MINISTERIO DA EDUCACAO

UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO
UNIVERSIDADE REGIONAL DO CARIRI

UNIVERSIDADE ESTADUAL DA PARAIBA
UNIVERSIDADE FEDERAL DE PERNAMBUCO
PROGRAMA DE POS-GRADUAGCAO EM ETNOBIOLOGIA
E CONSERVACAO DA NATUREZA - PPGETNO

JULIMERY GONCALVES FERREIRA MACEDO

ETNOBOTANICA, COMPOSICAO QUIMICA E ATIVIDADES BIOLOGICAS DE
ESPECIES MEDICINAIS DO GENERO Psidium L. (MYRTACEAE JUSS.)

RECIFE-PE
2022



JULIMERY GONCALVES FERREIRA MACEDO

ETNOBOTANICA, COMPOSICAO QUIMICA E ATIVIDADES BIOLOGICAS DE
ESPECIES MEDICINAIS DO GENERO Psidium L. (MYRTACEAE JUSS.)

Tese apresentada ao Programa de Pds-Graduacgdo
em Etnobiologia e Conservagdo da Natureza
(UFRPE, UEPB, URCA e UFPE) como parte dos
requisitos para a obtencdo do titulo de doutora em

Etnobiologia e Conservagéo da Natureza.

Orientadora:
Dra. Marta Maria de Almeida Souza
Universidade Regional do Cariri — URCA

Coorientador:
Dr. José Galberto Martins da Costa
Universidade Regional do Cariri — URCA

RECIFE-PE
2022



Dades Infemacionais de Camalogacio na Publicacio
Universidade Federal Rural de Pernambaco
Sistema Integrado de Biblictecas
Gerada antomaticamente, mediante os dades fomecides pelo(a) auwon{a)

M14le Macedo . Fulimery Gongalves Ferreim |
ETHOBOTANICA, CD‘.EPOE.ICAO QLM AE ATIVIDADES BIOLOGICAS DE ESPECIES MEDICINAIG DO
GENER(D Bsidium L. (MYRTACEAE JUS5.) f Tulimery Gongalves Femreira Macedo . - 2022,
145 £ il

Omientadara: Marfa Maria d= Almeida Sonza.

Coarientader: Jose Galbenio Mantins da Costa.

Tchu referdncias & amexo(s).

Tese (Duowtorada) - Universidade Federal Ruoral de Pemambmca, . Becife, 2022,

1. Araga. 1. Arvidade Antibacteriana. 3. Atvidads Antioxidamee. 4. ﬂlLec_-s essenciais. 5. Psidium, 1. Souza, Marta
Maria de Almeida. orient. IT. Cesta, Jose Galberto Martins da. coorient. IIT. Timlo




JULIMERY GONCALVES FERREIRA MACEDO
ETNOBOTANICA, COMPOSICAO QUIMICA E ATIVIDADES BIOLOGICAS DE
ESPECIES MEDICINAIS DO GENERO Psidium L. (MYRTACEAE JUSS.)

Tese apresentada ao Programa de Pds-Graduacdo em Etnobiologia e Conservacdo da Natureza
(UFRPE, UEPB, URCA e UFPE) como parte dos requisitos para a obtencéo do titulo de
doutora em Etnobiologia e Conservacao da Natureza

Tese Defendida e Aprovada em: 22 de fevereiro de 2022

Presidente:
l\{w«t—w\%%u?.k_
Profa. Dra. I\|/Iarta Maria de Almeida Souza
Universidade Regional do Cariri (URCA)

Examinadores:
Yave MO e & T
Profa. Dra. Maria Arlene Pessoa da Silva (Titular)
Universidade Regional do Cariri (URCA)
\“\M‘;?‘ WMauvielo Bir——

Prof. Dr. Luiz Marivando Barros (Titular)

Universidade Regional do Cariri (URCA)
i £ 0}z Rakicpuoro
Profa. Dra. Fabiola Fernandes Galvao Rodrigues (Titular)
Centro Universitario Doutor Ledo Sampaio (UNILEAO)

ﬂ 7o war (f )/ eag (1) u/a:@%

Prof. Dra. Antbnia Eliene Duarte (Titular)
UnlverS|dade Regional do Carlrl (URCA)

\ 2 u, e \ r
AJ\) RSV AN \ - \ A i)

Prof/Dr. Jodo Tavares Calixto Junior (Suplente)
Universidade Reglonal do Cariri (URCA)
L (iwt[-'- Nk Cf’}mf ’ Anchede (imhevie-

Profa. Dra. Jacqueline Cosmo Andrade Pinheiro (Suplente)
Universidade Federal do Cariri (UFCA



Dedico esse trabalho as pessoas que mais me ensinaram
sobre a natureza, observando-a com respeito e cuidado;
e mesmo ndo compreendendo direito o que eu fazia,
tinham orgulho de dizer “minha neta sera doutora dos
matos”. Meus avos: Zulmira Pereira (Voinha) — in

memorian e José Gongalves (Duquinha) — in memorian.



Eu me lembro muito bem do dia em que cheguei
Jovem que desce do norte pra cidade grande

Os pés cansados e feridos de andar Iégua tirana
E lagrimas nos olhos de ler o Pessoa

E de ver o verde da cana

Em cada esquina que eu passava, um guarda me parava
Pedia 0s meus documentos e depois sorria
Examinando o trés-por-quarto da fotografia

E estranhando o nome do lugar de onde eu vinha

A minha historia é talvez,

E talvez igual a tua, jovem que desceu do norte...
Eu sou como vocé
Eu sou como vocé

Eu sou como vocé

Fotografia 3x4 — Belchior



AGRADECIMENTOS

Agradeco em primeiro lugar, como tudo mais em minha vida, a Deus. Ele tem me
sustentado, guiado e dado forcas para enfrentar as dificuldades que apareceram nessa
empreitada. Obrigada senhor!

As Universidades que compGem o programa, Universidade Federal Rural de Pernambuco
(UFRPE), Universidade Estadual da Paraiba (UEPB), Universidade Federal de Pernambuco
(UFPE) e a Universidade Regional do Cariri (URCA) na qual essa pesquisa foi desenvolvida.
Obrigada pelo apoio e por contribuirem no meu crescimento profissional.

Ao Programa de Pds-Graduagdo em Etnobiologia e Conservacao da Natureza (PPGEtno),
pelos ensinamentos e conhecimentos partilhados com todos os docentes.

As instituicdes de fomento, Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) e a Fundacdo Cearense de Apoio ao Desenvolvimento Cientifico e
Tecnoldgico (FUNCAP) pela concesséo de bolsa de estudo possibilitando o desenvolvimento
dessa pesquisa.

A minha orientadora Profa. Dra. Marta Maria de Almeida Souza por ter aceitado essa
jornada de desafios junto comigo. Minha orientadora de Iniciacdo Cientifica, Mestrado e
Doutorado. Obrigada professora Marta por ter me recebido em seu laboratério ha 10 anos, ter
compartilhado seus conhecimentos académicos e de vida. Obrigada por me ajudar a crescer
pessoal e profissionalmente. Quando esse doutorado era apenas um sonho, o apoio e confianca
da senhora foram indispensaveis.

Ao meu coorientador Prof. Dr. José Galberto Martins da Costa por ter aceitado estar
comigo nessa jornada, pela parceria e apoio durante todo esse periodo. Obrigada pela confianca
e por ter aberto o LPPN para me receber. O senhor foi fundamental do desenvolvimento dessa
pesquisa.

Aos professores, Dra. Maria Arlene Pessoa da Silva, Luiz Marivando Barros, Dra. Fabiola
Fernandes Galvao Rodrigues, Dra. Antonia Eliene Duarte, Dr. Jodo Tavares Calixto Junior e
Dra. Jacqueline Cosmo Andrade Pinheiro por aceitarem participar da banca examinadora, pelas
valiosas sugestdes e por contribuirem para o aperfeicoamento e melhoria deste trabalho.

A professora Dra. Carolyn Elinore Barnes Proenca da Universidade de Brasilia (UnB) e
0 Dr. Marcos Eduardo Guerra Sobral da Universidade Federal de Sdo Jodo Del-Rei (UFSJ),
pelas identificacbes boténicas, uma das etapas fundamentais para o desenvolvimento da
pesquisa. As professoras Dra. Angela Maria de Miranda Freitas da Universidade Federal Rural
de Pernambuco (UFRPE) e a Dra. Rita de Céassia Araujo Pereira do Instituto Agronémico de
Pernambuco (IPA) pela ponte com os taxonomistas.

Vi



Ao Instituto Chico Mendes de Conservacgéo da Biodiversidade (ICMBIo) e ao Comité de
Etica em Pesquisa (CEP) da Universidade Regional do Cariri (URCA), pelas autorizacoes
concedidas para a coleta de dados.

Ao Laboratdrio de Ecologia Vegetal (LEV) da Universidade Regional do Cariri (URCA),
do qual faco parte e onde a pesquisa foi desenvolvida. Em especial as pessoas que me ajudaram
com as coletas de campo, Samille Lima, Maria de Oliveira, Bianca Almeida, Samara Feitosa,
Juliana Melo e Natalia Lacerda.

Ao Laboratdrio de Pesquisa de Produtos Naturais (LPPN) da Universidade Regional do
Cariri (URCA) onde parte da pesquisa foi desenvolvida, em especial a Janaine Camilo, Carla
Nonato, Gerson Javier e Fabio Fernandes pela colabora¢do com as anélises e ensaios.

Ao mateiro “Seu Cicero”, por compartilhar seu valioso conhecimento sobre as plantas e
me guiar na busca pelas espécies. A sua esposa “Dona Maria”, pela acolhida na sua residéncia
e ajuda na coleta das espeécies.

Aos motoristas da Universidade Regional do Cariri (URCA), especialmente Silvio,
Francisco e Edmilson, pela ajuda no transporte de campo e conversas divertidas.

As minhas amigas Everanne Lacerda, Ingrid Palécio, Isabel Cristina, Janaina Marques,
Juliana Rangel, Rogenia S4, Samille Lima, Samara Feitosa e Will Danielly Pereira com quem
compartilhei momentos alegres e descontraidos, mas que também estiveram presentes nas horas
dificeis e me deram forgas quando pensei que ndo iria dar conta. Muito obrigada meninas.

Ao Clube de Leitura Oxebook Cariri, do qual faco parte. Uma experiéncia incrivel que
compartilho desde 2021. O clube e os livros eram (sdo) meus locais de refugio quando a presséo,
a ansiedade e 0 medo que a pandemia da Covid-19 trouxe, ndo me deixavam respirar.

A minha familia, em especial aos meus pais Maria Gongalves e Antonio Ferreira, que
sempre estiveram apoiando minhas decis6es e acreditando em mim. Seu amor e dedicacdo me
motivaram a crescer pessoal e profissionalmente. Mainha e Painho, todo meu amor e
agradecimento a vocés. Vocés me inspiram. A minha irma amada Jany Mary Gongalves, pelas
conversas divertidas, seu amor e apoio. Ao meu sobrinho Heitor Lucas que me faz voltar a ser
crianca e arranca meus melhores sorrisos. A minha tia Lucineide Gongalves, uma segunda mae,
pelo carinho, amor e os conselhos sempre bem-vindos.

Ao meu esposo Plinio Macedo por todo amor, companheirismo, parceria, dedicacao e
paciéncia. Obrigada por estar comigo nos momentos vitoriosos, e nas horas dificeis quando

preciso desabafar. Seu companheirismo me faz vencer obstaculos, te amo.

Obrigada a todos!

vii



SUMARIO

1 U 1V SRR Xi

A B S T R A T ettt e e e nra e e nraeeanraaeaa Xii

1. INTRODUGAO GERAL .....ooieeeeeeeeeeeeeee et 13

1.1 OBJETIVOS E QUESTIONAMENTOS .....oooiiieie e 13

1.2 ESTRATEGIAS DE PESQUISA .....oouictieeteeeeeeteeeeeesss s s s, 15

1.3 ESTRUTURA DA TESE......cii ittt 18

2. CAPITULO 1: FUNDAMENTAGAO TEORICA ..ot 20

2.1. CARACTERIZAGAO ETNOBIOLOGICA E QUIMICA DO GENERO Psidium L..20

2.1.1. FAMILIA MYRTACEAE JUSS. ...ttt ettt 20

2.1.2. GENERO PSIHIUM L. 1.ttt 21

2.1.3. Psidium laruotteanum CAMBESS. .........cooooiiiieieeee e e 22

2.1.4. PSidium myrsiniteS DC........coueiiiiiiiiiiisiesieee e 23

2.1.5. Psidium salutare (KUNTH) O. BERG ........ccccoiiiiiieecec e 25

2.1.6. Psidium sobralianum LANDRUM & PROENCA..........ccccoiveii i 26

2.2. OLEOS ESSENCIAIS E ATIVIDADES BIOLOGICAS ........coeveeeeerveeeeesieeerensenan, 27

REFERENCIAS BIBLIOGRAFICAS ..ottt ssssssssenns 31

3. CAPITULO 2: MANUSCRITO | ..ocvcviieiceeeeieeeeeeve s ses s ses s, 39
Therapeutic indications, chemical composition and biological activity of native Brazilian

species from Psidium genus (Myrtaceae): A rEVIEW. ........cccceveierenerinesieeese e 40

IR 1o (0o [ Tox 1 o oSSR 41

2. Materials and MENOUS ........coiuiiiiiieeee e et ee e e nes 42

2.1, SEAICH SIFALEQY ... ettt bbb 42

2.2. Study selection and inclusion/exclusion Criteria..........cccccooveviveieiieseese e 43

2.3. Data organization and eXtraCtion .............ccccvveiieieiieie e 43

3. RESUILS AN ISCUSSION ....cvveuiiiiiiiiiieiie ettt 44

3.1. Analysis of bibliografic data..............ccccceeviiiiiicc e 44

3.2. Species, ethnobotany and distribULION ............cccooeiiiiiiiii e 45

3.3. Psidium species: ethnobotany, chemical composition and biological activity .......... 48

3.3.1. Psidium acutangulum DC..........cccooiiiiiiiiiiinieie e 71

3.3.2. Psidium brownianum Mart. X DC........ccccceiiiiieiieie e 73

3.3.3. Psidium cattleyanum Sabine...........coccoiiiiiiiiiiiiee e 74

3.3.4. Psidium densicomum Mart. eX DC........ccooiiiiiiiiiieeeeee s 76

3.3.5. Psidium grandifolium Mart. eX DC. ........cooviiiiiie e 76

3.3.6. PSIdIUM QUINEENSE SW. ....eiiiiiiiiieiiie ettt sttt e b annes 77

3.3.7. Psidium laruotteanum Cambess. ..........cccoviriiiiniiieieeee s 79

viii



3.3.8. Psidium myrsiniteS DC. .....ccoueieiieiieie e 79

3.3.9. Psidium myrtoides O. BeIQ........coeiieiiiieiieie ettt 80
3.3.10. Psidium salutare (Kunth) O. Berg.........cccevuiiieiieieiie e 80
3.3.11. Psidium schenckianum Ki@ersK. ..........c.ccovuriiriiiiiiieniiiseseeee e 81
3.3.12. Psidium sobralianum Proenga & Landrum ...........cccoceveeveiiievnene e 81
3.3.13. Psidium striatulum Mart. eX DC. .....ccoiiiiiiiie e 82

3.4. Traditional use and scientific INVEStIGAtIONS..........cccverieiiiieiiee e 82
@0 0] 111 [ S F RSP PRR 85
AULNOIS CONTITDULIONS ...ttt sr e neeenee e 86
g0 T a0 ST LU oSSR 87
D RETEIBINCES ... ettt et bbbttt b b 87
4. CAPITULO 3: MANUSCRITO oo nissen s 102
Chemical composition, antioxidant, antibacterial and modulating activity of the essential oil
of Psidium L. Species (IMYItaCeae JUSS.) .....cccvcvueiieirerieieeitesiesteesreseesteestesseesreeseesneessaeneeas 103
IR 1o (0o [0 Tox 1 o] o SRS 105
2. Materials and MENOUS ........coiuiiieiie et sre e 106
2.1. Collection and identification of botanical material ................ccoooiiiiniiiiie 106
2.2. Extraction and analysis of essential 0ilS............ccccooeiiiiiiiiiic 107
2.3, ANLIDACTEIIAL TEST ....o.veeeieciie et sre et sreesre e e 108
2.3.1. Determination of minimum inhibitory concentration (MIC) ...........cccccoveivennn. 108
2.3.2. Evaluation of the modulating effect ............ccooiiieiieie e 110

2.4, ANTIOXTAANT TEST .....viveieieieeieee et ens 110
2.4.1 DPPH free radical scavenging actiVity ...........cccccoeveiveiiiiesie e 110

2.5. STAtiStICAl ANAIYSIS .....ccveiieiiciie s 111
3. RESUILS AN QISCUSSION .....eeuveeeieiieiie et sie ettt tesneesaeenaeeneenreeneeas 111
3.1, Chemical @NalYSIS. ........ciiiiiiiieieie e 112
3.2. ANIDACTEITAl SSAY ....c.veveieieiiiee s 120
T I Y oo (U] - 14 T o OSSR 122

3.3. AntioXidant teSt (DPPH) ......cciiiiiiie e 123
o Of0] 0 [od [11 (o] ST URTTRPPRN 126
CRediT authorship contribution StateMeNt............cccvevieiiieiiie e 127
Declaration of COMPELING INTEIEST.........cviiiiiieieiireree e e 127
ACKNOWIEAGEMENTS ...t bbb 128
R 1=] 1] 0TSSR 128
5. CAPITULO 4: CONSIDERAQOES FINAIS ..o 136
5.1. PRINCIPAIS CONCLUSOES .......oiveeieeieeteseeestesese et isses s asnensenaenens 136



5.2. CONTRIBUICOES TEORICAS E/OU METODOLOGICAS DA TESE................... 137

5.3. PRINCIPAIS LIMITACOES DO ESTUDO .......coeviieeeevceeeeeieesseeisessesasses s senisnens 137
5.4. PROPOSTAS DE INVESTIGACOES FUTURAS.......coveieiieeiieieeeieeessessssserienes 138
5.5 ORCAMENTO ... ne e 139
ANEXOS ...t 140
ANEXO A: Documento de cadastro da pesquisa N0 SISGEN. .........cccverereeiieieneneseseeienes 141
ANEXO B: Documento de aprovacdo da pesquisa N0 CEP-URCA.........ccccoeiiiiiiicninnnn 142
ANEXO C: Documento de autorizacéo para coleta das espécies pelo SISBIO. ................... 143

ANEXO D: Artigo publicado a partir dos dados referentes ao capitulo 2 da tese. Therapeutic
indications, chemical composition and biological activity of native Brazilian species from
Psidium genus (MYrtaCeae): A TEVIEW. .......ccueiueririiriieieieiesie sttt 144

ANEXO E: Artigo submetido a partir dos dados referentes ao capitulo 3 da tese. Chemical
composition, antioxidant, antibacterial and modulating activity of the essential oil of Psidium
L. SPECIES (IMYITACEAE JUSS.) ...eeviieeiieiienieieste sttt sttt bbb 145



RESUMO

MACEDO, Julimery Gongalves Ferreira. Dra. Universidade Federal Rural de Pernambuco.
Fevereiro, 2022. Etnobotanica, composicdo quimica e atividades bioldgicas de espécies
medicinais do género Psidium L. (Myrtaceae Juss.); Orientacdo: Marta Maria de Almeida Souza

e José Galberto Martins da Costa.

Espécies medicinais do género Psidium L. (Myrtaceae Juss.) tém longo histérico de uso na
medicina popular para sanar ou tratar uma variedade de sintomas. A presenca de 6leos
essenciais pode explicar as mdltiplas atividades bioldgicas, como as antimicrobianas e
antioxidantes. Esse estudo teve como objetivo levantar os usos medicinais de espécies nativas
de Psidium e, analisar a composicdo quimica e atividades bioldgicas. Esse trabalho teve duas
fases, na 12 foi realizada uma revisao sistematica de artigos cientificos que interligava os termos
etnobotanica de plantas medicinais, composi¢do quimica e testes farmacoldgicos, para o
género, sendo utilizados 25 termos nas buscas. As publicacfes passaram por critérios de
inclusdo e exclusdo, como ano, idioma, home completo da espécie, bases de dados, tipo de
publicacdo. A pesquisa gerou um total de 4.202 registros, que apds passarem pelos filtros
estabelecidos 70 artigos foram analisados. Essa analise possibilitou a identificacdo de 13
espécies nativas de Psidium, as quais seis eram mencionadas na medicina popular, com
principal indicacdo dentro do sistema digestorio. Do total de espécies, 12 apresentaram
investigacdo de composicdo quimica e/ou atividade bioldgica, sendo seus compostos quimicos
apontados como 0s responsaveis pelas atividades aventadas. Na 22 fase, foram realizadas
analises quimicas e atividade antibacteriana, moduladora e antioxidante das espécies medicinais
Psidium laruotteanum Cambess., Psidium salutare (Kunth) O. Berg e Psidium sobralianum
Landrum & Proenca. As espécies foram coletadas em duas areas de Cerrado disjunto da
Chapada do Araripe (Brasil). A extracdo dos Oleos essenciais das folhas, se deu por
hidrodestilacdo e identificados por cromatografia gasosa acoplada a espectrometria de massas
(CG/EM). A atividade antibacteriana foi avaliada pelo método de microdiluicdo seriada,
determinando a concentracdo inibitéria minima (CIM) e atividade moduladora. No ensaio
bacteriano foi usado Escherichia coli Ec 27, Pseudomonas aeruginosa ATCC 15442,
Staphylococcus aureus Sa 358 e Streptococcus mutans INCQS 00446. O 6leo essencial de P.
laruotteanum, foi avaliado quanto ao efeito modulador frente aos antibi6ticos amicacina e
cefalotina. O método DPPH (1,1-diphenyl-2-picrylhdrazine), foi utilizado para avaliar a
atividade antioxidante. Os resultados foram analisados por ANOVA e teste de Tukey e
Bonferroni. Um total de 26 compostos foram identificados para as espécies. Estas,
demonstraram ser diferentes quimicamente, ndo apresentando nenhum composto comum as trés
espécies. Entre os majoritarios tiveram destaque, 1,8-cineol (57,07%), a-phellandrene (14,62%)
(P. salutare); Viridiflorol (27,89%), a-caryophyllene (27,62%) (P. laruotteanum); Viridiflorol
(11,64%) e a-pinene (11,78%) (P. sobralianum). O 6leo essencial de P. laruotteanum inibiu o
crescimento de E. coli na concentracdo 96 pg/mL, e demonstrou efeito sinérgico quando
associado a amicacina sobre S. aureus, com p<0,001. Psidium salutare e P. sobralianum,
inibiram crescimento bacteriano em concentragdes mais altas, entre 341,33 pg/mL e > 1024
pg/mL, com pouca relevancia do ponto de vista clinico. Em relacdo a atividade antioxidante,
os resultados exibiram concentracdo dependente, sendo o melhor resultado para o 6leo de P.
sobralianum com ICso de 5.99 mg/mL, quando comparado aos controles Acido Ascorbico 1Cso
0.02 mg/mL e Eugenol 1Cso 0.04 mg/mL.

Palavras-chave: Araca; Atividade Antibacteriana; Atividade Antioxidante; Atividade
Moduladora; Medicina Popular; Oleos essenciais; Psidium.
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ABSTRACT

MACEDO, Julimery Gongalves Ferreira. Dra. Universidade Federal Rural de Pernambuco.
February, 2022. Ethnobotany, chemical composition, and activites of medicinal species of the
genus Psidium L. (Myrtaceae Juss.); Orientation: Marta Maria de Almeida Souza and José

Galberto Martins da Costa.

