs
involves the opioid system. The same effect was observed when the animals were pre-treated
with caffeine (adenosine receptor blocker), which in turn, induced a partial inhibition of the
antinociceptive activity on the first phase to 42.06%, as for the second phase, it was reduced to

57.57%, suggesting that the oil also acts as adenosine receptor blocker (Figure 3).
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Fig. 3. Antinocipcetive activity of the fixed oil of S. schizophylla (OFSs) induced by formalin intraplantar
injection. Effect of S. schizophylla fixed oil (OFSs) and morphine on the formalin test (1st and 2nd phases).
Negative control (vehicle), morphine (10 mg/kg i.p ) and OFSs (100, 200 and 400 mg/kg v.0.).
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The opioid system comprises an important target for evaluate the action mechanism of
new drugs with antinociceptive properties [41]. Opioids drugs are known as the main drug class
for pain treatment, thus, search for new drugs to treat inflammation are necessary [42,43].

Naloxone is a non-selective opioid receptor antagonist [37,42].

Anti-inflammatory activity

Paw edema induced by Carrageenan

The results showed that, when compared to the control group, the OFSs at
concentrations of 100, 200, and 400 mg/kg inhibited the paw edema volume, reducing the
edema formation in 76.96, 82.23, and 93.19% respectively, 5 hours after the experiment (Table
3). Those results are higher than the animals treated with indomethacin, pointing out that OFSs

is a strong anti-inflammatory product.

Table 3.
OFSs effect in the paw edema induced by carrageenan

Pre- Dose Edema formation (mm) at hours (h) Average Average
treatmen edema inhibition
/k formation
t (mg/kg) 1h 2h 3h 4h 5h (%)

(mm)
0.855+0.1 1.155+0.2 0.995+0.2 0.877+0. 0.892%0.
Control - 45° 92¢ 19° 271¢ 191¢ 0.955 )
Indometh 20 0.553+0.1 0.362+0.1 0.197+0.0 0.097+0. 0.020+0. 0.242 74,65
acin 05° 48P 094 006° 003° '
100 0.522+0.0 0.295+0.0 0.152+0.0 0.102+0. 0.043+0. 0.220 76.96
61° 57° 94¢ 063° 007°¢ '
0.370£0.0 0.232+0.0 0.108+0.0 0.073x0. 0.022+0. 0.163
OFSs 200 27° 13° 69° 037° 003° 8223
400 0.203+0.0 0.090+0.0 0.030+0.0 0.005+0. 0.000+0 0.065 93.19

16° 6? 052 0082 0012

All results were expressed as standard deviation £ mean (S.D.) (n =5). Different letters mean statistical difference,
one-way ANOVA followed by Bonferroni Test.

Our results corroborate with Lima et al. [8], that investigated the fruit pulp oil from
Attalea phalerata and verified the anti-inflammatory effect. Their results had shown that the
paw edema reduced due the oil application, and also induced a decrease in the leukocytes
migration by the peritonitis model induced by carrageenan. The author results corroborate with

the popular use of A. phalerata as anti-inflammatory, and with the aggregate importance to
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Arecaceae family.

Peritonitis induced by carrageenan

In the peritonitis assay, the animal treated with OFSs at 100, 200, and 400 mg/kg
concentration showed a decrease in leukocytes migration in 37.93, 62.06, and 77.58%
respectively, as well in the neutrophil levels in 41.02, 66.66, and 87.17%. For the animals
treated with indomethacin, the leukocyte migration decreased in 55.17%, and the neutrophils
in 69.23%. The dosages of 200 and 400 mg/kg of OFSs showed better results than the animals
treated with indomethacin, additionally a decrease in the pro-inflammatory cytokines IL-1p and
TNF-a levels in peritoneal fluid. The OFSs tested concentrations were able to reduce the IL-1
in 59.26, 68.93, and 76.35%, respectively, as for TNF-a were reduced in 41.60, 57.52, and
75.44% (Figure 4).
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Fig. 4. Effect of treatment of S. schizophylla fixed oil (OFSs) on leukocyte and neutrophil migration.
Administration (v.0.) of OFSs (100, 200 and 400 mg/kg) and Indomethacin (20 mg/kg, v.0.) in the migration of
neutrophils to the peritoneal cavity in mice, induced by 3 mL of carrageenan (100 pg/mL).

The decrease in leukocytes and neutrophils migration suggests that the OFSs
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compounds act as an inflammatory mediator, since the leukocytes usually stimulate the pro-
inflammatory production. If the leukocytes migration is decreased, it will affect the pro-
inflammatory synthesis which in turn will also decrease. Furthermore, even though the oil has
the characteristic of an inflammatory mediator, it acts in a controlled manner, not establishing
an exacerbated response.

An important clinical sign involves the leukocytes recruitment on the inflammatory
areas [44]. Favacho et al. [45] showed that the oil from Euterpe oleraceae inhibited the
leukocyte migration by 80.14%, as for the animals treated with dexamethasone showed an
inhibition of 93.17%, while the animals that did not receive any treatment presented an acute
inflammatory response in the peritoneal cavity, with a neutrophil concentration of 3886.58x10°
cells/mL after 4 h, corroborating with our findings. Additionally, Arecaceae species have been
investigated as anti-inflammatory product, and even if the studies do not elucidate the
mechanism of action, those data are still relevant for popular uses and future research.

According to Borges et al. [46], the peritoneal fluid from animals treated with C.
nucifera presented a similar anti-inflammatory effect, according to our findings, against
abdominal sepsis. The same effect was observed in species from another families, like the fixed
oil obtained from Cannabis sativa which showed a decrease in the migration of inflammatory
cells (leukocytes flux) [47]. It is important to highlight that the chemical analysis from fixed oil
of C. sativa revealed oleic acid as major compound (12.50%). Amorim et al. [48] report similar
results with pre-treatment of Mauritia flexuosa mesocarp oil, being able to reduce the
inflammatory parameters, as well the leukocytes migration and TNF-a levels. Aquino et al. [49]
investigated the phytochemical composition of M. flexuosa fruits and found that 72.7% of the
oil is constituted by oleic acid, followed by palmitoleic acid (19.6%), with lower concentrations
of linoleic acid and steraic acid. All the compounds reported by the author are present on OFSs,
which suggests that the chemical composition, as well as its proportion, may be a signature of

Arecaceae species.
Antipyretic activity
The result from the antipyretic assay shows that a decrease in the temperature after 1

hour of OFSs administration was observed, with the animals presenting lower temperatures and

not entering a feverish state.
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Fig. 5. Antipyretic potential of S. schizophylla fixed oil (OFSs) in mice with fever induced by Saccharomyces
cerevisae infection. * p < 0.001 compared to control, one-way ANOVA followed by Tuckey's test.

Researches focusing the fixed oil from Arecaceae species and their relationship with
antipyretic effect are scarce in the literature. However, there are few reports evaluating the fixed
oil from another plant families, one example is the oil from Linum usitatissimum rich in fatty
acids, the oil present antipyretic activity similar to aspirin [50], which showed 57.73% of a-
linolenic acid. As the OFSs in rich in fatty acids, the observed activities are probably due to

those compounds.

