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RESUMO

Objetivou-se neste trabalho realizar o estudo morfoanatémico, a caracterizagéo fisico-
quimica e determinar a composicdo quimica, variabilidade sazonal e larvicida dos O6leos
essenciais obtido nas folhas de Campomanesia pubescens (DC.) O. Berg. O material botanico
foi coletado em Hidrolandia, Goias. A caracterizagdo morfonanatbmica e a triagem
fitoquimica foram realizadas por métodos convencionais. Amostras pulverizadas foram
submetidos a hidrodestilacdo em aparelho de Clevenger e a identificagdo dos componentes
quimicos dos Oleos volateis obtidos foi por CG-EM. A atividade larvicida foi realizada com
larvas do Aedes aegypti em terceiro estadio. A lamina foliar, a nervura principal e o caule
jovem apresentam epiderme uniestratificada revestida por cuticula. O mesofilo e o paréquima
cortical da nervura principal e caule jovem apresentam cavidades secretoras e idioblastos com
cristais. A nervura principal contém feixe bicolateral em arco aberto. O caule jovem, possuli
uma faixa esclerenquimatica descontinua externa ao floema. Os compostos majoritarios dos
6leos essenciais foram o espatulenol, dxido de cariofileno, a-macrocarpeno e z-cariofileno.
Na triagem fitoquimica foram detectados taninos, esterdides/triterpenos, flavonoides e fendis
totais. O teor de compostos volateis foi de 7,36%, 0 de cinzas totais foi de 1,77% e o indice de
intumescéncia foi de 3,52 ml. O 6leo volatil na concentracdo utilizada foi inativo frente as
larvas de Ae. aegypti. O presente estudo contribuiu para o conhecimento taxonémico da
espécie e fornece parametros de controle de qualidade da matéria-prima vegetal. Esse trabalho
representa a primeira descricdo dos compostos quimicos e variabilidade sazonal dos éleos
volateis das folhas de C. pubecens coletadas em Goias.

Palavras chaves: Anatomia vegetal; Cerrado; Oleo essencial; Plantas medicinais;
Atividade larvicida.



ABSTRACT

The aim of this study was to perform from the morpho-anatomical study,
physicochemical characterization, chemical composition, seasonal variability and larvicidal
activity of the volatile oils of Campomanesia pubescens (DC.) O. Berg leaves. The botanical
material was collected in Hidrolandia, Goids. Morpho-anatomical characterization and
phytochemical screening were performed by conventional methods. Pulverized samples were
submitted to hydrodistillation in the Clevenger apparatus and the identification of the
chemical components of the volatile oils obtained was done by GC-MS. The larvicidal
activity was carried out with third-stage larvae of the Aedes aegypti. The leaf blade, the main
vein, and the young stem have a uni-stratified epidermis covered by a cuticle. The mesophyll
and cortical parenchyma of the main vein and young stem have secretory cavities and
idioblasts with crystals. The main rib contains a bicolateral bundle in an open arch. The young
stem has a discontinuous band of sclerenchyma external to the phloem cells. Most volatile oil
compounds are spathulenol, caryophyllene oxide, a-macrocarpene, and z-caryophylleneln
phytochemical analysis, tannins, digitalis, flavonoids, and total phenols were detected. The
content of volatile compounds was 7.36%, that of total ash was 1.77%, and that of mucilage
was 3.52 ml. The volatile oil at the concentration used was inactive against Ae aegypti larvae.
The present study contributes to the taxonomic knowledge of the species and provides
parameters for quality control of the plant raw material. This work represents the first
description of the chemical compounds and seasonal variability of volatile oils from C.
pubescens leaves collected in Goiés state.

Keywords: Plant anatomy; Cerrado; Essential oil; Medicinal plants; Larvicidal

activity.
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1. INTRODUCAO

O Cerrado é considerado o segundo maior bioma brasileiro, com uma é&rea de
2.036.448 km? que abrange estados de Goias, Tocantins, Mato Grosso, Mato grosso do Sul,
Minas Gerais, Bahia, Maranh&o, Piaui, Rond6nia, Parand, S&o Paulo, Distrito Federal,
Amapa, Roraima, Amazonas e em porcentagens menores (cerca de 1%) na Bolivia e no
Paraguai. Nele concentra-se nascentes que compde as trés maiores bacias hidrogréficas da
América do Sul, destacando sua importancia hidrogréafica (BRASIL, 2014).

E conhecido por sua biodiversidade, com cerca de 12.000 espécies de plantas nativas
ja catalogadas, dentre estas 34,9% sdo endémicas. Contém cerca de 13,4% das espécies
neotropicais e 1,5% das espécies mundiais. O Cerrado abriga mais de 250 espécies de
mamiferos, 850 espécies de aves, 800 espécies de peixes, 260 espécies de répteis e 200
espécies de anfibios (MITTERMEIER, 2004).

Apresenta mais de 10 tipos de frutos comestiveis, que geram comércio na populacédo
local e vendidos em centros urbanos, tais como pequi (Caryocar brasiliense Cambess.), buriti
(Mauritia flexuosa L. f.), mangaba (Hancornia speciosa Gomes), cagaita (Eugenia
dysenterica DC.), cacupari (Salacia crassifolia (Mart. ex Schult.) G. Don), cajuzinho do
cerrado (Anacardium humile A. St.-Hil.), araticum (Annona crassifolia Mart.) e as sementes
do baru (Dipteryx alata Vogel) (BRASIL, 2014).

Cerca de 220 espécies vegetais ttm uso medicinal de grande valor para 0s povos
nativos no cuidado da saude familiar e nos atendimentos de salde. Sdo conhecidos por
raizeiros, raizeiras, benzedores, benzedeiras, parteiras, parteiros, entre outras denominagoes o
individuo local que é responsavel por identificar e coletar partes da planta medicinal para
preparar e indicar medicamentos (BRASIL, 2014; EVANGELISTA, LAUREANO, 2007).

A grande variedade de plantas medicinais no Cerrado se da devido as caracteristicas
morfoldgicas das plantas, por exemplo, os xilopddios que sdo reservatérios de agua que
produzem substancias farmacologicamente ativas. Também apresenta grande diversidade
taxonémica, com grande distanciamento filogenético entre as especies o que permite grande
diversidade quimica (FARNSWORTH, 1988). Muitas espécies medicinais do Cerrado ja
possuem estudos cientificos, com possibilidades de avan¢o em tratamentos de saude para cura
e alivio de enfermidades. No entanto, deve ser ressaltado a importancia da medicina
tradicional dos povos primitivos que permitem a observacéo, a experimentacéo utilizada para
busca da salde e religido (RAMOS et al., 2019).
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Contudo, conforme o estudo de Indicadores de Desenvolvimento Sustentavel — IDS,
até 2008, o desmatamento no Cerrado j& havia comprometido cerca de 50% de sua é&rea,
superando a destruicdo dos demais biomas. Cerca de 131 espécie da flora e 99 da flora
estavam ameacadas de extin¢do. Devido as alteracdes humanas com o intuito de abertura de
novas areas para expansdo da fronteira agricola observa-se um esgotamento dos recursos
naturais da area. De acordo com o Mapbiomas, entre 1985 e 2020, o Cerrado apresentou
perda de 19,8% de sua vegetacdo nativa e houve um crescimento de 5,6x da area de
agricultura. 45,6% das paisagens que compdem seus 2 milhdes de km? — campos, savanas e
florestas - foram desmatadas e antropizadas, sendo 265 mil km? substituidos por
monoculturas e pastagens, além disso, 0s 54,4 % restantes estdo sofrendo constantes ataques e
degradacéo.

O bioma apresenta extensa diversidade e grande parte ainda desconhecida,
considerada a savana mais rica do mundo com possibilidades de fornecer novos principios
ativos para medicamentos, cosméticos e alimentacdo. O Cerrado é considerado um hotspots e
estima se que 20% das espécies nativas e endémicas ja ndo estdo presentes em areas
protegidas (BRASIL, 2014; MYERS et al., 2000).

Desde margo de 2020, ap6s a Organizagdo Mundial da Saude (OMS) decretar a
pandemia da COVID-19, ocasionada pelo virus SARS-Cov2, as demais doencas infecciosas
foram ofuscadas. Segundo a OMS, em 2020, 219 milhdes de pessoas foram afetadas pela
maldria e cerca de 2,7 milhGes de pessoas foram diagnosticadas com dengue. Destes casos da
dengue, 36,5% foram no Brasil e metade ocorreu na regido Centro-Oeste (BRASIL,2021).

O mosquito Aedes aegypti, vetor da dengue, chikungunya e zika, tem origem africana.
O desenvolvimento desse vetor é acelerado em locais com baixa infraestrutura em
saneamento basico e em condicdes precarias (BRASIL, 2021). O cenario atual de destruicdo
do cerrado e perda da vegetacdo nativa acarreta diversos problemas a populacdo, como o
aumento do namero de infecgdes por virus de vetores. O desmatamento afeta de forma direta
as relacdes ecologicas do bioma (ROSA, 2013; NAVA et al., 2017), de forma que diminui os
predadores de mosquitos devido a falta de habitat e promove melhores condi¢cGes ambientais
para o desenvolvimento de vetores (por exemplo, aumento da temperatura e disponibilidade
de alimentos). Portanto, de forma indireta, causa danos a saude publica (HSIANG et al., 2020;
MILINOVICH et al., 2014).

A dengue é uma doenca infecciosa aguda benigna ou grave de facil transmisséo pela
picada de mosquitos infectados (fémea). Considerada um problema de satde publica devido a
alta taxa de incidéncia e letalidade (BRASIL,2021). Entre 2001 e 2019, foram relatados



16

7.950.624 casos de dengue no cerrado brasileiro e 281.833.32 km? de é&reas nativas
desmatadas. Segundo o estudo de Pereira et al. (2014), € possivel observar a correlacdo entre
a incidéncia de casos de dengue e o desmatamento. Por exemplo, no estudo, os estados
formaram alguns grupos de acordo com suas caracteristicas diante aos fatores analisados,
Goias e Mato Grosso do Sul se destacaram por apresentar alta incidéncia de casos de dengue e
alta taxa de destruicdo da area nativa. Bahia e 0 Maranhdo formaram outro grupo com menor
taxa de casos e desmatamento moderado.

Na auséncia de cobertura vacinal, para o controle destas arboviroses destaca-se 0 uso
de larvicidas e inseticidas, principalmente nos periodos endémicos (CARVALO et al., 2017,
AL-MUHANDIS et al., 2011). Em 2002, o governo instituiu o Programa Nacional de
Controle da Dengue (PNCD), que propds formas de combate as arboviroses enfatizando a
importancia da adesdo social e incentivar as pessoas no controle da criacdo de possiveis
criadouros (BRASIL, 2002). Além de técnicas fisicas e quimicas, estratégias genéticas
também tém sido utilizadas, como por exemplo a infeccdo do Ae. aegypti com a bactéria
wolbachia, que permite uma incompatibilidade no mosquito, capaz de interromper a cadeia de
transmisséo de doencas, como a dengue (BATISTA et al., 2017).

A resisténcia aos inseticidas € uma das principais ameacas ao controle de insetos. No
Brasil, o Ministério da Saude utiliza apenas inseticidas recomendados pela Organizagédo
Mundial da Sadode (OMS). S&do utilizadas quatro classes, todas neurotdxicas:
organofosforados, carbamatos, piretroides e organoclorados. Mais recente foi aceito o uso das
espinosinas. Com o intuito de diminuir a resisténcia dos mosquitos, a Rede Nacional de
Monitoramento da Resisténcia de Ae. aegypti, indica o uso de larvicidas em conjunto com
inseticidas, ambos de classes distintas (VALLE et al., 2015).

Como alternativa de controle quimico, tém se realizado estudos com alguns produtos
naturais, como 6leos essenciais de plantas, para utilizacdo como larvicidas. A presenca de
determinados grupamentos quimicos nestes 6leos essenciais pode aumentar ou diminuir a
atividade larvicida (SANTOS et al., 2010; SANTOS et al., 2011; PEREIRA et al., 2014).
Existe grande interesse em estudos com o intuito de produzir larvicidas eficazes e seguros
para 0s humanos e para o ambiente. Segundo Santos et al. (2011), no seu estudo, 21
compostos apresentaram boa atividade larvicida contra Ae. aegypti, e 0s mais lipofilicos
apresentaram maior poténcia. Vale salientar que além do efeito larvicida, estes compostos
mostraram um efeito residual prolongado nos depdsitos onde sdo aplicados.