Medicinal species of the genus Psidium L. (Myrtaceae Juss.) have a long history of use in folk
medicine to cure or treat a variety of symptoms. The presence of essential oils can explain the
multiple biological activities, such as antimicrobial and antioxidant. This study aimed to survey
the medicinal uses of native species of Psidium and analyze the chemical composition and
biological activities. This work had two phases in the 1st, a systematic review of scientific
articles was carried out that linked the terms ethnobotany of medicinal plants, chemical
composition, and pharmacological tests, for the genus, using 25 terms in the searches. The
publications went through inclusion and exclusion criteria, such as year, language, the full name
of the species, databases, type of publication. The research generated a total of 4.202 records,
which, after passing through the established filters, 70 articles were analyzed. This analysis
allowed the identification of 13 native species of Psidium, of which six were mentioned in folk
medicine, with the main indication within the digestive system. Of the total number of species,
12 showed an investigation of chemical composition and/or biological activity, and their
chemical compounds were identified as responsible for the activities suggested. In the 2nd
phase, chemical analysis and antibacterial, modulating, and antioxidant activity of the
medicinal species Psidium laruotteanum Cambess., Psidium salutare (Kunth) O. Berg and
Psidium sobralianum Landrum & Proenca were performed. The species were collected in two
areas of Cerrado disjoint from Chapada do Araripe (Brazil). The extraction of essential oils
from the leaves was carried out by hydrodistillation and identified by gas chromatography
coupled to mass spectrometry (GC/MS). Antibacterial activity was evaluated by the serial
microdilution method, determining the minimum inhibitory concentration (MIC) and
modulating activity. In the bacterial assay, Escherichia coli Ec 27, Pseudomonas aeruginosa
ATCC 15442, Staphylococcus aureus Sa 358, and Streptococcus mutans INCQS 00446 were
used. The essential oil of P. laruotteanum was evaluated for its modulatory effect against the
antibiotics amikacin and cephalothin. The DPPH method (1,1-diphenyl-2-picrylhdrazine) was
used to evaluate the antioxidant activity. The results were analyzed by ANOVA and the Tukey
and Bonferroni test. A total of 26 compounds were identified for the species. These were
demonstrated to be chemically different, not presenting any compound common to the three
species. Among the major ones, 1.8-cineole (57.07%), a-phellandrene (14.62%) (P. salutare);
Viridiflorol (27.89%), a-caryophyllene (27.62%) (P. laruotteanum); Viridiflorol (11.64%) and
a-pinene (11.78%) (P. sobralianum). The essential oil of P. laruotteanum inhibited the growth
of E. coli at a concentration of 96 pug/mL, and showed a synergistic effect when associated with
amikacin on S. aureus, with p<0.001. Psidium salutare and P. sobralianum inhibited bacterial
growth at higher concentrations, between 341.33 pg/mL and > 1024 pg/mL, with little clinical
relevance. In relation to antioxidant activity, the results were concentration-dependent, with the
best result for P. sobralianum oil with 1Cso 0of 5.99 mg/mL, when compared to controls Ascorbic
Acid 1Cs0 0.02 mg/mL and Eugenol 1Cso 0.04 mg/mL.

Keywords: Araga; Antibacterial activity; Antioxidant activity; Modulating activity; Folk
medicine; essencial oils; Psidium.
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1. INTRODUGCAO GERAL

1.1 OBJETIVOS E QUESTIONAMENTOS

As melhores opcdes para encontrar novos agentes eficazes contra uma variedade de
doencas humanas, como as de origem antivirais, antiparasitarias, anticanceres,
antioxidantes, antimicrobianas dentre outras, estdo nas substancias de fontes naturais
(NEWMAN; CRAGG, 2020). Uma das principais causas de morte do mundo, sdo
associadas a doencas infecciosas causadas por bactérias (DACOREGGIO; MORONI;
KEMPKA, 2019), devido principalmente ao desenvolvimento de resisténcia por parte de
microrganismos a produtos sintéticos, representando grave ameaga aos avancos da
assisténcia médica mundial (GORNIAK; BARTOSZEWSKI; KROLICZEWSKI, 2018;
WHO, 2021). Produtos naturais, podem desempenhar papel como agentes
potencializadores de farmacos padrdes, figurando como alternativa no combate a
resisténcia antimicrobiana (LANGEVELD; VELDHUIZEN; BURT, 2014).

O envelhecimento e enfermidades como cancer, inflamacéo, doencas degenerativas
e cardiovasculares, estdo associadas ao estresse oxidativo, em decorréncia do
desequilibrio no sistema oxidante-antioxidante, também correspondem a preocupacgdes
médicas mundiais (SUWANWONG; BOONPANGRAK, 2021). Em 2019, das 10
principais causas de morte no mundo, as doencas cardiovasculares lideravam o ranking
(WHO, 2020). A presenca de radicais livres e as espécies reativas de oxigénio (ROS) que
sdo produzidos como subprodutos no corpo humano durante o metabolismo celular, se
ndo eliminados, podem causar danos oxidativos e desencadear uma série de doencas,
como as relacionadas acima. Nesse sentido, o consumo de substancias com potencial
antioxidante pela alimentacdo ou medicamentos, podem remover as ROS do sistema e
fornecer beneficios a satde (AMORATI; FOTI; VALGIMIGLI, 2013; ZHANG et al.,
2011).

Substancias naturais, como 0s Oleos essenciais, oriundas do metabolismo
secundario de plantas com usos na medicina popular em detrimento a produtos sintéticos,
podem representar alternativas terapéuticas no tratamento ou cura de doengas e sintomas
relacionados a infec¢Oes por bactérias ou excesso de substancias oxidantes no corpo. Uma
vasta literatura tem propagado plantas medicinais com essas atividades (NEWMAN;
CRAGG, 2020; SOTTO et al., 2020; VALDIVIESO-UGARTE et al., 2019; VALUSSI
etal., 2021; WELI et al., 2019; ZIVARPOUR et al., 2021).
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Os diversos compostos quimicos produzidos por espécies vegetais, estdo
diretamente associadas a atividades biologicas que essas desempenham (SOTTO et al.,
2020; VALDIVIESO-UGARTE et al., 2019; VALUSSI et al., 2021). Em especial, os
0leos essenciais ou 0leos volateis, estdo presentes em cerca de 30% das espécies vegetais
analisadas quanto a presenca de compostos volateis, com destaque para varias familias de
angiospermas eudicotiledoneas, tais como Apiaceae, Lamiaceae, Lauraceae, Piperaceae,
Rutaceae e Myrtaceae, onde quase todas as espéecies pertencentes a essas familias, contém
6leos essenciais (HEINZMANN; SPITZER; SIMOES, 2017).

Dentre as familias botanicas produtoras de 6leos essenciais, destacamos Myrtaceae
Juss. e mais precisamente o género Psidium L. Espécies de Psidium tém histérico de uso
na medicina popular para tratar uma variedade de sintomas, como dores de cabeca, gripe,
doencas do sistema geniturinario (ABREU et al., 2015; SANTANA; VOEKS; FUNCH,
2016; SARAIVA et al., 2015). Todavia, as populacdes locais recorrem as espécies de
Psidium mais frequentemente para combater sintomas relacionados ao sistema digestorio.
Os remédios caseiros sao feitos a partir das folhas, cascas e frutos para tratar diarreias,
dores de barriga, disenteria, dores de estbmago e problemas intestinais (LOZANO et al.,
2014; MACEDO et al.,, 2015; PALHETA et al.,, 2017; PEDROLLO et al., 2016;
RIBEIRO et al., 2014; YAZBEK et al., 2019).

Através dessas informacdes advindas do saber medicinal popular, varias pesquisas
tém surgido na busca por substancias ativas com propriedades bioldgicas para as espécies
de Psidium. Em sua grande maioria, os trabalhos sdo realizados com Psidium guajava L.,
espécie cultivada em nosso pais e a de maior destaque medicinal, alimenticia, presenca
de Oleos essenciais e atividades bioldgicas (BEZERRA et al., 2018; MACHADO et al.,
2018; MORAIS-BRAGA et al., 2016a, 2016b; WELI et al., 2019). Esta também € a Gnica
espécie do género a constar na Monografia de Plantas Medicinais da Farmacopeia
Brasileira (ANVISA, 2019a), compéndio farmacéutico nacional, que estabelece o0s
requisitos minimos para a garantia da qualidade e da seguranca dos medicamentos
comercializados no pais, sejam eles de referéncia, genéricos, similares, fitoterapicos,
dentre outros.

As espécies nativas de Psidium, vem ganhando destaque em publicaces cientificas,
principalmente Psidium cattleyanum Sabine (Araca amarelo) e Psidium guineense Sw.
(Aracd), usadas tanto na medicina popular quanto na alimentacdo (BEZERRA et al.,
2018). Em recente publicacdo, Macedo et al. (2021) analisaram 13 espécies nativas do

género para o Brasil, e retrataram os usos medicinais populares dessas espécies, que estdo
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relacionados em grande parte a distdrbios digestivos, assim como composi¢do quimica
de extratos vegetais e 6leos essenciais e suas aplicabilidades em atividades bioldgicas. As
espécies sdo ricas em terpenos, compostos fendlicos, taninos e carotenoides. Essas
substancias conferem-lhes atividades biologicas como antiproliferativa, anti-
inflamatoria, antimicrobiana e antioxidante.

Quando destacamos 0s Gleos essenciais, ja foram relatados ao redor do mundo 110
registros para 18 espécies de Psidium (CAMPOS E SILVA et al., 2021). Estes apresentam
significativa variabilidade de compostos quimicos, sobressaindo-se a classe dos terpenos.
Monoterpenos (limonene, a-pinene, 1,8-cineole) ¢ sesquiterpenos (o-humulene, (E)-
caryophyllene) séo particularmente representativos nesse género (CAMPOS E SILVA et
al., 2021; MACEDO et al., 2021). Esses compostos estdo associados as atividades
bioldgicas apresentadas pelas espécies, seja como componente majoritario ou levando em
consideracdo todos os compostos presentes no 6leo (CAMPOS E SILVA et al., 2021;
JERONIMO et al., 2021; MACEDO et al., 2021; NASCIMENTO et al., 2018).

Pesquisas etnobotanicas em associacdo a estudos de composicdo quimica de
espeécies vegetais, tém trazido resultados promissores na descoberta de varias atividades
bioldgicas, para espécies nativas da flora brasileira. Indo em direcdo a esse cenario,
buscamos neste trabalho analisar a composicdo quimica de espécies medicinais nativas
de Psidium para o Brasil e verificar as atividades bioldgicas, associando-as as indicacdes
populares.

Considerando o uso medicinal popular e as atividades biologicas associadas aos
compostos quimicos das espécies de Psidium, levantamos os seguintes pressupostos: (1)
As indicacdes terapéuticas relatadas para espécies de Psidium, podem ser comprovadas
através da composicdo quimica e atividades bioldgicas. (2) Os 6leos essenciais das folhas,
apresentam resultados promissores contra bactérias tanto quanto antibidticos

convencionais e, podem atuar como antioxidantes naturais.

1.2 ESTRATEGIAS DE PESQUISA

O estudo foi realizado em éareas de Cerrado disjunto da Chapada Nacional do
Araripe, no municipio de Crato, estado do Ceara. A Chapada do Araripe é um planalto
localizado dentro do dominio da Caatinga no nordeste brasileiro, entre os estados do
Ceard, Pernambuco e Piaui. Apresenta altitude variando de 700m a 1000m e area de

aproximadamente 10.000 km?. E uma area que desperta grande interesse econémico e
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bioldgico pela sua heterogeneidade ambiental e recursos naturais. Possui tipos
vegetacionais de Savana (Cerrado), Savana estépica (Carrasco) e Floresta Estacional
Sempre-Verde (Floresta umida). Abriga duas unidades de conservacao de uso sustentavel,
uma Floresta Nacional (FLONA Araripe-Apodi), uma Area de Protecdo Ambiental (APA
da Chapada do Araripe) e ainda um Geoparque (Geopark Araripe) (CORREA; CORREA,
2015; COSTA; ARAUJO; LIMA-VERDE, 2004; LOIOLA et al., 2015).

Em éareas de Cerrado da Chapada do Araripe, Myrtaceae tem se destacado como
uma das familias botanicas mais ricas em nameros de espécies, assim como 0 género
Psidium (COSTA; ARAUJO; LIMA-VERDE, 2004; LOIOLA et al., 2015; RIBEIRO-
SILVA etal., 2012). A escolha do género teve como base essas informagdes, assim como
o fato dos integrantes apresentarem em suas folhas, estruturas morfolédgicas produtoras
de 6leos essenciais e investigacOes etnobioldgicas dentro das comunidades da Chapada
do Araripe. Essas espécies sao conhecidas popularmente como Aracas ou Marangabas.

As quatro espécies de Psidium (P. laruotteanum, P. myrsinites, P. salutare e P.
sobralianum) da Chapada do Araripe abordadas nessa pesquisa, foram mencionadas em
entrevistas com formulario semiestruturado, com questdes abertas e fechadas, sobre o
conhecimento das comunidades a respeito das espécies de Psidium e seu uso medicinal
(o artigo sobre esse tema nao foi possivel ser concluido, sendo interrompido devido a
pandemia do novo coronavirus em 2020). Esse tipo de técnica apresenta vantagens para
a coleta de dados, uma vez que questbes fechadas possibilitam uniformidades de
respostas, enquanto as abertas permitem maior liberdade ao entrevistado
(ALBUQUERQUE et al., 2014). Para realizacdo dessa etapa, a pesquisa foi cadastrada
no Sistema Nacional de Gestdo de Patriménio Genético e do Conhecimento Tradicional
Associado (SisGen), sob nimero de cadastro AE56B81 (ANEXO A) e aprovada pelo
Comité de Etica em Pesquisa (CEP) da Universidade Regional do Cariri (URCA) sob
parecer 2.954.183 (ANEXO B).

As espécies medicinais em estagios reprodutivos e disponiveis na area foram
coletadas através de turné guiada, tanto com os entrevistados que indicaram as espécies,
quanto com auxilio de mateiro. Essa aplicacdo metodoldgica é fundamental na validacéo
dos nomes vernaculares atribuidos as espécies. Visto que uma determinada espécie pode
apresentar variacGes de nomes populares, ou 0 mesmo nome ser utilizado para designar
especies distintas, tanto entre individuos de diferentes areas, quanto entre individuos de
uma mesma comunidade (ALBUQUERQUE et al., 2014). A coleta das espécies foi

autorizada pelo Sistema de Autorizacdo e Informagdo em Biodiversidade (SISBIO) do
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Instituto Chico Mendes de Conservacdo da Biodiversidade (ICMBIio), sob nameros,
63956-1 e 63956-2 (Renovacgédo) (ANEXO C).

O material boténico coletado, foi tratado segundo as técnicas de herborizagédo
propostas por Mori et al. (1989), e enviado para identificacdo em herbarios que possuiam
especialistas na familia (Myrtaceae) ou género (Psidium). Os especialistas a identificarem
as especies foram, a Dra. Carolyn Elinore Barnes Proenca da Universidade de Brasilia
(UnB) e o Dr. Marcos Eduardo Guerra Sobral da Universidade Federal de Sdo Jodo Del-
Rei (UFSJ), sendo o material testemunho depositado nos respectivos herbarios, Herbario
da Universidade de Brasilia (UB) e Herbario da Universidade Federal de Sdo Jodo Del
Rei (HUFSJ).

As demais especies apontadas nesse trabalho, foram levantadas através de reviséo
de literatura em quatro bases de dados, Scopus, ScienceDirect, PubMed e Web of Science.
Estiveram incluidas nessa busca, espécies nativas de Psidium para a flora do Brasil que
estavam identificadas com género e epiteto especifico, registro de uso na etnoboténica
médica, composi¢do quimica e atividades bioldgicas. Estipulamos um intervalo de 10
anos (2010 a 2019), periodo que apresenta maiores indices de trabalhos publicados com
0 tema ‘plantas medicinais e produtos naturais biologicamente ativos’ (YEUNG et al.,
2020), e apenas artigos cientificos publicados nesse periodo, foram considerados.
Trabalhos de revisdo podem fornecer uma concepcdo mais clara e abrangente sobre
determinado assunto, seu principal objetivo é viabilizar um resumo detalhado das
pesquisas disponiveis a fim de responder uma pergunta de pesquisa. Além de preencher
lacunas, deve possuir objetivos claros e critérios pré-determinados que sejam
transparentes e reproduziveis (CLARKE, 2011).

Com relacdo ao monitoramento dos compostos quimicos dos Gleos essenciais
presentes nas folhas, selecionamos um individuo de cada espécie no interior da area, com
caracteristicas semelhantes em relacdo ao comprimento, didmetro e em condicfes
homogéneas.

As folhas frescas foram submetidas ao processo de hidrodestilacdo por 2h em
aparelho tipo Clevenger modificado, para extracdo dos 6leos essenciais. Posteriormente,
os 6leos foram tratados com sulfato de sodio anidro (Na2SO4) e mantidos sob refrigeracao
< 4° C até 0o momento das andlises. A hidrodestilagdo é uma técnica laboratorial moderna
para extracio e determinacdo do teor de 6leos volateis. E bastante indicado para extrair
Oleos de plantas frescas, inclusive preconizado pela Farmacopeia Brasileira (ANVISA,
2019b; HEINZMANN; SPITZER; SIMOES, 2017). A identificacio dos componentes
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quimicos ocorreu por cromatografia gasosa acoplada a espectrometria de massas
(CG/EM). Esse método é utilizado para separar e quantificar substancias componentes
dos dleos essenciais. Apresenta vantagens pois permite a identificacdo e determinacéo
dos teores dos compostos presente nos 0leos. Em associacao a espectrometria de massas,
possibilita a separacdo dos componentes e fornece um espectro de massas para cada pico
cromatogréafico individual. A partir de uma espectroteca (espécie de biblioteca de
referéncia que inclui o espectro de massas de uma grande variedade compostos) instalada
a um computador, € possivel comprar o espectro de massas do composto alvo com aquele
de substancias do banco de dados, permitindo assim a identificada (HEINZMANN;
SPITZER; SIMOES, 2017).

Para as andlises das varias amostras dos ensaios antibacterianos, modulacéo e efeito
antioxidante, foi utilizado analise de correlacdo, ANOVA, por meio de teste de Tukey e
correcdo de Bonferroni. Estes métodos permitem a andlise de apenas um valor de
diferenca minima, a despeito da existéncia de varias médias. Essas andlises sdo
importantes, pois direcionam pesquisas para aquelas espécies que merecem mais atengdo

para serem usadas, por exemplo em investigacdes de bioprospecgéo.

1.3 ESTRUTURA DA TESE

A tese esta estruturada em quatro capitulos, os quais discorrem sobre 0s seguintes
assuntos:

Capitulo 1: refere-se a fundamentacdo teorica da tese, com abordagens pautadas
na tematica proposta na tese. Esta dividida em dois topicos. O primeiro, “Caracterizagao
etnobioldgica e quimica do género Psidium L.”, fornece os principais aspectos
etnobioldgicos e de composicdo quimica da Familia Myrtaceae e género Psidium. E de
maneira mais detalhada, a caracterizacdo desses aspectos para cada espécie da Chapada
do Araripe abordadas nesse trabalho. Sendo elas, Psidium laruotteanum Cambess.
(Marangaba peluda), Psidium myrsinites DC. (Marangaba amarela), Psidium salutare
(Kunth) O. Berg (Marangaba vermelha) e Psidium sobralianum Landrum & Proenga
(Araca de veado).

O segundo topico, “Oleos essenciais e atividades bioldgicas”, ¢ pautado na
conceituacdo e caracteristicas de Oleos volateis, assim com sua aplicabilidade em

investigacOes antibacterianas e antioxidantes.
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Capitulo 2: intitulado “Therapeutic indications, chemical composition and
biological activity of native Brazilian species from Psidium genus (Myrtaceae): A
review”, trata-se de uma revisdo sistematica baseada na literatura disponivel, em quatro
bases de dados. Este versa sobre conhecimento popular do uso medicinal de espécies
nativas do género Psidium para o Brasil, e riqueza de compostos quimicos associados as
atividades biologicas atrelada as espécies. Teve como objetivo: analisar as indicagdes
terapéuticas, os principais constituintes quimicos e as atividades biologicas das espécies
nativas de Psidium para o Brasil. E assim, contribuir com um diagnéstico sobre os estudos
destas espécies, bem como, mostrar se existe um padrdo com relacdo a essas
investigacdes, sugerindo futuras pesquisas de bioprospecc¢éo. Este capitulo foi publicado
em forma de artigo cientifico no periddico Journal of Ethnopharmacology, em outubro de
2021 (DOI: 10.1016/j.jep.2021.114248) (ANEXO D).

Capitulo 3: intitulado “Chemical composition, antioxidant, antibacterial and
modulating activity of the essential oil of three species of Psidium L. (Myrtaceae Juss.)
from northeastern Brazil”, traz uma analise sobre trés espécies medicinais nativas de
Psidium que ocorrem na Chapada do Araripe e em outros dominios fitogeograficos
brasileiros. O objetivo desse estudo foi: analisar a composicao quimica do 6leo essencial
das folhas de Psidium laruotteanum Cambess. (Marangaba-peluda), Psidium salutare
(Kunth) O. Berg (Marangaba-vermelha) e Psidium sobralianum Landrum & Proenca
(Araca-de-veado), e investigar o potencial antibacteriano e antioxidante, assim como
capacidade moduladora de antibidticos, atrelado a seus 6leos essenciais. Este capitulo
encontra-se nas normas do periodico Biocatalysis and Agricultural Biotechnology, ao
qual est& submetido (ANEXO E).

Capitulo 4: “Consideragdes finais”, aborda as principais conclusdes da tese,

relacionando os resultados aos objetivos propostos para cada um dos artigos elaborados.
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2. CAPITULO 1: FUNDAMENTACAO TEORICA
2.1. CARACTERIZACAO ETNOBIOLOGICA E QUIMICA DO GENERO Psidium L.

2.1.1. FAMILIA MYRTACEAE JUSS.

A familia Myrtaceae Juss. esta inserida na ordem Myrtales, distribuida nas regides
tropicais e subtropicais do globo, com picos de diversidade na América do Sul, Austrélia,
sudeste da Asia e em partes da Africa. E considerada umas das familias mais ricas do
mundo em numero de espécies, representada por 6019 espécies, 144 géneros e 17 tribos
(PROENCA et al., 2020; WCSP, 2017; WILSON, 2011). No Brasil, os representantes de
Myrtaceae abrigam 29 géneros e somam 1193 espécies, sendo 784 endémicas
(PROENCA et al., 2020). Suas espécies podem apresentar-se em forma de arvores,
arbustos ou subarbustos com cortex liso ou rugoso; flores com coloracdo
predominantemente branca; frutos do tipo baga, podendo conter uma ou varias sementes
com testa membranacea a 0ssea; geralmente as folhas sdo opostas, sem estipulas,
pecioladas, com pontuac@es transllcidas que apontam a presenca de cavidades secretoras
de 6leos essenciais (HEINZMANN; SPITZER; SIMOES, 2017; PROENCA et al., 2020).

Estudos ecoldgicos com Myrtaceae tem demonstrado sua importancia para a
funcionalidade ambiental, salientando que a producdo continua de seus frutos é um
recurso fundamental durante periodos de escassez de alimentos, evidenciando o papel
chave dessa familia para a manutengdo da fauna frugivora (STAGGEMEIER,;
CAZETTA; MORELLATO, 2017). Para a espécie humana € uma familia de destaque,
apresentando elevado valor econdmico por compreender um grande ndmero de espécies
com potencial alimentar, podendo ser comercializadas in natura para uso na fabricacédo
de doces, geleias, licores, sorvetes, dentre outros. Os principais géneros de interesse
econdmico sdo Eugenia, Myrciaria e Psidium (FRANZON et al., 2009; PEREIRA et al.,
2012).