Conclusion

Together, those findings stand the first evidence of S. schizophylla fixed oil as a source
of potential new drugs, once its composition presents different fatty acids that together promote
several pre-clinical benefits. Furthermore, we have reported for the first time the antinociceptive
and a potential mechanism of action, anti-inflammatory effect, antipyretic activity, as well
absence of acute toxicity in the ingestion of OFSs not yet described for this species. Despite we
need further studies in clinical models, the results described in the present work contribute to

the strengthening of folk medicine, and to the therapeutic potential of the Aceraceae family.
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Abstract

Syagrus schizophylla is a palm tree species, popularly known as aricuriroba. Its oleaginous
fruits are used in folk medicine in several preparations; however, no scientific reports are
proving its therapeutic efficacy in the laboratory. Our research aimed to evaluate the wound
healing activity of the fixed oil obtained from S. schizophylla seeds (OFSs), and an ointment
formulation containing 5% of OFSs in mice. The phytochemical composition was determined
by GC-FID. The ointment formulation was evaluated according to its physical-chemical
properties. As for the wound healing potential, Swiss mices were submitted to aseptic cutaneous
wounds and doses of different treatments were applied daily, for 15 days, the treatments
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consisted in two positive controls (Dersani® and dexpanthenol), three different concentrations
of OFSs (10%, 25%, and 100%) and a DMSO 2% solution as negative control, in the end of the
experiment, the tissue was collected for histomorphometry analysis, as well fibroblast count.
The GC-FID revealed the presence of eight compounds, with lauric acid as major compound
(50.45 + 2.30%). At the 10 thrd day after the beginning of the experiment, the animals treated
with OFSs 25%,100%, and dexpanthenol, presented full re-epithelization. The
histomorphometry revealed that the animals treated with Dersani®, dexpanthenol, OFSs 10%
and 25% enhanced the tissue remodeling. The fibroblasts number were higher in OFSs 25%
(67.04%) and OFSs ointment (63%), when compared to the negative control group (45.08%).
In conclusion, the OFSs was able to induce a faster wound healing process. Together, our results
shoows that S. schizophylla is a promising candidate to develop products for wound healing
purpose.

Keywords: Arecaceae family; S. schizophylla; tissue restoration; fixed oil; topical formulation.
Introduction

The skin is the largest organ in the human body, and has an important role in the immunological
system, acting as a protective barrier against infections, and minimizing water loss. In contrast, the skin
is also one of the most fragile organs in the human body (7, 20).

Wound healing is an active, dynamic, and complex process that starts the moment the skin
suffers a lesion, that in turn will activate several biological mechanisms to regenerate the damaged tissue
(6, 56). However, this process is influenced by several factors, which in turn will lead to a faster or
slower wound healing activity (10). It occurs because wound healing has several stages: hemostasis,
inflammation, migration, proliferation, and cell maturation (63). And this process is regulated by
multiple growth facts and cytokines released in the wound area, external factors can stimulate or inhibit
the levels of those cytokines (12).

In Brazil, the number of reports of medicinal plants used in folk medicine has increased in the
last decades, and it’s important to investigate the plant's chemical profile, biological activity, and
mechanism of action (17). Especially because these investigations may open paths for the development
of new phytotherapy drugs, using chemical compounds from natural sources (11, 64, 24). That research
may also help to produce a variety of plant-based products, such as ointment, lotion, sticking plaster,
hydrogel, among others, each one of then presents certain limitations, but also, may help to provide a
improvement in the healing process, due to the combinations between the plant molecules and
appropriate technologies (66).

The search for alternative and integrative therapy for cutaneous wound treatment has increased,
especially because access to commercial products is not always easy. With that in mind, medicinal plants
are a valuable source of natural products (25, 1), an example is an oil obtained from plants, which has
been used as anti-inflammatory agents, both by ingestion and topical application in wound treatments
(26, 51). Thus, the pharmaceutical industry established several advances to provide efficient products
that stimulate the wound healing process. However, only 1 to 3% of all cataloged medicines in

pharmacopoeias are intended to be used in topical application for cutaneous wounds treatment. Despite
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many research investigating wound healing mechanisms, still, there are many questions to be elucidated
(20). Besides that, the cost of the medicines is also a problem that highlights the need of alternative
drugs that are efficient, at a low cost, for most of the population.

Syagrus schizophylla (Mart.) Glass. (Arecaceae) is palm tree species, native to Brazil's northeast
region, it possesses fruits with oleaginous seeds and is popularly known as “aricuriroba” and “aricuri”
(27), as well “catolé coconut” (29). The literature about S. schizophylla biotechnological potential is
scarce, however, many literature reports highlight Arecaceae species with a range of biological
activities, such as antioxidant, antimicrobial activity (28), analgesic, antipyretic, and anti-inflammatory
(30), antimalaria (65) and antibacterial activities (31).

In addition, the Arecaceae species present fruits and seeds rich in fatty acids, like oleic acid,
lauric acid, myristic acid, and caprylic acid, which are known due to their relevant pharmacological
potential (35, 71, 37). Studies show that lauric acid (Figure 1) is the predominant fatty acid in plants
from this family and point out that the presence of this compound grants high oxidative stability (39),
being used in the treatment of wounds (45).

With that in mind, the present work aimed to evaluate the wound healing potential of S.
schizophylla fixed oil (OFSs) and a plant-based product, that consists of an ointment containing 5% of

OFSs, to the determine its therapeutic effect in aseptic cutaneous wounds.

Materials And Methods
Botanical material and oil extraction

Syagrus schizophylla seeds were collected at Coruripe Power Plant located at Coruripe,
Alagoas, Brazil (-10.0933332 S, -36.1877785 W). The oil was extracted using a hydraulic press (Tecnal®
TE-098) and stored in amber recipients in a refrigerator at 4 °C. An aliquot of the fixed oil was sent to
the Chromatography Laboratory of the Department of Fundamental Chemistry (DQF) at UFPE for
analysis in GC-FID.

Chemical characterization

Sample preparation for chromatographic analysis: esterification using the boron trifluoride
method for oils

Considering the international standardization organization (ISO) orientations, the fatty acids
were converted into methyl esters using boron trifluoride (BF3) in methanol (Sigma-Aldrich, code
15716) as a catalyst. 150 mg from the OFSs was resuspended in 2 mL of chloroform, then 0.5 mol/L of
sodium hydroxide (NaOH) was added. The mixture was heated up in a water bath at 100 °C for 5
minutes. For the methanol solution (1.3 M), 2 mL of BF3 were inert to the atmosphere, which in turn
was left under reflux for 30 min. The mix was cooled and transferred to a separation funnel with 20 mL
of heptane. This mixture was agitated for 1 minute and separated into phases. The organic phase

(superior), composed of heptane, was collected and the aqueous phase (inferior) was rejected. The
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organic phase was fractionated using column chromatography with gradient elution (pure heptane,
heptane: dichlorine [1:1], and pure dichloride). The solvent volume from each fraction was reduced

under nitrogen flux at a temperature between 22 and 28 °C before the CG analysis.

Gas chromatography attached with mass spectrometry

After the esterification process, 1 puL of the sample was inserted in gas chromatography attached
with mass spectrometry (GC/MS) in a quadruple system model Agilent 5975C series GC-EM (Agilent
Technologies), equipped with an nonpolar column DB-5 (Agilent J&W; 60 m x 0.25 mm di, film
thickness of 0.25 um).

The analysis was carried out in the chromatography laboratory from the fundamental chemistry
department (DQF) at UFPE. The GC was initially adjusted for 150 °C for 2 min and the temperature
was maximized at a rate of 5 °C/min to 230 °C and maintained for 7.5 min. The sample injection was
made at 230 °C and the interface temperature was 260 °C. The helium gas was used as the mobile phase
at a flow rate of 1.0 mL/min. The mass detector was conducted in scan mode with acquisition de 36.75
min, and solvent cut in 3.25 min, The adopted parameters were: mass range (35-550 amu); filament
potential difference (70 Ev); detection potential difference (1.3 sV) using a quadrupole. To identify the
methyl esters from the fatty acids, the samples were co-injected with fatty acid standard (FAME-MIX
C4-C24, Sigma-Aldrich), and the mass spectra were compared with the ones available in the mass
spectrometry library (NIST, Wiley). The fatty esters were quantified by chromatography gas with flame
ionization detector (GC-FID) using the Thermo Trace GC Ultra system (Thermo Scientific) equipped
with FID and a column of VB-5 (30 m length, 0.25 mm internal diameter and 0.25 um thickness), at
same conditions from the GC-MS investigation.