No Cerrado, as familias mais representadas sdo Leguminosae (POLHILL et al., 1981),

Asteraceae  (Compositae), Orchidaceae, Poaceae (Gramineae), Melastomataceae,
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Eriocaulaceae, Rubiaceae, Myrtaceae, Euphorbiaceae e Lamiaceae que compreendem 5,84%
do total das familias no Cerrado, mas que tem representatividade de 49,14% das espécies
encontradas (MACHADO et al., 2008). No Brasil, Myrtaceae (LANDRUM; KAWASAKI,
1997) compreende cerca de 100 géneros e 3.500 espécies de arvores e arbustos distribuido
pelos continentes, exceto Antértica, com predominancia nas regifes tropicais e subtropicais
(BARROSO, 1984; MARCHIORI; SOBRAL, 1997). No Cerrado, sdo encontrados 21
géneros e cerca de 344 espécies (MACHADO et al., 2008).

As espécies de Myrtaceae apresentam caracteristicas como folhas simples, com
glandulas oleiferas, flores polisttmones com ovario mediano a infero (CONTI et al., 1997).
As estruturas secretoras de 6leos essenciais presentes nas partes vegetativas e reprodutivas das
plantas sdo uma caracteristica desta familia (METCALFE; CHALK, 1950; CRONQUIST,
1981; BARROSO et al., 1984; PADOVAN et al., 2014). Os 6leos essenciais sdo complexos
em sua composicdo, apresentando geralmente monoterpenos, sesquiterpenos e
fenilpropandides. Muitas fungdes organicas sdo exercidas por estes compostos como fendis,
éteres, alcoois, ésteres, aldeidos e cetonas, responsaveis pelas diversas finalidades do uso dos
0leos essenciais (PICHERSKY; GERSHENZON, 2002).

O género Campomanesia é um dos mais importantes e bem definidos da familia, com
arvores e arbustos distribuidos da Argentina a Trindade, da costa do Brasil aos Andes no
Peru, Ecuador e Colémbia (LANDRUM, 1982; LANDRUM, 1896). Segundo Berg (1855-
1856, 1857-1859) apud Landrum (1986), Campomanesia apresenta ovario multilocular, com
cerca de 4 a 11 I6culo multiovulares e os 6vulos presos no interior do l6culo em duas fileiras
com sementes de modo circular. A testa das sementes € membranacea glandular-verrugosa.
Estudos demonstram que Campomanesia apresenta em maior quantidade monoterpenos e
sesquiterpenos nos 6leos essenciais de flores, frutos além de chalcona, flavondides nas folhas
(OLIVEIRA et al., 2016).

A Campomanesia pubescens, conhecida popularmente como gabirobeira, guabiroba,
guabiroba-do-campo ou guavira é considerada um arbusto que apresenta de 60 a 80 cm de
altura, normalmente observado em arbustos, com frutificacdo predominante nos meses de
setembro a outubro, as flores sdo brancas e os frutos séo verdes globosos, pequenas sementes
e a polpa amarelada quando madura, com sabor adocicado (SILVA et al., 2009). Ja o 0leo da
semente da C. pubescens é rico em compostos fenolicos que sdo importantes na reducao
oxidativa dos lipidios presentes no tecido vegetal. Estes compostos sequestram radicais livres,

0s quais sdo responsaveis por retardar o envelhecimento celular (ULIANA, 2017).
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2. OBJETIVOS

2.1. Objetivos Gerais

Realizar estudo morfoanatdmico, variabilidade sazonal e atividade larvicida dos 6leos
volateis das folhas de Campomanesia pubescens (DC.) O. Berg (Myrtaceae).
2.2. Objetivos Especificos

Realizar o estudo morfolégico visando a identificacdo botanica;

Realizar triagem fitoquimica do pé das folhas;

AN

Avaliar os teores de volateis e cinzas totais das folhas;
v Extrair e caracterizar quimicamente 0s 0leos volateis das folhas e avaliar a
variabilidade sazonal dos compostos quimicos.

v"Avaliar a atividade larvicida dos 6leos volateis das folhas contra larvas de Aedes

aegypti.
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3. METODOLOGIA

3.1. Material vegetal

Folhas de C. pubescens da regido do Cerrado foram coletadas mensalmente por 12
meses em Hidrolandia, Goias, Brasil (786 m de altitude, 16°53'59”S ¢ 49°13'29”W) entre 0s
meses de agosto de 2018 até julho de 2019. O Prof. Dr. José Realino de Paula fez a
identificacdo botanica e uma exsicata foi depositado no Herbario da Universidade Federal de
Goiés (n. 67844).

3.2.  Caracterizacdo macroscépica

A identificacdo, as descricdes morfoldgicas e fenoldgicas de C. pubescens foram feitas
a vista desarmada, mensalmente durante 12 meses, in loco, utilizando o microscopio
estereoscopico Olympus SZ-ST e bibliografias especializadas (GENTRY, 1992, LORENZI et
al., 2003, MARTIUS, 1897).

3.3. Estudo anatémico

Para o estudo anatémico, as folhas foram fixadas em FPA 70% (formaldeido, &cido
propidnico e etanol 70% 1:1:18 V/V) por 48 horas e conservadas em etanol 70%. Foram
realizados cortes paradérmicos do limbo foliar (terco médio da regido intercostal), cortes
transversais do limbo foliar (margem foliar, terco médio da regido intercostal e nervura
principal); peciolo (regido mediana) e ramos caulinares jovens (segundo entrend), corados
com Alcian blue/safranina 9:1 (Kraus & Arduin, 1997) e Steinmetz (COSTA, 2001). O
registro fotografico das estruturas anatdémicas foi realizado em fotomicroscopio (Zeiss-
Axiostar plus) com camera digital acoplada (Canon Power Shot G10) utilizando o software
Axion Vision 4.8.

3.4. Obtencao da droga vegetal

As folhas coletadas foram secas em estufa de circulacdo a 40°C por 48 horas e
pulverizadas em triturador comercial com copo monobloco inox LS-08MB-N (Skymsen
Metaldrgicas Siemsen LTDA, Brasil). O p6 obtido foi destinado para a triagem fitoquimica,

teor de volateis, teores de cinzas totais e insollveis.
3.5.  Triagem fitoquimica

Na triagem fitoquimica, foram investigados antraquinonas (formacdo de fenatos de
amonio), cumarinas (hidrdlise alcalina e observacdo em luz ultravioleta), esterdides e

triterpenos (reacdes de Liebermann-Burchard e Salkowski); heterosideos digitalicos (reacGes
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de Liebermann-Burchard, Kedde e Keller-Kiliani); amido (lugol); alcal6ides (Mayer,
Dragendorff, Bouchardat, Bertrand, reagentes de Hager, &cido tanico a 1%); heterosideos
flavonoides (reacdo de Shinoda; oxalico-borico; com concentrado de H2SO4; com hidroxido
alcalino; cloreto de aluminio e cloreto férrico); saponinas (indice de espuma); taninos (reacées
com gelatina, sulfato de quinino 1%, acetato de cobre 4%, cloreto férrico 2% e hidrdxido de
sodio 20%) e metilxantinas (reacdo murexida) (COSTA, 2001; CUNHA, 2005).

3.6.  Teor de volateis

A determinacdo do teor de compostos volateis foi realizada em um analisador de
umidade que produz radiacdo na regido do infravermelho utilizando uma lampada de
halogénio (Ohaus modelo MB35) (BRASIL, 2010). Para isso, pesou-se 1 g do farmaco
vegetal em po, distribuiu-se o material uniformemente sobre a placa da balanca e aqueceu-se a
cuba até peso constante. Apos iniciar o processo, o teor de volateis foi mostrado no display
digital do aparelho em aproximadamente 10 minutos. O experimento foi realizado em
triplicata, calculando-se a média, o desvio padrdo e o coeficiente de variacdo (BRASIL,
2010).

3.7. Teor de cinzas totais

Para determinacdo de teor de cinzas totais foi pesado exatamente 3g de amostra
previamente pulverizada e transferida para um cadinho previamente calcinado. A amostra foi
incinerada aumentando gradualmente a temperatura: 30 minutos a 200 °C, 60 minutos a 400
°C e 90 minutos a 600 °C. Foi resfriado em dessecador e pesado. O experimento foi realizado
em triplicata (BRASIL, 2010).

3.8. Indice de intumescimento

Para determinar o indice de intumescimento, pesou-se 1 g do pé das folhas e
transferiu-se para um béquer de 25 ml, mediu-se o volume do pd no béquer e adicionou-se 25
ml de 4gua. O béquer foi tampado com uma cobertura de solo e agitado a cada 10 minutos por
1 hora. Apos agitagdo, a mistura foi deixada em repouso por 3 horas a temperatura ambiente.
Ao final, foi medido o volume de material vegetal mais mucilagem. O experimento foi
realizado em triplicata (BRASIL, 2010).

3.9. Extracao, obtencéo e analise do 6leo essencial

Para analise dos 0Oleos volateis, foram coletadas folhas de dois espécimes diferentes da

C. pubescens mensalmente, secas em estufa com circulacdo de ar a 40 °C por 24 horas,
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trituradas imediatamente antes da extracdo do 6leo volatil. 90g do p6 foram submetidos a
hidrodestilagdo em aparelho tipo Clevenger por 2 h. Ap6s a secagem com Na>SOs anidro, 0s
Oleos foram armazenados em frascos de vidro a uma temperatura de -18°C até posterior
analise. Cada experimento foi realizado em triplicata. A composi¢do dos 6leos volateis das
folhas foi analisada usando uma coluna cromatografica Shimadzu GC/MS-QP2010A
equipado com uma coluna capilar de silica fundida DB-5 (30 m x 0,25 mm I.D.; 0,25 um de
espessura de filme) (composta por 5% de fenilmetil polisiloxano). O seguinte programa de
temperatura foi usado: a temperatura foi aumentada de 60-240°C a uma taxa de 3°C/min e
depois para 280°C a uma taxa de 10°C/min, terminando com 10 min a 280°C. O gés de
arraste (helio) apresentou vazdo de 1 mL/min, e o modo split teve proporcéo de 1:20. A porta
de injecdo foi ajustada para 225°C. Os parametros operacionais para o espectrometro de
massa quadrupolo foram os seguintes: a temperatura da interface foi ajustada para 240 °C e a
ionizacdo por impacto de elétrons para 70 eV, com uma faixa de massa de varredura de 40-
350 m/z a uma taxa de amostragem de 1 varredura/ s. Os componentes foram identificados
por comparacdo dos indices de retencdo dos componentes com 0s dos n-alcanos C9-C28 e
comparacdo dos espectros de massa com dados da literatura (VAN DEN DOOL; KRATZ,
1963; ADAMS, 2007).

A andlise de componentes principais (ACP) foi usada para avaliar as possiveis inter-
relagBes entre os compostos encontrados em 6leos volateis de folhas coletados em diferentes
meses ao longo de 1 ano usando o software Statistica 7 (Statsoft Inc., Tulsa). A analise de
agrupamento foi aplicada para estudar a similaridade das amostras com base na distribuicao
dos constituintes, e 0 agrupamento hierarquico foi realizado de acordo com o método de
variancia minima de Ward (WARD, 1963). A andlise discriminante candnica (ADC) foi
empregada para detectar o padrdo de distribuicdo das amostras e identificar os componentes
que diferiam entre 0s grupos.