Myrtaceae, além de evidenciar uma rica flora frutifera com potencial ecoldgico e
comercial, € significativamente reconhecida por populacdes tradicionais na utilizacdo de
suas espécies na medicina popular (ARAUJO et al., 2019; MACEDO et al., 2021).
Dessas, Capomanesia xanthocarpa O. Berge. (Guabiroba), Eugenia uniflora L. (Pitanga),
Eucalyptus globulus Labill. (Eucalipto), Myrciaria tenella (DC.) O. Berg (Cambui/murta)
e especies do género Psidium como, Psidium cattleyanum Sabine (Aracd amarelo),
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Psidium guajava L. (Goiaba) e Psidium guineense Sw. (Aracd) sdo exemplos
culturalmente usados na medicina por diversas comunidades (ARAUJO et al., 2019;
CRUZ; KAPLAN, 2004; FRANZON et al., 2009; MORAIS-BRAGA et al., 2016b;
PEREIRA et al., 2012; YAZBEK et al., 2019).

2.1.2. GENERO Psidium L.

O género Psidium, pertencente a familia Myrtaceae, abriga 185 espécies em todo o
mundo, com destaque para o Brasil, pais com maior nimero de ocorréncia dessas
espécies, 26458 (GBIF, 2020). Precisamente, em territério Brasileiro ja foram
catalogadas para o género 60 espécies, sendo 39 endémicas (TULER; PROENCA;
COSTA, 2020). Dos géneros com maior numeros de espécies da familia Myrtaceae
identificados na Flora do Brasil, Psidium fica atr&s apenas de Eugenia L., constituido por
407 espécies, representando o género de maior riqueza dentro da familia (MAZINE et al.,
2020; TULER; PROENCA; COSTA, 2020).

Psidium possui distribuicdo Neotropical, podendo ser encontrado do Sul do México
a Argentina, na india e em arquipélagos do Pacifico (FRANZON et al., 2009). O Brasil é
considerado um dos centros de diversidade para o género, estando representado em todos
os dominios fitogeograficos, com destaque para a Mata Atlantica e Cerrado, ambos
somam mais de 60% do total das espécies para o pais (FRANZON et al., 2009; TULER;
PROENGCA,; COSTA, 2020).

Morfologicamente o género pode ser caracterizado por folhas simples e opostas
com nervura submarginal, apresentando forma de vida desde arvores de grande porte a
pequenos arbustos. Flores pentdmeras; sépalas livres ou totalmente fundidas; pétalas
livres de cor branca ou creme; frutos com variacGes de cores, como verdes, verde-
amarelados ou amarelos; muitas sementes por furto; sementes com testa 6ssea (TULER
etal., 2017; TULER; PROENCA; COSTA, 2020).

As espécies de Psidium tém grande relevancia ecoldgica, econdmica e medicinal.
Ecologicamente, seus frutos carnosos com sementes pequenas, servem de alimentos para
diversos animais, como passaros e mamiferos. Essa relacdo ecologica tem promovido a
conservacao de diversidade do género, uma vez que 0S animais atuam como agentes
dispersores de sementes (GRESSLER; PIZO; MORELLATO, 2006; STAGGEMEIER,;
CAZETTA; MORELLATO, 2017). As propriedades organolépticas dos frutos e o

elevado teor de vitamina C, confere as especies de Psidium grande interesse econémico,
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podendo ser consumidos in natura ou processados na forma de doces, geleias e sucos.
Psidium guajava L. (goiaba, espécie naturalizada) é a representante de maior interesse
econdmico, ja as espécies nativas destacam-se Psidium cattleyanum Sabine e Psidium
guineense Sw., conhecidas popularmente como aracazeiros (FRANZON et al., 2009).

Na medicina popular, espécies de Psidium sdo utilizadas como agentes terapéuticos,
através do aproveitamento de partes como caule, raiz, folhas e flores, preparadas
principalmente através de infusdes e decoccBes. Sua utilizagdo tem historico no
tratamento de doencas e sintomas associadas a varios sistemas corporais, com indicagdes
para dores de cabeca, gripes, problemas geniturinarios e principalmente a disturbios do
sistema digestorio como dores estomacais, intestinais, diarreias e disenteria (MACEDO
et al., 2021; MORAIS-BRAGA et al., 2016Db).

As diversas indicacOes terapéuticas de espécies medicinais nativas de Psidium, tém
despertado a atencdo da industria farmacéutica por serem ricas em substancias
antioxidantes, antimicrobianas, antiflamatérias e atnociceptivas de extratos vegetais e
6leos essenciais (CAMPOS E SILVA et al., 2021; FRANZON et al., 2009; MACEDO et
al., 2021).

2.1.3. Psidium laruotteanum CAMBESS.

Psidium laruotteanum é uma espécie encontrada no continente Americano,
principalmente em paises da América no Sul (TROPICQOS, 2021a). No Brasil, ocorre em
forma de arbusto, medindo de 1 a 3 metros, com ocorréncia registrada em todos as regides
brasileiras em dominios fitogeograficos como Mata Atlantica, Pampa e Cerrado
(PROENCA; COSTA; TULER, 2020d). E conhecida popularmente como Aracé-
cascudo, no Brasil central e Marangaba na regido Nordeste (FAGG et al., 2015;
PROENGCA; COSTA; TULER, 2020d).

Para populagdes do Cerrado, a espécie € fonte de alimento tanto humano quanto
animal. O sabor exotico de seus frutos, a torna muito apreciada para consumo in natura
e em formas de doces e geleia (FRANZON et al., 2009; MEDEIROS et al., 2018). Nas
areas de ocorréncia natural de P. laruotteanum e outros aragazeiros, estes representam
(embora pequena) uma fonte adicional de renda para as populagdes locais. No entanto,
essa atividade esta ameacada, haja vista 0s avancos da agricultura empresarial intensiva,
colocando em risco a existéncia e manutencao das espécies (BEZERRA et al., 2018). Na

etnobotanica médica, ainda é uma espécie desconhecida.
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Estudos com abordagens de composi¢do quimica, tém descrito P. laruotteanum
com teor de compostos fenolicos totais, a partir da infusdo das folhas, de 576,56 mg de
acido gélico equivalentes por gramas de extrato seco (TAKAO; IMATOMI;
GUALTIERI, 2015). A composicdo do Oleo essencial, € rica em monoterpenos e
monoterpendides, onde o composto p-cimeno figura como 0 majoritario, com
concentracédo variando de 19,4 % a 34, 8 %. Outros compostos merecem destaque, 1,8
cineol (6,9 % - 19,2 %), a-pinene (9,2 % - 13,4 %) ¢ y-terpinene (3,6 % - 14 %)
(MEDEIROS et al., 2018).

Com relacdo a atividade biologica, possui resultados promissores. Atividade
antioxidante, associada ao alto teor de contetdo fendlico em sua composi¢do (TAKAO;
IMATOMI; GUALTIERI, 2015). Atividade antiparasitaria, onde os extratos de hexano
(ICs0 3,9 ng / mL) e acetato de etila (ICso 6,8 pg / mL) das folhas foram os mais ativos
contra Trypanosoma brucei gambiense, e contra Plasmodium falciparum, o extrato de
acetato de etila (ICso 16,3 pg/mL) se mostrou mais eficaz (CHARNEAU et al., 2016). Os
mesmos autores atestaram que 0s extratos ndo apresentaram citotoxicidade contra células
L6. Atividade microbiana e inseticida de extratos botanicos contra Diabroica speciosa e
bactérias isoladas do seu intestino. Sendo o extrato de acetato de etila capaz de controlar
0 desenvolvimento e a populacdo de D. speciosa, principalmente pela presenca de B’-
chalcanone, composto que atua como defesa quimica contra insetos (LUIZ et al., 2017).
O oleo essencial, testado contra o fungo xil6fago Gloeophyllum trabeum, demostrou
inibicdo muito pequena, cerca de 9 %, na maior concentracao testada (MEDEIROS,
2014).

2.1.4. Psidium myrsinites DC.

Psidium myrsinites conhecida popularmente como Aracé, é encontrada na natureza
em forma de arvore ou arbusto. Espécie frutifera nativa do Brasil, alcancando até seis
metros de altura e circunferéncia do tronco com cerca de 21 cm. E extensamente
distribuida pelas regides brasileiras, exceto a regido Sul, com ocorréncia em dominios de
Caatinga e Cerrado, areas de constante estresse abiotico, incluindo agua e temperaturas
extremas (BEZERRA et al., 2018; FRANZON et al., 2009; PROENCA; COSTA;
TULER, 2020a). Alguns individuos possuem glandulas laminares visiveis (tecido

especializado em secretar 6leos e outros produtos) e suas folhas ao serem trituradas

23



exalam cheiro agradavel, constatando a presenca de 0leos essenciais (BEZERRA et al.,
2018; GONCALVES; LORENZI, 2011; SILVA JUNIOR, 2005).

Folhas, frutos e casca do caule de P. myrsinites, sdo utilizados na preparagédo de
medicamentos caseiros no sistema meédico local de populacdes de Cerrado da Chapada
do Araripe na porc¢éo do Ceara. Através de infusdo das folhas e imersdo da casca do caule
em agua, as comunidades tratam sintomas como diarreias e dores de estbmago, inerentes
ao sistema digestério (LOZANO et al., 2014; RIBEIRO et al., 2014). Como em outras
espeécies de Psidium, seus frutos sdo valorizados na alimentacdo humana, sendo utilizados
na fabricacdo de geleias e sucos, além de serem consumidos in natura (FRANZON et al.,
2009).

Um importante constituinte quimico usado em cosméticos e perfumes para fixar a
fragrancia na pele, o linalol, € encontrado no 6leo essencial das folhas de P. myrsinites.
A presenca desse composto nesta espécie, e em outros Psidium, P. sartorianum (O. Berg)
Nied. e P. salutare (BEZERRA et al., 2018; MACEDO et al., 2018), podem representar
uma alternativa sustentavel para a exploracdo desse recurso, visto que a principal fonte
de linalol é Aniba rosiodora Ducke (Pau-rosa), onde o 0Oleo é extraido do tronco,
colocando as populacdes dessa espécie em risco eminente (BEZERRA et al., 2018;
CASTELO; MENEZZI; RESCK, 2010; FRANZON et al., 2009).

Extraido principalmente das folhas, o 6leo essencial de P. myrsinites apresenta
predominio de derivados caryophyllenes (CAMPOS E SILVA et al., 2021; MACEDO et
al., 2021). Analises quimicas de diferentes regides do Brasil, ttm demostrado constancia
nos constituintes quimicos majoritarios da espécie. Por exemplo, no Centro-oeste do
Brasil houve preponderancia de E-cariofileno (31 %), a-humuleno (12,3 %), éxido de
cariofileno (7,3 %) (DURAES et al., 2017) e 6xido de cariofileno (26,1 %), epoxido de
humuleno (8,8 %), B-cariofileno (7,4 %), a-cariofileno (5,4 %), mirceno (5,4 %)
(MEDEIROS et al., 2015). Assim como no Nordeste, onde os compostos (E)-B-
cariofileno (26,1 %), a-humuleno (23,9 %), 6xido de cariofileno (10,1 %), epdxido de
humuleno 11 (6,4 %), e cariofiledienol 11 (5,66 %) figuram como os majoritarios (DIAS
etal., 2015).

Pesquisas tém apontado atividades bioldgicas para o 6leo essencial de P. myrsinites,
principalmente como inseticida. A espécie apresentou atividade larvicida frente a larvas
de Aedes aegypti L. (vetor transmissor da dengue e da Chikungunya) com concentragdo
letal (CL) de CLso 292 mg/L (DIAS et al.,, 2015), sendo esta, considerada uma
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concentracdo eficaz desenvolvida a partir de produtos naturais, com potencial larvicida
contra mosquitos, segundo critérios estabelecidos por Komalamisra et al. (2005).

Investigagdes antibacterianas indicam que os compostos quimicos presentes nos
extratos etanoico e cetdnicos das folhas de P. myrsinites frente a cepas de Staphylococcus
aures e S. epidermidis, podem ser substancias usadas no tratamento de patologias
causadas por agentes microbianos (DURAES et al., 2017), visto que as concentragdes
testadas foram sensiveis aos extratos com intensidade moderada (HOLETZ et al., 2002).
O mesmo ndo aconteceu com o Oleo essencial, apresentando concentracdo inibitoria
minima com valores > 2.000 ug.mL™ contra todas as bactérias testadas (DURAES et al.,
2017). Resultado divergente, quando analisada outra espécie nativa do género com
composi¢do quimica semelhante a P. myrsinites, rica em derivados cariofilanos. Por
exemplo P. myrtoides O. Berg. apresenta entre 0s compostos majoritarios trans-f-
cariofileno (30,09 %), a-humuleno (15, 9 %) e oxido de cariofileno (7,3 %) e demostrou
moderada atividade antibacteriana frente a Streptococcus mitis, S. sanguinis, S. sobrinus,
S. salivarius, e forte atividade frente a S. mutans com MIC 62,5 pg/mL (DIAS et al.,
2019).

2.1.5. Psidium salutare (KUNTH) O. BERG

Psidium salutare ¢ amplamente distribuida nas Ameéricas, indo do México ao
Uruguai, sendo endémica da parte ocidental de Cuba (PINO; QUERIS, 2008;
TROPICOS, 2021b). Nativa da flora brasileira, forma de vida arbustiva ou subarbustiva,
com tamanho variando entre um e trés metros de altura. E distribuida em todas as regides
do Brasil, com ocorréncia em dominios fitogeograficos de Cerrado, Amazonia, Mata
Atlantica e Pampas. Possui varios sinbnimos e uma variedade, Psidium salutare var
pohlianum (O. Berg) Landrum, distinguindo-se pelo tamanho, até 10 metros, folhas
maiores e casca asperas com fendas profundas (LANDRUM, 2003; PROENCA; COSTA;
TULER, 2020e).

S&o escassos registros na literatura que aponte P. salutare sendo empregada por
populacdes locais para alguma utilizacdo. As informacdes sdo vagas ou referéncias
utilizadas néo direcionam para afirmacdes precisas. Bezerra et al. (2018); Franzon et al.
(2009), indicam que esta, encontra-se entre uma das principais espécies do género na
Regido Centro-Oeste do Brasil, mas ndo especificam em quais quesitos. Macédo et al.

(2018), afirmam que na Regido do Cariri (Nordeste do Brasil) a mesma é utilizada na
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alimentacdo e na medicina popular para tratar doencas e sintomas associadas ao sistema
digestdrio, porém as referéncias utilizadas para tal afirmacéo, mostra espécies de Psidium
identificadas apenas a nivel de género. N&o sendo, portanto, uma informacéo consistente.
A informacdo mais proxima a uma utilizacdo popular € a da comunidade La Lechura,
municipio de Los Palacios em Cuba, onde possui uma area produtora de Guayabita del
Pinar (nome vernaculo para a espécie, na referida localidade), utilizada com recurso
florestal ndo madeireiro, vindo a se tornar uma bebida, conhecida pelo mesmo nome
popular (AVILA-GARCIA; MEZQUIA-MESA; VALDES-RODRIGUEZ, 2018).

Analises quimicas do 6leo essencial de P. salutare, demonstra que as folhas da
espécie sdo ricas em terpenos, com maiores concentracdes para p-cimeno (17,83%), y-
terpineno (17,09%), terpinoleno (16,99%), t-cadinol (15,20%) (MACEDO et al., 2018) e
Caryophyllene oxide (39,8 %) e ar-turmerone (17,3 %) (PINO et al., 2003). Para os frutos,
109 compostos volateis foram identificados, sendo encontrados terpenoides, ésteres e
derivados cinamila. Os compostos majoritarios dessas analises foram, limone (17,3%),
mirceno (16,2%), a-pineno (9,3%), viridiflorol (37,28 mg / 1), epi-a-cadinol (28,79 mg /
), linalol (12,88 mg / 1) e a-cadinol (12,34 mg / ) (PINO; MARBOT; BELLO, 2002;
PINO; QUERIS, 2008).

Atividades antifungicas tém sido evidenciadas para o 6leo essencial de P. salutare,
quando testadas frente a cepas do género Candida. O o6leo apresenta atividade
modulatoria, principalmente para C. albicans 40006 com ICsg variando de 2,7 pg/mL a
8,0 pg/mL, exibindo concentracdes menores do que o fluconazol (antifingico sintético)
com ICso 16,7 pg/mL (MACEDO et al., 2018).

Outras atividades farmacolégicas tém sido demostradas para P. salutare. Atividade
antioxidante do extrato de acetato de etila foi demostrado por Simonetti et al. (2016), com
inibicdo de 94,08 % do radical DPPH a uma concentracdo de 50 pg/mL e 1Cso de 13,63
+ 0,51 pg/mL do extrato etanoico. E ainda, atividade antibacteriana do extrato hexanico
frente a Listeria monocytogenes, com concentracao inibitéria minima (CIM) de 312, 5
pg/mL e concentracdo bactericida minima (CBM) de 625 pg/mL.

2.1.6. Psidium sobralianum LANDRUM & PROENCA

Psidium sobralianum é uma espécie endémica do Brasil, recém descrita (2015),
com forma de vida arbustiva ou arborea, com altura variando de trés a 25 metros de altura.

Tem ocorréncia confirmada regido Norte (Pard) e mais amplamente no Nordeste (Ceara,
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Maranh&o, Pernambuco), em dominios fitogeograficos de Caatinga, Cerrado e Carrasco
(LANDRUM; PROENCA, 2015; PROENCA; COSTA; TULER, 2020b). E estreitamente
relacionada com P. bahianum (espécie que ocorre na Mata Atlantica Baiana) e os autores
as consideram espécies alopatricas, ambas ocorrendo no Nordeste Brasileiro, que
concentra uma grande diversidade de Myrtaceae de modo geral (LANDRUM;
PROENCA, 2015; PROENCA; COSTA; TULER, 2020c, 2020b).

Na medicina popular, é comumente conhecida como Araga de veado e tem sido
usada pela populacdo local da Chapada do Araripe para tratar transtornos do sistema
digestorio, como disenteria (LOZANO et al., 2014), e no alivio de sintomas respiratorios,
como dores de garganta e gripe (Beatriz M. Gomes, comunicacao pessoal - LANDRUM;
PROENCA, 2015). A populacéo ainda a utiliza na alimentacéo, especialmente devido a
caracteristicas especificas dos frutos de muitas espécies nativas de Psidium, com sabor
exotico e elevado teor de vitamina C (ASSIS et al., 2020; BEZERRA et al., 2018;
FRANZON et al., 2009).

Psidium sobralianum, esté entre as frutas da sociobiodiversidade do Nordeste do
Brasil com quantidades varidveis de vitaminas importantes para a saide humana, como
por exemplo vitamina B5, B6 e principalmente vitamina C, com valores variando de 2,03
mg/100g a 4,13 mg/100g da fracdo comestivel. Além de ser fonte de carotenoides,
conhecidos por desempenhar relevante papel na prevencdo de céncer e atividade
antioxidante (ASSIS et al., 2020).

A presenca de compostos fenolicos no extrato hidroalcéolico das folhas de P.
sobralianum, foi responsavel pela atividade antioxidante com teor de compostos
fendlicos de 417,48 mg/g e flavonoides de 12,54 mg/g (SOBRAL-SOUZA et al., 2014).
E uma espécie com poucos relatos bibliograficos sobre atividades bioldgicas, assim

como, andlise de composicdo quimica, principalmente do 6leo essencial.

2.2. OLEOS ESSENCIAIS E ATIVIDADES BIOLOGICAS

Os Gleos essenciais podem ter diversas nomenclaturas, sendo chamados de 6leos
volateis, Oleos etéreos ou esséncias. Sao misturas complexas de substancias volateis,
obtidas de matérias-primas vegetais. Entre suas principais caracteristicas estdo, a
volatilidade, aroma agradavel e intenso (ha maioria das espécies), solubilidade em
solventes organicos apolares (HEINZMANN; SPITZER; SIMOES, 2017).
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Os componentes quimicos presentes nos 0leos essenciais podem variar de 20 a 200
compostos, e cerca de 3.000 substancias quimicas distintas ja foram detectadas em éleos
essenciais (HEINZMANN; SPITZER; SIMOES, 2017). Embora exista uma grande
diversidade quimica observada para os 6leos essenciais, as classes mais encontradas sdo
os fenilpropanoides e os terpenos. Estruturalmente os terpenos sdo formados pela
combinacéo de unidades de isopreno (Cs Hg), resultando na produgéo de hidrocarbonetos.
Os principais terpenos oriundos dessas combinacdes sdo os monoterpenos (Cio Hie) €
sesquiterpenos (Cis H2s4) ou cadeias mais longas, como diterpenos (C2o Hs2) e triterpenos
(Cz0 Hao). Quando ha adicdo de moléculas de oxigénio, esses passam a ser chamados de
terpenoides. Os fenilpropanoides, sdo menos variados do que o0s terpenos. Sao
caracterizados por um anel aromético ligado a uma hidroxila e uma cadeia de trés &tomos
de carbonos (CARSON; HAMMER, 2010; HEINZMANN; SPITZER; SIMOES, 2017).

Os Oleos essenciais tém sido usados ha séculos como remédios terapéuticos. Nas
ultimas décadas, pesquisas tém revelado diversas atividades bioldgicas relacionadas ao
seu uso. Atividades com efeitos antibacterianos, antifungicos, anti-inflamatorios,
antirreumaticos, antitdssicos, antioxidantes, expectorantes, imunomoduladores e
sedativos, tém sido evidenciadas (AMORATI; FOTI; VALGIMIGLI, 2013; CARSON;
HAMMER, 2010). Estes, podem atuar ainda, na cogni¢do, memoria e humor. Os meios
de aplicacdo dependem da fisiopatologia. Para sintomas respiratérios e nervosos, o
tratamento pode ser feito por meio de inalacdo, enquanto doencas de pele, por exemplo
herpes labial e herpes genital, a aplicacdo topica é a melhor forma de terapia. Essas
atividades podem ser atribuidas, aos principais grupos de compostos encontrados nos
6leos essenciais, 0s monoterpenos e sesquiterpenos, presentes em proporgoes
significativas (CARSON; HAMMER, 2010).

A quantidade dos diferentes componentes dos 6leos essenciais, podem variar entre
as partes da planta (folha, flor, casca, raiz e semente), assim como entre espécies de
plantas (CHALCHAT; OZCAN, 2008; HEINZMANN; SPITZER; SIMOES, 2017;
MAGGIONI et al., 2018). Diferentes tecnicas sdo empregadas para extracdo de 0leos
essenciais, como destilacdo a vapor, extragdo de solvente e extracao de fluido supercritico
(HEINZMANN; SPITZER; SIMOES, 2017). Entre suas caracteristicas e de seus
componentes esta a hidrofobicidade, o que favorece seu mecanismo de acdo causando
danos irreversivel na parede e membrada celular bacterina, tornando-as mais permeaveis.

Isso pode resultar na morte da célula bacteriana devido ao vazamento de proteinas e
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moléculas de DNA e RNA (CHOUHAN; SHARMA; GULERIA, 2017; VALDIVIESO-
UGARTE et al., 2019).

Compostos quimicos do tipo terpenoides como mentol, timol, carvacrol, geraniol e
linalol, que apresentam em sua estrutura atomos de oxigénio ou grupo metila, apresentam
maior atividade antibacteriana. Estando esse fato relacionado aos seus grupos funcionais,
sendo o grupo hidroxila e a presenca de elétrons desemparelhados, elementos importantes
para a acao antimicrobiana (NAZZARO et al., 2013). Ja hidrocarbonetos como terpineno,
limoneno, pineno e 1,8-cineol (presente em muitas espéecies de Psidium, as vezes como
compostos majoritarios), demonstram atividade antibacteriana elevada, no entanto menos
eficientes quando comparadas aos terpenoides (BASAVEGOWDA,; BAEK, 2021;
NAZZARO et al., 2013). De maneira geral, a eficicia antibacteriana depende de
diferentes caracteristicas dos 6leos essenciais e seus componentes, como por exemplo a
presenca de determinados grupos quimicos, estruturas em anel e cadeias laterais
(BASAVEGOWDA; BAEK, 2021).