Plant-based product, ointment with OFSs at 5% formulation

To obtain the ointment formulation, we applied a methodology that consisted of two phases, in
the first phase, the OFSs and BHT were added to a recipient, then mixed until complete solubilization
(Phase A). Later, phase A was mixed with solid vaseline and homogenized until its complete
solubilization (phase B). The pH was measured and maintained at 5.5 and 6.5. After the homogenization

process, the ointment was transferred to plastic recipients, for further characterization (Table 1).

Table 1- Plant-based ointment formulation for topic application

Phase Compound Function Concentration (%)
A BHT Antioxidant 0,2

S. schyzophilla oil Active ingredient 5
B Solid vaseline Vehicle qg.s.p.

Stability and characterization of the ointment containing OFSs at 5%



83

The formulation was submitted to the preliminary stability study, according to the Brazilian
guide of cosmetic products stability (46). The stability test was carried out for 12 days, with frosting and
defrosting cycles, each one lasting for 24 hours, temperature -5 °C + 2 °C. At the end of the
frosting/defrosting cycles, all the analyses were compared with day 0.

The organoleptic properties were analyzed macroscopically. The color was compared between
other tested products with the standard color (base formulation and ingredients). As for the odor, it was
also compared with the base formulation or the ingredients. And finally, for the organoleptic properties,
after the frosting/defrosting cycle, it was classified as normal, with no alteration; slightly changed,;
changed, and strongly changed.

All other physical-chemical properties were evaluated according to the Brazilian Pharmacopoeia

6th edition (48) and Brazilian guide of cosmetic products stability (46).

Animals

Swiss mice (n=35), at 10 weeks old, weight between 30-35 g, obtained from the bioterium of
Keizo Asami immunopathology laboratory (LIKA) at UFPE. The animals were maintained in the
bioterium for animal experimentation from the Biochemistry Department (UFPE) in environment-
controlled rooms, a temperature of 23 + 2 °C, 12 hours of light/dark cycle, water, and food ad libitum.
The assays were performed following the approved protocol from Committee on Animal Use
(CEUA/UFPE) under the protocol number 0063/2020.

Wound healing activity Animals

To evaluate the wound healing activity, the mice were divided in seven random groups, each
group with five animals. The negative control group received a saline solution at 0.9%, the positive
control group received the commercial lotion Dersani®, and another positive control group received
dexpanthenol at 5% in an ointment. The experimental groups received the OFSs at 10%, 25%, and 100%

concentration, as well a group containing our ointment formulation.

Cutaneous wound and topical treatment

To start the surgical experiment, the mice were previously anesthetized with xylazine
hydrochloride 1 mg/kg and ketamine chloride 50 mg/kg, administered by intramuscular injection. After
the anesthesia, a trichotomy and antisepsis were made in the dorsal thoracic region, using ethyl alcohol
(70%) and sterile saline solution (NaCl 150 mM). The mice skin was demarcated using an adhesive

paper mold (0.64 cm?), and the wound was made with skin excision using surgical material.

The wound treatment consisted of daily topical application of the treatment’s solutions/products

and an application of post-collection curative every 24 h. The OFSs concentration of 10, 25, and 100%
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diluted in DMSO 2%. For the negative control (absence of therapeutic compound) the animals received
DMSO 2%, and the positive controls received Dersani® or dexpanthenol. Each treatment consisted of

an of 5 animals.

Wound clinical evaluation

The wounds were evaluated daily for 15 days, in intervals of 24 hours. The following parameters
were evaluated: edema, hyperemia, bleeding, secretions, odor, itching, crust presence, and
characteristics, necrosis, color, granulation, and scar tissue aspect. All the wounds were photographed,
and the diameter was measured with the software ImagelJ, for the measurement of the percentage of

wound contraction area the following equation was used:

Wound contraction (%): 100X (Wo — Wi) /Wo = % of contraction.
Where, Wo = wound initial area and Wi = wound area day (i).

Histomorphometric analysis of skin wounds

At the end of the 15th day, the animals were sacrificed using lethal doses of xylazine
hydrochloride and ketamine chloride, and the skin fragments in the wound area were removed and stored
in buffered formalin (10%). Then, samples were fixed and later processed using the conventional
histological techniques at the Department of Pathology (UFPE). The sections embedded in paraffin were
5 um in size and the preparations were stained with hematoxylin-eosin and Masson's trichrome. The
histological slides were scanned in the Oral Pathology Laboratory of the Dentistry Department (UFPE).
To obtain the microphotographs of the wound site, the Pannoramic Midi (3DHISTECH) blade scanner
was used. Then, microphotographs were used to measure the distance between the edges of the scar, as
well as the fibroblasts count. This process was done using the Pannoramic Viewer software version
1.15.4 year 2014.

Results and discussion

OFSs Chemical characterization

The phytochemical characterization revealed the presence of eight different compounds, with
lauric acid (50.45 = 2.30%), caprylic acid (16.46 = 0.43%), and myristic acid (10.94 + 0.38%)
comprising the highest concentrations. Other compounds are also present in concentrations lower than
10% (Table 2).

Table 2. S. schizophylla (OFSs) fixed oil constituents
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Compounds Usual nomenclature Total area (%) £ SD
Octanoic acid, methyl ester Caprylic acid 16.46 £0.43
Decanoic acid, methyl ester Capric acid 10.33 +0.53
Dodecanoic acid, methyl ester Lauric acid 50.45 £2.30

Methyl tetradecanoate Myristic acid 10.94 +0.38
Hexadecanoic acid, methyl ester Palmitic acid 3.50+0.72

9,12- Octadecadienoic acid, methyl ester Linoleic acid 0.52+0.31

9- Octadecenoic acid (Z)-, methyl ester Elaidic acid 2.65+ 0.90
Octadecanoic acid, methyl ester Stearic acid 0.58 £0.16

Total 95,44

The OFSs composition is similar to another Arecaceae species reported in the literature,
especially from the Syagrus genus. Comparing to (13) data, Attalea speciosa fruits, known as “babacu”,
also present lauric acid as major compound (46.05%), followed by myristic acid (15.04%), palmitic acid
(8.26%), capric acid (5.33%), caprylic acid (4.59%), stearic acid (2.80%), and linoleic acid (2.71%), all
present in OFSs. Similar data were found by (15), also studying A. speciosa, the lauric acid was present
at 54.15%, myristic acid at 10.62%, and caprylic acid at 9.13%. The composition cited above are like
our studies. The literature highlights the fatty acid biotechnological potential since they can improve the
life quality once they are applied in the development of medicines and nutraceuticals (11, 22). From this
perspective, (19) reports that the saturated medium-chain fatty acids are related to several health
benefits. An example cited by the author is the improvement of life quality by patients that ingest
coconut oil during chemotherapy to treat breast cancer.