3.10. Atividade larvicida

Para avaliar a atividade larvicida, o 0leo volatil das folhas de C. pubecens coletadas
em abril de 2020 foi preparado em dilui¢Bes seriadas de 100-20 ug/ml. Vinte larvas de Ae.
aegypti no terceiro estagio de desenvolvimento foram expostas a 25 mL da solucéo teste e 0s
eventos de mortalidade foram quantificados ap6s 24 horas. Todos 0s ensaios foram realizados
em triplicata em camara bioldgica com temperatura de 25°C £ 1°C, umidade relativa de 85%
+ 5% e fotoperiodo de 12 h (SILVA et al., 2003; OMS, 2005). Agua e surfactante foram os

controles negativos e o controle positivo utilizado foi o temefés 0,012 pug/mL. Os resultados
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foram analisados por meio de regressdo ndo linear (PROBIT), Statistica 12.0. Os seguintes
critérios foram usados para avaliar a atividade larvicida: concentracéo letal 50 (CL50) < 50

pg/mL foi considerada muito ativa, CL50 entre 50 e 100 pg/mL ativa e CL50 >100 pg/mL
inativa (SILVERIO et al., 2020).
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Abstract

The aim of this study was to perform from the morpho-anatomical study,
physicochemical characterization, chemical composition, seasonal variability and larvicidal
activity of the volatile oils of Campomanesia pubescens (DC.) O. Berg leaves. The botanical
material was collected in Hidrolandia, Goids. Morpho-anatomical characterization and
phytochemical screening were performed by conventional methods. Leaf powders were
submitted to hydrodistillation in the Clevenger apparatus and the identification of the
chemical components of the volatile oils obtained was done by GC-MS. The larvicidal
activity was carried out with third-stage larvae of the Aedes aegypti. The leaf blade, the main
vein, and the young stem have a uni-stratified epidermis covered by a cuticle. The mesophyll
and cortical parenchyma of the main vein and young stem have secretory cavities and
idioblasts with crystals. The main rib contains a bicolateral bundle in an open arch. The young
stem has a discontinuous band of sclerenchyma external to the phloem cells. Most volatile oil
compounds are spathulenol, caryophyllene oxide, a-macrocarpene, and z-caryophylleneln
phytochemical analysis, tannins, digitalis, flavonoids, and total phenols were detected. The
content of volatile compounds was 7.36%, that of total ash was 1.77%, and that of mucilage
was 3.52 ml. The volatile oil at the concentration used was inactive against Ae aegypti larvae.
The present study contributes to the taxonomic knowledge of the species and provides
parameters for quality control of the plant raw material. This work represents the first
description of the chemical compounds and seasonal variability of volatile oils from C.
pubescens leaves collected in Goias state.

Keywords: Plant anatomy; Cerrado; Essential oil; Medicinal plants; Larvicidal

activity.

Resumo

Objetivou-se neste trabalho realizar o estudo morfoanatémico, a caracterizacao fisico-
quimica e determinar a composi¢cdo quimica, variabilidade sazonal e larvicida dos Oleos
essenciais obtido nas folhas de Campomanesia pubescens (DC.) O. Berg. O material botanico
foi coletado em Hidrolandia, Goias. A caracterizacdo morfonanatdbmica e a triagem
fitoquimica foram realizadas por métodos convencionais. Os pos das folhas foram submetidos
a hidrodestilacdo em aparelho de Clevenger e a identificacdo dos componentes quimicos dos
6leos volateis obtidos foi por CG-EM. A atividade larvicida foi realizada com larvas do
terceiro estadgio do mosquito Aedes aegypti. A lamina foliar, a nervura principal e o caule

jovem apresentam epiderme uniestratificada revestida por cuticula. O mesofilo e o paréguima



29

cortical da nervura principal e caule jovem apresentam cavidades secretoras e idioblastos com
cristais. A nervura principal contem feixe bicolateral em arco aberto. O caule jovem, possui
uma faixa esclerenquimatica descontinua externa ao floema. Os compostos majoritarios dos
Oleos essenciais foram o espatulenol, oxido carifileno, a-macrocarpeno e z-cariofileno. Na
triagem fitoquimica foram detectados taninos, digitélicos, flavonoides e fendis totais. O teor
de compostos volateis foi de 7,36%, o de cinzas totais foi de 1,77% e o de mucilagem foi de
3,52 ml. O dleo volatil na concentracdo utilizada foi inativo frente as larvas de Ae. aegypti. O
presente estudo contribui para o conhecimento taxonémico da espécie e fornece parametros
de controle de qualidade da matéria-prima vegetal. Esse trabalho representa a primeira
descri¢do dos compostos quimicos e variabilidade sazonal dos 6leos volateis das folhas de C.
pubecens coletadas em Goias.

Palavras-Chave: Anatomia vegetal; Cerrado; Oleo essencial; Plantas medicinais;

Atividade larvicida.

Resumen

El objetivo del presente trabajo fue realizar el estudio morfoanatomico, la
caracterizacion fisico-quimica y determinar la composicion quimica, variabilidad estacional y
larvicida de los aceites esenciales obtenidos en las hojas de Campomanesia pubescens (DC.)
O. Berg. El material botanico fue recolectado en Hidrolandia, Goias, la caracterizacion
morfonanatémica y el cribado fitoquimico se realizaron por métodos convencionales. Los
polvos foliares se sometieron a hidrodestilacion en aparato Clevenger y la identificacion de
los componentes quimicos de los aceites volatiles obtenidos fue por CG-EM. La actividad
larvicida se realiz6 con larvas del tercer estadio del mosquito Aedes aegypti. El limbo de la
hoja, el nervio principal y el tallo joven tienen una epidermis uniestratificada cubierta por
cuticula. EI meséfilo y el parénguima cortical de la vena principal y el tallo joven tienen
cavidades secretoras e idioblastos con cristales. La costilla principal contiene un haz
bicolateral en un arco abierto. El tallo joven tiene una banda esclerénquima discontinua
externa al floema. Los compuestos principales de los aceites esenciales fueron espatulenol,
oxido de carifileno, a-macrocarpeno y z-cariofileno. En el cribado fitoquimico se detectaron
taninos, digitalicos, flavonoides y fenoles totales. El contenido de compuestos volatiles fue
del 7,36%, el de cenizas totales fue del 1,77% y el de mucilagos fue de 3,52 ml. El aceite
volatil en la concentracion utilizada fue inactivo contra las larvas de Ae. aegypti. El presente

estudio contribuye al conocimiento taxonémico de la especie y proporciona parametros para
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el control de calidad de la materia prima vegetal. Este trabajo representa la primera
descripcion de los compuestos quimicos y la variabilidad estacional de los aceites volatiles de
las hojas de C. pubecens recolectadas en Goiés.

Palabras clave: Anatomia vegetal; Cerrado, Aceite esencial; Plantas medicinales;

Actividad larvicida.

1. Introduction
The Myrtaceae family contains 131 genera and 5,900 species. A total of 23 genera

and about 1034 species are distributed in Brazilian regions such as Amazon, Caatinga,
Cerrado, Atlantic Forest, Pampa, and Pantanal (Sobral, et al., 2015).

The genus Campomanesia Ruiz & Pav. contains about 80 species (APG 1V, 2016).
About 31 species are presentes in the Brazilian territory (Sobral, et al., 2015). Five species
occur in Goiéds state, including Campomanesia adamantium (Cambess.) O. Berg,
Campomanesia eugenioides (Cambess.) D. Legrand ex L. R. Landrum, Campomanesia
pabstiana Mattos & D. Legrand, Campomanesia sessiliflora (O. Berg) Mattos Campomanesia
pubescens (DC.) O. Berg, (Forzza, 2010). This genus is characterized by 4-18 locular ovary.
Inflorescences are dichasium, unifloras, or racemes. The flowers have an open to fully closed
chalice, arranged in irregular lobes (Landrum, 1986; Landrum & Kawasaki 1997).

Campomanesia pubescens (DC.) O. Berg (Myrtaceae) is widely known as “gabiroba”
and is a shrub or sub-shrub with 0.5-1.5 m high. Due to its small size, it can be grown in
association with other tree fruits, allowing greater production of food by area. Studies show
that in the Cerrado in Goias, the species blooms from September to November (Almeida, et
al., 1998). The fruits have a sweet taste and can be consumed in nature or processed in the
form of pulps, juices, ice cream, soft drinks, sweets, puddings, liqueurs, smoothies or tanned
in cachaca (Sano & Almeida, 1998). C. pubescens are popularly employed to combat diseases
of the urinary tract and diarrhea and have an astringent action (Rodrigues & Carvalho, 2001).

C. pubescens is an aromatic shrub, containing secretory cavities that produce volatile
oil. Scientific studies have found ledol and globulol (Cardoso, et al., 2009) to be the major
constituents of the volatile oils in the flowers of C. pubecens collected in Mato Grosso do Sul,
from the fruits collected in the state of Minas Gerais, limonene, and eucalyptol, in eucalyptus
branches, and spatulenol, in the roots bicyclogermacrene, and spatulenol and the leaves,
bicyclogermacrene and 1,8 cineol (Chang, et al., 2011).

An in vitro study conducted with extracts and hexane fractions of the fruits of C.

pubescens, found antimicrobial activity against Staphylococcus aureus, Pseudomonas
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auruginosa, Escherichia coli, Salmonella setubal, Saccharomyces cerevisiae and Candida
albicans (Cardoso et al., 2010). In another investigation by Guerrero, et al. (2010)
demonstrated an increase in the number of monocytes in hematological tests in rats after
administration of the hydroethanolic extract of C. pubescens leaves, suggesting an anti-
inflammatory activity. There are no reports in the literature on the seasonal variability of
volatile oil compounds or the biological activity of C. pubescens on Aedes aegypti larvae, but
studies with other species of the Myrtaceae family, such as Eucalyptus, Pepper, Psidium, and
Syzygium, have verified larvicidal action (Dias, et al., 2014).

The mosquito Ae aegypti is the vector of human arboviruses, it breeds in standing
water (Consoli & Oliveira, 1994). The main preventive measure is the use of larvicides
associated with the elimination of mosquito breeding sites (Zara, et al.,, 2016). These
chemicals can be toxic to humans and other living organisms causing environmental problems
(Amer & Mehlhorn, 2006; Oliveira, et al., 2016). Ecologically sustainable insecticides with
lower toxicity and biodegradability are well accepted in this context, volatile oils being an
important source (Isman, 2020; Viana, et al., 2018).

Due to the pharmacological potential, this work aimed to carry out the
morphoanatomical study of C. pubescens, the quality control of plant raw material
(phytochemical screening, content of volatile compounds, total ash, particle size and
intumescence index), extract and analyze the chemical constituents of the volatile oils from
the leaves, check the monthly variability of volatile oil compounds for a year and their

larvicidal activity on third stage larvae of the Aedes aegypti mosquito.

2. Methodology

Leaves of C. pubescens from Cerrado region were collected for 12 monthly in
Hidrolandia, Goias, Brazil (786 m altitude, 16 © 53 '59” S and 49 ° 13' 29” W). Prof. Dr. José
Realino de Paula identified the specimen and a voucher specimen was deposited at the
Herbarium of the Federal University of Goias (n. 67844).

Identification, morphological and phenological descriptions of C. pubescens were
made with the naked eye, every month for 12 months, in loco, and using the stereoscopic
microscope Olympus SZ-ST and specialized bibliographies (Gentry, 1992, Lorenzi, et al.,
2003, Martius, 1897).

For the anatomical study, the leaves were fixed in 70% FPA (formaldehyde, propionic
acid, and 70% ethanol 1: 1: 18 VV / V) for 48 hours and preserved in 70% ethanol. Paradermic
sections of the leaf blade (middle third of the inter rib region) were carried out, cross sections
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of the leaf blade (leaf margin, middle third of the inter rib region and the main rib); petiole
(median region) and young stem branches (second internode internode), stained with Alcian
blue/safranin 9: 1 (Kraus & Arduin, 1997) and Steinmetz (Costa, 2001). Photographic
recording of the anatomical structures was performed in a photomicroscope (Zeiss-Axiostar
plus) with a coupled digital camera (Canon Power Shot G10) using the Axion Vision 4.8
software.

For analysis of volatile oils, leaves were collected from ten different individuals
monthly, oven-dried with air circulation at 40 °C for 24 hours, triturated immediately before
volatile oil extraction. 90g of th poder was submitted to hydrodistillation in a Clevenger-type
apparatus for 2 h. After drying with anhydrous Na>SOs, the oils were stored in glass vials at a
temperature of -18 °C until further analysis. Each experiment was performed in triplicate. The
composition of the volatile oils from leaves was analyzed using a Shimadzu GC/MS-
QP2010A fitted with a fused silica SBP-5 (30 m x 0.25 mm 1.D.; 0.25 pm film thickness)
capillary column (composed of 5% phenylmethyl polysiloxane). The following temperature
program was used: the temperature was raised from 60-240 °C at a rate of 3 °C/min and then
to 280 °C at a rate of 10 °C/min, ending with 10 min at 280 °C. The carrier gas (helium) had a
flow rate of 1 mL/min, and the split mode had a ratio of 1:20. The injection port was set at
225 °C. The operating parameters for the quadrupole mass spectrometer were as follows: the
interface temperature was set to 240 °C and the electron impact ionization to 70 eV, with a
scan mass range of 40-350 m/z at a sampling rate of 1 scan/s. The components were identified
by comparison of the retention indices of the components to those of C9-C28 n-alkanes and
comparison of the mass spectra with literature data (Van Den Dool & Kratz, 1963; Adams,
2007).