Além de atividade antibacteriana, os o0leos essenciais desempenham papel
importante em atividades antioxidantes, o que é justificado pelo envolvimento do estresse
oxidativo na doenca. Essas propriedades se deve ao modo de acdo de alguns de seus
componentes, em especial os compostos fendlicos, com capacidade de interromper ou
retardar a oxidacao, prevencdo de iniciacdo de cadeia, sequestradores de radicais livres,
agentes redutores, dentre outras (AMORATI; FOTI; VALGIMIGLI, 2013). Os
constituintes do tipo fenolicos, sdo compostos organicos formados por um grupo hidroxila
(-OH) ligado diretamente a um atomo de carbono no anel aroméatico. O atomo de
hidrogénio do grupo hidroxila pode ser doado aos radicais livres, evitando assim que
outros compostos sejam oxidados (TONGNUANCHAN; BENJAKUL, 2014).

Outras substancias naturais presentes nos 0leos essenciais, sem o grupo fenol,
expressam comportamento antioxidante. Por exemplo, terpenoides com estrutura de
ciclohexadieno, como o y-terpineno (AMORATI; FOTI; VALGIMIGLI, 2013) presente
no 6leo essencial de varias espécies botanicas incluido as do género Psidium (CAMPOS
E SILVAetal.,, 2021; MACEDO et al., 2021), causam aumento na taxa de terminacgdo da
cadeia oxidativa, encurtando dessa maneira 0 comprimento da cadeia e reduzindo a taxa
geral de oxidacao. Exibindo portanto, comportamento antioxidante (AMORATI; FOTI;
VALGIMIGLI, 2013).

Alguns fatores como a espécie botanica, genética, variagdo geografica, condigdes

ambientais, dentre outros, podem afetar a composi¢do quimica dos 6leos essenciais,
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refletindo em diferentes atividades antioxidantes. Isso também se aplica a 6leos obtidos
por diferentes técnicas de extra¢do. Por exemplo, o teor de eugenol no 6leo essencial das
folhas de Pimenta dioica (L.) Merr. (Myrtaceae) foi de 77,4 % quando obtido por extracéo
com fluido supercritico (EFS), e de apenas 45,4 % por hidrodestilacio (MARONGIU et
al., 2005).

Espécies de Psidium tém demonstrado atividade antioxidante atrelada a seus
compostos quimicos, tanto por extracdo de solvente usando hexano, metanol, etanol,
acetona, quanto por hidrodestilacdo, no caso dos compostos volateis. Como exemplo
podem ser citadas as espécies P. brownianum, P. cattleyanum, P. grandifolium, P.
guajava, P. guineense, P. laruotteanum, P. salutare (CAMPOS E SILVA et al., 2021;
MACEDO et al., 2021).
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Abstract

Ethnopharmacological importance: Brazilian medicinal species of the Psidium genus are
rich in secondary metabolites such as terpenes and phenolic compounds and present
biological activities for several human diseases. For the native Psidium species, there are
no specific research reports for any member of the genus about ethnobotanical research,
hindering the joint analysis of its therapeutic indications together with the scientific

evidence already investigated.

Study objective: Analyze the therapeutic indications, the main chemical constituents, and

the biological activities of native species of the Psidium to Brazil.

Materials and methods: Systematic research was carried out in the Scopus, ScienceDirect,
PubMed, and Web of Science databases over a period of ten years. Articles in English,
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Portuguese and Spanish were used. The research was divided into three phases, seeking
information on ethnobotany, chemical composition and biological activities. The words

were combined to structure the descriptors used in the search.

Results: A total of 13 native species belonging to the Psidium genus were identified in
this analysis, Psidium acutangulum DC., Psidium brownianum Mart. ex DC., Psidium
cattleyanum Sabine, Psidium densicomum Mart. ex DC., Psidium grandifolium Mart. ex
DC., Psidium guineense Sw., Psidium laruotteanum Cambess., Psidium myrsinites DC,
Psidium myrtoides O. Berg, Psidium salutare (Kunth) O. Berg, Psidium schenckianum
Kiaersk., Psidium sobralianum Proenca & Landrum, Psidium striatulum Mart. ex DC. Of
these, six were indicated in folk medicine, digestive system disorders being their main
therapeutic indication. Most species presented an investigation of chemical composition
and biological activity. They are rich in phenolic compounds, flavonoids, and terpenes

and have antimicrobial, antioxidant, antiproliferative, and repellent activities.

Conclusions: Native species of the Psidium genus are important sources of active
ingredients in combating adversities that affect the human health, especially regarding the
digestive system. They have a rich chemical composition, responsible for the biological
activities demonstrated for the species.

Keywords: Ethnobotanical survey; Medicinal plants; Chemical characterization;

Biological activity; Psidium.

1. Introduction

The richness of Brazilian medicinal species has contributed considerably to the
development of therapeutic alternatives through the identification of secondary
metabolites, which present activity for several diseases that affect human health
(Zivarpour et al., 2021). Among these species, the Myrtaceae family stands out, one of
the ten angiosperms families with the most diversity, with 1,028 species and 27 genera
(BFG et al., 2015; Flora do Brasil, 2020). The Psidium genus, belonging to this family, is
well distributed with around 185 species in the world (GBIF, 2021). It houses species in
all phytogeographic domains of the Brazilian territory, presenting a wealth of 60 species,

of which more than 65% (39 species) are considered endemic (Flora do Brasil, 2021).
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Members of this genus are indicated in ethnobotanical research for curing various
human diseases (Abreu et al., 2015; Santana et al., 2016; Yazbek et al., 2019) and some
have already proven their popular uses through investigations (Macalbas-Silva et al.,
2019; Macédo et al., 2018). They present of fruits of commercial interest for the food
industry (Franzon et al., 2009) and leaves rich in essential oils (Weli et al., 2019). Species
of this genus, such as Psidium guajava L., have stood out in research in several areas
(Ribeiro et al., 2017; Souza et al., 2018; Weli et al., 2019) probably for being distributed
thoughout the entire Brazilian territory, despite being naturalized (Flora do Brasil, 2020).

For native species, some works with chemical and pharmacological research are
reported (Dias et al., 2015; Houél et al., 2016; Macédo et al., 2018; Schiassi et al., 2018;
Vinholes et al., 2017). However, there are no specific researches for any native member
of the genus regarding to ethnobotanical research, as they are found in surveys
(checklists) along with several other species. Scientific research with native species
popularly used to cure diseases can benefit both the health of communities and enhance
the development, management and commercialization of these plants and their by-
products by the food, phytotherapy and pharmaceutical industries.

The medicinal importance of the Psidium genus, the relevance of chemical and
pharmacological properties linked to the need for further studies that gather information
on species of this genus native to Brazil, this research aimed to analyze its therapeutic
indications, main chemical constituents and biological activities, thus contributing to a
diagnosis on the studies of these species, as well as possibly identifying the presence of a

pattern in relation to these investigations, suggesting future bioprospecting researches.

2. Materials and methods

2.1. Search strategy

The research was carried out in four databases: Scopus, ScienceDirect, PubMed
and Web of Science. Three parallel searches were carried out, the first sought information
on medicinal ethnobotanical use of the Psidium genus for Brazil using the following
descriptors: ‘Ethnobotany, medicinal plants and Brazil’, ‘Ethnobotany, medicinal plants,
Psidium and Brazil’, ‘Traditional medicinal use, Psidium and Brazil’ and ‘Ethnobotany,
Psidium and Brazil’; the second, information on chemical composition and biological

activities of the species found in the first search (Psidium acutangulum DC., Psidium
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cattleyanum Sabine, Psidium densicomum Mart. ex DC., Psidium guineense Sw., Psidium
myrsinites DC., Psidium sobralianum Proenga & Landrum) , and then combined with the
descriptors ‘chemical composition’, ‘biological activity’ and ‘pharmacological tests’. A
third search was carried out on chemical composition and biological activities, in the
search for species that were not found in previous searches, because their studies are not
directly related to ethnobotany, but that presented the mentioned data (chemical
composition and biological activities) (Psidium brownianum Mart. Ex DC., Psidium
grandifolium Mart. Ex DC., Psidium laruotteanum Cambess., Psidium myrtoides O.
Berg, Psidium salutare (Kunth) O. Berg, Psidium schenckianum Kiaersk., Psidium
striatulum Mart. Ex DC.). Using the descriptors ‘Psidium and chemical composition’,

‘Psidium and biological activity’ and ‘Psidium and pharmacological tests’.

2.2. Study selection and inclusion/exclusion criteria

Titles, abstracts and full articles were analyzed according to the research
objectives. The selected articles were required to have an ethnobotanical application for
medical use and only native species of Psidium for Brazil, according to the Flora do Brasil
2020 database (Flora do Brasil, 2020) and those that were correctly identified, genus +
specific epithet , were selected. For the correct spelling of scientific names, the websites
Flora do Brasil 2020 (Flora do Brasil, 2020) and Tropicos (Tropicos, 2020) were
consulted.

The search for descriptors was limited to an interval of 10 years, from January 1,
2010 to December 31, 2019, a period that presents the highest indexes of works published
with the theme ‘medicinal plants and biologically active natural products’ (Yeung et al.,
2020). Articles in English, Portuguese and Spanish were used. The articles with
information on chemical composition and biological activity were not limited by territory,
but followed the same time interval.

Monograph works, dissertations, theses, abstracts published in events,
bibliographic reviews, exotic species or naturalized to Brazilian flora, as well as articles
that did not present native Psidium species or were outside the databases, were not

considered in this research.

2.3. Data organization and extraction
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The data were organized in Excel spreadsheets. The extracted information
included Psidium species found in the articles, vernacular names, medicinal use, part
used, method of preparation, region of Brazil and later chemical composition and
biological activities. Representations of chemical structures were developed in the
ChemDraw Ultra v. 12.0.

3. Results and discussion

3.1. Analysis of bibliografic data

The database search generated 4,202 records, using the descriptors already
mentioned. After applying the inclusion and exclusion criteria, 1,882 remained, of which
1,750 were excluded based on the title, abstract and duplicates. A total of 132 complete
articles were evaluated and 65 were excluded for not meeting the review objectives. Of
the 67 articles included for analysis in the present review, 19 were found for descriptors
referring to ethnobotany and 48 for those of chemical components, biological activities

and pharmacological tests (Fig. 1).

Scopus Web of Science ScienceDirect Pub Med
(n=792) (n=535) (n=2.440) (n=435)
[ \
A
4.202 records identified by No records added
searching the database outside the
databases
]
v
1.882 records selected after 1.750 records
inclusion and exclusion —»  excluded in title,
criteria summary and
duplicates
A,
132 records selected by title 65 articles excluded
and summary |—»{ for not meeting the
review criteria
67 articles included in the
bibliographic analysis

, '

Ethnobotanical records Biological activity
and chemical records

N=19

N= 48

Fig. 1. Diagram of bibliographic records obtained from the review.
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3.2. Species, ethnobotany and distribution

A total of 13 native species belonging to the Psidium genus were registered in this
analysis, P. acutangulum, P. brownianum, P. cattleyanum, P. densicomum, P.
grandifolium, P. guineense, P. laruotteanum, P. myrsinites, P. myrtoides, P. salutare, P.
schenckianum, P. sobralianum, P. striatulum. Of these, six are used in folk medicine, P.
acutangulum, P. cattleyanum, P. densicomum, P. guineense, P. myrsinites and P.
sobralianum (Table 1). With the exception of P. sobralianum, all of them presented
research studies on chemical composition and/or biological activity.

The number of species found for the genus Psidium was discreet. This number
corresponds to just over 20% of the species richness registered in the Flora do Brasil
portal, which contains a total of 59 species native to the genus (Flora do Brasil, 2021).
Possibly one of the causes to justify this finding is the difficulty in identifying the species,
since in many articles some specimens were identified only at the level of genus, and
therefore disregarded for this research.

The 19 ethnobotanical articles reviewed varied from 31 to 231 species, where only
one (Lozano et al., 2014) registered two Psidium species, while the others, one each. It is
worth mentioning that, within the investigation criteria, no specific ethnobotanical studies
on medicinal uses were found for native species of the Psidium genus.

Reports indicate 12 different therapeutic indications and 30 citations for use. P.
cattleyanum stood out with 16 citations, followed by P. guineense, P. myrsinites and P.
acutangulum with six, five and two, respectively. P. densicomum and P. sobralianum
were mentioned only once each. Most of the therapeutic indications found for the species
are related to disorders of the digestive system (58.33%), treated by decoctions (63.63%)
of the leaves (50%). The species P. cattleyanum and P. guineense were indicated to treat
other systems other systems (although with few indications) such as disorders in the
respiratory system (influenza and sore throat), nervous system (headaches) and
genitourinary system, deserving more studies that investigate these therapeutic
indications, and chemical and biological studies that can validate the mentioned uses.

Regarding the quantitative ethnobotanical indices, 14 articles report the use of
some. The most common were Informant Consensus Factor - FIC (8 articles), Use Value
- UV (6 articles) and Main Use Agreement - MUA (3 articles). These indices are
important to assess the informants' agreement regarding medical use. The more a plant or

body system has agreement of use among the informants, the "safer" or more used for a
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Table 1: Psidium species with therapeutic indications found in the literature.

Scientific name Vernacular Therapeutic indication Body Part Preparation Region References
name system Used method of
Brazil
Psidium acutangulum Goiaba aragd,  Diarrhea, dysentery DSD (2) Lb, St De N (2) Palhetaetal.,
DC. Goiabarana 2017; Pedrollo
et al., 2016.
Psidium cattleyanum Araca (6), Diarrhea (6), stomach pain (3), DSD Le (5), De (5),Sy NE Abreu et al.,
Sabine Araca-roxo, digestive system diseases (2), (13), Fr(2), (4), 2015; Baptista
Araca-do- sore throat, stomach pains, RSD (2) St Lb etal., 2013;
brejo, Araca enitourinary system diseases S @), Bieski et al.
o, Araga 9 Y ' GSD(Y) |
branco dysentery, respiratory system SU (2), 2015; Bolson
diseases. etal., 2015;
MW Brito et al.,
2017; Castro
etal., 2011;
Macédo et al.,
2015; Tomazi
et al., 2014;
Tribess et al.,
2015; Yazbek
et al., 2019.
Psidium densicomum - Diarrhea DSD Lb Ma N Santos et al.,
Mart. ex DC. 2014.
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Scientific name Vernacular Therapeutic indication Body Part Preparation Region References

name system Used method of
Brazil
Psidium guineense Sw.  Araca (2), Dysentery (2), influenza, sore DSD (5), Le(2) De, In NE (4) Beltreschi et
Araca-mirim throat, bowel problems, stomach ~ RSD (2) al., 2019;
pains, diarrhea, headaches Santana et al.,
NSD (1) 2016; Silva et
al., 2012,
2018.
Psidium myrsinites DC.  Aracg4, Aragd  Diarrhea (2), stomach pain DSD (3), Le, Fr In, If NE (2) Lozanoetal.,
vermelho, 2014; Ribeiro
Goiabinha etal., 2014.
Psidium sobralianum Goiabinha Dysentery DSD - - NE Lozano et al.,
Proenca & Landrum 2014.

Subtitle: Body system (DSD: Digestive system disease; GSD: Genitourinary system disease; NSD: Nervous system disease; RSD: Respiratory
system disease).

Part used: (Lb: Leaf bud; St:Stem; Le: Leaf; Fr: Fruit).

Preparation method: (De: Decoction; If: Infusion; In: In Natura; Ma: Maceration; Sy: Syrup).

Region of Brazil: (MW: Midwest; N: North; NE: Northeast; S: South; SE: Southeast).
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given purpose that plant is.

The species indicated in popular medicine are distributed in all Brazilian regions, being
P. acutangulum and P. densicomum exclusive to the North region; P. guineense, P. myrsinites
and P. sobralianum exclusive to the Northeast and P. cattleyanum was present in almost all
regions, except in the North region. Ethnobotanical studies stood out in the Northeast (11
articles), followed by North (3 articles), South and Southeast (2 articles each) and Midwest (1

article).

3.3. Psidium species: ethnobotany, chemical composition and biological activity

Of the species reported in the ethnobotanical studies, P. acutangulum, P. cattleyanum, P.
densicomum, P. guineense and P. myrsinites have some chemical or biological investigation.
The others, P. brownianum, P. grandifolium, P. laruotteanum. P. myrtoides, P. salutare, P.
schenckianum, P. sobralianum, P. striatulum, were recorded only within studies with chemical
or biological research, and are not associated with popular use (Table 2). Figure 2 shows the
structural representations of the substances identified in the referred species.

Of the 48 articles, 33 presented information on chemical composition and biological
activities, ten only chemical, and five biological activities. From these findings, it can be seen
that most researchers strive to extract the compounds from the species and investigate whether
they have any activity.

The chemical compounds of the Psidium species are extracted by different types of
solvents. Agueous extracts were the most used, 19 articles. Then the methanolic and ethanolic
extracts, mentioned in ten and six articles, respectively. Fifteen articles used volatile extracts
for their analysis.

Chemical compounds extracted from fixed extracts include phenolic content (15 articles),
flavonoids (7 articles), catechins, anthocyanins, and B-carotene (4 articles each). For volatile
extractions, the content of essential oils has prominent compounds, B-caryophyllene, a-
humulene, and a-pinene.

Psidium species were tested for 13 biological activities. Research on antioxidant and
antimicrobial activities corresponds to almost 70% of the total. Activities such as

antiproliferative, antiplasmodial, anti-inflammatory, antiparasitic are linked to Psidium species.
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Table 2: Chemical composition and biological activities of species of the Psidium genus.

Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location
Psidium Leaves Aqueous Myricetin* - Venezuela Rivero-
acutangulum DC. Maldonado
etal., 2013.
Leaves, Decoction 3'-formyl-2°, 4', 6'-trihydroxy-5'-  Antimalarial: 1Cso 3.3 ug/ mL  French Houél et al.,
stem methyldydrochalcone * Cytotoxicity: ICso > 100 ug/  Guiana 2015.
and mL Antioxidant: NO (-13%) a
fruits 50 pg / mL
Leaves, Ethyl acetate Catechin: 9.1% p / p; Antiplasmodial: ICso <1 pg / French Houél et al.,
| .. . . mL; ian 2016.
;ﬁz ¢ Guaijaverin (quercetin-3-O-a-L- Guiana 016
fruits arabinopyranoside 0.7% p / p); Cytotoxicity: 1Cso =57.4 ug /

Decoction

Wayanin (quercetin-3-O-4- D-
xylofuranoside 9.1% p / p);

Reynoutrin (quercetin-3-O -4-D
xylopyranoside 1.8% p / p);

Avicularin (quercetin-3-O-4-L-
arabinofuranosidel.5% p / p);

Quercitrin (quercetin-3-O-a-L
rhamnopyranoside 0.7% p / p).

mL;

Anti-inflammatory: 50 ug /
mL

(Continued on next page)
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Species Part
used

Extract type Component identified / isolated

Activities tested /
Concentration

Study

location

Reference

Aqueous -

Hexanic

Psidium Leaves
brownianum

Mart. ex DC.

Aqueous -

Hydroethanolic -

Leaves Aqueous Luteolin: 10.34 mg / g.
Quercetin: 7.08 mg / g;
Kaempferol: 6.97 mg/ g;
Quercitrin: 4.32 mg/ g;

Rutin: 4.29 mg/ g;

Antiplasmodial: 1Cso of 3.3 ug
/ mL;

Antiplasmodial: ICs0 = 2.7 ug
/ mL;

Antiplasmodial: I1Cs0=32.3 ug
/ mL

Antiparasitic: 1000 pg / mL Brazil

100% inhibition;
Cytotoxicity: 90.85%

Antiparasitic: 1000 pg / mL
100% inhibition
Cytotoxicity: 59.73%.
Antimicrobial: Brazil

1Cs02924.15 png / mL

Machado et

al., 2018.

Morais-

Braga et al.

2016a.

(Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location

Chlorogenic acid: 4.05 mg/ g;
Ellagic acid: 3.84 mg / g;
Coumarin: 3.10 mg / g;

Gallic acid: 2.98 mg / g;
Caffeic acid: 1.76 mg / g;
Catechin: 1.70mg / g;

Hydroethanolic - Quercetin: 11.54 mg / g; Antimicrobial:
Kaempferol: 8.93 mg / g; ICs0 1056.82 pg / mL;
Coumarin: 7.18 mg / g;

Quercitrin: 5.63 mg / g;
Luteolin: 5.61 mg / g;
Caffeic acid: 5.41 mg/ g;
Ellagic acid: 4.35 mg / g;
Catechin: 4.28 mg / g;
Gallic acid: 3.15mg / g;
Rutin: 2.67 mg/ g;

Chlorogenic acid: 0.09 mg / g; (Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference

used Concentration location
Leaves Aqueous Phenolic content: 80.77 GAE /g. Antimicrobial: ICs0 2.05 ug/  Brazil Morais-
mL Braga et al.,

Hydroethanolic  Phenolic content: 49.25 GAE / g

- : 2016b.
Antimicrobial: 1Csp 8.30 pg/ 016b
mL
Leaves Hydroethanolic - Antimicrobial: CIM 512 ug/  Brazil Morais-
mL Braga et al.,
2016c¢.
Leaves Ethanolic Flavonoids: 70.97 ug / g of Antioxidant: Brazil Sobral-
quercetin. o _ Souza et al.,
Fe“": ECs0 360.66 ng / g; 2019.
Fe3*: ECso 756.20 pg / g;
FRAP: ECsg 23.27 mmol/g;
Antimicrobial:
MIC > 1024 pg / mL.
Psidium Leaves Essential oil p-caryophyllene: 31.5%; - Tabhiti Adam et al.,
catt!eyanum w-humulene: 4.4% 2011.
Sabine
Seeds  Methanolic Total phenolic: 501.33 mg /100  Antioxidant: TEAC: 156 uM/g Brazil Biegelmeyer
g GAE of d. w.; etal., 2011.

Total flavonoid: 100.20 mg / 100

of quercetin of d. w. (Continued on next page)
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Species Part Extract type Component identified / isolated ~ Activities tested / Study Reference
used Concentration location
Fruits  Essential oil p-caryophyllene: 22.5%;
[-selinene: 10.1%; -
a-selinene: 9%.
Fruits  Aqueous (-) - Epicatechin: 1059.3 ug g*;  Antioxidant: DPPH: 39.89% Brazil Medina et
Gallic acid: 637.1 ug g*; Antiproliferative: al., 2011,
Coumaric acid: 31.7 ug g%; MCF-7: 82 % of cel. Sur.
Ferulic acid: 6.0 ug g%; Caco - 2: 63.3 % of cel. sur.
Myricetin: 14.0 ug g2; Antimicrobial: MIC: 16 %.
Quercetin: 6.6 pg g*;
Ketone (-) - Epicatechin: 2659.5 ug g*;  Antioxidant: DPPH: 45.32%
Gallic acid: 801.0 ug g*; Antiproliferative:
Coumaric acid: 49.1 ug g%; MCF-7: 73.7 % de sob. cel.
Ferulic acid: 8,1 ug g%; Caco - 2: 66.3 % de sob. cel.
Myricetin: 3.8 ug g%; Antimicrobial: MIC: 5 %.
Quercetin: 6.8 pg g*
Leaves Ethanolic [-sitosterol: 51.0 mg; - Brazil Moresco et
al., 2012.