The chemical profile from Arecacae family oil will be enlightened, once more species from this
family are investigated, specifically plants that didn’t have its pharmacological potential registered in
the literature yet, like S. schizopjylla, once the search for medicinal plants usage has increased, about a
third from all conventional medicines applied on the wound’s treatment are plant-based (12, 3). Since
immemorial times plants are known to promote wound healing, as well prevent infections (2, 3), it is

highly important to carry out research focusing on those species.
OFSs ointment

The plant-based ointment formulation was evaluated according to their physical-chemical
characteristic, with the technical specifications in Table 3. The analysis was performed according to the
Brazilian guide to cosmetic quality control (47). According to our data, the OFSs ointment presented
visual aspects and homogeneity, appropriate for topical application. The formulation presents
transparent color, homogenous aspect, firm consistency, and characteristic scent, and didn't show any
alteration, or phase separation, after the centrifugation process. (47) highlights that those characteristics
are aligned with formulations usually applied in skin lesion treatment, since the tegument pH is slightly

acid, varying between 4 and 6, our formulation attends to the requirements for topical application.

Table 3. Ointment formulation technical specification
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Parameter Specification

Aspect Homogenous ointment

Color White

Scent Characteristic

pH 55-6.5

Centrifugation test Homogenous after 30 minutes at 3.000 rpm

There are no reports in the literature of plant-based formulations using S. schizophylla.
However, a plant-based ointment, containing the oil from Mauritia flexuosa fruits, in two
concentrations, 1 and 15%, tested in Wistar mice (51), also presented a homogenous aspect, absence of
phase separation, pH varying between 6.23 and 6.45. Besides that, the stability test demonstrates that
the samples were stable for 12 days. These results are in line with our results and reinforce the

importance of physical-chemical tests for plant-based products.
Macroscopy description of wounds

In the present study, we evaluated the cutaneous wounds for 15 days, evaluating the following
aspects: edema, exudate, necrosis, odor, granulation tissue formation, crust, and scar. Figure 3 shows

the wound healing process during 10 days of observation, from the incision to the total closure.

Fig. 1 Wound healing process on different treatment days.
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DMSO 2%

Dexpanthenol

The wounds were kept clean and free of infections during the entire experiment. On the first
day, the negative control group, and the animals treated with OFSs ointment didn’t present crust, while

it was present in all other groups. We also observed the edema formation in all animals, however, the
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edema was attenuated in the animals treated with Dersani®, dexpanthenol, and OFSs at 25 and 100%,
and moderate edema in the animals treated with OFSs at 10% and OFSs ointment when compared to the
negative control group, that in turn presented intense edema.Another remarkable difference was the
absence of exudate in the animals treated with dexpanthenol, Dersani®, and OFSs at 25% and 100%,
while the other groups presented a serous exudate.

On the third day, all animals presented crust, and the negative control group, OF 10% and OFSs
formulation, presented mild edema. It worth mentioning that, only the negative control group presented
serous exudate, besides that, was possible to note granulation tissue in the wound bothers in the other
groups (Dersani®, dexpanthenol, OFSs 25%, and 100%), this granulation tissue was noticeable due to
its appearance. On the seventh day, all animals presented an expressive granulation tissue, and the
wound area was significantly smaller, indicating the re-epithelialization process. Finally, on the tenth
day, only the negative control group presented a wound with crust and not fully closed, as for the other
groups, the wound was fully closed, and a scar was present.

Many types of research have been conducted with the aim of optimizing the tissue repair process,
providing a better life quality. (70; 9; 13; 33; 52). Our study is the first one to investigate the Syagrus
schizophylla wound healing potential, which occurs due to the fatty acid composition present in the
Syagrus genus, as well as the range of biological activities presented by palm tree species (34).

Our results may be justified due to the different mechanism of action of each compound present
in S. schizophylla oil, like the fatty acids, (40) highlights the anti-inflammatory and antimicrobial
activities from lauric acid, which may be evolved with the observed effects, since the wounds were kept
clean and aseptic during the entire assay. Those properties improve the tissue repair process, promoting
a faster re-epithelialization, as mentioned above, the lauric acid is present in more than 50% of OFSs.
Besides that, recently, (41), observed that myristic acid also induces an anti-inflammatory activity,
causing an increase in I1L-10 concentration in LPS, the IL-10 is associated with anti-inflammatory
activity in the tissues (42). Another compound related to several biological activities is palmitic acid,
which is widely studied by the pharmaceutical industry (61). With that in mind, the observed wound
healing activity is due to its chemical composition, which may act in different ways, and together they

exert a positive influence on the wound healing process.
Morphometric analysis

Table 4 shows the wound area, and the wound area contraction during the assay. On the seventh
day, the group treated with Dersani® presented the lowest wound area (9.34 £ 8.97 mm), and closure of
88.48%, when compared to the beginning of the experiment. On the tenth day, the re-epithelialization
was completed, with total closure of the wound area and a scar, along with the OFSs at 25% and 100%,
as well as the dexpanthenol group. As for the OFSs ointment, it presented a small wound area left to

achieve total closure, this area corresponds to 0.37 = 0.69 mm, around 0.25% of the remaining area to
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be closed. In this perspective, it is important to highlight that the group treated with OFSs 25% and

100% presented a wound healing performance equivalent to commercial products, like Dersani® and

dexpanthenol. On the tenth day, all the OFSs treatments differed from the negative control (p < 0.005),

except for the animals treated with our formulation.

Table 4. Wound area (mm?) and percentage of wound contraction. Means represented by different letters,
on the same line, differ significantly, Two-way ANOVA test and Tukey test (95% confidence interval, with p
<0.05 — p = 0.0001)

Assessment time DMSO Dersani® Bepantol OFSs OFSs OFSs Ointment
after wound 2% 10% 25% 100% (OFSs)
induction
Initial 276.86 + 197.38 214.91 250.97 172.72 195.48 280.36

31.70 + t * + + +

35.62 36.16 28.98 23.75 23.52 33.55

3 233.27 144.74 169.28 163.43 141.61 150.28 248.38

+ * t * + + +

29.68 ® 24.83 @ 24.45 @ 36.42 ® 16.11 @ 17.83 @ 26.98 ®
7 62.41 9.34 19.13 34.50 30.33 16.92 40.77

+ + + + + + +

16.65 ® 8.97 @ 6.24 @ 12.64 ® 6.33 @ 2.36 @ 23.18 ®
10 9.18 0.32 0.12 0.86 0.00® 0.00 @ 0.37

* * * * +

5.43 ® 0.72@ 0.20@ 1.93@ 0.69 @
15 0 0.00 0.00 0.00 0.00 0.00 0.00
% Contractionon  13.96 26.45 23.16 16.06 23.71 26.88 11.41
3rd day + + + + + + +

1.44 © 2.79 3.50 2.33@ 2.72 2.12 2.51

@ @ (@) (@ (b)

% Contractionon  69.25 92.68 89.29 70.96 78.58 88.48 76.95
7t day + + + + * * *

3.67 4.48 3.46 4.32 6.59 @ 2.03 9.10

(b) @ @ @ @ (b)
% Contractionon  87.78 100.00 @ 100.00 @ 95.60 100.00 @ 100.00 @ 99.75
10" day + + +

7.17 11.73 0.93

(b)

(@)

(b)

(13) showed that the fixed oil obtained

from Attalea speciosa fruits improves the tissue
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restoration process in Swiss mice. It is important to highlight that the author attributes those results to
the major compounds, that are also present in our oil, such as lauric acid, and myristic acid. Another
investigation showed the wound healing potential from an ointment made with Mauritia flexuosa, at 1%
and 15%, the authors noticed an improvement in the wound healing process after the third day of
application in Wistar mouses, again, the major compounds present in M. flexuosa were lauric acid (40%)
and myristic acid (29.3%) (51). The wound healing potential of Arecaceae species is notorious, and it's

due to the chemical composition shared by those species.