Principal component analysis (PCA) was used to evaluate the possible
interrelationships between the compounds found in volatile leaf oils collected at different
months throughout 1 year using Statistica 7 software (Statsoft Inc., Tulsa). Cluster analysis
was applied to study the similarity of the samples based on the distribution of the constituents,
and hierarchical grouping was performed according to Ward's minimum variance method
(Ward, 1963). Canonical discriminant analysis (DCA) was employed to detect the pattern
distribution of samples and to identify the componentes that differed between the groups.

The climatic data in this period were obtained from data from the National Institute
of Meteorology (INMET, 2020).
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For phytochemical studies, analysis of ash and moisture contents, the leaves were
collected, placed in plastic bags, dried in an oven with air circulation at a temperature of 40°C,
and later sprayed in a knife mill.

In phytochemical screening, anthraquinone heterosides (formation of ammonium
phenates), coumarins (alkaline hydrolysis and observation in ultra-violet light), steroids and
triterpenes (Liebermann-Burchard and Salkowski reactions) were investigated; digitalis
heterosides (Liebermann-Burchard, Kedde and Keller-Kiliani reactions); starch (lugol);
alkaloids (Mayer, Dragendorff, Bouchardat, Bertrand, Hager reactants, 1% tannic acid);
flavonoid heterosides (Shinoda reaction; oxalic-boric; with H>SO4 concentrate; with alkali
hydroxide; aluminum chloride and ferric chloride); saponin heterosides (foam index); tannins
(reactions with gelatin, quinine sulfate 1%, copper acetate 4%, ferric chloride 2% and sodium
hydroxide 20%) and methylxanthines (murexide reaction) (Costa, 2001; Cunha, 2005).

The determination of the content of volatile compounds was carried out in a moisture
analyzer that produces radiation in the infrared region by using a halogen lamp (Ohaus model
MB35) (Brazil, 2010). For this, 1 g of the powdered vegetable drug was weighed, the material
was evenly distributed on the scale plate and the bowl was heated to constant weight. After
starting the process, the moisture content was shown on the device's digital display in
approximately 10 minutes. The experiment was carried out in triplicate, the average, standard
deviation, and variation coefficient were calculated.

To determine the swelling index, 1 g of the powdered drug was weighed and
transferred to a 25 ml becker, the volume of the dry drug in the beaker was measured and 25
ml of water was added. The beaker was capped with a ground cover and stirred every 10
minutes for 1 hour. After stirring, the mixture was left to stand for 3 hours at room
temperature. In the end, the volume of plant material plus mucilage was measured. The
experiment was carried out in triplicate.

3 crucibles were calcined at 500 ° C for 60 minutes to determine the total ash content.
of the pulverized vegetable drug (3 g) was weighed and transferred to the calcined and tared
crucible. The sample was incinerated by gradually increasing the temperature: 30 minutes at
200 °C, 60 minutes at 400 °C, and 90 minutes at 600°C. It was cooled in a desiccator and
weighed. The experiment was carried out in triplicate.

To evaluate the larvicidal activity, the volatile oil from C. pubecens leaves collected in
April 2020 were prepared in serial dilutions 100-20 pg / ml. Twenty-third-instar Ae. aegypti
larvae were exposed to 25 mL of the test solution and mortality events were quantified after

24 hours. All assays were performed in triplicate in a biological chamber with a temperature
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of 25 °C £ 1° C, relative humidity 85% + 5%, and photoperiod of 12 h (Silva, et al., 2003;
WHO, 2005). Water and surfactant were negative controls and the positive control used was
the temephos 0,012 pg/mL. The results were analyzed using non-linear statistics (PROBIT),
Statistica 12.0. The following criteria were used to assess larvicidal activity: lethal
concentration 50 (LC50) < 50 pug/mL is considered very active, LC50 between 50 and 100
ug/mL active, and LC50 >100 pg/mL inactive (Silvério, et al., 2020).

3. Results
3.1 Morphological study
C. pubescens (Figure 1 A and B) occurs in open Cerrado stony and sandy soil.

Flowering occurs from September to October and fruiting from October to November.

It is a woody shrub, about 1.5 m tall in clump. Green and medium leaves, discolors

(the adaxial face of the leaves has a darker tone compared to the abaxial face), full of
trichomes on both sides, simple, crossed, and petiolate opposite. The leaf blade is elliptical, 5-
7 cm x 1.5-2 cm with obtuse apex, obtuse base, entire margin, peninervous venation.

The flowers are androgynous, heteroclamidous, white, pedunculated, caryophyllus
corolla with 5-petals, dialipetals and actinomorphic, androceu polisttmone, of simple, free

and white fillet. Spherical berry type fruit, becoming yellow when ripe.

3.2 Anatomic study
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The leaf of C. pubescens, in cross section, shows uni-stratified epidermis with
rectangular cells covered by cuticle, thick in the adaxial portion and thin in the abaxial
portion. The epidermal cells of the adaxial face are more elongated vertically (Figure 2A -
arrowhead) than those of the abaxial face (Figure 2A - thick arrow). Presence of non-
branched, single-celled trichomes with the absence of a pedal cell (Figure 2A - thin arrow) on
both sides of the leaf blade. Anomocytic stomata were found on the abaxial face (Figure 2B).

The mesophyll, in the transverse section, is dorsiventral, the palisade parenchyma
has up to 3 layers of cells, and the lacunous parenchyma of 4 to 6 layers of cells, composed of
cells of different shapes (Figure 2C). In the mesophyll, the presence of idioblasts with
polyhedral crystals (Figure 2C) or druses and secretory cavities (Figure 2D) was observed.

The leaf margin, in the cross-section, is rounded and covered by a cuticle.

Figure 2. A-C-D- Cross-section of the inter-rib from C. pubescens leaves (Alcian blue/safranin). B -
Paradermal section of the leaf blade showing anomocytic stomata (Steimntz). Tr - Trichomes. Ep - Epidermis.

Es - Stomata. CP - Polyhedral crystal. Ca - Secretory cavity.

The midrib, in the cross-section, has a plane-convex to slightly biconvex outline
(Figure 3A). The collenchyma, just below the epidermis, has 2-3 layers of cells, the cortical
parenchyma has 5 to 8 layers of cells (Figure 3B), with the presence of idioblasts containing
polyhedral crystals (Figure 3C) or drusas and secretory cavities dispersed in the cortical
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parenchyma. The vascular bundle is bicollateral with an open arch shape. A sclerenchyma
band that emits projections up to the xylem surrounds the external phloem. The internal

phloem has sclerenchyma cells dividing it into small sets of phloem cells.

Figure 3— A, B, C - Cross-sections of the midrib from C. pubescens leaves. A- Overview. B- Detail of
the cortical parenchyma and vascular bundle: sclerenchyma band, phloem and xylem. CP - Polyhedral crystal.
CD - Dr

The petiole, in the transverse section, has a plane-convex outline, delimited by an

epidermal layer covered by a thick cuticle. It presents single-celled trichomes (Figure 4A).
The cortical parenchyma has 10 to 12 layers of cells, with the occurrence of idioblasts
containing drusa-type crystals (Figure 4B - arrowhead) or polyhedral crystals (Figure 4C -
thick arrow) and secretory cavities (Figure 4D - thin arrow). The vascular bundle is
bicollateral in the shape of an open arch and is surround by a 1 to 3 layers strip of

sclerenchymatous cells.

Figure 4 — A, B, C, D, E — Cross-sections of the petiole of C. pubescens leaves. A- Overview. B- Detail
of the cortical parenchyma with drusa-shaped crystal. C- Detail of the Polyhedral crystal. D- Secretory cavity in
the cortical parenchyma and overview of the vascular bundle. CD — Druze-shaped crystal. CP - Polyhedral

crystal. Ca - Secretory cavity. (Alcian blue/safranin).
| b »,
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The young stem, in cross-section, with a cylindrical shape (Figure 5A), is delimited by
a uni-stratified epidermis and covered by a thick cuticle (Figure 5B) and there are unicellular
non-branched trichomes. The cortical parenchyma contains up to 10 layers of cells, presenting
idioblasts with drusas (Figure 5C - arrowhead) or polyhedral crystals (Figure 5C - thick
arrow) and secretory cavity (Figure 5B). A discontinuous sclerenchyma band, separated by
parenchymal cells, externally to the phloem (Figure 5D) are observed. In the medullary

parenchyma, there is the presence of scattered sclerenchyma cells

Figure 5 — Cross-section of C. pubescens young stem. A- Overview. B- Detail of the secretory cavity in
the cortical parenchyma. C- Detail of the drusa-shaped crystal and polyhedral crystal. D- vascular bundle detail.
CD- Druze-shaped crystal. CP - Polyhedral crystal. Ep — Epidermis. Fe — Sclerenchymatic band. (Alcian
blue/safranin).
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3.3 Volatile oil

During the leaf collection period, the months of greatest rainfall were October /
2018 (148.6 mm), November / 2018 (181.6 mm), December / 2018 (184.6 mm), February /
2019 (223.4 mm), March / 2019 (134.6 mm), April / 2019 (265.0 mm), and the temperature
ranged from 17.2 to 36.7 °C. The months with the lowest rainfall were June / 2019 (0.0 mm),
July /2018 (0.0 mm), August / 2018 (34.4 mm), September / 2018 (38.0 mm), January / 2019
(62.3 mm) and May / 2019 (44.4 mm) and the temperature ranged from 8.6 to 37.4 °C (Table
1).

Table 1. Climatic analysis during the period of leaf collection of C. pubescens. Source: INMET
(Goiénia Station - OMM: 83423), 2020.

Station Date Rain Maxim Tempera Moist
fall total um ture ure
temperature minimum Relati
(°C) (C) ve
83423 07/31/2
o 0 33.1 10.9 53.4
83423 0128/31/2 18.8 34.4 8.6 48.4
83423 0129/30/2 38.0 37.4 11.3 46.7
83423 OléO/SllZ 148.6 36.7 18.5 67.5
83423 01é1/30/2 181.6 329 18.5 75.8
83423 01é2/31/2 184.6 35.3 176 69.2
83423 0181/31/2 63.2 353 17.3 65.9
83423 0182/28/2 293.4 35.9 18.0 736
83423 o2 134.6 33.9 17.8 73.9
83423 0184/30/2 265.0 32.6 17.2 747
83423 05/31/2 44.4 32.7 13.0 70.8
019
83423 06/30/2
019 0 325 11.9 61.0

The yield of volatile oils ranged from 0.07 to 0.18%. The presence of oxygenated
monoterpenes (0.1-0.6%), sesquiterpene hydrocarbons (8.4-79.9%), and oxygenated
sesquiterpenes (17.0-86.0%) was found. The major compounds in volatile oils were
spatulenol (ranging from 1.3 to 43.4%), caryophyllene oxide (ranging from 1.3 to 29.7%), a-
macrocarpene (ranging from 2.2 to 22.4%), and z- caryophyllene (ranging from 1.8 to 19.5%)
(Table 2).
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Table 2. Percentage of volatile oil chemical compounds from C. pubescens leaves collected in

Hidrolandia, Goiaés.