Catechin: 18.7 mg;

(Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location

p-sitosterol-3-O-4-D
glucopyranoside: 14.3 mg

Fruits  Fixed oil Lutein: 26.380g/gind. m.; Antioxidant: ABTS: 242.30 Brazil Pereira et
p-carotene: 0.492 g / g in d. m. Trolox uM equiv/g in d. mat. al., 2012.
Leaves Aqueous - Repellent: 85.00 mg / mL,; South Chalannavar
: Africa etal., 2013.
Methanolic Repellent:100.00 mg / mL
Fruits In Natura - Antioxidant * Brazil Nora et al.,
2014a.
Fruits Methanolic S-cryptoxanthin: 1029.77 ug 100  Antioxidant: Brazil Noraet al.,
gld.f. _ 4 2014b.
ABTS: 150.17 uM Trolox g
All-trans-lutein: 557.79 ug 100 g d. fru.
1d.f; _ 1
B-carotene: 512.60 ug 100 g 1 d. ]E:EPH' ECs016713.20g d.
f.; ’
Cyanidin 3-glucoside: 354.66 ug
gld. f;
Malvidin 3-glucoside: 243.58 ug
gld.f.
Fruits Methanolic Malvidin 3-glucoside: 67.7%; Antioxidant: Brazil Noraetal.,
2014c.

[S-cryptoxanthin: 50.4%; Lutein:

37.8%;
o (Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location
Cyanidin 3-glucoside: 51.7%. ABTS: 248.6 yMTE / g in d.
fru.
DPPH: ECso 548.4 g in d. fru.
Bark Hydroalcoholic  Tannins, saponins, flavonoids Antimicrobial: MIC 100 ug/  Brazil Alvarenda
and terpenes* mL et al., 2015.
Fruits - Phenolic content: 177.59 mg Antioxidant: Brazil Reissig et
-1
GAE 100g™ f. w. DPPH: 405.61 mg TE 100g° al., 2016.
Anthocyanins: 2.47 mg of of p. fre.
idin 3-gl ide 100g f. w.
cyanidin 3-glucoside 100g™ f. w ABTS: 49.82 mg TE 100g™ of
Carotenoids: 26 g of s-carotene  p. fre.
gif. w.,;
Ascorbic acid: 2.67 mg 100g* L-
ascorbic acid f. w.
Leaves Aqueous Tannins, flavonoids and Antioxidant: Brazil Scur et al.,
. o
triterpenoids DPPH: ICs017.57 mg / mL: 2016.
Antimicrobial: MIC: 6.25 mg /
mL
Ethanolic
Tannins, flavonoids and Antioxidant:
triterpenoids *
P DPPH: 1Cs0 13.90 mg / mL; (Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location
Antimicrobial: MIC: 0.78 mg /
mL
Essential oil
a-copaene: 21.96%; Antioxidant
DPPH: ICs50 171.14 L;
Eucalyptol: 15.05%; Cso mg/mL;
s-cadinene: 9.63%. Antimicrobial: MIC: 200
mg/mL
Leaves Essential oil [-Caryophyllene: 28.83%); Antimicrobial: MIC: 13.01 Brazil Soliman et
a-pinene: 28%: pg/mL al., 2016.
S-myrcene: 13.40%.
Fruits Ethanolic Total phenolic: 606.1 mg of Antioxidant: Brazil Vinholes et
chlorogenic acid/100 g f. w.; al., 2017.

Anthocyanins: 29.3 mg of
cyanidin-3-glucoside / 100 g f.
w.;

Carotenoids: 364.4 ug of -
carotene/100 g f. w.

a-glucosidase: 1Cso 25.4 pg /
mL;

DPPH: 1Cs50334.3 pg / mL;
RSA: ICs50173.3 pg / mL;
RH: 1Cs50245.9 pg / mL;
NO: 1C251360.0 pg / mL.

(Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location
Fruits  Methanolic Total phenolic: 7190 mg kg™ f. Antioxidant: Brazil Chaves et
I DPPH: ECso 60.11 mg / mL*; al, 2018,
Anth in: 1.7 mg kgt f. f;
nthocyanin: LEmg kg™t 1o ABTS: ECs 141 mg / mLL.
Cyanidin-O-glucoside: 11.7 mg
kglf. f.
Fruits - Total phenolic: 625.34 mg GAE/ Antioxidant: Comoros  Donno et

100gPr; FRAP: 25.50 mmol Fe? / kg
Anthocyanin: 4.99 mg /100 g Pr; prt
Quercetin: 7.621 mg / 100 g Pr;

Coumaric acid: 5.583 mg /100 g
Pr;

Gallic acid: 40.955 mg /100 g
Pr;

Catechin: 4.287 mg /100 g Pr;

Vescalagin: 10.012 mg / 100 g
Pr;

Limonene: 51.319 mg / 100g Pr;
y-terpinene: 43.005 mg / 100g Pr.

Islands al., 2018.

(Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference

used Concentration location
Leaves Methanolic Phenolics, flavonoids and Antioxidant: Egypt Saber et al.,
1 *
triterpenes DPPH: ICso 40.11 pg /mL 2018,
Fruits  Methanolic Total phenolic: 85.30 mg GAE / - Brazil Biazotto et
100ge.f,; al., 2019.

(all-E)-lutein: 38.3ug/100ge.f.;
(all-E)-p-carotene: 47.55 ug / 100

ge.f.
Leaves Aqueous Total phenolic: 123 mg of GAE g~ Antioxidant: Brazil Dacoreggio
1
DPPH: ICs 37.3 ug / mL etal, 2019.
Antimicrobial: MIC: 6.3 ug /
mL
Psidium Leaves Aqueous - Antimicrobial: Brazil Castilho et
densicomum and MIC: 5.000 < MIC < 12.500 al., 2014.
Mart. ex DC. flowers
pg / mL.
Psidium Fruits  Ethanolic Total phenolic: 136.95 mg GAE / Antioxidant: Brazil Bittencourt
grandifolium 100 g _ _ etal., 2019.
Mart. ex DC. DPPH: ECs0 6.37 mg / mL;

Antimicrobial: MIC 3.91 mg/

) ] mL
Essential oil

a-pinene: 20.75%); -
(Continued on next page)



Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location

p-cymene: 20.50%;
o-cymene: 20.05%;
E-caryophyllene: 17.56%;
a-humulene: 16.26%.
Psidium Fruits  Aqueous Total phenolic: 754.4 mg GAE/  Antioxidant: Brazil Gordon et

guineense Sw. 100gd. m,; Peroxyl radical: 1Cso 1.58 g/L: al., 2011.

Ascorbic acid: 101.3mg/100g  Peroxynitrite: 1Cs0 4.0 g/L.

d. m.
Fruits  Essential oil p-caryophyllene: 8.6%; - Colombia Peralta-
Bohorquezo
. 0
Butanol: 7.4%. et al.. 2010.
Fruits  Aqueous Total phenolic: 18.4 mg GAE Antioxidant DPPH: 18.43%; Brazil Damiani et
-1
Ethanolic 100g DPPH: 13.47%; al., 2012
Ethereal ) DPPH: 15.45%.
Leaves Aqueous Tannins, flavonoids, Antimicrobial: Brazil Fernanda et
leucoanthocyanidins and al., 2017.
condensed proanthocyanidins® 250-500 pg / mL
Leaves Adqueous - Repellent: 95.00 mg/mL; South Chalannavar

Africa etal., 2013.

(Continued on next page)



Species

Part Extract type
used

Component identified / isolated

Methanolic

Leaves Aqueous

Fruits Methanolic

Leaves Aqueous

Leaves Essential oil

Myricetin, Kaempferol,
Luteolin*

Total phenolic: 316.5 mg GAE /
g.

Guajaverin (3-O-
arabinopyranoside); *

Avicularin (3-O-
arabinofuranoside).

Limonene: 47.4%; /-
caryophyllene: 24%;

Activities tested / Study Reference
Concentration location
100.00 + 0.0 mg/mL.
- Venezuela Rivero-
Maldonado
et al., 2013.
Antioxidant: Colombia Bravoetal.,

2016.
TEAC: 1339.5 umol ET / g;

ORAC: 359.1 umol ET / g;

Anti-collagenase: 100.0 ug /
mL;

Anti-elastase: 95.3 ug / mL;
Anti-hyaluronidase: 100.0 pg /

mL; Anti-tyrosinase:
92.9 ng / mL.
Antiviral: Venezuela Ortega et
al., 2017.
ICs0 8.5 pg/mL
- Brazil Figueiredo
et al., 2018.

(Continued on next page)

60



Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location
a-pineno: 35.6%; epi-B-bisabolol:
18.1%; Caryophyllene oxide:
14%.
Leaves Essential oil Spathulenol: 80.71%. Antioxidant: Brazil Nascimento
DPPH: ICs063.08 g / mL; etal., 2018
ABTS: I1Cs0>780.13 ng / mL;
MDA: ICs0 37.91 pug / mL;
Anti-inflammatory: 48.48 %);
Antiproliferative: Glsp < 9.84
Hg/mL;
Antibacterial: MIC 126.4 ug /
mL
Fruits  Fruit pulp Total phenolic: 89.14 mg GAE Antioxidant: Brazil (Schiassi et
100g f. w. I, 201
/100g f. w ABTS: 10.92 umol TE / g of al., 2018)
p. fre.
DPPH: ECso 721.85 g / p. fre;
Leaves Phenolic Gallic acid: 8749 mg kg!; Antioxidant: SriLank  Senanayake
et al., 2018.

Chlorogenic acid: 657 mg kg™;

DPPH: 25.76 pmol L ~*
ABTS: 14.06 umol L .

(Continued on next page)
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Species

Part
used

Extract type

Component identified / isolated ~ Activities tested /
Concentration

Study Reference
location

Leaves

Ethyl acetate

Hexanic

p-hydroxy benzoic acid: 1217 mg
kg™;

Caffeic acid: 3234 mg kg™;
Vanillic acid: 961 mg kg;
Syringic acid: 1597 mg kg™;
Ferulic acid: 4556 mg kg™*;
p-coumaric acid: 1258 mg kg;
Ellagic acid: 171 mg kg;
Catechin:1491 mg kg%;
Daidzein: 1774 mg kg™%;
Epigallocatechin: 142 mg kg;
Naringenin: 600 mg kg™;
Genistein: 309 mg kg*;
Apigenin: 1440 mg kg™.
Aragcain. Antimicrobial: MIC 64 ug /

] mL.
Sitosterol: 17° -

etoxiphaeophorbide a; Ursolic -
acid.

Brazil Macaubas-
Silva et al.,
20109.

(Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location
Methanolic Kaempferol; Rutin; Quercetin. * -
Psidium Leaves Essential oil p-cimene: 34.8 %; 1,8-cineole: - Brazil Medeiros et
laruotteanum 19.2 % al., 2018.
Cambess. . .
ambess y-terpinene: 14 %,; a-pinene: 13.4
%.
Psidium Leaves Essential oil Linalool * - Brazil Castelo et
myrsinites DC. al., 2010.
Leaves Essential oil (E)-p-caryophyllene: 26.5%; Larvicide: LCs0 292 mg/L Brazil Dias et al.,
a-humulene: 23.92%; 2015.
Caryophyllene oxide: 10.09%.
Leaves Essential oil Caryophyllene oxide: 6.1%; - Brazil Medeiros et
and . al., 2015.
Humulene epoxide 11: 8.8%;
flowers
p-caryophyllene: 7.4%);
a-caryophyllene: 5.4%.
Psidium Leaves Essential oil trans-p-caryophyllene: 30.9 %; Antimicrobial: MIC =62.5 Brazil Dias et al.,
i L; 20109.
myrtoides a-humulene: 15.9 %); hg/mL; 019
0. Berg Antiproliferative:

a-copaene: 7.8 %;

Caryophyllene oxide: 7.3 %; MOS9J: ECs0289.3 pg/mL

(Continued on next page)
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Species Part Extract type Component identified / isolated Activities tested / Study Reference
used Concentration location
a-bisabolol: 5.3 %.
Psidium salutare  Leaves Essential oil p-cimene: 17.83 %; y-terpinene:  Antimicrobial: 1Cso 2.6 pug / Brazil Macédo et
(Kunth) O. Berg 17.09 %; mL al., 2018.
terpinolene: 16.99 %; z-cadinol:
15.20 %.
Leaves Aqueous Luteolin, Myricetin *. - Venezuela Rivero-
Maldonado
etal. 2013.
Psidium Fruits  Ketone Carotenoids: 7.90 Beta-carotene - Brazil Nascimento
schenckianum ug / g; Flavonols: 24.59 of etal., 2011.
Kiaersk. quercetins / 100 g
Psidium Leaves Essential oil a-humulene: 13 %; a-copaeno: Antimicrobial: Brazil Moniz et al.,
striatulum Mart. 8.4 %; 2019.
ex DC. ICs0 @ 250 pg / mL

1,8-cineole: 8.1 %:;
Aromadendrene: 6.3 %; a-
terpinenol: 5.7 %.

Subtitles: * The authors do not report values for compound / class / activity; -: Not applicable; d. m.: dry matter; d. w.: dry weignt; d. f.. dry fruit;
f. .. fresh fruit; f. w.: fresh weight; e. f.: edible fraction; MTE/g: uM Trolox Equivalents (TE) / g of dried fruit.; MCF-7: human cancer cells
(breast); Caco - 2: human cancer cells (colon); cel. sur.: cell survival; M059J: human glioblastoma; GAE: gallic acid equivalent; TEAC: Trolox

equivalent antioxidant capacity; ORAC: oxygen radicals absorbing capacity; MDA: Malondialdehyde; ET: electronic transfer; Pr: Product; RSA:

64



Radical anionic superoxide; RH: Hydroxyl radical; NO: Nitric oxide; MIC: minimal inhibitory concentration; TE: trolox equivalent; edi.. frac.:
edible fraction.
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Figure 2: Molecular structures of Psidium species

3.3.1. Psidium acutangulum DC.

Psidium acutangulum is rarely cited in ethnobotanical works, being mentioned in
only twice (Palheta et al., 2017; Pedrollo et al., 2016) in Northern Brazil. Its leaf buds
and stems are prepared as decoctions to exclusively treat digestive system disorders such
as diarrhea and dysentery. There are few investigations on chemical compounds and
biological activities, although its leaves, stem and fruit have been chemically
characterized through aqueous, hexane and ethyl acetate extracts, highlighting the
components myricetin, catechin, quercetin-3-O-p- D-xylofuranoside (9.1%), quercetin-

3-0O -B-D xylopyranoside (1.8%), 3'-formyl-2", 4', 6'-trihydroxy-5'-methyldydrochalcone,

71



all belonging to the flavonoid class (Houél et al., 2016, 2015; Rivero-Maldonado et al.,
2013). The compound 3'-formyl-2 ", 4', 6'-trihydroxy-5'-methyldydrochalcone, was found
in another species of Psidium, P. guineense. The authors demonstrated that this
compound showed strong bacterial activity against Pseudomonas aeruginosa, being
promising for the development of new antibacterial drugs (Lima et al., 2020).

Psidium acutangulum extracts were tested against Plasmodium falciparum (which
causes malaria) (Houél et al., 2016, 2015) and presented good in vitro antiplasmodial
activity with 1Cso <1 ug / mL (ethyl acetate extract), 1Cso 3.3 ug / mL (decoction of leaves,
stem and fruit) and 1Cso = 32.3 pug / mL (hexane extract). It presented decoction
antioxidant potential (NO (-13%) at 50 pug / mL) (Houél et al., 2015) and anti-
inflammatory potential in ethyl acetate (50 pg / mL), inhibiting the secretion of IL-1p (-
46 %) and NO production (-21%) (Houél et al., 2016). These results demonstrate that the
ethyl acetate extract showed excellent activity. The authors suggest that these effects may
be related to possible synergistic interactions between two flavonoids, Guaijaverin
(quercetin-3-O-a-L-arabinopyranoside) and Wayanin (quercetin-3-O-p-D-
xylofuranoside), found in P. acutangulum. Flavonoids are known to have anti-
inflammatory properties, antioxidant potential, radical scavengers, among others
(Azevedo et al., 2016). The mentioned compounds (Guaijaverin and Wayanin) are
present in the chemical characterization of other species of Myrtaceae, as in Myrcia bella
(Saldanha et al., 2013) and Plinia edulis (Azevedo et al., 2016). The latter showed anti-
inflammatory and anti-nociceptive activity through leaf infusion, and the authors
associated these activities with the presence of triterpenoids and flavonoids in their
composition, including Guaijaverin.

Psidium acutangulum extracts were tested for cytotoxicity and showed non-
cytotoxic results, with 1Cso > 100 pg / mL (Houél et al., 2015) and 1Cso 57.4 pg / mL
(Houél et al., 2016). This inconsistency between the ICso values may be related to the
different extracts tested. Houél et al. (2015) tested the cytotoxic effect of P. acutangulum
in aqueous extract and Houél et al. (2016) in a fraction of ethyl acetate. These results are
promising with regard to the search for herbal medicines with few adverse effects.

Psidium acutangulum demonstrated promising results from its extracts for some
biological activities, which may favor its use as a herbal medicine. However, there is still
a lack of research that identifies the chemical components of its essential oil, in addition
to pharmacological tests directed to the mosts reported uses in the literature, such as those

related to the digestive system.
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3.3.2. Psidium brownianum Mart. ex DC.

Within the criteria established in this analysis, there were no articles on medicinal
use for P. brownianum. However, (Jesus, 2012) found it to be used in food and folk
medicine to treat influenza. This work is used as an ethnobotanical reference for the
analysis of chemical and biological data of the species (Machado et al., 2018; Morais-
Braga et al., 2016b; Morais-Braga et al., 2016).

The aqueous and hydroalcoholic extracts of P. brownianum leaves showed phenolic
levels ranging from 49.25-80.77 GAE / g (Morais-Braga et al., 2016b). Further
compounds like Quercetin 11.54 mg / g; Luteolin: 10.34 mg / g; Kaempferol: 8.93 mg /
g; Coumarin: 7.18 mg / g, among others, were identified in its ethanolic extract (Morais-
Braga et al., 2016), in addition to the quantification of flavonoid contents with 70.97 pg
/ g of quercetin (Sobral-Souza et al., 2019). Articles on essential oil extraction for P.
brownianum were not found in this analysis, however, as several species of the genus are
rich in these volatile compounds, it is to infer the same about this particular species. In
this sense, investigations with this approach are necessary.

Biological activities, P. brownianum demonstrated excellent parasitic activity
against Trypanosoma cruzi with a 100% inhibition percentage at 1000 pg / mL
concentration. In cytotoxic tests, it presented high toxicity, killing 90.85% of fibroblasts
(Machado et al., 2018).

Psidium brownianum was investigated against bacteria and fungi Staphylococcus
and Candida genera, respectively. In general, the authors state that P. brownianum
extracts have significant antimicrobial activity. And when associated with synthetic
drugs, they cause synergism, potentiate the effect, and reduce the MIC of drugs against
these pathogens. These effects are possibly associated with the presence of phenolic
compounds and flavonoids present in their extracts (Morais-Braga et al., 2016a, 2016b,
2016c).

The ethanolic extract of P. brownianum showed cytoprotective properties against
mercury and aluminum toxicity (Sobral-Souza et al., 2019). The authors correlated this
finding with the antioxidant effects observed by different methods (Fe? +: ECso 360.66
ug / g; Fed +: ECso 756.20 ng / g; FRAP: ECs 23.27 mmol / g) and associated it with the
presence of secondary metabolites, mainly flavonoids.

Psidium brownianum presented five articles in this analysis that demonstrate its

chemical and / or biological potential, but further studies are needed to trace its chemical
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profile, especially on its essential oil. From the information already acquired, it is a
promising species for bioprospecting, and it may yet prove to be an alternative to solve

environmental problems caused by toxic metals.

3.3.3. Psidium cattleyanum Sabine

Psidium cattleyanum appears in folk medicine as one of the native species of the
genus most cited by traditional populations (10 articles), for the treatment of diseases of
the digestive system such as diarrhea, stomach pains, belly aches and dysentery (Baptista
etal., 2013; Bieski et al., 2015; Brito et al., 2017; Castro et al., 2011; Tomazi et al., 2014),
for disorders of the genitourinary system (Abreu et al., 2015) and respiratory system such
as sore throats (Bolson et al., 2015; Castro et al., 2011). These symptoms are mainly
treated by the decoction of the leaves. Other parts of the plant such as fruits, stem and
leaf bud are mentioned, although less used.

Regarding the evaluation of secondary metabolites, P. cattleyanum presents good
indicators, with 16 articles mentioning its constituents. Chemical compounds present in
its leaves, barks, fruits, and seeds were identified through volatile and fixed extracts
(Table 2). (Table 2).

The analysis of P. cattleyanum essential oil shows B-caryophyllene as the major
component in most of the reported studies, with 22.5%, 28.83%, 31.5% (Adam et al.,
2011; Biegelmeyer et al., 2011; Soliman et al., 2016) respectively. Other compounds also
stand out, a-pinene (28%) (Soliman et al., 2016), a-copaene (21.96%), Eucalyptol
(15.05%) (Scur et al., 2016), B-myrecene (13.40% ) and B-selinene (10.1%) (Biegelmeyer
etal., 2011; Soliman et al., 2016). Other researches refer to the chemical composition of
the essential oil of P. cattleyanum, highlighting the substances a-tujene (25.2%), 1.8-
cineole (16.4%) and B-caryophyllene (10.2%) (Marques et al., 2008) and 1,8-cineole
(55.8%), a-pinene (31.8%), (E) -caryophyllene (20.7%) (Rocha et al., 2020). Rocha et al.
(2020) drew attention to the P. cattleyanum leaf oil collected in other parts of the world,
not presenting a record for the occurrence for 1.8 cineol (Adam et al., 2011; Pino et al.,
2004; Tucker et al., 1995). This compound has been registered, so far, only for species of
P. cattleyanum occurring in Brazilian territory.

Meroterpenoids are another chemical class elucidated for P. cattleyanum, although
there is little investigation or identification of these compounds for the species. Zhu et al.

(2019) recently discovered a new meroterpenoid with a 6/8/9/4 - tetracyclic nucleus,
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Littordial F, isolated from Psidium littorale leaves (synonymous with P. cattleyanum)
and exhibited potential cytotoxic activities in vitro, in cancer cell lines. Several
meroterpenoids have been identified for P. guajava as guadial A, psiguadials C and D
(Shao et al., 2012), Psidials A - C (Fu et al., 2010), Psiguajadials AK (Tang et al., 2017),
(+) - Psiguadial B (Chapman et al., 2018), Psiguajdianone (Ning et al., 2019). These
meroterpenoids are responsible for anti-inflammatory and antiproliferative activities
against the cancer cell line.

Research on the biological activity of P. cattleyanum essential oil demonstrates an
antimicrobial effect with MIC 13.01 pg / mL (Soliman et al., 2016) and MIC 200 mg /
mL and antioxidant potential by the DPPH method with 1Cs0171.14 mg / mL (Scur et al.,
2016).

The ethanolic extract of P. cattleyanum acts on a-glucosidase inhibitory activity
with 1Cso 25.4 pg / mL, MIC antimicrobial activity = 0.78 mg / mL, in addition to
presenting antioxidant potential with DPPH = ICsp 13.90 mg / mL and superoxide anion
radical with ICsp 173.3 pug / mL (Scur et al., 2016; Vinholes et al., 2017). These results
can be explained by the combination of phenolic compounds, anthocyanins, carotenoids
and reducing sugars present in the species extract (Vinholes et al., 2017).

Psidium cattleyanum has an antioxidant effect by several tested methods,
highlighting a greater number of publications for methanolic extractions. Some of the
results of these extractions are values of ABTS 150.17 uM Trolox g (Nora et al., 2014b),
ABTS ECso 141 mg / mL™* (Chaves et al., 2018); DPPH 1Cs 40.11 pg / mL (Saber et al.,
2018); TEAC: 156 uM / g (Biegelmeyer et al., 2011). Some other methods showed the
antioxidant effect of the species, FRAP: 25.50 mmol Fe?* / kger! (aqueous extracts)
(Donno et al., 2018); RSA: ICs0 173.3 pg / mL, RH: 1Csg 245.9 pg / mL and NO: ICzs
1360.0 pg / mL (ethanolic extracts) (Vinholes et al., 2017). The authors consider that
these effects are attributed to the presence of health-promoting substances, evidenced in
the metabolic profile of this species, such as phenolic compounds, flavonoids and
triterpenes.