Those results may be attached with the difference in mechanism of action between the fixed oil
and the OFSs ointment, once the viscosity, as well its saturation from the vegetable oil exerts an
important role on its skin penetration ability (68). The vegetable oil owns fatty acids that promote
permeability due to the lipidic fluidization between the stratum corneum, increasing the transdermal
drug delivery (62), and this viscosity is lost when the oil is placed in an ointment formulation, which

may explain the OFSs ointment delay to achieve full wound closure.
Histological analysis and fibroblasts

The table 5 shows the histological results from the 15thr day of the assay, the negative control
group didn’t present a full wound closure, with a distance between the epithelium of 3,451 um, while
the other groups presented a full wound closure, with p < 0.0001. We noticed that the animals treated
with Dersani®, dexpanthenol 5%, OFSs 10, 25, and 100%, as well the OFSs ointment, presented a full

re-epithelialization (Figure 4).

Table 5. Distance between the wound epithelium

Assessmen

ttime after DMSO Dersani® dexpanthenol OFSs OFSs OESs ;)tlntme
0, 0, 0 0
Yﬁﬂ‘dﬂf.on 2% 10% 25%  100% (OFss)  Valor
p
p <
15 3,451+ 0,00®) 0,00 0,00®) 0.00®  0.00® 0.00®) 0,0001
518 um® = ' : 1 : \

Means represented by different letters, on the same line, differ significantly, Two-way ANOVA test and Tukey
test (95% confidence interval, p < 0.05 - p = 0.0001)

Fig. 2 Histological sections of mice’s dorsal skin demonstrating the Control group (a), Dersani® group
(b), dexpanthenol group 5% (c), OFSs 10% (d), OFSs 25% (e), OFSs 100% (f) e OFS ointment 5% (g).
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The images show the extent of re-epithelialization after 15 days of treatment: (1) distance between epithelium and
(2) total re-epithelialization. Staining: Hematoxylin-eosin. 20x magnification.

(43) states that those results are due to the presence of lauric acid which presents antibacterial
properties and contribute to the tissue restoration process once the wound infection is avoided. Also,
linoleic acid is a fatty acid strongly present in epidermic layers, being an important agent in the fat
transport, favoring the integrity and maintenance of the epidermic barrier, and due to that, it enhances
the wound healing process. The literature also reports that the linoleic acid acts as an immunogen (60;
45). The presence of oleic acid in the OFSs reinforces the synergetic effect between the fatty acids,
potentiating the wound healing properties and contributing to the tissue restoration process.

Even though there are no literature reports of S. schizophylla biological potential, similar results
have been published for another Arecaceae species. (44) studied the coconut oil and found out that it
improved the wound healing process in mice, inducing an enhancement in the collagen deposition, and
reducing the oxidative stress in the damaged tissue. The authors also attribute the observed activities
with medium-chain fatty acids, which are present in the OFSs.

The fibroblast count is shown in Table 6. On the 15thrd day, the animals treated with
OFSs 25% presented the highest number of fibroblasts cells (67,04%), followed by OFSs
ointment (63%), and dexpanthenol (55,32%), when compared to the negative control group
(45,08%) (p < 0.05). The lowest number of cells were registered in the animals treated with
OFSs 100% (35,76%), OFSs 10% (32,76%), and Dersani® (47,56%). It is important to notice
that the highest mean was found in our ointment, being able to induce the highest collagen

deposition, as well fibroblast proliferation.

Table 6. Fibroblast count after the surgical procedure on the 15thr day
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Treatment Negative Dersani® Dexpanthenol  Ointment OFSs OFSs OFSs
control OFSs 10% 25% 100%
5%
3
Number of 45.08 + 47.56 + 55.32 + 63.00 = 3276+ 67.04% 576 £
fibroblasts 16.00 @ 19.69 @ 23.98 @ 16.78 @ 1539 ®  27.23@ 18.29 ®
*p=0.2289

(50) highlights that, the improvement in the tissue restoration, and its faster re-
epithelialization, is due to the fibroblast proliferation. Our results are aligned with another
Arecaceae species research. (13) found similar results studying the oil obtained from A.
speciosa, as well as the M. flexuosa ointment (51). Both authors report the fibroblasts to increase
in the histomorphometry analysis in mice. Besides that, several other research reports the
fibroblast importance in the wound healing process (53, 69; 9). With that in mind, it is important
to highlight the histomorphometry importance in those studies once the macroscopic analysis

can’t provide the full wound closure at a microscopic level (9).
Conclusion

The present study proved that the OFSs own a significant wound healing potential,
crude, diluted, or in the plant-based formulation. The observed effects are due to the chemical
composition of S. schizophylla seeds that present themselves with high antioxidative properties,
which in turn may have contributed to the ointment stability, and fatty acids innate properties,
which modulated the inflammatory signaling pathway and fibroblasts proliferation on the
derma layer. Moreover, it is notorious for the wound healing potential attached to our ointment,
and since this is the first reports of S. schyzophylla or any formulation made with it, we strongly
recommend further investigation to a better understanding of the S. schizophylla biological
activities. And finally, our results show that the OFSs application is as effective as products
already marketed, like Dersani® and Dexpanthenol, which makes S. schizophylla a competitive

alternative for wound treatment.
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5 CONCLUSAO

Os resultados obtidos demonstram que a utilizagdo do OFSs é segura, por ndo apresentar
toxicidade nas doses testadas. A composi¢do quimica do OFSs apresenta importantes acidos
graxos, que podem estar relacionados fortemente com a reducdo da dor, inflamacéo e febre. O
OFSs (25% e 100%) acelera o processo de cicatrizacdo em camundongos, sugerindo a maior
porcentagem de reepitelizagdo em 15 dias, e apresentando resultados semelhantes a grupos de
formulagdes comerciais testadas, como o dersani e dexpantenol.

Os resultados obtidos demonstram ainda que a aplicacdo de OFSs, em 6leo ou pomada,
induz a uma cicatrizacdo e reepitelizacdo mais rapida,. Tanto o Oleo quanto a pomada
representam excelentes candidatos a terapia alternativa de regeneracgdo tecidual. o que reforca
a premissa de que os acidos graxos contribuem para as propriedades medicinais demonstradas.
Ainda assim, ensaios clinicos e outros modelos experimentais sdo indispensaveis

Deste modo, pode-se dizer que 0 OFSs é um produto promissor para a industria
terapéutica e pode ser um forte aliado para tratamento de diversas doencas, atuando como

agente antinociceptivo, anti-inflamatorio, antipirético e cicatrizante.
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APENDICE A - SUMULA CURRICULAR

1) Formacao

Ano Titulo ou atividade Instituicdo
2016 Graduacéo Licenciatura em Ciéncias Biolégicas
2018 Mestrado Morfotecnologia
2018 Doutorado Ciéncias Biologicas
2020-2021 Outros cursos,  |[Especializacdo em Docéncia e Gestdo da Educacdo a Distancia
2021-2021 treinamentos ou [Capacitagdo em Meio ambiente — 20h (Secretaria do Meig
-2018-2018 | certificacBes (se for ocaso)  |[Ambiente e Sustentabilidade de Pernambuco, SEMAS/PE,
2020-2021 Brasil);
Avaliacdo da Experiéncia: Principios de uma nova Perspectiva
de avaliacéo. (Carga horéria: 40h),

Instituto Federal de Pernambuco, IFPE, Brasil;
Docéncia do Ensino Superior — 240 h.