2018 2019

Kl IR Aug Set Oct Nov Dez Jan Feb Mar Apr May Jun Jul
Linalool 1096 1099 - - - - - - - - 018 056 013 011
B-Elemene 1390 1371 1.7 15 06 - 11 25 21 10 17 09 29 29
z-Caryophyllene 1408 1399 94 33 18 28 6.1 8.8 7.2 195 6.0 3.7 11.7 11.0
a-Gurjunene 1409 1405 - - - - - - - - - - 0.1 0.1
B-Duprezianene 1422 1417 - - - - - 0.4 - - - - - -
[-copaene 1432 1425 - - - - - - 0.2 0.6 0.2 - 0.6 0.4
y-Elemene 1436 1436 26 11 05 09 1.7 2.2 0.9 - 0.6 - 0.9 0.9
a-Guaiene 1439 1434 08 04 03 - 0.5 0.8 0.5 0.1 0.4 - 0.7 0.6
6,9-Guaiadiene 1444 1439 - - - - - - - - - - 0.2 0.2
a-Humulene 1454 1448 = = = = = = 21 3.9 1.7 11 2.8 2.7
allo-Aromadendrene 1460 1460 0.6 0.3 - - - - 0.7 0.2 0.6 0.4 11 1.2
cis-Cadina-1(6),4 diene 1463 1455 - - - - - 0.2 - 0.3 0.4 - 0.1 0.1
9-epi-(E)-Caryophylene 1466 1461 - - 18 11 1.4 0.5 - - - - - -
B-Acoradiene 1470 1464 - - 0.7 - 0.6 - - - - - -
a-Macrocarpene 1472 1474 = 13.7 22 34 = - = - = - = -
y-Gurjunene 1477 1477 - - - - 0.6 228 110 36.8 8.2 3.0 24.3 21.6
y-Himachalene 1482 1481 - - - - - 0.4 - - 0.1 - 0.2 0.1
D-Germacrene 1487 1485 - - - - - 1.0 - 0.3 - - 0.4 0.3
-Macrocrapene 1499 1493 135 0.3 - - 7.3 211 140 121 115 51 21.0 20.5
y-Amorphene 1495 1497 - - - - - 0.7 - - - - - -
a-Muurolene 1500 1496 - - - - 0.3 - 0.4 0.8 0.3 - 0.8 0.6
Germacrene A 1509 1500 - - - - - - - - - - 0.1 0.1
8- Amorphene 1512 1503 1.7 24 0.6 1.1 1.4 3.0 - 0.2 0.1 - 0.4 0.3
10-epi Italicene ether 1516 1510 - - - - 0.4 - 1.2 0.9 1.0 1.8 0.9 1.2
d-cadinene 1523 1520 - - - - - - 2.2 4.0 1.8 1.0 3.2 2.7
(E)-iso-y Bisabolene 1529 1535 - 0.9 04 10 - - - - - -
a-Cadinene 1538 1533 - - - - 0.4 - - 0.2 - - 0.4 0.1
Germacrene B 1561 1551 0.8 0.7 - - 0.9 - 0.8 - 0.5 - 2.2 1.3
Maaliol 1567 1567 - - - - - - 0.5 0.1 0.5 - 1.3 0.5
Spathulenol 1578 1557 289 9.0 379 434 318 2.2 18.0 1.3 206 34.2 2.2 4.8
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Caryophyllene oxide 1583 1561 13.7 111 29.7 275 15.0 1.4 13.3 34 17.2 246 4.2 5.2
Presilphiperfolan-8-ol 1586 1571 - 24 - - - 2.6 - - - - - -
Thujopsan-2-a-ol 1587 1564 3.3 - 05 36 35

Thujopsan-2-$-ol 1589 1572 3.3 2.4 - 1.0 1.7 1.6 15 0.6 1.4 0.6 1.3 1.3
Globulol 1590 1601 - 2.1 - - 0.4 1.4 0.5 1.4 15 1.0 1.0
Viridroflorol 1592 1582 1.0 - 0.6 1.0 0.8 0.5 - - - - - -
Carotol 1594 1604 - 0.6 - - 0.4 0.7 - - - - - -
Cubeban-11-ol 1595 1595 - 1.0 - - 0.9 0.5 0.7 0.2 0.6 - 0.6 0.5
Rosifoliol 1600 1596 - 0.9 - - 0.3 0.9 0.3 0.1 0.6 - 0.5 0.5
B-Atlantol 1608 1607 - - 1.0 - 0.6 - - - - - - -
Humulene epoxide Il 1608 1587 24 15 47 45 2.9 - 1.7 0.3 2.2 35 0.4 0.6
1,10-di-epi-Cubenol 1619 1620 - - - - 1.1 - - - - - - -
10-epi-y Eudesmol 1623 1620 - - - - - - 0.3 - 0.4 - 0.3 0.3
Muurola-4,10(1,4) 1631 1624 - 2.3 - - - - 1.6 - 1.4 1.9 - 0.9
dien-1-p-ol

Caryophylla-4(12),8 1640 1639 - - 06 - - - - - - 0.3 - -
(13)-dien-5-a-ol

epi-a-Muurolol 1642 1622 21 64 27 - - 4.4 3.5 3.7 3.2 2.3 3.0 3.0
a-Muurolol 1646 1640 - 2.3 - - - - 0.8 0.8 0.7 0.5 0.9 0.9
a-Cardinol 1654 1634 47 104 45 51 4.0 5.0 4.7 49 4.7 3.2 4.4 4.6
14-hydroxy-9-epi-(E)- 1669 1666 - 0.6 - - - - 0.9 - 0.3 - 0.0 0.3
Caryophylene

epi-Zizanone 1670 1669 - 0.4 - - - - 0.6 - 0.4 - 0.2 0.3
Mustakone 1676 1653 - 03 29 - - - 0.3 - 0.7 1.3 - 0.1
Khusinol 1680 1678 - 0.4 - - - - - - - - 0.3 0.2
Germacra- 1686 1680 - 0.6 - - - - - - 0.3 - - 0.1
4(15),5,10(14)-trien-1-

o-ol

Shyobunol 1688 1684 - 0.4 - - - 0.2 - 0.2 0.3 - 0.2 0.3
Oxygenated 00 00 00 00 00 00 00 00 02 06 01 01
monoterpenes

Sesquiterpenes - - 31.1 246 8.4 9.4 22.6 65.4 421 799 341 152 741 67.5
Oxygenated . 594 550 851 86.0 634 203 513 170 580 756 216 264
sesquiterpenes

Total identified (%0) - - 904 796 935 953 86.0 857 934 968 923 913 958 940
Yield (%) - - 0.07 0.06 0.13 0.12 0.11 0.09 0.1 0.1 0.12 0.1 0.18 0.18

The results obtained from PCA and the cluster analysis showed the existence of

chemical variability among volatile oils obtained from C. pubecens leaves (Figure 6). Figure 7

indicates that the relative position of the 2D axis originated in the PCA. This analysis suggests

that cluster I (volatile leaf oils collected in (February, April, May, August, and December) is
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characterized by the compound a-cadinol and a-macrocarpene. Cluster 1l (volatile oils from
leaves collected in September, October, and November) is characterized by caryophyllene
oxide and 9-epi (E) - caryophyllene. In addition, cluster Il (leaves collected in January,
March, June, July) contains y-gurjunene, z- caryophyllene, d-cadinene, and B-macrocarpene.
The results indicate that the classification proposed by the PCA and HCA was adequate for
the classification of the samples regarding the chemical profile of volatile oils.

Figure 6. Similarity dendrogram based on Euclidean distance concerning the leaf collection period of
C. pubescens. From the PCA analysis, it was possible to form three clusters concerning the compounds present

in volatile oils.

Cluster |

Nov Cluster Il

Jun
:'7 Cluster Il
Jul

0 2 4 6 8 10 12 14
Euclidean distance

Figure 7. Scatterplot of PCA of the essential oils from the leaves of C. pubescens samples collected
from Hidroléndia. a Axes referring to the scores of samples. B Axes referring to scores of volatile chemicals

whose discriminant constituents are represented by vectors.
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The canonical discriminant analysis was performed to assist in the validation of the
classification proposed by the hierarchical cluster analysis (p = 0.012). The compounds
selected to obtain the canonical discriminant analysis model were z-caryophyllene and vy-
gurjunene. The level of correct classification indicated by the analysis of main components
was 91.6%.

3.4. Phytochemical analysis

In phytochemical screening, the presence of tannins, steroids/triterpenes, flavonoids
(0.84% content), saponins (foam index less than 100) and total phenols (1.42% content) were
found. The content of volatile compounds was 7.36% + 1.03 and a variation coefficient of
14.07%. The total ash content was 1.77% * 0.0004. The mucilage content was 3.52 ml.

The powder of the leaves of C. pubescens presented, according to the Brazilian
Pharmacopoeia (Brazil 2010), granulometry between 90 um to 450 um, with retention of
77.50% and 10.83% in the diameters of 450 pum (sieve 710) and 224 um (sieve 355),

respectively.

3.5. Determination of lethal concentration in Aedes aegypti larves
The volatile oil of C. pubescens does not induce death in the larvae in twenty-four
hours in any of the evaluated dilutions (100, 80, 60, 40, and 20pg/mL).
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4. Discussion

Campomanesia pubescens was observed with flowers from September to October and
fruiting from October to November, which is in agreement with Silva, et al. (2009) who
observed the peak of flowering and fruiting in September and October, respectively, of C.
pubescens present in the south of Minas Gerais state. Another study conducted in Mato
Grosso do Sul, showed that C. adamantium follows the same flowering and fruiting periods
(Nucci & Alves-Junior, 2017). According to Fidalgo and Kleinert (2009), the flowering
period of Myrtaceae starts in the transition period to wet weather, justifying the peak of
flowering in September, followed by fruiting.

According to Lima, et al. (2011a), C. pubescens occurring in the state of Parana, is a
shrub or sub-shrub, ranging from 0.5m - 1.5m, with discolored, petiolate green leaves,
densely covered by trichomes, elliptical and lanceolate leaf blade, cuminated apex or acute
and acute base, entire margin. The flowers have glabrous petals or with trichomes only on the
margins, polystemone (100 to 160 stamens), ovary 5 - 8 locular. The fruits are yellowish,
globose, and smooth. The present work differs only in the classification of the apex and the
base, presenting them as obtuse. According Amaral, et al. (2016) characteristics that proved
the identification of the species C. pubescens are associated with the presence of pubescence
or puberulence; bracts in the shape of scales or tiny leaves; sepals acute, rounded or
intermediate forms; green or yellow-green fruits and ovary with 4 to 7 locules. These being the
ones observed in this work. Oliveira, et al. (2018) observed morphological features of
Campomanesia adamantium (Cambess.) O.Berg, C. eugenioides var. eugenioides (Cambess.)
D.Legrand ex Landrum, C. eugenioides var. desertorum (DC.) Landrum, C. xanthocarpa var.
xanthocarpa (Mart.)) O.Berg and C. xanthocarpa var. littoralis (D.Legrand) some
characteristics similar to those found in this study, such as being predominat shrub, with
leaves petiolate and opposite.

C. pubescens is similar to C. adamantium, differentiating itself by conspicuous
indument, besides, the corded leaf base does not occur in C. pubescens (Landrum, 1986).
Another method of characterizing C. pubescens within the genus Campomanesia is that the
leaves are strongly discolored, both fresh and dry in herbaceous materials (Lima, et al.,
2011a).

A thick cuticle in the adaxial face, and a thin cuticle in the abaxial face, cover the C.
pubescens leaves. The cuticle is an adaptation to the Cerrado environment and acts as a

protective layer against the loss of water to the environment and in the protection against
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excess brightness (Appezzato-da-Gloria & Carmello-Guerreiro, 2009). In C. pubescens, the
presence of unicellular trichomes was observed, with the absence of a pedal cell,
corroborating with Conti, et al. (1997) who described these characteristics as a synapomorphy
of Myrtaceae.

The dorsiventral mesophyll presented in the leaves of C. pubescens can be described
as another evolutionary aspect, that due to the shape and arrangement of the palisade cells, the
chloroplasts can be located parallel to the cell walls, intensifying photosynthesis (Appezzato-
da-Gléria & Carmello-Guerreiro, 2009).

Gomes, et al. (2009), in their study, anatomically analyzed leaves of four species of
the family Myrtaceae (Campomanesia adamantium (Cambess.) O. Berg, Myrcia cordifolia O.
Berg, M. decrescens O. Berg and M. torta DC) and observed that all are hypoestomatic, as in
the present study for C. pubescens. However, in C. adamantium they found anomocytic and
paracitic stomata, while in C. pubescens they were observed only anomocytic stomata, which
can be used as a characteristic for differentiation.

The presence of secretory cavities in different parts of specimens of Myrtaceae is
widely cited in the literature as a characteristic of the family (Carr & Carr, 1970). The interior
of these cavities may consist of oils, phenols, and mucilages for some species (Fahn, 1979).
Kuster and Vale (2016) observed that in the leaf secretory cavities are presents among the
mesophyll cells. Histochemical tests demonstraeded voltile oils widely distributed in the
secretory cavities of C. adamantium, as presented in this study, observing the presence of
secretory cavities in the mesophile, in the cortical parenchyma of the main vein, petiole, and
young stem. Idioblasts containing polyhedral crystals or druses were also found in the various
organs of C. pubescens, differentiating from C. adamantium which, according to Gomes, et
al. (2009) contain only polyhedral crystals. Oliveira, et al. (2018) described secretory cavities
distributed on leaves of others species of Campomanesia, parenchymatous cells in the leaf
blade endings and the mesophyll, always near the epidermis, forming a space delimited by
radially disposed cells. The dorsiventral mesophyll and a uni-stratified epidermis on both leaf
blade surfaces was observed. The stomata occupied the same plane as the epidermal cells.
Petiole shapes varied among different morphotypes, with the most common types being
planar-convex and concave. It was observed unicellular tector trichomes and bicollateral
vascular bundles.