Other important activities are evidenced for P. cattleyanum, such as
antiproliferative against, human cancer cells (breast) with 73.7% - 82% cell survival and
human cancer cells (colon) with 63.3% - 66.3% cell survival (Medina et al., 2011). The
species also shows antimicrobial activity (Alvarenda et al., 2015; Dacoreggio et al., 2019;
Medina et al., 2011; Scur et al., 2016; Soliman et al., 2016), a finding which may be

related to the content of volatile substances, tannins and phenolic compounds present in
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the species, which can act as inhibitors of enzymatic expression and exert antimicrobial
action.

Repellent activity was observed for P. cattleyanum against Anopheles arabiensis,
repelling 80-100% of mosquitoes through aqueous (85.00 mg / mL) and methanolic
(100.00 mg / mL) extracts (Chalannavar et al., 2013). The 1,8 cineole and p-caryphyllene
compounds present in the essential oil of P. cattleyanum, previously mentioned, showed
effectiveness in repelling some mosquitoes (Rocha et al., 2020; Wang et al., 2009).

Although being widely explored in terms of chemical composition and biological
activities, both being directly related, no phytotherapic treatment from Psidium
cattleyanum has yet been proposed. It was also noticed that there is a deficiency in
cytotoxicity data and in vivo research, which is one of the steps for the formulation of
new drugs. This could strengthen the information and place the species as a potential

vegetable drug.

3.3.4. Psidium densicomum Mart. ex DC.

Psidium densicomum was registered in only one study (Santos et al., 2014), in
which the popular use of seedlings is indicated in the form of maceration for diarrhea.
There is still no information on chemical composition and we found only one studywith
biological research (Castilho et al., 2014). The authors evaluated the antimicrobial
activity of the species against Enterococcus faecalis (bacteria present in the
gastrointestinal and genitourinary tracts causing pathogenicity) and the aqueous extract
proved to be more effective than SH1% C (Commercial sodium hypochlorite 1% - Asfer,
Séo Paulo, SP, Brazil) with p <0.05. P. densicomum obtained MIC between 5.000 <
12.500 pg / mL in the work of Castilho et al. (2014). These were the inhibitory
concentrations that showed antimicrobial activity.

Although the aqueous extract of P. densicomum presents promising results against
E. faecalis, which causes gratointestinal disorders, researches that demonstrates its
biological potential, as well as the metabolites responsible for its action, are still incipient

or, frequently, nonexistent.

3.3.5. Psidium grandifolium Mart. ex DC.
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There is little information on the chemical composition and biological activity of
P. grandifolium, only one study was found within the analysis. Thus, a greater effort of
investigation regarding this species is necessary.

The chemical composition of P. grandifolium was analyzed using an ethanolic
extract, with a phenolic content of 136.95 mg EGA / 100 g, and a volatile composition
with major compounds a-pinene (20.75%), p-cymene (20.50%), o-cimene (20.05%), E-
caryophyllene (17.56%) and a-humulene (16.26%) (Bittencourt et al., 2019).

The species has antioxidant potential with DPPH: ECso 6.37 mg / mL and
antimicrobial potential against Pseudomonas aeruginosa (MIC 15.62 mg / mL),
Staphylococcus aureus (MIC 15.62 mg / mL), Bacillus cereus (MIC 7.81 mg / mL) and
Listeria monocytogenes (MIC 3.91 mg / ml). The chemical composition of the species is
rich in several compounds that offer health benefits (Bittencourt et al., 2019), which may

be associated with their biological properties.

3.3.6. Psidium guineense Sw.

Ethnobotanical data showed the use of P. guinense by populations in the Northeast,
being indicated for dysentery, intestinal problems, belly pain, diarrhea (digestive system),
influenza, sore throat (respiratory system), headaches (nervous system) (Beltreschi et al.,
2019; Santana et al., 2016; Silva et al., 2012, 2018). The exclusive use of the leaves was
reported in the form of decoction.

The volatile composition of P. guineense varied from 38 to 181 compounds
(Figueiredo et al., 2018; Nascimento et al., 2018; Peralta-Bohorquezo et al., 2010) with a
predominance of terpenes as major components, Spathulenol (80.71%) (Nascimento et
al., 2018), Limonene (47.4%), a-pinene (35.6%) (Figueiredo et al., 2018), B-
caryophyllene (8.6% -24.4%) (Figueiredo et al., 2018; Peralta-Bohorquezo et al., 2010)
and epi-B-bisabolol (18.1%) (Figueiredo et al., 2018). According to Figueiredo et al.
(2018) these elements form, so far, four chemical types for P. guineense: (I) a-pinene /
Limonene; (Il) epi-B-bisabolol; (III) B-caryophyllene / caryophyllene oxide; (1V)
Spathulenol. This finding may contribute to the specific selection of compounds with
significant biological activities.

Nascimento et al. (2018) demonstrated the effectineness of P. guineense leaves
essential oil for antioxidant (DPPH: 1Cs0 63.08 pug / mL; ABTS: ICso> 780.13 pg / mL;
MDA: ICs0 37.91 pg / mL), antiproliferative (Glso <9.84 pg) / mL), anti-inflammatory

77



(48.48%) and antimicrobial (MIC 126.4 pg / mL). These same authors suggested that the
predominance of Spathulenol, corresponding to more than 80% of its composition, is
partly responsible for the therapeutic effects associated with the species.

For fixed extracts, P. guineense presented chemical constituents such as phenolic
compounds, tannins and flavonoids, responsible for biological activities linked to the
species. It showed a high content of phenolic compounds ranging from 18.4-8749 mg/qg,
extracted by different solvents: water, methanol, ethanol and phenol (Bravo et al., 2016;
Damiani et al., 2012; Gordon et al., 2011; Schiassi et al., 2018; Senanayake et al., 2018).
According to Senanayake et al. (2018), these values are significantly high compared to
many other species and similar to those of the Psidium genus.

The antioxidant capacity of P. guineense can be affirmed by several DPPH
methods: 25.76 umol L and ABTS: 14.06 pmol L (Senanayake et al., 2018), Peroxyl
radicals: 1Csp 1.58 g / L (Gordon et al., 2011), TEAC: 1339.5 umol ET / g and ORAC:
359.1 umol ET / g (Bravo et al., 2016). The greater antioxidant capacity of P. guineense
extracts may arise from the presence of a wide variety of phenolic compounds in their
composition acting synergistically (Senanayake et al., 2018), or even some specific
component such as ascorbic acid (101.3 mg / 100 g d.m.) contributing to the antioxidant
property of the fruits (Gordon et al., 2011).

Antimicrobial activity was evaluated against Staphylococcus aureus and Klebsiella
pneumonia, both pathogenic to humans and resistant to antibiotics. For S. aureus, the
aqueous extract showed strong activity against strains tested with MIC 250-500 pg / mL.
The combination of the extract with the beta-lactam cephalothin showed a lower
fractional inhibitory concentration index (FICI) with a range from 0.125 to 0.5 pug / mL,
demonstrating that the natural product potentiated the effect of the synthetic drug
(Fernandes et al., 2012). The authors state that the content of polyphenols (21.62 g%)
determined in the plant extract plays an important role in its biological properties.
Regarding K. pneumonia, the ethyl acetate extract showed the best antimicrobial result
with MIC 64 pg / mL (Macaubas-Silva et al., 2019). The presence of tyrosol-derived
aragain for P. guineense may be responsible for the demonstrated antimicrobial potential.

The aqueous extract of P. guineense leaves showed anti-HIV activity, from the
mixture of two quercetin-derived flavonoids, Guajaverin and Avicularin with 1Csg 8.5 pg
/ mL (Ortega et al., 2017). It is reported in the literature that the leaves of species of the
genus, like P. guajava, are rich in flavonoids as the main active substance, particularly

quercetin, and that the spasmodic and antidiarrheal effects, listed in the popular
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indications, are associated with the flavonoids and glycosides derived from quercetin
present in its chemical composition (Joseph and Priya, 2011; Lozoya et al., 2002).

3.3.7. Psidium laruotteanum Cambess.

Psidium laruotteanum was chemically analyzed by Medeiros et al. (2018), and the
volatile composition of the leaves presents Terpenes, p-cymene (34.8%), 1.8-cineole
(19.2%), v-terpinene (14%), and a-pinene (13.4%) as major components. These
compounds are commonly found in the chemical composition of the essential oil of
various Psidium species.

Other investigations demonstrate high phenolic content (576.56 mg GAE / g of
extract) and antioxidant potential (ICso = 3.86 pg.mL™) for P. laruotteanum (Takao et al.,
2015). Antiparasitic activity, through hexane and ethyl acetate extracts with ICsp values
of 3.9 and 6.8 pg / mL, with additional verification of the extracts' atoxicity (TCso> 100
pg / mL) (Charneau et al., 2016). Luiz et al. (2017) demonstrated antimicrobial activity
of the tested extracts inhibited microbial growth at least 70% of the tested bacterial

species.

3.3.8. Psidium myrsinites DC.

In folk medicine, P. myrsinites is used to treat diarrhea and stomach pains inherent
to the digestive system. The preparation of home remedies is done by infusing the leaves,
along with in natura comsumption of the fruits. There is still little data on the medical
systems of which the species is part, it was only mentioned in two studies published in
the Northeast (Lozano et al., 2014; Ribeiro et al., 2014).

Only the essential oil of the leaves and flowers of P. myrsinites was chemically
analyzed. These analyzes show richness of terpenes (which is characteristic for Psidium
species), with emphasis on (E) -B-caryophyllene as the major compound, ranging from
7.4% to 26.5% of the oil composition (Dias et al., 2015; Medeiros et al., 2015). Other
compounds such as a-humulene (23.92%), caryophyllene oxide (6.1% to 10.09%),
humulene epoxide II (8.8%), a-caryophyllene (5.4%) and Linalol, are present in its
composition (Castelo et al., 2010; Dias et al., 2015; Medeiros et al., 2015). (E) -B-
caryophyllene has been found as a major component in most Psidium species

(Vasconcelos et al., 2019) and may be a potential chemical marker for the genus.
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Data on biological activities are insufficient, P. myrsinites was analyzed for its
larvicidal activity against the mosquito Aedes aegypti L. and demonstrated effective
results with LCso 292 mg / L (Dias et al., 2015). Durées et al. (2017), analyzing the

antimicrobial activity of the essential oil, showed values> 2,000 pg. mL-1.

3.3.9. Psidium myrtoides O. Berg

Among the criteria established for this analysis, only the study by Dias et al. (2019)
refers to the chemical and biological properties of P. myrtoides. After analyzing the
leaves' essential oil, the authors found trans-p-caryophyllene (30.9%), a-humulene
(15.9%), a-copaene (7.8%), caryophyllene oxide (7.3%), and a-bisabolol (5.3%) as major
components. These compounds were previously detected in the essential oils of other
Psidium species (Medeiros et al., 2015; Scur et al., 2016). Other authors (Macédo et al.,
2020; Vasconcelos et al., 2019) demonstrate the variation and richness of chemical
compounds for the essential oil of P. myrtoides.

The species essential oil has in vitro antibacterial activity against cariogenic
bacteria, mainly Streptococcus mutans with MIC = 62.5 pg / mL (Dias et al., 2019).
Interesting result according to Melo et al. (2017), since few natural compounds are known
to inhibit S. mutans, one of the main causes of tooth decay.

Psidium myrtoides also demonstrated antiproliferative activity against human
breast adenocarcinoma cells (MCF-7: ECso 2545 pg / mL), human cervical
adenocarcinoma (HeLa: ECso 324.2 pug / mL) and human glioblastoma (M059J: ECso
289.3 ug / mL) (Dias et al., 2019).

The reported results highlight P. myrtoides as a potential source for new
antibacterial and antitumor agents. However, studies that identify the chemical

constituents responsible for its biological activity are still scarce.

3.3.10. Psidium salutare (Kunth) O. Berg

Only the work of Macédo et al. (2018) was found for P. salutare, considering the
criteria established in this analysis. The authors analyzed the chemical composition of the
leaves' essential oil and obtained the constituents p-cymene (17.83%), y-terpinene
(17.09%), Terpinolene (16.99%), and t- cadinol (15.20%) as major components.

Secondary metabolites present in the fruits of P. salutare were also identified.
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Quantitatively, the most abundant class of compounds were terpenoids, among them
limone (17.3%), myrcene (16.2%) and a-pinene (9.3%) as major constituents (Pino et al.,
2002). Pino and Queris (2008) detected in their research 109 volatile constituents for the
fruits of P. salutare. The fruit macerates were rich in mono and sesquiterpenes, esters,
and cinnamy| derivatives. The compounds viridiflorol (37.28 mg /1), epi-a-cadinol (28.79
mg / 1), linalool (12.88 mg / 1), and a-cadinol (12.34 mg / 1) were among the highest
reported quantities.

The fixed chemical composition of P. salutare has shown interesting biological
activity. According to Simonetti et al. (2016), the ethyl acetate extract of the leaves has
high antioxidant action, 94.08%, and moderate antimicrobial action against Listeria
monocytogenes with MIC =312.5 ug / mL. The leaves' essential oil has antifungal activity
against fungi of the Candida genus, especially for Candida albicans with 1Cso 2.6 pug /
mL, showing lower concentrations when compared to fluconazole with I1Cso 16.7 pug / mL
(Macédo et al., 2018).

These results point to P. salutare as a possible complementary therapy to diseases
of bacterial and fungal origin, however further in vitro and in vivo tests are needed, as
well as analyzes of its chemical composition to better understand the therapeutic effects
associated with the species.

3.3.11. Psidium schenckianum Kiaersk.

Psidium schenckianum is used as food by local populations in the Northeast
(Nascimento et al., 2011), however, it is poorly investigated in any aspect. Nascimento et
al. (2011), report the presence of Carotenoids (7.90 Beta-carotene pg / g) and Flavonoids
(24.59 mg of quercetin / 100 g), and based on that the species is interesting for future
studies of antioxidant activity.

3.3.12. Psidium sobralianum Proenca & Landrum
In ethnobotanical research, P. sobralianum is indicated only in the work of Lozano
et al. (2014) being used to treat diarrhea in northeastern Brazil. It appears to be used in

the food of local populations (Campos et al., 2016, 2015), which may be linked to the fact

that many species of the Psidium genus produce edible fruits with an exotic flavor and a

81



high content of vitamin C (Franzon et al., 2009). There are no chemical or biological
descriptions for P. sobralianum.

The lack of data may be due to its recent description (2015), as it is distributed in
northeastern Brazil in areas of mountainous forests, such as in Chapada do Araripe and
Chapada da Ibiapaba in Ceard, and in low land areas of Para. All these citations are of
landscape with elevations of 90 to 760 m (Landrum and Proenca, 2015).

3.3.13. Psidium striatulum Mart. ex DC.

Analysis of the essential oil from P. striatulum leaves allowed the identification of
the major compounds o-humulene (13%), o-copaene (8.4%), 1.8-cineole (8.1%),
Aromadendrene (6.3%) and a-terpinenol ( 5.7%) (Moniz et al., 2019b). Silva et al. (2003)
identified different terpenes as the major components in the essential oil of the leaves and
stems of P. striatulum (B-caryophyllene: 28.6%; a-selinene: 7.7%; caryophyllene oxide:
7.6%; B-selinene: 7.4%; selin -11-en-4a-ol: 6.0%). For the fruits (Moniz et al., 2019a),
the major compounds are the compounds a-pinene (12%), humulene (10.4%), a-copaene
(7.1%).

Although the analyzes have shown different chemical compositions of the leaves,
fruits and bark of P. striatulum, many of these constituents are present (sometimes as
majorities) in other species of the genus (Biegelmeyer et al., 2011; Dias et al., 2019;
Moniz et al., 2019b; Soliman et al., 2016)

Regarding biological activity, in vitro tests with P. striatulum essential oil revealed
inhibition of the microorganisms Salmonella typhimurim, Bacillus cereus and
Staphylococcus aureus, in addition to having an effect on the acetylcholinesterase
enzhyme (Moniz et al., 2019b)

The fixed composition of P. striatulum is still unknown, and further studies with
this bias are needed, in addition to studies of biological activities to establish the safety

and efficacy of its secondary metabolites as possible pharmaceutical agents.

3.4. Traditional use and scientific investigations

The native species of Psidium, covered in this review, used in traditional medicine,
have therapeutic indications mainly linked to the digestive system. All six species

indicated in traditional medicine indicate within this system. Five of them have
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indications for diarrhea, and four for dysentery, showing the prevalence of these
therapeutic uses within the genus. Digestive disorders are associated with issues of basic
sanitation and water treatment (Ortega-Cala et al., 2019; Tangjitman et al., 2015),
affecting the most vulnerable part of society. According to the World Health Organization
(WHO) (WHO, 2020), diseases of the digestive system, mainly diarrhea, are among the
main causes of death in the world, occupying the eighth position. The use of native
Psidium species for this system may appear as a therapeutic alternative for communities
more susceptible to these diseases.

The traditional uses identified are associated with symptoms or causes and not with
specific diseases. Symptoms such as dysentery, diarrhea, headaches, breathing problems,
inflammation indicate a range of illnesses. None of these therapeutic uses have been
tested directly in biological tests. Researchers perform the studies based not only on
popular indications but in general due to tested microorganisms that affect human health.
However, studies carried out against bacteria of the genera Salmonella, Staphylococcus,
Bacillus, Pseudomonas, Staphylococcus, Listeria, Klebsiella (Alvarenda et al., 2015;
Durdes et al., 2017; Macaubas-Silva et al., 2019; Melo et al., 2017; Moniz et al., 2019b)
and fungi of the genus Candida (Macédo et al., 2020, 2018; Morais-Braga et al., 2016a),
may be associated with traditional uses of popular medicine, since these microorganisms
are capable of causing diseases and infections with the same symptoms reported in
ethnobiological research: diarrhea, dysentery, and belly pain.

The medicinal uses indicated for disorders of the respiratory and nervous systems
have no biological investigation. This may be because they are less evident systems
among Psidium species. On the other hand, antiproliferative investigations in breast,
ovarian, and colon cancer cells (Dias et al., 2019; Medina et al., 2011; Nascimento et al.,
2018), may be associated with indications for the genitourinary system (Abreu et al.,
2015).

Although the research is not directly related to the traditional uses reported, the
species most used in folk medicine are also the most analyzed in terms of biological
activity, such as P. cattleyanum and P. guineense. Thus, the traditional knowledge
associated with the number of therapeutic indications seems to be a criterion for the
selection of species to be investigated in ethnopharmacology. This connection between
the lines of research shows the importance of ethnobiology as a premise for testing species
with therapeutic indications reported by communities, and directing species for

bioprospecting.
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Malaria was the only disease reported for Psidium species (specifically P.
acutangulum) and tested directly because of its popular indications, either in the treatment
of the disease (Houél et al., 2016, 2015) or in the form of prevention against transmitting
mosquitoes (Chalannavar et al., 2013). However, this information is not present in the
ethnobotanical data of this analysis, because the research was carried out in French
Guiana in the years 2003 and 2007 (Fleury, 2007, 2003) and is not part of the criteria
established in this investigation. P. acutangulum indications against malaria need further
investigation because despite the decline in malaria cases reported in the 20th century,
this disease still represents a public health problem in most developing countries in
tropical and subtropical areas. In these countries, factors such as temperature and rainfall
are preponderant for the development of vectors and parasites (Greenwood et al., 2008).
Plants are the richest sources of active ingredients, many identified compounds are used
as herbal agents (Lee, 2010).

The chemical composition of Psidium species may be related to the success of
biological activities. Most studies analysed show that they are part of the compounds
found in plant extracts in the species already described: the total phenolic content, the
richness of flavonoids (catechins and anthocyanins), essential oils (B-caryophyllene) and
the meroterpenoids, identified mainly in P. guajava.

In Psidium species, metabolites (vitamins, phenolic compounds, carotenoids, and
flavonoids) constitute an important source of antioxidant compounds (Batista et al., 2018;
Pereira et al., 2012; Trueba, 2003). The antioxidant capacity of the species is mainly
associated with the richness of flavonoids. They are one of the groups most present in the
Psidium species investigated in this analysis (Chaves et al., 2018; Donno et al., 2018;
Saber et al., 2018). Both popular medicine and human food use its fruits (Franzon et al.,
2009). Fruits and vegetables are sources of nutritional resources. Their consumption is
related to a reduction of the incidence of diseases such as cancer, cardiovascular
dysfunctions, inflammation, the decline of the immune system (Schiassi et al., 2018;
Steinmetz and Potter, 1996).

The tested concentrations of plant extracts of Psidium species influence biological
activities. In general, the reported studies make the concentrations viable for application,
because they present significant biological activity, either in the synergistic interaction
between chemical compounds, compounds, and synthetic drugs or isolated compounds
(Castilho etal., 2014; Chalannavar et al., 2013; Charneau et al., 2016; Gordon etal., 2011;
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Houél et al., 2016; Luiz et al., 2017; Morais-Braga et al., 2016a; Nascimento et al., 2018;
Ortega et al., 2017).

Cytotoxicity tests are important to make the concentrations used in biological
assays feasible, however, they are still incipient. Only two of the analyzed species provide
this information. The tested concentrations of P. acutangulum do not show cellular
cytotoxicity (Houél et al., 2016, 2015), however P. brownianum (Machado et al., 2018)
has a high toxic effect on fibroblasts, although it has shown excellent biological activity.

It is difficult to provide a direct answer about the effectiveness of the concentrations
tested in the research analyzed since different means of testing and units of measurement
are used in the conduct of the experiments. One of the examples that can be cited is the
results of antioxidant tests through the DPPH method expressed in different forms,
percentage, umol L-1, pug / mL, mg / mL, g / dry fruit. It would be ideal to establish a
standardized range of effectiveness for each biological activity, as well as for the methods
tested.

Seven species in the group of species analyzed in this investigation do not have
ethnobotanical reports. Among these seven species, five of these denote biological
activities. We found that some studies justify carrying out biological tests based on
popular indications. However, these studies do not investigate the therapeutic uses
indicated by local populations (Macédo et al., 2020; Moniz et al., 2019b; Morais-Braga
et al., 2016b). Other studies support their research based on the use of species for human
consumption (Bittencourt et al., 2019), or seek to understand their chemical composition
based on the scarcity of reports in the scientific literature (Dias et al., 2019; Medeiros et
al., 2018; Nascimento et al., 2011). It would be interesting if future studies of biological
activities were directed to the same therapeutic indications reported in the communities,
being able to assure if a given treatment used empirically brings benefits or harms.

In this context, ethnobotanical data still need to be better targeted, to point out
species with pharmacological potential, as this facilitates the emergence of biological
activity research that is directly related to the therapeutic uses indicated by the

communities.

4. Conclusions

Few Psidium species have been registered with therapeutic indications, most of

which were included in ethnobotanical surveys in lists with several other species.
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Most of the investigated species present studies on chemical composition and / or
biological activities, with the exception of P. sobralianum, which has not presented any
record with this scientific approach.

Psidium species are indicated in Brazilian folk medicine almost exclusively for
disorders in the digestive system, although they are used for other systems such as
respiratory, nervous and genitourinary. However, there is little research on chemical
composition and biological activity aimed directly at these therapeutic indications.

The Psidium species studied are rich in terpenes, phenolic compounds, tannins and
carotenoids and these substances are directly responsible for the biological activities
conferred on the species, such as antioxidant, antimicrobial, antiproliferative and anti-
inflammatory.

Psidium cattleyanum and P. guineense are the most investigated species in terms of
ethnobiological research, chemical composition and biological activities. The
commercial exploitation of its fruits can be one of the determining factors for these
investigations.

Psidium acutangulum, P. brownianum, P. densicomum, P. grandifolium, P.
laruotteanum, P. myrsinites, P. myrtoides, P. salutare, P. schenckianum, P. striatulum
and P. sobralianum, appear less frequently in investigations in scientific studies.
However, these are species that deserve attention, as some already register the presence
of flavonoids and terpenes, two chemical classes proven to be responsible for biological
activities.