2) Histérico profissional

Professor de Ciéncias — Escola Municipal Maurina Rodrigues dos Santos (2017-
2018)

Coordenador Pedagdgico — Escola Municipal Maurina Rodrigues dos Santos
(2018-2018);

Professor Colaborador (Acompanhamento e gerenciamento de Atividades de
Ensino, Pesquisa e Extensdo) — Programa Internacional Despertando VVocagdes
para Licenciatura

(2016-2018);

Professor dos Cursos de Farmécia, Fisioterapia e Pedagogia (Disciplinas
Ministradas; Introducéo a Profissdo Farmaécia, Citologia e Embriologia, Histologia
dos sistemas Humanos Educagéo de Jovens e adultos — Uninassau Olinda (2019-
2020);

Professor Colaborador — Realizando o acompanhamento e gerenciamento de
Atividades de Ensino, Pesquisa e Extensdo) — Programa Internacional
Despertando VVocagdes para Ciéncias da saude (2019 — Atual);

Professor Colaborador — Centro Universitario Sd0 Miguel - UNISAOMIGUEL
(2021 — Atual)

Chefe do departamento de Controle e Preservagdo ambiental — Prefeitura
Municipal de Passira (2021 — Atual).
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3) Palestras Ministradas

e SERGIO-DA-SILVA, R. Substitutos de pele e Compostos bioativos na Cicatrizagdo
de feridas cutaneas (Palestra). 2020.

e SERGIO-DA-SILVA, R. Tépicos em desenvolvimento Académico-Cientifico. 2019.

e SERGIO-DA-SILVA, R. PEREIRA, D. R. O Uso crescente de Fitoterapicos na
Pesquisa Cientifica no Brasil. 2019.

e SERGIO-DA-SILVA, R. O Networking na éarea da Salde: Oportunidade ou
oportunismo? 2019.

e SERGIO-DA-SILVA, R. A atuacio do Bi6logo na Area da Biotecnologia (Palestra).
2018.

4) Participacdo Em Mesa Redonda
e BALBINO, V. Q.; LINS, A. J. C. C.;SERGIO-DA-SILVA, R. Atualizacdes
Tecnoldgicas em Saude, 20109.

5) Artigos Publicados no Periodo

e OROZCO, V.R.; GARCIA,N. A. G.; TORRES, S. M. E.; OROZCO, D. L.; TELES,
G. H.; AMORIM, L. C.; SERGIO-DA-SILVA, R. Isolamento e caracterizago
morfolégica de Acanthamoeba spp em caixas de agua de edificios residenciais.
Research, society and development, v. 10, p. file:///C:/User, 2021.

e SILVA, R. S.; SANTANA, E. S.; SILVA, L. A; SANTANA, E. R. B;
BERENGUER, F. A,; PADILHA, R. J. S. A,; SILVA, M. G. F.; HARAND, W.;
LIMA, C. S. A,; YARA, R,; VIEIRA, J. R. C. Phytochemical evaluation of
Conocarpus erectus leaves. Rev. Bras. Pl. Med., v. 2019, p. (2019) 21:45-49, 2021.

e SOUZA, G. F.; SANTOS, D. K. D. N.; SERGIO-DA-SILVA, R.; BARROS, B. R.
S.; CRUZ FILHO, I. J.; RAMOS, B. A,; SILVA, T. D.; SILVA, P. A.; LIMA-NETO,
R. G.; GUSMADO, N. B.; NASCIMENTO, M. S.; MELO, C. M. L. to date 0 Altmetric
Listen Listen with webReader Focus Short Communication Evaluation of cytotoxic,
immunomodulatory effects, antimicrobial activities and phytochemical constituents
from various extracts of Passiflora edulis F. flavicarpa (Passifloraceae). Natural
product research, v. 1, p. https://www.tan, 2020.

e MELO, C. M. L.; DA CRUZ FILHO, I. J.; DE SOUSA, G.F.; DE SOUZA SILVA,
G.A.; SERGIO-DA-SILVA, R.; ROCHA, G. J. Lignin isolated from Caesalpinia
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6)

7)
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pulcherrima leaves has antioxidant, antifungal and immunostimulatory activities.
International Journal of biological Mcromolecules, v. 1, p. https://www:.sci, 2020.
SILVA, K. S.; OLIVEIRA, F. G. S.; MIRANDA, P. H. O.; SANTANA, E. S.; SOUZA,
Z. N.; AMORIM, L. C.; SILVA, R. S. Phytotherapeutic properties of the
Caesalpiniagenus present in the Caatinga biome. Scientific electronic archives, v. 13,
2021.

SOUZA, Z. N.; SILVA, L. A;; SILVA, K. S.; SANTOS, J. A. A;; SILVA, R. S.
Utilizacdo de plantas medicinais do género Caesalpinia (Fabaceae) na cicatrizacdo de
feridas: uma revisdo de literatura’. PRINCIPIA (JOAO PESSOA). 2021.

SCOPEL, B. R.; MIRANDA, P. H. O.; SILVA, R. S.; OLIVEIRA, J. V. A;; SILVA,
M. V. Biological activities and chemical profile from Batis maritima (Bataceae), a
halophyte species with bioprospecting potential. RESEARCH, SOCIETY AND
DEVELOPMENT, 2021.

Artigos aceitos para publicacéo

MELO, C. M. L.; SILVA, R. S. Pectin-Like Polysaccharide Extracted From The
Leaves Caesalpinia Pulcherrima Is A Promising Antioxidant And Immunomodulator
Agent. Brazilian Archives Of Biology And Technology, 2022.

SILVA, R. M.; SERGIO-DA-SILVA, R. A formacio do professor e a utilizacdo de
recursos para o ensino. Scientific electronic archives. 2021.

SERGIO-DA-SILVA, R.; SANTOS, D. K. D. N.; SOUZA, G. F.; MELO, C. M. L.
Antifungical and immunomodulatory activities from Caesalpinia pulcherrima extracts.
Scientific electronic archives. 2021.

FRANCA, L. S. S.; SUZANA CINTHIA GOMES DE MEDEIROS, SILVA; SILVA,
R. S. Concepgdes de estudantes sobre o Ensino de Botanica em escolas Estaduais de
Vitdria de Santo Antdo-PE. Revista Ciéncias em Extensdo, 2021.

SILVA, K. S.; OLIVEIRA, F. G. S.; MIRANDA, P. H. O.; SANTANA, E. S.; SOUZA,
Z. N.; AMORIM, L. C.; SERGIO-DA-SILVA, R. Phytotherapeutic properties of the

Caesalpinia genus present in the Caatinga biome. Scientific Electronic archives, 2021.

Organizacao de Livros
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e PEREIRA, D. R. (Org.) ; REGO, M. L. (Org.) ; SERGIO-DA-SILVA, R. (Org.) .
Ciéncias da Saude e suas contribui¢des sociais. 1. ed. Recife: Editora 11DV, 2020. v.
1.222p .