Myrtaceae species may present the midrib biconvex, plane-convex or concave-convex,

usually a single bundle in the shape of an almost flat or semi-closed arch (Gomes, et al.,
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2009), in agreement with what was observed in C. pubescens in this work, presenting the
main vein plane-convex, single bundle in the shape of a flat arc.

The results of the morphoanatomic study of C. pubescens, corroborate providing basic
knowledge, differentiation characteristics and are of great importance to provide standards of
control of the vegetable drug if it is used as herbal medicine.

Several chemical constituents were detected in the volatile oil of C. pubescens, the
majority of which are spatulenol, caryophyllene oxide, a-macrocarpene, and z- caryophyllene.
Essential oils act in the protection and development of the plant, being able to attract
pollinators, reduce the attack of insects by repelling them by insecticidal action, allelopathy,
thus acting in the perpetuation of the species (Castro & Machado, 2003). Cardoso, et al.
(2009) obtained ledol (19.8%), globulol (9.2%), a-cadinol (7.3%) as volatile oil from the
flowers of C. pubescens collected in Campo Grande, Mato Grosso do Sul, Brazil, and epi-a-
muurolol (5.0%). In the volatile oil from C. pubescens leaves, Silva, et al. (2009) found
limonene (22.4%), a-pinene (13.3%), sabinene (9.5%), bicyclogermacrene (4.4%), and
linalool (3.9%) as main constituents. Chang et al. (2011) observed as major constituents in the
volatile oils from C. pubescens leaves collected in Uberlandia, Minas Gerais, Brazil,
bicyclogermacrene (12.54%), germacrene-D (9.38%), eucalyptol (8.17%), and trans-sabinene
hydrate (5.22%), in fruits limonene (25.98%), eucalyptol (24.57%), a-pinene (7.71%) and o-
terpineol  (6.92%), in the branches, eucalyptol (24.54%), spatulenol (8.36%),
bicyclogermacrene D (7.59%) and germacrene D (5.07%) predominated and in the roots,
bicyclogermacrene (14.65%), spatulenol (10.23%), germacrene D (9.02%) and viridiflorol
(7.45%) were obtained.

The chemical composition of the volatile oil of C. pubescens showed a variety of
components, due to ongoing studies in different regions, with different temperatures, rainfall,
altitudes, soil type, and incidence of ultraviolet rays (Gobbo-Neto & Lopes, 2007). According
to Sangwan, et al. (2001), the production of volatile oils depends on physiological,
biochemical, metabolic and genetic aspects of the plant, and may undergo environmental and
molecular modulations that elucidate the chemical variations of volatile oils.

The seasonal analysis of the volatile oil of C. pubescens, during twelve months, it was
possible to observe the formation of three groups (Clusters), associated with
flowering/fruiting periods (Cluster 1) and vegetative period (Clusters | and Il). This study
was the first to observe the seasonality of volatile compounds in the oils of this species. Since

this plant is a shrub, it is much more susceptible to environmental variations, thus reflecting in
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the variation of secondary metabolites, thus making it difficult to observe a clear correlation
pattern.

C. pubescens is widely used in some regions of Brazil as a medicinal plant, it is
necessary to have a better knowledge about the secondary metabolites of the plant, which in
most cases have observed pharmacological actions. In this work, tannins were detected in the
leaves of C. pubescens, confirming the study of Metcalfe and Chalk (1950) when they
observed that the species of the Myrtaceae family present tannins that protect the plant against
possible attacks by microorganisms and insects (Schmid, 1972).

Abe, et al. (2014) when performing phytochemical prospecting of Campomanesia
xanthocarpa Mart. ex O. Berg identified the presence of flavonoid, tannins and saponins,
which were also found in the present study. However, the flavonoid content is lower. The
presence of tannins and main flavonoids confers antioxidant activity in the human body, with
possible effects on the prevention of cardiovascular and circulatory diseases (Ness & Powles,
1997; Stoclet, et al., 2004) and cancer (Wang & Mazza, 2002; Katsube, et al., 2003).

Excess water content in vegetable raw materials promotes the development of
microorganisms, insects, and unwanted hydrolysis chemical reactions. The humidity index is
related to the quality control and preservation of the drug. In the present work, the content of
volatile compounds was 7.36% close to the moisture limits for vegetable raw materials
established by the Brazilian Pharmacopoeia IV (Brazil, 1988).

Another important method for the quality control of the vegetable raw material is the
analysis of the total ash content. Basically, these are the non-volatile residues coming from
the mineral and organo-metallic self constituents (physiological ashes) or associated to
foreign materials, especially sand and soil (non-physiological ashes) (Brazil, 1988; Costa,
2001). A content of 1.77% was identified for the leaf powder of C. pubescens, indicating that
different values for this, perhaps due to adulteration.

The granulometry in the present study, it was observed that according to the Brazilian
Pharmacopoeia IV (Brazil, 1988), leaves powder of C. pubescens is considered coarse
because it remains 77% retained in the 710 um sieve.

The volatile oil of C. pubescens at the concentration used was inactive against Ae.
aegypti larvae, according to the criteria described by Silvério et. al., (2020). Other species of
the Myrtaceae family, however, have larvicidal activity as Syzygium aromaticum (L.) Merr. &
L.M. Perry (Lethal Concentration 50%- LCso 21.4ug/mL) (Costa, et al., 2005), Eucalyptus
gunnii Hook. F. (LCso 21.1ug/mL) (Lucia, et al., 2008), Pimenta racemosa (Mill.) J.W.
Moore (LCso 27ug/mL) (Leyva, et al., 2009), Psidium guajava L. (LCso24.7ug/mL) (Lima, et
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al., 2011b), Leptospermum scoparium J.R. Forst and G. Forst (LCso 47.97ppm) (Muturi, et al.,
2020), Callistemon citrinus (Curtis) Skeels LCso 17.3 pg/mL (An, et al., 2020), and
Melaleuca leucadendra (L.) L (LCso 1.4pg/mL) (An, et al., 2020). Volatile oils are an
interesting source of new insecticidal molecules, mainly because they are biodegradable and

have low toxicity (Isman, 2020; Viana, et al., 2018).

5. Conclusion

It is concluded that the morpho-anatomical study of C. Pubescens is important in the
correct taxonomic classification of the species. The phytochemical study, evaluation of
volatile compounds content, total ash content, granulometry and intumescence provide quality
control parameters for this plant raw material. The majority compounds found in the volatile
oils were spatulenol, caryophyllene oxide, a-macrocarpene, and z-caryophyllene. The
presence of three clusters was observed, with cluster 1l corresponding to the reproductive
period of the plant (flowering and fruiting) and clusters I and 11 to the vegetative period. No
larvicidal activity of the volatile oil was observed against Ae. aegypti larvae. This work
represents the first leaf anatomical description, chemical compounds, and seasonal variability

of volatile oils from C. pubecens leaves collected in Goias.
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5. CONCLUSAO GERAL

Conclui-se que o presente estudo demosntra a importancia do Cerrado e as oportunidades
de descobertas deste Bioma. O estudo fitoquimimco, a avaliacdo do teor de compostos
voltateis, o teor de cinzas totais, a granulometria e a intumescéncia fornecem parametros de
controle de qualidade para esta matéria prima vegetal. Os compostos majoritarios encontrados
nos oleos volateis foram espatulenol, 6xido de cariofileno, a-macrocarpeno e z-cariofileno.
Observou-se a presenca de 3 clusters, sendo o cluster Il correspondente ao periodo
reprodutivo da planta (floracdo e frutificacdo) e os clusters | e Il ao periodo vegetativo.
Nenhuma atividade larvicida do 6leo volatil foi observada contra larvas de Ae. aegypti. Este
trabalho relata a primeira descricdo anatdbmica foliar, dos compostos quimicos e da

variabilidade sazonal dos 6leos voléateis de folhas da C. pubescens coletadas em Goias.
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Anatomical study of the leaves and evaluation of the chemical composition of the
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Abstract

Pridinm mumeense Swarlz 15 a bush used n urmary tract dizeases, diarrhea, and dysentery. The present study aoms B
perform the anatomacal study of the keaves and evaluation of the chemacal compositson of the volatile oils from Pridiunr
guineense Swarte leaves and fruits. The botanscal matersal was collected in Hidrolindia, Goias. A al
characterization and phytochemical screening of the leaves were performed by conventional methods. Leal and frust
{green fraits, mmmature fraits, and ripe fraits) powders were submitied to hydrodastillation in the Clevenger apparalus
and the identificatson of the chemical companents of the volatile oils obtained was done by GC-M5. The leaf blade 1=
hypoestomatic with paracytic and amsocyiic slomala. Seoretory cavibes are observed i the central vein, meesophyll,
petiole, and young stem. The powder moisture contenl was 7.4%. The total ash content of the leal powder was 6.3%
and the acxd-msoluble ash content was (L.8%. The p ce of ins, fl uds, and sapomns m the leaves were
identified. Leaves volatile oil's majormty compounds were 27 6E-famesol (23.1-25.4%), a-copaene {17.7-20.3%),
murole-4, 10 1.4) dien=1-f=0l (5.8-6.7%). epi-a-cadinol (5.5- 6.3%), and §-Cadinene {5.0- 5.9%). Fruits volatile oil"s
majority compounds were 2Z6E-famesol (31.9-41.4%), o-copaene (13.3-26.6%), b-cadinene (5.4-98%), 7-
hmmachalene [ 3.8-6.1%4], and cubenol {2.6-6.1%). Ths 15 the fird report on anstomical study of the leaves, and chemscal
composition of volatile oils from leaves and fruits of P grineense collected in Hydrolindsa, Goaas.

Keywords: Cerradio; Essentml oils; Medicmal plants; Myriaceae.
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Hesume

Fridinm guineevse Swarlzy € um arbusto usado em doengas do traip urinano, diamém e dsenlerm. O presenie esiudo lem
como ohjetive realizar o estudo anatémice das folhas e avahiagio da compesicio quimica dos dleos voliteis das folhas
e frulos de Pridivm guineense Swarte. O |l botimico for coletado em Hidrolindia, Goias. A camctenzagio
amatiimsca e a nagem fitoguimica das folhas foram realizadas por métodos convencionais. Os pos das folhas € fralos
{frutos verdes. Frulos imaturos e fratos maduros) foram submetidos 3 hidrodestilagio em aparelho de Clevenger e a
identificag@io dos componentes quimicos dos oleos voliteis obtidos fod festa por OG-EM. A ldmina foliar é
hmporstomitica com esidmaios paraciticos ¢ anisocilicos. Cavidades seorclores siop observsdas na nervura principal,
meesafilo, peciolo e caule jovem. O teor de umidade do po for die 7 4%. O teor total de cinzas do po da folba foa de 6,3%
o beor de cmzas insolivels em acwdo foi de 0,5%. Fou sdentificada a presenga de tanmos, flavondsdes e saponinas nas
fiothas. Os composios majontarios de dleo volatl das folbes foram 22, 6E-famesol (23,1-254%) ¢ e-copaeno (17,7-
20,3%), muurcla=d, 10§ 14 j-diens | fleal {5.8-6,T%), epi-a-Cadined (5,5 6.3%) e f-Cadineno (5.0- 5,9%). Os composios
majoritarios de oleo volabl dos frutos foram 22 6E-famesol (31 .9-41,4%), a-copacno {13,3-26.6%), S-codineno (5.4
9.8%), y-himachalene (3,8-6,1%) ¢ cubenol (2.6-6,1%) Este & o primeiro relato de estudo anstbmico des folhas e
compasigio guimica dos dleos volitess das folhas ¢ frulos de . grineerse coletados em Hidrolindia, Goias.
Palovrus-chave: Cerrado; Oleos essenciais; Plants medicinais; Myriaceae.