Native species of the Psidium genus are important sources of active ingredient,
however new research on bioprospecting is relevant and necessary to carry out a diagnosis
within the genus, and help in the development of effective herbal medicines to combat

human diseases.
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Abstract

This work aimed to analyze the chemical composition of the essential oils from Psidium
laruotteanum Cambess. (Marangaba-peluda), Psidium salutare (Kunth) O. Berg
(Marangaba-vermelha) and Psidium sobralianum Landrum & Proenga (Aracéa-de-veado),
and to investigate their antibacterial and antioxidant activities. Twenty-six chemical
compounds were identified, with a predominance of hydrocarbon sesquiterpenes
(38.46%). The essential oils presented different compounds, with the majorities being
Viridiflorol (27.89%), a-caryophyllene (27.62%) and Isocaryophyllene (10.16%) for P.
laruotteanum; 1,8-Cineole (57.07%) and a-phellandrene (14.62%) for P. salutare and o-
pinene (11.78%), Viridiflorol (11.64%), 6-amorphene (9.93%) and y-eudesmol (9.44%)
for P. sobralianum. The essential oil of P. laruotteanum showed the best antibacterial
results, inhibiting the growth of E. coli at concentration 96 pg/mL, and demonstrating
synergistic effect when associated with amikacin on S. aureus, with p<0.001. The
dominance of Caryophyllene derivatives may be responsible for the activity. P. salutare
and P. sobralianum, were only able to inhibit bacterial growth at higher concentrations,
between 341.33 pg/mL and > 1024 pg/mL. Regarding antioxidant activity, the three
species were able to inhibit DPPH in a concentration-dependent manner, with the best

result for P. sobralianum oil with 1Cso 0f 5.99 mg/mL.

Keywords: Psidium laruotteanum; Psidium salutare; Psidium sobralianum; Terpenes;

Volatile oils; Biological activities.
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1. Introduction

Human infectious diseases, such as those caused by bacteria, are associated with
high rates of mortality and morbidity, being one of the leading causes of death worldwide
(Dacoreggio et al.,, 2019). Multidrug-resistant strains are emerging from the
indiscriminate and/or inappropriate use of synthetic antimicrobials, representing a serious
public health problem worldwide (Gorniak et al., 2018). Medicinal plants are prospective
sources of antimicrobial agents. The presence of secondary metabolites in their chemical
composition figure as alternative products used against pathogenic microorganisms,
many showing efficient antimicrobial activity (Campos e Silva et al., 2021; Gérniak et
al., 2018).

Besides the use of medicinal plants for the treatment of infectious diseases, they are
also used for the treatment of neurodegenerative, cardiovascular and cancer diseases. The
presence of excessive free radicals in the body or insufficient production of antioxidants
leads to oxidative stress in cells and favors the development of these latter diseases
(Suwanwong and Boonpangrak, 2021).

The therapeutic activities of medicinal plants are largely attributed to bioactive
compounds present in their metabolism. Flavonoids, phenolic compounds, tannins, and
volatile terpenes present in the chemical composition of plant species are directly
responsible antimicrobial and antioxidant activities (Chouhan et al., 2017; Gérniak et al.,
2018; Vinholes et al., 2017).

Volatile terpenes, especially monoterpenes and sesquiterpenes, present in essential
oils of plant species, represent alternatives of biological (natural) sources in the
development of new drugs both in fighting infectious diseases (Tariq et al., 2019) and

attacking free radicals (Valdivieso-Ugarte et al., 2019). These metabolites can act
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synergistically with synthetic drugs potentializing their effect when used in combination
with plant extracts, or interfering with the resistance mechanism of microorganisms or
cellular oxidation (Kalan and Wright, 2011).

Medicinal plant species found in the Brazilian flora have contributed to the
development of therapeutic alternatives through the identification of their secondary
metabolites. Botanical species belonging to the Myrtaceae family, especially in the genus
Psidium L., are used in the treatment of diseases and symptoms associated with various
body systems (Macedo et al., 2021).

The therapeutic potential of these species may be related to the richness of chemical
compounds present in the essential oil, demonstrating to be effective against several
bacteria (Dias et al., 2019; Duré&es et al., 2017; Moniz et al., 2019) and in helping to
eliminate of free radicals present in the body (Jeronimo et al., 2021; Nascimento et al.,
2018; Nora et al., 2014). Taking into consideration the ethnopharmacological potential of
Psidium species and the presence of essential oils in their chemical composition, the aim
of this study is to analyze the chemical composition of the essential oil of Psidium
laruotteanum Cambess. (Marangaba-peluda), Psidium salutare (Kunth) O. Berg
(Marangaba-vermelha) and Psidium sobralianum Landrum & Proenca (Ara¢é-de-veado),
and to investigate their antibacterial and antioxidant potential. These species are present
in several Brazilian phytogeographic domains and are used in traditional medicine, but

there is little information about these investigations.

2. Materials and methods

2.1. Collection and identification of botanical material
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The collection of plant material took place in two areas of disjunct Cerrado in the
Chapada Nacional do Araripe, Barreiro Grande and Malhada Bonita, located about 26 km
from the municipality of Crato, Ceard, in Northeastern Brazil.

The study was carried out with young and healthy leaves of the shrubby species
Psidium sobralianum Landrum & Proenca (07° 21° 43.22" S and 039° 28 34.2" W), P.
laruotteanum Cambess. (07° 21° 23.2" S and 039° 26° 17.6" W) and P. salutare (Kunth)
O. Berg. (07°23° 25.8" S and 039° 26’ 53.4" W), with the respective herbarium accession
numbers, IPA: 92709, UB: 217278 and UB: 217277, all collected by the first author.

The botanical material was collected and processed according to classic
herborization techniques (Mori et al., (1989) and identified by Dra. Carolyn Elinore
Barnes Proenca of the Universidade de Brasilia (UnB) and by Dr. Marcos Eduardo Guerra
Sobral of the Universidade Federal de Sdo Jodo Del-Rei (UFSJ). The voucher material
was deposited at the Dardano de Andrade Lima Herbario of the Instituto Agrondmico de
Pernambuco (IPA), at the Herbarium of the Universidade Federal of S&o Jodo Del Rei
(HUFSJ) and at the Herbario da Universidade of Brasilia (UB). The survey is registered
in the National System for the Management of Genetic Heritage and Associated
Traditional Knowledge (SISGEN), registration number AE56B81. Authorization for the
collection of botanical material was provided by the Information System on Authorization
and Biodiversity (SISBIO) of the Chico Mendes Institute for Biodiversity Conservation

(ICMBIo0), under authorization number 63956-1.

2.2. Extraction and analysis of essential oils

The chemical profile of the species was evaluated from the collection of leaves

extracted from a single individual (per species) and collected preferably in the morning,
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around 9 am. The leaves collected from each individual ranged from 204g to 380g in
weight.

Fresh leaves with a mass of 204g (P. laruotteanum), 336g (P. salutare), and 380g
(P. sobralianum) were submitted to the hydrodistillation process for 2 h in a modified
Clevenger apparatus. After this process, the essential oils were collected and treated with
anhydrous sodium sulfate (Na2SO4) and kept under refrigeration at < 4° C until analyzed.

The essential oils were analyzed by gas chromatography coupled with mass
spectrometry (GC/MS) in a Shimadzu QP 2010 spectrometer, operating with ionization
energy of 70 eV. A capillary column of fused silica Rtx — 5MS (30 m x 0.25 mm i.d.,
0.25 pm film thickness) and a helium gas carrier with a flow of 1 mL/min with split was
used. Injector and detector temperatures were programmed at 250 °C and 200 °C,
respectively. The column temperature was determined from 35°C to 180°C at 4°C/min
and then from 180 °C to 280 °C at 10 °C/min. Mass spectra were obtained from 30 to 450
m/z. Individual components were identified by matching their mass spectra with those in
the database, as well as by visually comparing the fragmentation pattern with those
reported in the literature (Adams, 2001). The representation of chemical structures was

developed in ChemDraw 18.1.

2.3. Antibacterial test

2.3.1. Determination of minimum inhibitory concentration (MIC)

The antibacterial activity of essential oils was evaluated by the serial microdilution

method, using the M02-M11 model as a reference (CLSI, 2018). The assay was

performed with the bacteria Escherichia coli Ec 27 and Pseudomonas aeruginosa ATCC
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15442 gram-negative and Staphylococcus aureus Sa 358, and Streptococcus mutans

INCQS 00446 gram-positive. Table 1 shows the bacterial resistance profile.

Table 1: Profile of bacterial resistance to antibiotics (Sobral et al., 2016).

Bacteria Source Antibiotic resistance

Staphylococcus aureus Sa 358 surgical wound.  Oxa, Gen, Tob, Amk, Lex, Neo,
Paro, But, Sis, Net

Escherichia coli Ec 27 surgical wound.  Azm, Amx, Amp, Amk, Lex, Cec,
Cef, Caz, Cip, Chl, Ipm, Kan, Sxt,

Tet, Tob

Subtitle: Amk: Amikacin; Amp: Ampicillin; Amx: Amoxicillin; Azm: Azithromycin;
But: Butirosin; Caz: Ceftazidime; Cec: Cefaclor; Cef: Cephalothin; Chl:
Chloramphenicol; Cip: Ciprofloxacin; Gen: Gentamicin; Ipm: Imipenem; Kan:
Kanamycin; Lex: Cephalexin; Neo: Neomycin; Net: Netilmicin; Oxa: Oxacillin; Paro:
Paromomycin; Sis: Sisomicin; Sxt: Sulfamethoxazole; Tet: Tetracycline; Tob:

Tobramycin.

Essential oils were diluted in sterile distilled water and dimethylsulfoxide (DMSO)
at a concentration of 1024 pg/mL. Serial dilutions were performed to obtain
concentrations ranging from 512 to 8 pg/ml. Tests were performed in triplicate and plates
incubated at 35 £ 2 °C for 24 h. The analysis of the results was carried out by colorimetry
with the addition of 25 pL of resazurin solution (0.01%) to each well after incubation.
The minimum inhibitory concentration (MIC) was defined as the lowest concentration of

essential oil capable of inhibiting bacterial growth.
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2.3.2. Evaluation of the modulating effect

The modulating effect of essential oils from Psidium laruotteanum Cambess., P.
salutare (Kunth) O. Berg, and P. sobralianum Landrum & Proenca were analyzed by
combining them with the aminoglycoside amikacin and the beta-lactam cephalothin,
according to the methodology proposed by Coutinho et al. (2008).

The essential oils that obtained the best MIC were used in sub-inhibitory
concentrations (MIC/8) in 10% BHI. The solutions were distributed in microdilution
plates, followed by the addition of different concentrations of antimicrobials obtained by
serial dilution from an initial solution of 1024 pg/mL. In the negative control, antibiotics
were not added to the strains. The plates were incubated at 35 + 2 °C for 24 h and read
by colorimetry by adding 25 uL of resazurin solution (0.01%). As a positive control, the

MICs of the antibiotics used were used.

2.4. Antioxidant test

2.4.1 DPPH free radical scavenging activity

The free radical scavenging activity of essential oils was determined by the
photocolorimetric method of DPPH (1,1, diphenyl-2-picrylhydrazyl), according to Choi
etal. (1994), with modifications using ascorbic acid and eugenol as standard antioxidants.

In 96-well plates, triplicate volumes of 20ulL of ascorbic acid and eugenol
dissolutions and oils were added to 80uL of 99.5% ethanol and 100uL of 0.4 mM DPPH
ethanolic radical solution; generating final concentrations of standards and oils of 1.37-

88.11 mg/mL. After 1 h of incubation at room temperature and in the dark, absorbance
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measurements were taken at 518 nm. The absorbance readings of the respective blanks
of the oils and standards were carried out under the same working conditions, 20uL of
dissolution of oils and standards, 180uL of 99.5% ethanol, obtaining the same final
concentrations.

The percentages (%) of DPPH radical inhibition were expressed as a percentage
compared to the control, consisting of 100uL of 0.4 mM DPPH ethanolic solution and

100uL of 99.5% ethanol, and calculated using the equation:

% DPPH |nh|b|t|0n = [(AbS Control - (AbS Extract — AbS White)] X 100%

ADS. control

Where, Abs. control 1S the absorbance of the extract-free DPPH solution; Abs. extract 1S the

absorbance of the extract with DPPH; Abs. wnite is the absorbance of the extract without

DPPH.

2.5. Statistical analysis

Antioxidant assay results were analyzed using ANOVA and Tukey tests, and

microbiological results were analyzed using a one-way ANOVA with the Bonferroni

correction using GraphPad Software Prism 8.0. Results with p < 0.05 were considered

statistically significant.

3. Results and discussion
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3.1. Chemical analysis

The essential oil yields of P. sobralianum and P. salutare were higher than those
obtained from P. laruotteanum (0.52%, 0.51% and 0.05%, respectively). According to
the literature the essential oil of P. salutare and P. laruotteanum showed yield variations
between 0.15%-0.73% for the former; 0.3%-0.4% and 0.4 £ 0.0 for the latter two (Camara
et al., 2020; Macédo et al., 2018; Medeiros et al., 2018). No chemical yield was found in
the literature for the essential oil of P. sobralianum, this is the first extraction reported
for this species.

The variation in essential oil yield may be related to the quantity of times that the
same plant individual is submitted to the leaf removal process (among other factors), since
these factors were directly proportional. Once the leaves are removed (an important
element in photosynthesis), the species may invest more energy resources to produce new
leaves and perhaps make fewer resources available for essential oil production (a process
with significant energy investment; Taiz et al., 2017). This process can be aggravated if
the withdrawal intervals are too short. In this way, the species will not have enough time
to produce new leaves, and consequently essential oil production will be affected.

The analyses performed in GC-MS revealed qualitative and quantitative variations
of the oils. Twenty-six compounds corresponding to 80%, 96.62% and 100.00% of P.
sobralianum, P. laruotteanum and P. salutare were identified, respectively (Table 2). Of
the identified compounds, 84.61% were present in only one species, 15.38% were shared
between two species, and none o were shared among the three species. The chemical
composition of plant essential oils is genetically determined; however, environmental
conditions such as the vegetative cycle, and extrinsic factors, as well as different

extraction methods can cause significant variation (Heinzmann et al., 2017).
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Table 2: Chemical composition of essential oils from leaves of Psidium laruotteanum, Psidium salutare, Psidium sobralianum, analyzed by gas

chromatography coupled with mass spectrometry (GC/MS).

\§ Compounds Psidium laruotteanum Psidium salutare Psidium sobralianum
RT (min.) % RT (min.) % RT (min.) %
1  o-pinene - - 3.896 4.48 3.887 11.78
2  PB-pinene - - - - 4.790 8.13
3 B-myrcene 5.008 3.56 - - - -
4 a-phellandrene - - 5.398 14.62 - -
5 Terpinolene - - 5.640 2.06 - -
6 Limonene - - 5.878 8.37 - -
7 1,8-Cineole - - 5.969 57.07 5.948 7.10
8 y-terpinene - - 6.378 4.85 - -
9 Linalool 6.989 7.26 6.990 5.74 - -
10 L-o-Terpineol - - - - 8.158 2.02
11 a-terpinyl acetate - - 9.618 2.82 - -
12 Isocaryophyllene 10.370 10.16 - - - -
13 Bicyclosesquiphellandrene - - - - 10.450 2.74
14 a-caryophyllene 10.718 27.62 - - - -
15 Germacrene D - - - - 10.837 6.18
16 B-selinene 11.051 2.12 - - - -
17 Viridiflorene 11.128 4.04 - - - -
18 y-elemene - - - - 11.140 6.32
19 g-amorphene - - - - 11.363 9.93
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\§ Compounds Psidium laruotteanum Psidium salutare Psidium sobralianum
RT (min.) % RT (min.) % RT (min.) %
20 10-epi-Elemol - - - - 11.689 4.72
21 Palustrol 12.053 3.06 - - - -
22 Aromadendrene 12.273 3.42 - - - -
23 Cycloheptane, 4-methylene-1-methyl 12.391 4.78 - - - -
2-(2-methyl-1-propen-1-yl)-1-vinyl-
24 Viridiflorol 12.570 27.89 - - 13.247 11.64
25 Caryophyllene oxide 12.654 2.71 - - - -
26 y-eudesmol - - - - 12.908 9.44
Hydrocarbon monoterpenes - 9.09 - 62.5 - 18.18
Oxigenated monoterpenes - 9.09 - 37.5 - 18.18
Hydrocarbon sesquiterpenes - 54.54 - - - 36.36
Oxigenated sesquiterpenes - 27.27 - - - 22.27
Total identificado (%) 96.62 100.00 80

Subtitle: -: not detected; %: Concentration; RT: Retention time; min.: minute.
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Psidium essential oils have a terpene chemical profile, with a predominance of
hydrocarbon sesquiterpenes (38.46%), followed by hydrocarbon monoterpenes (26.92%),
oxygenated sesquiterpenes (19.23%), and oxygenated monoterpenes (15.38%). Figure 1 shows
the structural representations of the substances identified in the study species. These results are
similar to those reported in the literature for native Brazilian species of Psidium (Campos e
Silva et al., 2021; Macedo et al., 2021).

It was observed that the essential oil of P. laruotteanum and P. sobralianum are richer in
sesquiterpenes (hydrocarbonated and oxygenated) while that of P. salutare is composed
exclusively of monoterpenes (hydrocarbonated and oxygenated). It can be seen that the
predominance of chemical classes of the species are not invariable. For example, Medeiros et
al. (2018) notes that the essential oil of P. laruotteanum is rich in monoterpenes, whereas
Camara et al. (2020) recorded richness in sesquiterpenes. The same distinction can be made for
the essential oil of P. salutare, rich in sesquiterpenes in the study by Pino et al. (2003) and in
monoterpenes in Macédo et al. (2018). This distinction may be related to the presence of the
dominant compound, since this compound stands out due to its high percentage in relation to
the others.

Eleven compounds were identified in P. laruotteanum oil, where the dominat compounds
were Viridiflorol (27.89%), a-caryophyllene (27.62%) and Isocaryophyllene (10.16%). In the
literature about 79 compounds have already been recorded in the essential oil of P.
laruotteanum (Camara et al., 2020; Medeiros et al., 2018). However, the chemical composition
of our analysis incorporate new elements to the species, since of the compounds found, only
3.79% had already been identified in the species.

The discrepancy in the composition of the essential oil of P. laruotteanum, is also
demonstrated for the majority compounds found in the literature. In this analysis the majority
compounds cited in the previous paragraph, differ from those reported by Medeiros et al. (2018)

(p-cymene: 34.8%; 1,8-cineole: 19.2%; y-terpinene: 14%; a-pinene: 13.4%) and Camara et al.
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(2020) ((E)-Nerolidol: 9.6%; y-terpinene: 9.4%; Caryophyllene oxide: 7.3%). Although there
is difference between the chemical profile of the species, it shows similarity with other Psidium
species, such as P. myrsinites DC. and P. myrtoides O. Berg (Camara et al., 2020; Dias et al.,

2020) showing richness of caryophyllene derivatives.
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Fig. 1: Structural representation of the chemical compounds of essential oils from Psidium

species.

For P. salutare, eight compounds were identified in essential oil. Of these, only two (a-
phellandrene and a-terpinyl acetate) had not been reported for this species, showing that it
presents a similar profile to other populations previously analyzed. However, the monoterpenes
1,8-cineole (57.07%) and a-phellandrene (14.62%) figure as the majority compounds, a result
different from that found in the literature. Macédo et al. (2018) recorded p-cymene (17.83%),
y-terpinene (17.09%), terpinolene (16.99%), and t-cadinol (15.20%) as the majority
compounds. Pino et al. (2003) reported the compounds Caryophyllene oxide (39.8%) and ar-
turmerone (17.3%) as the majority compounds.

For P. salutare, the he high concentration of 1,8-cineole (above 50%) in its essential oil

is noteworthy. High concentrations might have potential therapeutic value, as it is a component
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that frequently appears in myrtle oils (Dhakad et al., 2018). Eucalyptol or 1,8-cineole is the
active compound of many Eucalyptus species (also Myrtaceae), with concentrations ranging
from 60% to 95% and can act as an antimicrobial, anti-inflammatory, antioxidant,
bronchodilator, and antiviral (Dhakad et al., 2018). In a recent research developed by Valussi
et al. (2021), the authors demonstrate that the use of Eucalyptol (as an isolated substance or as
a main compound of essential oils) seems to be a useful remedy for the treatment of respiratory
symptoms, as well as in patients with mild uncomplicated infections caused by coronaviruses
such as SARS-CoV-2.

For P. sobralianum, a total of 11 compounds were identified essential oil, with a-pinene
(11.78%), Viridiflorol (11.64%), 6-amorphene (9.93%) and y-eudesmol (9.44%) as the major
components. This analysis provides unprecedented information in the literature on the chemical
composition of the essential oil of P. sobralianum, a species endemic to Brazilian. The chemical
characterization of the species expands our knowledge of the volatile compounds within the
genus, Macedo et al. (2021), state that some species of Psidium are unknown or that on their
chemical profiles information is often scarce.

The chemical composition of the essential oil of P. sobralianum is similar to some
Psidium species cited in the literature, such as P. brownianum Mart. ex DC. (Sampaio et al.,
2020), P. guineense Sw., P. laruotteanum, and P. salutare (Campos e Silva et al., 2021; Macédo
etal., 2018; Medeiros et al., 2018) presenting as characteristic in their essential oils the presence
of a-pinene, B-pinene and 1,8-cineole. In some of these species these compounds figure as the
dominant compounds. The voucher specimen cited by Sampaio et al. (2020) as P. brownianum
was Morais-Braga s.n., depositad in HCDAL (Accession 10671) and UB (Barcode
UB0038996), from the same locality as our study. This voucher has since been re-identified as
P. sobralianum Landrum & Proenca, described in 2015 after the study by Sampaio et al. (2020).

The name P. brownianum was poorly understood at the time of their study, and was applied to

119



what is now understood as three different species (Landrum and Proenca, 2015; Tuler et al.,
2019).

Compounds such as Bicyclosesquiphellandre (2.74 %), Germacrene D (6.18 %), 6-
amorphene (9.93 %), 10-epi-elemol (4.74 %) and y-eudesmol (9.44 %) that appear in the
essential oil of P. sobralianum, are less frequent in other Psidium species. Of these, 6-
amorphene and y-eudesmol stand out, corresponding to more than 19% of the total

concentration of compounds.

3.2. Antibacterial assay

The values of inhibitory concentrations obtained from the bacterial strains tested are

shown in table 3.

Table 3: Minimum inhibitory concentration (MIC) of essential oil from leaves of Psidium

species on bacterial strains.

Tested microorganisms MIC (pg/mL)
EOPL EOPSA EOPSO
Gram’
Escherichia coli Ec 27 96 > 1024 768
Pseudomonas aeruginosa ATCC 426.67 853.33 341.33
Gram+
Staphylococcus aureus Sa 358 512 853.33 512
Streptococcus mutans INCQS 00446 170.67 > 1024 597.33

Subtitle: ATCC: American Type Culture Collection; INCQS: National Institute for Quality
Control in Health. EOPL: essential oil of P. laruotteanum; EOPSA: essential oil of P. salutare;

EOPSO: essential oil of P. sobralianum.

The essential oil of P. laruotteanum showed the best MIC results, thus having the

modulating activity analyzed. It was able to inhibit the growth of Escherichia coli and
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Streptococcus mutans bacteria at concentrations of 96 pg/mL and 170.67 pg/mL, respectively.
This effect on E. coli is an important finding, since it shows that the essential oil was able to
inhibit the action of a multidrug-resistant bacterium that has a multilayer membrane structure,
which is difficult to be broken by conventional antibiotics (Madigan et al., 2016).

The dominant presence of Caryophyllenes derivatives, such as Isocaryophylle, o-
caryophyllene, Caryophyllene oxide (lower amount) (Sotto et al., 2020), in addition to
considerable amount of Viridiflorol (27.89%), could be responsible for the antibacterial activity
of P. laruotteanum essential oil. Or even, by higher and lower levels of different compounds,
could be responsible for the effective synergistic effect on E. coli and S. mutans.