8) Capitulos de livros publicados

e SILVA,R. S.; NASCIMENTO, A.R. N,; ASSUNQAO, E.R.; SILVA, R. M.; COSTA,
D. G.; OROZCO, D. L. R,; FERREIRA, F. R. S.; SILVA, S. M.; SANTANA, S. L,;
CORREIA, J. M. A funcéo social da escola e os acaminhos para o desenvolvimento de
uma gestdo democratica e participativa. In: Discursos, Praticas, Ideias e Subjetividades
na Educacdo. ed.ll: Atena Editora, 2021, p. 75-85.

e SILVA, R. S.; CARMO NETO, E. F.; SANTANA, S. L.; SILVA, L. A.;; AMORIM, L.
C.; MIRANDA, P. H. O.; NASCIMENTO, A. R. N.; OROZCO, D. L. R.; SILVA, R.
M. Desafios do Ensino a distancia em tempos de pandemia. In: Deflagracdo de A¢oes
voltadas a Formacdo Docente 2.1 ed.Ponta Grossa/PR: Atena Editora, 2021, p. 163-172.

e SILVA,R. S.; Santana, S. L.; Carmo Neto, E. F.; Silva, R. M.; Lima, G. H.; Pereira, M.
G.; Amorim, L. C.; Miranda, P. H. O; Silva, L. A.; Santana, E. S. S.; SILVA, S. C. G.
M. Desenvolvimento de coletores reciclaveis: Trabalhando Educacdo ambiental em uma
escola municipal de Passira/PE. In: Conservacdo e Meio Ambiente. Il ed.: Atena
Editora, 2021, p. 291-299.

e MELO, C. M. L.; BARROS, B. R. S.; SANTOS, D. K. D. N.; SERGIO-DA-SILVA,
R.; AGUIAR, L. M. S.; SOUZA, G. F.; CRUZ FILHO, 1. J. O beneficio do uso das
folhas de M. emarginata (aceroleira) para saude Organica. In.1 ed.Belo Horizonte/MG:
Atena Editora, 2019, v.1, p. 160.

e VIANA, E.; SERGIO-DA-SILVA, R. Os desafios ao longo da Trajetoria intelectual:
Persisténcia e VVocacdo In: Memorial PDV.11 ed.Recife: Editora 11DV, 2019, v.1, p. 7.

9) Orientacdo de trabalhos para submissdo em congressos

e NASCIMENTO-DE-SOUZA, Z.; BARROS, B.R. S.; SOARES, K. S.; SERGIO DA
SILVA, R.; MOUTINHO, C. M. L. Plantas medicinais utilizadas no nordeste do
Brasil: uma revisdo de literatura. In: | Congresso Internacionalk de Ciéncias da saude,
2019, Boa Viagem. Democratizacdo do conhecimento e valorizagcdo profissional:
caminhos para o desenvolvimento. Recife: Instituto internacional Despertando
Vocacgoes, 2019. v. 1.
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e SILVA, M. D.; SILVA, A. C.; MELO, J. V.; MOURA, M. K. A.; SERGIO-DA-
SILVA, R. Alimentagdo Saudavel : a vivéncia da Pedagogia de Projetos no Contexto
da Educacdo Baésica. In: Congresso Nacional de Educacdo, 2018, Recife. Anais V
Conedu. Paraiba-PB: Editora Realize, 2018. v. 1.

e MOURA E.J.;SILVA, K.S.;SILVA, M. J. C.; SILVA, E. V.; SERGIO-DA-SILVA,
R. Levantamento de Plantas Medicinais em Areas Rurais do IFPE Vitéria de Santo
Antdo. In: 111 Congresso Internacional das Licenciaturas, 2018, Jodo Pessoa. Ciéncia,
tecnologia e desenvolimento rural:compartilhando conhecimentos inovadores e
experiéncias, 2018. v. 1.

e SILVA K. S.; MOURA, E. J;; BARROS, B. R. S.; SILVA, E. V.; SERGIO-DA-
SILVA, R. O uso popular de Lippia alba ( Mill) NE Br. como fitoterapico na Regiéo
Nordeste do Brasil. In: Il Congresso Internacional das Ciéncias Agrarias -
PDVAGRO, 2018, Jodo Pessoa. Ciéncia, Tecnologia, desenvolvimento Rural:
Compartilhando conhecimentos Inovadores e experiéncias, 2018. v. 1.

e MOURA; E. J; SILVA, K. S.; AGUIAR, L. M. S;; SILVA, E. V.; SILVA, R.
S. AplicacGes bioldgicas do género Caesalpinia L. (Leguminosae Caesalpinoideae).
In: 111 Congresso Internacional das Ciéncias Agréarias, 2018.Desenvolvimento do
campo: a ciéncia do campo: A ciéncia e tecnologia a servigo da sustentabilidade. Jodo

Pessoa: Instituto Internacional Despertando VVocacdes.

10) Resumos expandidos publicados em congressos

e SILVA,A.C.; MOURA, M. K. A.; FRANCA, L. S. S.; MELO, J. V.; SERGIO-DA-
SILVA, R. Bingo dos Elementos Quimicos: A importancia do Ludico no Processo de
Ensino-Aprendizagem. In: Congresso Nacional de Educacdo, 2018, Recife. Anais V
Conedu. Campina Grande-PB: Portal Realize, 2018. v. 1.

e FRANCA, L.S.S.; MELO, J. V.; SILVA, A. C.; MOURA, M. K. A.; SERGIO-DA-
SILVA, R. A Percepcdo de estudantes da licenciatura em Ciéncias Biologicas sobre
0 Uso da ludicidade. In: Congresso Nacional de Educacdo, 2018, Recife. Anais V
Conedu. Paraiba-PB: Editora Realize, 2018. v. 1.

e SILVA, R. S.;; NASCIMENTO, J. M. S.; SILVA, V. M.; SILVA, S. C. G. M,;
SANTANA, S. L. S. A importancia da iniciagdo cientifica na Educacéo basica. In: V
Congresso Internacional das Licenciaturas, 2018, Jodo Pessoa.Integrar e inovar

saberes para a democratizacdo do conhecimento, 2018. v. 1.
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NASCIMENTO, J. M. S,; SILVA, K. A. S.; SOUZA, C. G. A,; SILVA.R. S. O teatro
de fantoches como ferramenta ativa para o ensino e aprendizagem de ciéncias. In: V
Congresso Internacional das Licenciaturas, 2018, Jodo Pessoa.Integrar e inovar

saberes para a democratizacdo do conhecimento, 2018. v. 1.

11) Listade Orientacbes concluidas

Raquel Patricia Farias de Barreto Lima. A Tecnologia como Contribui¢do do Processo
de Ensino-aprendizagem. 2019. Trabalho de Conclusdo de Curso. (Graduagdo em
Pedagogia) - Centro Universitario Mauricio de Nassau - UNINASSAU Olinda.
Orientador: Ricardo Sérgio da Silva.

Leticia Stéfany Santos de Franca. ConcepcOes de Estudantes do Ensino médio sobre o
Ensino de Boté&nica em Escolas Estaduais de Vitdria de Santo Antdo/PE. 2019. Trabalho
de Conclusdo de Curso. (Graduacdo em Ciéncias Biologicas) - Universidade Federal de
Pernambuco. Orientador: Ricardo Sérgio da Silva.

Fernanda Cibelly de Souza Silva. Sexualidade e vida: analise dos métodos didaticos de
Ciéncias apresentados pelos professores do Municipio de Passira - PE com foco nas
normas da BNCC (Co-orientador). 2020. Trabalho de Concluséo de Curso. (Graduagéo
em Ciéncias Biologicas) - Centro Universitario da Vitoria de Santo Antdo. Orientador:
Ricardo Sérgio da Silva.

Henrique José da Costa. Elaboracdo de um modelo didatico na forma de domind
interativo para estudos de doencas relacionadas com Pombos da familia Columbridae

(Co-orientador: Ricardo Sérgio da Silva).

12) Participacéo em bancas de TCC

ALMEIDA, M. B.; SILVA, R. S. Participacdo em banca de Renato Bagetti Fonseca de
Souza.Os Cursos de Bacharelado em Educagéo Fisica no Estado de Pernambuco prepara
0 Profissional de para lidar com lesGes. 2021. Trabalho de Conclusdo de Curso
(Graduacdo em Educacdo Fisica) - Universidade Federal de Pernambuco.