Hesumen
Pridium greineense Swartz es un arbuxio uhilrado en enfermedades del tracio urinario, diarrea ¥ disenteria. El presente
estucho tiene como objetivo realizar el estudio anatomico de ks hojas v evaluar la composicion quimica de los aceites
volitiles de las hojas ¥ frutos de Psadium gineense Swarte. El materal botinico fise recolectads en Hidrolindsa, Gosis,
la caracierzracion anatomsca ¥ cribado fitoquimico de las hojas se realizo por méodos convencionales. Los polvos de
hojas v frutos {frutos verdes, frulos inmadures y fralos furvs] fueron idos 2 hidrodestilacion en aparato
Clevenger ¥ la sdentificacion de los comp les quimscos de los acenles volables oblenados se realizo mediante CG-
EM. La Emima de la hoja s hapocstomatica con estomas paraciticos ¥ anisociticos. Se obsorvan cavidades secreloms
en ks vima principal, mesofilo, peciolo ¥ tallo joven. El contenido de humedad del polvo fise del 7.4%. El conlenido total
de cenizas del polve de hojas fue del 6,3% y el contensdo de cenizas msolubles en acido fue del 08%. Se identifics la
1 e Lani fa ides y saponinas en las hojas. Los compuesios principales en el acente volatil de las bojas
Eum:m ¥ 6E-famesol (23.1-25.4%). a-copaeno (17,7-20.3%), muurola-4, 10§ 14 dien- 1 f=ol {5.8-6, %), epi-a-Cadinol
{5.5- 6.3%) v &~Cadineno (5,0- 59%). Los pnncipales compuestos de aceste volatil de fratas fueron 27, 6E-farmesol
(31,941 4%), a-copaene (13.3-26.6%), S-cadinene (5.4-9.8%), y-himachalene (3.8-6.1%) y cubenod {2.6-6.1%). Este
s el primer informe de un estudo anatomico de las h-ujll v ocomposcion gquimica de los acentes volatiles de las hojas y
frutos de P. guineense recolectados en Hidrolindia, Goias
Palabras clave: Comado; Aceiles esenciabes; Planias mn:'lu:lrule: Myriaceae.

1. Introduction

The Cermmdo 15 the most diverse savanna m the world, weth 12,700 known vascular plants species, 35% of which are
endemic {Forzza, et al., 2012; Novaes, et al., 2003} The Cerrado has 1] phytophysiognomoes, divided mto fiorest. savanna, and
¥ formations { Coutinha, 2006). Myriaceae family with 211 species occur in the Cermado and are distnbuated m 14 genera,
highlightmg Eugenra L., Myrcia DC. Ex. Guill, and Pridinm L. (Novaes, et al., 2013).

Pridinm gwineerse Swarkz known as "araca comum”, "araga-aredo”, or "arag-mmm”, 15 disinbuted i Branhan Siates
such as Amacronas, Para, Gomas, Mmas Germs, S&o Paulo, Mato Grosso, and Ceara (830 Paualo, 1978). P.gm'.mmeu::hubnf
up o & m, with yellowish-brown coraceous Jeaves of elliptical shape and flal central nb. The flowers can be solitary or
dschasio with white petals (Silva & Mazine, 2000 6; Peixodo, et al., 200 7). The fruit is a globular berry rich m vitamin C with high
dspersion capacily, can be consumed in achers or 25 an sce cream., beverages, and bguors. The pulp is fleshy, white,
muctlaginows. swoel, shightly sour, and aromatsc and bas numenous. small seeds | Mansca, 20000

Brarihan folk medicine uses . guimeenye 1o real urinary tract dseases. darrhea, and dysentery. Due to its high tarmm
contenl, frust peel can be used in tanneries (Rodrgues & Carvalho, 2001 ; Gonzalez, et al, 2005). F. guincense has volatile oils
stored in the leaf and fruit secretory cavities (Dliverra, et al., 2004; Silva, et al, 2020}

Scientafic studies perfommed with P grimeense leaves observed neuropharmacelegical effects i mice as the increase

of sleeping time, anticonvulsanl action, amalgesic action {Santos, et al., 19%96; 1997 anti-nociceptive, amxsolytic and
anbidepressaml activity {Santos, et al., 2020

b
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The present study amms to perform the anatomscal study of the leaves and evaluabon of the chemical composstson of the
volatibe vils from Pidium guineense Swartz leaves and fnaits collected in Hidrolinds, Gosis.

2. Material and Methods
1.1 Plant material

FPridium gwireense Swarts leaves, green fraits, immature fruss, and ripe frusts were collecled in January and Febraary,
during the moming and the first day each month in Hidrolindia - GO {786 m, 167 537 597 5 and 497 13" 297 W) Professor Dr.
Josi Realino de Paula sdentafied the specimen, and a voucher was deposited at the UFG Herbarium, Goids, Baml, under code
number UFG-6T843. The leaves and frusts were dried in an oven with air carculation at 38 °C by 2 days.

L1 Anatemical study

For the anatomical stady, leaves and stems were sectioned and stained with Alcian blue'safmmn % | (Kmus & Arduin,
1997) and histochemscal tests Stemmetz and Lugol reagents (Costa, 2001} The photographsc recording of the anatomacal
structures was performed in a photomicroscope (Zess-Axiostar plus) with a coupled digital camera {Canon Power Shot G10)
using the Axion Vision 4.8 software.

1.3 Phytochemical screenimg

The momsture analyrer (Ohaus model MB35} determmed the momsture content leaf powder (Brasil, 2000). Total and
imsaluble ash content was determined according to the Brazihan Pharmacopeena { Brasil, 2(09). The phytochemical composibion
of leafl powder was screened for the presence of anthraquinone hetervsides, coumarnns, stervids, and iriterpenes; starch {Lugol),
alkalmds, Navonosd heterosides, saponins beterosdes, and tamnms [Costa, 20601 ; Cusha, 2009).

14 Vaolatile vils

Healthy leaves, green frusts, mmature frusts, and npe fruts were collected from ten different ndividuals in January and
Febnuary. tnitursted immediately before volatle oil extraction, and 90g of the powder submitted 1o hydrodastillation m a
Clevenger-type apparatus for 2 h. Adter dryang with anhydrous Na:S0u, the oils were stored in glass vials at a emperatare of -
18 °C until further analyss. Each experiment was performed in inplicate. The compositson of the volatile oils was analyzed
using a Shimadzu GC/MS-QPS050A fined with a fused sibica SBP-5 {30 m * 0.25 mm 11D.; 0.25 pm film thickness ) capallary
column {composed of 5% phemnymethyl polysiloxane). The following temperature program was used: the emperature was mised
from 60-240 °C at a mte of 3 °C/'min and then to 280 °C at a raie of 10 *C/mm, ending with 10 min 21 280 *C. The carmer gas
{helium) had a flow rie of | mL/min, and the split mode had a ratio of 1220, The mjecton port was set at 225 °C. The operating
parameters. for the quadrupole mass spectrometer were as follows: the interface lemperature was sel 1o 240 °C and the electron
impact womization te T eV, with a scan mass mnge of 40-350 m'z al a samplmg rate of 1 scan's. The components were identi fied
by comparnisen of the retention indices of the components 1o these of C+—Crs n-alkanes and comparson of the mass spectra with
Inerature data {Van [Dken Dol & Krate, 1963, Adams, 2007).

3. Results
3.1 Anatemic study
The foliar blade of P, guireense 1s hypoestomatic with parcytic and amsocytic (Figure 1A) stomala in paradermic
section. The epadermis on both sides present cells with strasghit to shghtly curved walls {Figure 1B). In the transversal secbon, it
has uniesimtified epidermis on the adaxial surface and bypodermis wath two layers of cells, and uniestratified epidermis covered
3
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by thick cuticle on both sides (Figure 1D) and unicellular tichomes (Frgure 1C). The mesophyll s doest al p palisade

parenchyma with two cell layers. and lacunae parenchyma with four 1o five cell layers (Figure 1D). S y cavities are
in the lacunous parenchyma (Figure 1D). A vascular bundle with the extension of the sheath 1s observe (Figure 1D).

¥

Figure 1 - A, B+ Leaf blade Parndermic section. A« Paracytic (arrow) and anisocytic {srrowhicad) show in the abaxial
face - B- Adaxial face. C-D - T I section of the mesophyll. €. unicellular trichomes. . Secretory cavities are present
in the L P hyma and cuticle on both sides (arrowhead). Be - Sclerenchymatous sheath. CS - Secretory cavaty. Cu -
Cuticle. Ep - Epidermis. PL - 1 parenchyma. PP - Palisadic parenchyma.

The main nb. in ion. has a plan shape (Figure 2A). The epidermis is unsestratified coated by cubicle
{Figure 2C), observing the p of ssmple tnch (Figure 2B). After the epadermas, there are about three to four layers of
collenchyma cells (Figure 2D). The cortscal parenchyma has from eight to ten layers of cells with secretory cavities {Figure 2F)
and xdsoblasts containing druse-type crystals (Figure 2E). The vascular bundle is bicollateral with an arch shape surrounded by
2 range of sclerenchymatous sheath cells ranging from one to seven layers that emit peojections between cells from the external
and internal xylem to the phloem (Figure 2D). In the external phicem, idioblasts cells contammg prsmatic crystals are presented
(Figure 2E).
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Figure 2. A, B.C, D, E, F. Prncapal nib tra ctions. A~ General aspect. B. Simple trichomes. C. Detail of the epadenmas
coated by cuticle, collenchyma and I p hyma. D. Vascular bundle detail. E. Idioblast cells containing pasmatic
crystals. F. Cortical parenchyma with secretory cavaty CS- Secretory cavity. €D « Crystal druse. CO - Collenchyma cells. CP
« Polyhedral crystal. Cu « Cuticle. Ep - Epad Es - Sck hy sheath. F1 - phl PC - Cortical Parenchyma Xi -
Xylem.

The petiole, in the transversal section, p apl shape (Figure 3A) with uniestratified epidermis covered
by a cuticle (Figure 3B and 3F). It presents a unscellular trichomas tectores. Below the epadermss, a collenchyma with three to
four cell layers (Figure 3B) foll d by | parenchyma with 10 1o 12 cell layers, some presenting amyloplasts (Figure 3C).

Secretory cavities (Figure 38) and cells with pomts (Figure 3D) are observed in the cortical p hyma. The vascular bundle ss
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bicollateral with a revolute arch shape (Figure 3E). It p dullary parenchyma with cells of different sizes. Druse-like

g4

crystals are observed in the cortical parenchyma and medullary parenchyma and prismatsc crystals in the phkoem (Figure 3E).

Figure 3 - A, B, C, D, E, F -Cross-sections of petiole. A. Overview of the petiole. B. Secretory cavities in the cortscal

T hyma. C. Cortical p hyma presenting amylopl: D.S y cavaty, cells with points and druse-hike crystals in the
I p hyma. E- Vascular bundle detail. F. Uniestratified epidermis covered by a cuticle (Stemmetz). A, B, C, D, E-
Akian blue'safranin. Am « Amilopl S5, v cavity. CC « Collenchyma cells. Cr — Crystal. Cu ~ Cuticle. Ep -

Epidermus. Fl - Phloem. PC - Cortical parenchyma. Pm ~ Parenchyma medullary. Tr - Trachome Xi- Xylem.

The young stem. in cross-sectson, has an oval shape (Figure 4A) and s delimited by a uniestratified epsdermss coated
with cuticle (Figure 4B) and unscellular trich (Figure 4C). The cortical parenchyma contams about eight fo nine
cell layers, presenting secretory cavities Figures 4B and 4C). In the vascular bundle a phloem is observed followed by meduliary

chyma with isodiametric cells of varying sizes. Pr of idiobl ining druses i the cortical and meduliary

¥ Y

parenchyma and prismatxc crystals in the phicem.
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Figure 4 - A. The general appearance of the young stem in the transversal secton (polanzed light), B, C, D, E Transversal

sections of young stem. B. S y cavities in the | parenchyma C. Umcellular trch D. Vascular bundle detal.
€S- Secretory cavity. CD- Crystal drusa. Cp- Polyhedral crystal. Cr ~ Crystal. Cv- Vascul hange. Ep - Epadk Fi
Phloem. Fy- Vascular bundle PC - Cortical parenchyma. Pm- Parenchy dullary. Tr - Trichome. Xi - Xylem

3.2 Total ush content. acid-insoluble ash and phytochemical screening

The powder moisture content was 7.4%. The total ash content of the keaf powder was 6.3% and the acid-insoluble ash
coatent was (.8%. The qualitative pr of tannins, {1 xls, and sap m the leaves were dentified.
3.3 Volatile Oil

The volatile oil yseld from P. guineense keaves vaned from 0.05 to 0.06% and 93.5 to 99.7% compounds were identified.
The analysis resulted mn the identification of 31 compooents (Table 1), which were 0.5% to 1.2% pene hydrocarb
46.2% 1o 50.0% sesquiterpene hydrocarbons. 40.2% to 50.4% sesquiterpene oxygenates, 1.9% 1o 2.6% phenylpropanouds and

0% to 0.2% ketone. The major compounds were 2Z,6E-famesol (23.1-25.4%). a-copaene (17.7-20.3%) (Figure S), muurola-
4.10(1.4) dien-1-B-ol (5.8-6.7%), and epi-a-cadinol (5.5 6.3%).