This is the first report of antibacterial activity of P. laruotteanum oil. An acaricidal action
of its oil on Tetranychus urticae has already been verified (Camara et al., 2020). Although there
are no reports of antibacterial action of P. laruotteanum essential oil, research with hexane and
ethyl acetate extracts from the leaves, revealed significant activity on Trypanosoma brucei
gambiense (Charneau et al., 2016).

The oils from P. salutare and P. sobralianum, were only able to inhibit bacterial growth
at higher concentrations, 853, 33 pg/mL to > 1024 pg/mL for the former and 341.33 pg/mL to
768 pg/mL for the latter. The species showed richness of 1,8-cineole (57.07 %) (P. salutare)
and a-pinene (11.78 %) (P. sobralianum), compounds that are generally considered bacterial
growth inhibitors (for both gram+ and gram- bacteria) as demonstrated by Elaissi et al. (2012),
in assays with Eucalyptus L'Hér species. which show abundance of these compounds,
especially 1,8-cineole. However, this is not a general rule. Cimanga et al. (2002), investigating
the relationship between chemical composition and antibacterial activity of aromatic oils from
medicinal species, observed that there was no significant correlation between antibacterial
activity and the percentage of major compounds. This suggests that the compounds present in
greater proportions are not necessarily responsible for the greater portion of the total activity.

Thus, the less abundant constituents should be considered, and the activity may be attributed to
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the presence of these compounds or a synergistic capacity among all compounds in the essential
oils.

Other Psidium species are pointed out presenting antibacterial activity. Soliman et al.
(2016), argued that P. guajava L. and P. cattleyanum Sabine species showed potent bacterial
inhibition on Staphylococcus aureus (6.75 pg/mL) and Neisseria gonorrhoeae (13.01 pg/mL),
suggesting medicinal use and possible therapeutic application of their essential oils for the
treatment of various diseases. Psidium myrtoides O. Berg was found to have moderate activity
against some bacteria of the genus Streptococcus, with strong activity against Streptococcus
mutans as MIC of 62.5 ug/mL (Dias et al., 2019). Still regarding P. myrtoides, Macédo et al.
(2020) verified in antifungal tests that the essential oil potentiated the effect of fluconazole (a

commercial antifungal agent) on Candida albicans strains.

3.2.1. Modulation

The analysis of the antibiotic modulating activity of P. laruotteanum oil on bacterial
strains showed that the oil had a synergistic effect, as shown (Fig. 2). The essential oil showed
synergism especially when associated with amikacin on S. aureus, with p<0.001, demonstrating
that it potentiated the action of the antibiotic on the bacteria tested. There was no modulation
when the oil was associated with cephalothin. Synergism was also found in the association of
essential oil with amikacin and cephalothin antibiotics on E. coli, although not statistically
significant. These data are important, since these microorganisms are resistant to the antibiotics
tested (Table 1).

Gram-negative bacteria are less susceptible to essential oil components than Gram-
positive bacteria, in general. This is due to the outer membrane of lipopolysaccharides (LPS)

present in Gram-negative bacteria, which act as a barrier to macromolecules and hydrophobic
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compounds, thus providing greater tolerance to hydrophobic antimicrobial compounds
(Madigan et al., 2016), such as those found in oils essential.

Aminoglycosides, the class to which amikacin belongs, in general, present characteristic
cellular toxicity due to their absorption in the intracellular medium (Oliveira et al., 2006). The
association of this class of antibiotics and natural products may be an alternative to mitigate
their side effects, since a reduction in the MIC may also represent a reduction in the therapeutic

dose (Figueredo et al., 2013).
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Fig. 2: Modulating effect of Psidium laruotteanum (OEPL) essential oil on the antibacterial
activity of amikacin and cephalothin on Sa 358 and Ec 27 strains. **** statistically significant
p value < 0.001; ns: not significant. Sa 358: Staphylococcus aureus; Ec 27: Escherichia coli.
Data were analyzed by ANOVA and Bonferroni test.

The major compounds of P. laruotteanum oil (Viridiflorol: 27.89%; a-caryophyllene:
27.62%; lsocaryophyllene: 10.16%) or the rich mixture of various compounds may be

responsible for the antibacterial and modulating activity of this species.

3.3. Antioxidant test (DPPH)
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The DPPH elimination index and the value of half inhibitory concentration (ICso) were
determined to evaluate the antioxidant capacity of P. laruotteanum, P. salutare and P.
sobralianum essential oils.

In the results of free radical scavenging percentage, P. sobralianum oil exhibited the
highest antioxidant activity, with 53.55 % DPPH inhibition, followed by P. salutare with 24.46
% and P. laruotteanum with 23, 72 %. These values are lower when compared to the Eugenol
and ascorbic acid controls, at 85 % and 88 %, respectively.

When analyzing the 1Cso values, P. laruotteanum, P. salutare and P. sobralianum oils
were able to eliminate DPPH in a concentration-dependent manner (Fig. 3), with ICsq ranging
from 5.99 mg/mL to 54.34 mg/mL. All oils showed lower inhibition when compared to the
positive controls, ascorbic acid (1Cso 0.02 mg/mL) and eugenol (ICso 0.04 mg/mL), capable of

inhibiting 88.77 % and 85.74 % of the radical, respectively.

100+

Eugenol: 1Csq 0.04 mg/mL
AA: 1Cg, 0.02 mg/mL
EOPL: IC5 52.33 mg/mL
EOPSA: ICx 54.34 mg/mL
EOPSO: 1Cgj 5.99 mg/mL

% inhibition of DPPH
LI

T T
0 137 275 55 11.01 22.02 44.05 88.11

Concentrations (mg/mL)
Fig. 3: Antioxidant effect of Psidium laruotteanum (EOPL), Psidium salutare (EOPSA), and
Psidium sobralianum (EOPSO) essential oils; of ascorbic acid (AA) and eugenol on the DPPH

radical.

The oil of P. sobralianum was the most effective against the DPPH radical, with I1Cso of
5.99 mg/mL. This result places the species in prominence among the native species of the genus,

since the 1Cso of 5.99 mg/mL, is within the established dosage range for antioxidant activity of
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essential oils, which is 0.01 and 10 mg/mL (Valdivieso-Ugarte et al., 2019). The other Psidium
species analyzed, although they showed some antioxidant activity, showed ICso values that are
not relevant from a clinical point of view, since high doses of the natural product would be
needed to have the desired effect.

The essential oil of other Psidium species, such as P. cattleyanum shows low antioxidant
effect, ranging from 16.19 % to 4.01% (Scur et al., 2016). In some cases, such as the essential
oil of P. grandifolium Mart. Ex DC., the ICso cannot be determined, because even at high
concentrations they were not able to reduce DPPH levels by 50% (Bittencourt et al., 2019). On
the other hand, P. guajava. demonstrates significant antioxidant activity (Jerdnimo et al., 2021),
a result that may be linked to the high content of oxygenated sesquiterpenes (44.7%), since this
class of compounds generally exerts good free radical scavenging activity.

The chemical composition of Psidium essential oils may have affected the antioxidant
capacity of the species. Good antioxidant behavior can be expected from essential oils with
high phenolic content and modest unsaturated terpene content; large amounts of phenolic
compounds and significant amounts of cyclohexadiene-like components, e.g. y-terpinene
(Amorati et al., 2013). Although the chemical composition of the essential oil of the studied
species shows unsaturated terpenes, it does not reveal any components with predictable
antioxidant activity (e.g. phenols). The absence of phenolic compounds (such as thymol,
carvacrol or eugenol) in Psidium essential oils are characteristic of many native species of the
genus (Dias et al., 2020, 2019; Figueiredo et al., 2018; Medeiros et al., 2015, 2018; Soliman et
al., 2016). These compounds are largely responsible for the antioxidant activities of the species.

Essential oils from various plants present different degrees of antioxidant activity,
according to a table formulated by Amorati et al. (2013). From this data compilation, the authors
found that some of the essential oils linked to Psidium species in this study show good, low, or
pro-oxidant activity using BHT as a reference. For example, the compounds y-terpinene and

1,8-cineole showed good antioxidant activity; in contrast, the compounds a-phellandrene,
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Linalool, Germacrene D, a-pinene, Viridiflorol, and Limonene showed very low pro-oxidant
or antioxidant activity.

Although the essential oil from Psidium species present, in some cases, low capacity to
capture free radicals, this does not mean that the species do not have antioxidant potential. Other
secondary metabolites, obtained from, for example, aqueous, ethanolic, and methanolic extracts
may reveal chemical compounds different from those obtained from essential oils extraction
methods. This occurs because while in the latter volatile terpenes predominate, the former may
record phenolic compounds rich in flavonoids that are natural sources of antioxidant substances.

Several examples in the literature point out that the aqueous, ethanolic, or methanolic
plant extracts of P. acidum (DC.) Landrum (originally identified as P. acutangulum but see
Landrum, 2016), P. brownianum, P. cattleyanum, or P. guineense were rich in phenolic
compounds, flavonoids, quercetins, luteins, and tannins showing antioxidant activity (Macedo
etal., 2021).

Besides the different methods of extraction, the quantitative and qualitative variation of
secondary metabolites found in both essential oils and plant extracts of Psidium species can be

affected by different conditions, whether genetic, developmental, or environmental.

4. Conclusion

Analysis of the chemical composition of the essential oils of P. laruotteanum, P. salutare
and P. sobralianum revealed qualitative and quantitative variations and none of the compounds
appeared simultaneously in the three species.

Of the compounds identified, there was a predominance of hydrocarbon terpenes and new
elements were identified in the chemical profiles of P. laruotteanum and P. salutare, while for

P. sobralianum the information of its essential oil constituents is new.
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Antibacterial and modulating effects were observed for P. laruotteanum essential oil. The
effects presented by this species may be associated with the majority presence of
Caryophyllenes compounds.

Antioxidant activity was evidenced in a concentration-dependent manner, with P.
sobralianum showing the best activity. The other species did not have clinically relevant
concentrations, requiring high doses of the natural product for the desired effect. The absence
of phenolic compounds in the chemical composition of essential oils may be responsible for

this.
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5. CAPITULO 4: CONSIDERACOES FINAIS

5.1. PRINCIPAIS CONCLUSOES

Espécies nativas de Psidium, ainda sdo pouco investigadas quanto suas propriedades
terapéuticas. Em contraste com a riqueza de espécie dentro do género (o segundo maior entre
Myrtaceae) seis espécies, P. acutangulum, P. cattleyanum, P. densicomum, P. guineense, P.
myrsinites e P. sobralianum tiveram indicacdes terapéuticas vinculadas a alguma prética da
medicina popular. Entretanto, a grande maioria dos trabalhos esta direcionado a duas espécies,
P. cattleianum e P. guineense, a exploracdo comercial de seus frutos pode ser um dos fatores
responsaveis por maiores interesses de investigagéo.

Em sua grande maioria, espécies de Psidium sdo usadas sobretudo para tratar sintomas
associados a transtornos do sistema digestério como diarreia, disenteria, problemas estomacais.
De forma mais discreta sdo utilizadas para os sistemas respiratdrio, nervoso e geniturinario. Os
tratamentos medicinais mencionados pelas populagdes sdo feitos principalmente pelo uso das
folhas em forma de decoccao.

Quimicamente apresentam variacGes qualitativas e quantitativas de compostos quimicos.
Diferentes partes das plantas além de dispares solventes utilizados nos extratos vegetais
conferem essa variabilidade. O 6leo essencial extraido das folhas é rico em terpenos, as vezes
variando entre monoterpenos e sesquiterpenos, tanto hidrocarbonados quanto oxigenados. Os
compostos 1,8-cineole, Viridiflorol, a-caryophyllene, B-caryophyllene, Isocaryophyllene, a-
humulene e a-pinene tém aparecido com o0s majoritarios dentro do género. Além desses, novos
elementos quimicos foram adicionados as espécies P. laruotteanum e P. salutare e relatado pela
primeira vez na literatura a composicao quimica de P. sobralianum.

Os compostos quimicos presentes nos extratos vegetais e 6leos essenciais, sdo
diretamente responsaveis por conferirem as espécies diferenciadas atividades bioldgicas como
anti-inflamatoria, antiproliferativa, antimicrobiana e antioxidante. Destacando as duas Gltimas
e associado a atividade dos 6leos essenciais, verificamos que estes podem ser mais eficazes
para atividades antibacterianas, visto que o 6leo de P. laruotteanum inibiu o crescimento de E.
coli demostrou efeito sinérgico quando associado a amicacina sobre S. aureus. J& para a
atividade antioxidante os resultados foram dependentes de concentracdo, com resultados
promissores para P. sobralianum.

O fato de as indicacOes terapéuticas das espécies de Psidium estarem associadas a
sintomas ou causas e ndo a doencas especificas, levam muitas vezes a investigacfes de

atividades bioldgicas que ndo estejam associadas diretamente com as indicacdes relatadas pelas
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comunidades locais pesquisadas. No entanto, estudos realizados com diferentes bactérias e
fungos podem estar associados aos usos tradicionais da medicina popular, uma vez que esses
microrganismos podem causar infec¢Oes apresentando os mesmos sintomas relatados nos
trabalhos de investigagdes etnobioldgicas.

Espécies nativas do género Psidium sdo importantes fontes de substancias promissoras
para a bioprospeccdo, sendo necessarias mais investigacGes para que se possa perfazer um
diagndstico dentro do género. Pesquisas associando etnobotanica médica, composi¢do quimica
e atividades bioldgicas sdo indispensaveis. Uma vez que a conexao entre o saber popular e o
saber cientifico, podem convergir para o desenvolvimento de medicamentos fitoterapicos ou

fitofarmacos, eficazes no combate a enfermidades humanas.

5.2. CONTRIBUICOES TEORICAS E/OU METODOLOGICAS DA TESE

A presente pesquisa destacou o conhecimento etnobotanico, composicdo quimica e
atividades biologicas de espécies medicinais nativas do género Psidium (Myrtaceae), tanto em
um contexto local como nacional. Teve como principal objetivo levantar os usos medicinais,
analisar a composicdo quimica e atividades bioldgicas de espécies nativas do género Psidium
para o Brasil. Os resultados encontrados em cada um dos capitulos sdo pertinentes, a0 mesmo
tempo que propicia um melhor entendimento dessas caracteristicas dentro do género,
preenchendo lacunas de conhecimento. Vinculado a isso, essa tese trouxe elementos
semelhantes aqueles que tém sido associados as espécies de Psidium, como as substancias
presentes em sua composi¢cdo quimica sendo responsaveis diretamente pelas atividades
bioldgicas relatadas. Assim como, contribuiu com novos achados quimicos, com constituintes
ainda ndo vinculados ao género, como também resultados importantes na inibicdo do
crescimento bacteriano, sinergismo frente a antibidticos sintéticos e potencial antioxidante.

No campo metodoldgico, a tese traz um arranjo de revisdo sistematica delineada de uma
maneira clara de ser compreendida e passivel de ser replicada em investigagdes que busquem
compreender caracteristica etnobotanicas, quimica e bioldgicas dentro de um género e de forma
mais especifica para espécies. Além disso, para o estudo local das espécies, utilizamos uma
metodologia acessivel em relacdo a outras existentes para determinar os constituintes quimicos,

assim como compreender seu papel em atividades exercida por essas espécies.

5.3. PRINCIPAIS LIMITACOES DO ESTUDO
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Os desafios logisticos, especialmente idas ao campo para a coleta das espécies in situ,
podem ter influenciado no nimero da amostra. A escassez de referéncias bibliograficas sobre
estrutura de vegetacdo na area pesquisada, como os fitossocioldgicos, assim como trabalhos de
outra natureza (por exemplo etnobioldgicos) que trazem a identificacéo das espécies de Psidium
apenas em nivel de género, podem ter sido uma barreira na localizacdo de mais espécies. Caso
conseguissemos uma amostra maior poderiamos efetivar um melhor diagndstico para o género
nas abordagens propostas.

O fato de termos realizados apenas dois testes na busca por atividades biologicas, talvez
ndo tenhamos dado uma compreensdo mais apurada sobre o potencial das espécies. No entanto,
essa questdo pode ser atribuida a crise sanitaria causada pelo coronavirus SARS-CoV-2
causador da COVID-19 que atingiu todo o mundo, levando os paises a decretarem lockdown.
Dessa maneira, com o fechamento e confinamento, ficamos impossibilitados de realizar novas
analises que poderia dar um melhor direcionamento para o uso dos 6leos essenciais das espécies

de Psidium e onde estes, poderiam serem melhor aplicados.

5.4. PROPOSTAS DE INVESTIGACOES FUTURAS

InvestigacOes etnobotéanicas destinadas especificamente ao género Psidium, através da
utilizacdo dos nomes populares conhecidos nas comunidades locais, podem dar um melhor
direcionamento de como essas espécies sdo utilizadas na pratica. No decurso de nossas
investigacGes bibliograficas, percebemos que espécies nativas de Psidium além do uso
medicinal, sdo usadas também na alimentagcdo humana. Anéalises que compreendam essas duas
caracteristicas, podem vir a colocar o género em destaque tanto do ponto de vista fitoterapico
quanto como sendo adicionado no cardapio alimentar.

Os constituintes quimicos presentes nos 0leos essenciais das espécies sdo variaveis, tanto
qualitativa quanto quantativamente, sendo essa variagdo influenciada por diversos fatores.
Anélises que possam compreender a diferenca entre essas varidveis, como temperatura,
pluviosidade, eventos fenoldgicos, tipos de solo, dentre outros, poderiam trazer luz aos
principais constituintes presentes nas espécies, assim como entender quais fatores sdo
determinantes para a variagdo desses compostos. Dessa maneira, poderiamos estabelecer um
padréo na composi¢do quimica de géneros e mais especificamente espécies botanicas, em razao
da presenca de determinados compostos em sua constituicdo, os marcadores quimicos. Além
de, selecionar as espécies mais indicadas para determinadas atividades biol6gicas, com base no

seu padrdo quimico.
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Extrair compostos quimicos de diferentes partes das plantas e analisar por diferentes
técnicas de extracdo, seria importante pela mesma questdo apresentada no paragrafo anterior.
Pois enquanto determinadas técnicas podem apresentar limitacfes, outras poderiam trazer
novos aspectos a determinado respeito, e melhores respostas a certas investigacdes. No entanto,
essa proposta precisa de incentivo financeiro para pesquisadores e instituicdes, uma vez que se
trata de anélises que requerem equipamentos sofisticados e caros, 0 que torna impraticavel o
custeio por parte do aluno ou professor, quando as instituicbes ndo detém o0s recursos
necessarios para realizacéo de analises como essas.

Testes de citotoxicidade e analises in vivo para as espécies de Psidium, constituem outro
horizonte a ser investigado. Pesquisas com esses objetivos fornecem materialidade para que se
possa avancgar na busca por novos agentes eficazes contra doencas humanas. Devido
principalmente a resisténcia microbiana a produtos sintéticos, as substancias de fontes naturais,
como 0s constituintes quimicos extraidos de espécies vegetais, sdo as melhores opg¢des para

esse tipo de investigagéo.

5.5. ORCAMENTO

Essa pesquisa foi realizada com apoio financeiro da Coordenacéo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) e Fundacdo Cearense de Apoio ao Desenvolvimento
Cientifico e Tecnolégico (FUNCAP) por meio de concessdo de bolsa de doutorado (proc.
88887.190974/2018-00) a aluna Julimery Goncalves Ferreira Macedo. As despesas para 0
desenvolvimento da pesquisa incluem compra de material de papelaria e de campo,
abastecimento de veiculo, alimentacdo, pagamento de pessoal de campo. Foram gastos cerca
de R$ 2.280,00 em 22 dias a campo, representando uma média de R$ 103, 63 por dia. Com esse
investimento diario foi possivel coletar folhas para a extracdo de 6leo essencial de seis espécies
de Psidium, além de observagdes fenoldgicas. Foi possivel ainda, iniciar um levantamento
etnobotanico de uso medicinal do género em duas localidades da Chapada do Araripe, sendo
possivel identificar (até a realizacdo da pesquisa) cinco espécies de Psidium (pesquisa
interrompida devido a pandemia do COVID 19). Esse trabalho também recebeu auxilio
concedido pelo programa de Pos-Graduacéo em Etnobiologia e Conservacao da Natureza, dos
recursos do PROAP no valor de R$ 1.160,00. Esse valor foi utilizado para custeio de
hospedagem na participagdo do 70° Congresso Nacional de Botanica em Maceio-AL e para
compra de solventes, reagentes e material de uso ndo permanente, para utilizacdo em

laboratério.
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ANEXO A: Documento de cadastro da pesquisa no SisGen.
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Cadastro n? AES6BE1

A afividade de acesso ao Patrimonic GenelicelCTA, nos termos abaixo resumida, foi cadastrada no
SisGen, em atendimento ac previsto na Lei n® 131232015 e seus regulamentos.

Mimero do cadastro: AESEBE1
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Titulo da Afividade: Marcadores quimicos de espécies medicinais do género Psidium
[(Myrtaceae).
Equipe
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Marta Maria de Almeida Souza Urca
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SituagSo do Cadastro: Concluido ™

Conselho de Gestao do Patiménio Geneético
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ANEXO B: Documento de aprovacédo da pesquisa no CEP-URCA.

UNIVERSIDADE REGIONAL DO £ Plaboforma
CARIRI - URCA W

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titule da Pesquisa: Marcadores quimicos de espedies medicinais do género Psidium (Myriaceas).
Pesquisador: Julimery Gongalves Ferreira Macedo

Area Tematica:

Versdo: 2

CAAE: B4404418 2.0000.5055

Instituigdo Proponente: Universidade Regional do Cariri - URCA

Patrocinador Principal: FUNMD COORD DE APERFEICOAMENTC DE PESSCAL DE MIVEL SUP

DADDS DO PARECER

Humera do Parecer: 2,054 183

Situagao do Parecer:
Aprovado

Mecessita Apreciagiao da COMEP:
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CRATO. 10 de Outubro de 2018

Assinado por:

cleide correia de Oliveira
(Coordenadonal)
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ANEXO C: Documento de autorizacdo para coleta das espécies pelo SISBIO.
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ANEXO D: Artigo publicado a partir dos dados referentes ao capitulo 2 da tese. Therapeutic
indications, chemical composition and biological activity of native Brazilian species from
Psidium genus (Myrtaceae): A review.
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ANEXO E: Artigo submetido a partir dos dados referentes ao capitulo 3 da tese. Chemical
composition, antioxidant, antibacterial and modulating activity of the essential oil of Psidium
L. species (Myrtaceae Juss.)

A Editorial Manager® x| + 5

& C @ editorialmanager.com/bab/default1.aspx o =2 % @ B ‘}

I Apps G Google (3§ Email-Julimery Go.. [ Entrar no dliente Zi.. K3 Web of Science [v.5.. ScienceDirectcom |.. & Home - PMC - NCBI [ Scopus - Document » Lista de leitura

EiDGataw’
s sricut

S Editorial

Sisand -

al.Siotechnolony WManager

HOME » LOGOUT = HELP « REGISTER = UPDATE MY INFORMATION » JOURNAL OVERVIEW Role:[IEFRIN Username: Julimery Macedo
MAINMENU o CONTACT US + SUEMIT AMANUSCRIFT o INSTRUCTIONS FOR AUTHORS » POLICIES

< Submissions Being Processed for Author

Page: 1 of 1 (1 total submissions)(D) Results per page 10 v

Manusecript Initial Date

Number & Title & S Current Status 4

Action = -~

Chemical composition, antioxidant,
p BAB-D-21- antibacterial and modulating activity of the y Feb 10, .
Action Links 01421 essential oil of Psidium L. species Dec 27, 2021 2022 Under Review
(Myrtaceae Juss.)

Page: 1 of 1 (1 total submissions)

Results per page 10 +

145