SERGIO-DA-SILVA, R. Participacio em banca de Diégo Delbano Braz de Oliveira. A
compreensao a partir dos usuérios do SUS do municipio de Bom Jardim em relacdo ao
descarte adequado de medicamentos vencidos. 2020. Trabalho de Concluséo de Curso
(Graduacdo em Bacharelado em Farmécia) - Centro Universitario da Vitoria de Santo

Antao.
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SERGIO-DA-SILVA, R. Participagio em banca de Anderson Alves de Aguiar. Terapia
Medicamentosa utilizada em pacientes acometidos por hanseniase. 2020. Trabalho de
Conclusédo de Curso (Graduacdo em Bacharelado em Farmécia) - Centro Universitario
da Vitdria de Santo Antdo.

SERGIO-DA-SILVA, R.; SILVA, M. J. Participacio em banca de Ailton Clemente da
Silva.Inclusdo Educacional e Barreiras Atitudinais na Atuacdo de Professores de
Ciéncias do Ensino Fundamental na Cidade de Passira/PE. 2019. Trabalho de Concluséo
de Curso (Graduacgdo em Ciéncias Bioldgicas) - Universidade Federal de Pernambuco.
SERGIO-DA-SILVA, R. Participagdo em banca de Georon Ferreira De Sousa.
Investigacdo Fitoquimica E Potencial Biologicos De Extratos Organicos De Passiflora
Edulis F. Flavicarpa (Passifloraceae) - Membro Suplente. 2019. Trabalho de Concluséo
de Curso (Graduacdo em Ciéncias Bioldgicas) - Universidade Federal de Pernambuco.
SILVA, R. C.; SILVA, L. R. S.; SERGIO-DA-SILVA, R. Participagdo em banca de
Maria Gorete da Silva."Sele¢do Natural: Uma visdo de estudantes do Ensino médio de
uma escola da rede estadual de Pernambuco”.. 2018. Trabalho de Conclusdo de Curso
(Graduacdo em Ciéncias Bioldgicas) - Universidade Federal de Pernambuco.

SILVA, R. S.; CRUZ FILHO, I. J. Participacdo em banca de Julio César Ribeiro de
Oliveira Farias de Aguiar.Estudo da remogdo de uma mistura binaria de antibioticos,
amoxilina e cefalexina, usando adsorvente vegetal, bagago de feijdo verde. 2018.
Trabalho de Conclusdo de Curso (Graduagdo em Quimica Industrial) - Universidade
Federal de Pernambuco.

SERGIO-DA-SILVA, R. Participacdo em banca de Maria das Dores da Silva.TCC 1:
Insercao da histéria em quadrinhos no Ensino de Evolucdo: Trabalhando o Conceito de
Selecdo Natural no Ensino Médio. 2018. Trabalho de Conclusdo de Curso (Graduacéao
em Ciéncias Bioldgicas) - Universidade Federal de Pernambuco.

SILVA, R. C.; SILVA, M. G.; OLIVEIRA, R. A.SERGIO-DA-SILVA, R.
Participacdo em banca de Maria Gorete da Silva.TCC 2: Sele¢do Natural: Uma viséo de
estudantes do Ensino médio de uma escola da rede estadual de Pernambuco. 2018.
Trabalho de Concluséo de Curso (Graduacdo em Ciéncias Biologicas) - Universidade
Federal de Pernambuco.

CAVALCANTI, D. R.; SERGIO-DA-SILVA, R. Participacdo em banca de Josefa
Ferreira Guimaraes.Sifilis gestacional e os desafios no diagndstico para o controle da

transmissdo vertical. 2021. Trabalho de Conclusdo de Curso (Graduagdo em
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Biomedicina) - Centro Universitario da Vitéria de Santo Antéo.

e SERGIO-DA-SILVA, R. Participacio em banca de Anderson Alves de
Aguiar.Terapia Medicamentosa utilizada em pacientes acometidos por hanseniase.
2020. Trabalho de Concluséo de Curso (Graduacdo em Bacharelado em Farmécia) -
Centro Universitério da Vitoria de Santo Ant&o.

e SERGIO-DA-SILVA, R.; SILVA, M. J.. Participacdo em banca de Ailton Clemente
da Silva.Inclusdo Educacional e Barreiras Atitudinais na Atuagéo de Professores de
Ciéncias do Ensino Fundamental na Cidade de Passira/PE. 2019. Trabalho de
Conclusédo de Curso (Graduagdo em Ciéncias Bioldgicas) - Universidade Federal de

Pernambuco.

13) Trabalhos completos publicados em anais de congressos

e LIMA, G. H.;SILVA, R. S;; LIMA, K. E. C.; CAVALCANTE, P. S. Mobile
Learning: a Utilizacdo do Aplicativo Nearpod em uma Disciplina de Zoologia 1l no
Curso se Licenciatura em Ciéncias Bioldgicas. In: V Congresso Internacional das
Licenciaturas, 2018, Jodo Pessoa. INTEGRAR E INOVAR SABERES PARA A
DEMOCRATIZAQAO DO CONHECIMENTO, 2018. v. 1.

14) Outras informacdes biograficas relevantes

e Coordenador do | Congresso Internacional de Ciéncias da Saude (COINTER 2018).
Possui experiéncia como Professor do Nivel Fundamental, Médio e Superior.
Palestrante e Professor Colaborador do Programa Internacional Despertando
Vocacgbes /IFPE (Vitoria de Santo Antdo), realizando o acompanhamento e

gerenciamento de acGes de Ensino, Pesquisa e Extensao.

15) Links para a pagina Lattes e ORCID

e Para acesso ao curriculo da plataforma Lattes consulte:
http://lattes.cnpg.br/8354808367373706

e Paraacesso ao Perfil ORCID consulte: https://orcid.org/0000-0002-2900-6807
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ANEXO A - PARECER DO COMITE DE
ETICA EM ANIMAIS

Universidade Federal de Pernambuce

Centro de Biociéncias
S,

50670-420 / Recife — PE — Brasil
Fones: 2126 8842

\ cena@ufpe.br

Recife, 24 de setembro de 2021
Oficio n°68/21

Da Comissio de Etica no Uso de Animais (CEUA) da UFPE
Prof. Marcia Vanusa da Silva

Departamento de Bioquimica

Centro de Biociencias

processo n°0063/2020

Certificamos que a proposta intitulada “Investigacdo do potencial anti-
inflamatério, antinociceptivo e antipirético do éleo fixo de sementes de
syagrus schizophylla (mart.) glassman em modelos experimentais in
vivo”. registrado com o n°0063/2020 sob a responsabilidade da Prof. Marcia
Vanusa da Silva envolve a produgéo, manutengédo ou utilizagdo de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto humanos), para fins
de pesquisa cientifica (ou ensino) - encontra-se de acordo com os preceitos da
Lei n® 11.794, de 8 de outubro de 2008, do Decreto n°® 6.899, de 15 de julho de
2009, e com as normas editadas pelo CONSELHO NACIONAL DE CONTROLE
DE EXPERIMENTAGCAO ANIMAL (CONCEA), e foi aprovada pela COMISSAO DE
ETICA NO USO DE ANIMAIS (CEUA) DA UNIVERSIDADE FEDERAL DE
PERNAMBUCO (UFPE), em reunido de 31/08/2021

Finalidade () Ensino (x) Pesquisa Cientifica

Vigéncia da autorizagao 05/09/2021 a 05/03/2022

Espécie/linhagem/raca Camundongo heterogénico

N° de animais 161

Peso/ldade 30-35g /10-12

Sexo Macho ( 125) e Femea (36)

Origem: Biotério de Criacao Biotério do Laboratorio de
Imunopatologia Keizo Asami (LIKA)

Destino: Biotério de Experimentacao Biotério experimentagao animal do

Departamento de Bioquimica da
UFPE.

Atenciosamente

Prof. Sebastiao R. F. Silva
i~Presidente CEUA/UFPE
SIAPE 2345691

UFPE
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