For the frusts, the yield of volatile oal vaned between (.03-0.5%. and 96.8 10 100% P gs. The analy lted
in the identification of 34 components were identificd, being (% 1o 0.2% pene hydrocarboas, 30.6% 1o 56.1%
sesquiterpene hydrocarbons. 43.0% o 66.2% oxygenated sesquiterpenes and 0.4% 1o 1.0% phenylpeopancids. The major ones
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bemg 27 GE-famesol (31.9-4] .4%), w-copaene (13.3-26.6%), S-cadinene {5.4-9.8%), y-himachalene (3.8-6.1%), and cubenol
(266 1%) (Table 1)

Tahde 1 - Percentage of chemscal compounids of volatibe vils from Pridiem grireense leaves and faits collected m Hidrolindia-
Gomas, Brazl, in 2020,

Leaves Cireen fruit Immunture Froit Ripe froit

Chemical compoumls K1 IR Jam Feh Jam Feh Jun Feh Jun Feh

Hepten-2-une G-methyl-
5 UES 9H4  O2x o L] 1] L] o 1] L]
LE-Cimeanle 1031 28 1.2 0s L] 1] L] o 1] 01
1 p-propeny]l Phemod 1150 1158 11 1l o 09 k] L] 10 0.4
Hydrocinnamyl acelate 1368 1367 0% 0s L] 1] L] o 1] L]
u-Uapnene 1376 1372 177 M3 266 178 211 133 174 17.2
B-Funehrene 1414 1415 13 1LE L5 09 L5 L] 1.7 K]
w-Humubene 1454 1449 08 0.7 0.6 1] 0.5 0.3 06 0.4

E-J-Furnesene 1456 1456 0.7 0.6 06 0= 0,6 0.7 0.7 o7

Seepi-E- Carvophyllene 1466 14635 o o L] 1] a 0.3 1] 0.4
reliurjunene 1477 1472 10 14 (K] 09 k] L] [F] (K]
t-Himachabkne 1452 1484 4.9 5.1 6.l 4.7 49 kR 440 .5
f=Selinene 1490 1490 4.1 &3 58 i3 i35 36 ix &2
u-Muarslene 1500 1497 L7 b | LB 1.3 L& o 1.5 L5
[-Bisnhalene 1505 1506 o o 0.6 1] o o 1] L]
-l mprememe 1505 1512 ] X ] i L] 1] /] 1]
G- Amorphene 1512 1510 LS ] L7 1.3 L 1LE L&
Gl ndinene 1523 1520 50 59 9E 6.6 B2 54 L] 6.1
Ffonarene 1529 1529 o 05 L] 1] o o 1] L]
w-{alacorene 1545 153% OS5 1.0 L] 1] a0 ] ] 03
E-Nerolidal 1563 1562 30 L6 L7 13 24 3l 23 0
B-Copuen-d-a-al 1590 1582 L1 09 L] 1] L] 0.2 1] L]
Carotol 1599 1598 L& 14 L] 1] a0 L1 0.9 K]
Gilobulal 1587 1590 o o L] 1] a 0.1 1] L]
Ledal 1602 1607 07 1.0 L] 1] o 1.0 0.5 oy
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Moo roln=d. 1 1 4j-dicn-
1j-al 1631 1624 A7 58 LU 0 L] ] 1} 0
a-Acorenal 1631 1624 1] ] L7 1R 4 34 o i

Moo roln-4_ 1K 14}-dien-
1-fi-cd 1631 1624 o o L1 LU L} ] kX 14
Fonarene 1528 1529 o o L1 LU L} 0.3 03 0.4

Caryvophylla-

120K 13 )-dien-Sa-al 1640 1631 0% 0.6 LU 0 L] ] 03 0
epi-u-Umlinal 1640 1637 6.3 5.5 7 &7 L1 Al 4.4 LB
=Muarulol S O L e | 1.9 0.3 L4 IR L4 14 L4
Cubenol 1ot 1649 ] 50 b 55 4.7 [ 4] 54 55
Cadabene 1676 1670 1] 0.5 L1 il L} ] o i
2E 6 -Farnesal 16kd  16TO ] ] 0 il L] ] o 0.5
w=Hisubalol 1685 1682 o ] 0 0 L] 0.3 1} 0

I GE-Farmesol 1723 1723 154 I3 e AmE kL 41.4 354 353

2EGE-Farnesal 1740 1741 04 04 LU il LU ] o LU
IEGE-Farmesal 1740 1741 ] o o7 Ll 0% Ll 0.7 Lo
2EAE-Farmesol 1742 1738 ] o LU il L1 .4 LU 0.3
[=Bisabdenal 1767 176% 08 08 LU il LU o o LU
JEGE-Nlethyl
Frmesoate 1784 1783 ] o 0 LU L1 0.2 o 0
L GE-Furnesyl woctate 1546 1541 Ll 1.3 1.2 Ll 1.3 10 LA 1.2
Ketwne 0.z o LU il LU o o LU
Phenylpropanoid 1.9 L] oy 09 0w L] 1 0.4
Sesquitepene
hydrocurbons S d62 6.1 B3 454 b ELT 373
Urxygenated
sesdjuilerpenes #1254 43.0 5.7 3.0 6.2 TR 8.9
Hydrecarban
Munoterpenes 1.2 0.5 L il L o o 0.1
Tutal
identified {%=) 935 BT 1D 99 4.3 97.4 974 B8
Yield %) 005 0 Ul 0L 03 0.03 0.5 D16

Kl: Kovax imdex; RID retention index: Jan: Janvaryz Feh: Februsry; o all the mamber of the consivsents are expressed in

peTcenuge.
Soarce: Aumthors.
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Figure 5 = Chemical structure of the major components of Pridiem gimeente volatile oil leaves A, 27 6E Famesol. B. a-

Copsene.
Fi 4 |
- -\ y 7
!
A B
Howree: Pubschem (202 1o, bl
4. Discussion

In the present study, uniestratified adaxial epidermis with double layer of hypodermis, palisadsc parenchyma with 2
layers of cells, pumerous umcelludar trichomes, paracyiic, and amisocyic slomala were observed while Silva, et al. (2007)
abserved only paracytic stomata in the abaxial epsdermas of P, grineenye and only one layer of cells m the palsadic parenchyma.
Accordmg to Brewer., et al. (1991, the tichomes may be responsible for water relention on the leal surface by retaming water
droplets, improving the pholosynthetic process by allowing greater openmg of the slomata. Secretory cavibies containing velatile
oils and crystals in forms of druses descnibed m the leaves and young stem in this study wene also described by Olivesra (201 5),
bemg a common feature of Mymiaceae specses (Metcalle & Chalk 1979).

The determination of moedsture in herbal drugs = important in quality evaluabon. Waler excess produces unwanbed
chemscal reactons and microbsal contarminatson. Tolal ash and acid-imsoluble ash i high levels ndicates impunties ke non-
organx maternals and silca (Alves, et al, 20010, Basil, 2019). (HTacial compendia have not established parameters for 2
grumeense. However, limil values for moisture are 12.0%% and total ash 9.0 % for gumiava powder (Brasil, 2009). F. guineense
powder of the leaves displayed values of 7.8% masture, 6.3% total ash, and 0.5% acid-insoluble ash. Tannans, Aavonods, and
sapomims were also identified in the leaves. These compounds were also described in the methanolic extrct of £ grineense
leaves from Inds by Srathn, et al. {200%), alongside coumanps, terpenoids, and qumones.

The majority of compounds i volatile wil from P guimeense leaves were 2Z,6E-famesol, a-copaene, muurola-
-I,]{H].I-Ldierh]-ﬂ-ﬂl.. cubenol, epi-a-cadmol, f-cadinene, and y-hamachalens, whereas lior the fruss were 27 BE-farmesol, a-
copaemE, E-bﬂa.bulm:,ﬁ-n.dinm:, B-mnurphenc. cubenol, and eprra-cadinol. However, Figuemedo, o al. (2018) wdentified a-
pmene, a-copaene, and E-caryophyllene as major components i the beaf volatile oils collected in Para, while Silva, etal. (2003)
identified f-bisabolol, lmmonene, and epa-n-bsabolol from leaves collected m Roraima State.

In volable oil from P guineense leaves collected in Ceard State, Brazil, Neto, et al. {1994) found 2s major components
1.R=cineole (#0.5%), freudesmol (19.5%) and a-pinene (13.9%). Tucker et al. (1995) determined as the main components of the
leaves volatile vil m Mexico, fbisabolene {13.18%), a-pinene (12.85%) and Z-nerolidol {5.50%). Spathulenod (80.71%:) was
the main compoaent of the volatile oil, followed by 2E 6E-famesol (3.65%) and y-terpmen] (1.91%) in Matoe Grosso do Sul
{Mascimento, ef al., 2018). Poalla-Bohdrguees (2011), in Mexico, wlentzfied m the fruils velatle ol the components cthyl
butyrate (30.3%), cthyl bexancate (23.8%), f-caryophyllene (3.3%) by beadspace solid phase extraction and [-caryophyilene
(H.6%0, while butanol {7.4%) and ethyl butyrate (7.4%) when oblamed by distllabon extraction.
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2 BE-famesol belongs to the class of organic compounds known as sesquiterpencids. These lerpenes ane constructed
by three conseculive isoprene unils U.'IMDB. 021} Su, et. al. {2015) described the antimicrobial activity of 22-6E famesol by
microdilutson broth method usmg am inhabitary conc aguinst Aspergillus niger (500 pg'ml), Baciflus cerens
{6225 ppimL), Condide alfbicans (31.25 ugiml), Enterpbacter aerogenes (6125 ugiml), Excherichio coli (625 pgiml),
Kiehsiella prevmonice (125 pg'ml), Prendomons serginosa (125 pg/mL), Staphvlecoccur qureuns (3125 pg/ml), 5
epidermidis {3125 pg'mL). and Fibwio porchoemolyticns (500 pg'mL). The anticancer potential was tested on three human
camcer cell Imes: HT-2% (human colon), 15 {buman hepatocellular carcmoma), and A54% (human lung sdenocarcmomaj. 22-6E
famesol reduced the vinbility 50% of HT-29, 15, and A 549 cells a1 10.6, 36.8, and 268 pg/ml., respectively.

a-Copaene belongs: to the sesquiterpenosd class (HMDBE, 2021b). Rodngues, o al. {NHE) observed antilesshmanaal
acivvily of a-copaene in vitre, redwcing viabalaty by 50% for Letshmmnio ama s amd L. infe al the concentration of
17.2and 1 1.4 pg'mL, respectively.

The chemical composition of the volatile oal of P. gwineense showed component vanation due 1o the studies being made

in different regions, with different lemperatures, pluviometric mdexes, altitudes. type of seil, and mexdence of ultraviclel rays
{CGiobbo-Nelo & Lopes, 2007). According 1o Sangwan, et al. {2001} the volatile oils production depends on physiclogscal,
bsochemical, metabolic and genetic aspects of the plant. and may sulfer emviroamental and molecular modulations elucxdating
the chemical varations of volatile oils.

Dhue 1o the small size of the fruit, the amount of volatile oil oblzined was low, a fact that represented a limatation of the

study.

5. Conclusion

Amatomical studies, mozsture content and total and inmoluble ash in thes study contnibute to the quality control of plant
raw matenal. Phytochemical screening is important 1o shserve classes of molecules with possible biologseal activity. In thas
conlex! qualitative presence of tannins, flavenoeds, and saponios in the leaves were observed.

Leaves and frusts volatile oil’s majority compounds were 22 6E-famesol and a-copaene. This & the first report on
amatomscal study of the leaves, and chemical composition of volatile oils from F. guineense leaves and frusts colkected m
Hudrolinds, Goss.
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