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RESUMO

CARACTERIZA(;AO E INVESTIGAC}AO DA ATIVIDADE ANTI-OOMICETO DE
OLEOS ESSENCIAIS DE Alpinia speciosa, Eremanthus erythropappus, Schinus
lentiscifolius, Hesperozygis ringens E Ocimum americanum FRENTE A Saprolegnia

parasitica.

AUTOR: Victor Dos Santos Barboza
ORIENTADORA: Maria Amalia Pavanato

Objetivou-se caracterizar os Oleos essenciais de Alpinia speciosa (EOAS), Eremanthus
erythropappus (EOEE), Schinus lentiscifolius (EOSL), Hesperozygis ringens (EOHR) e
Ocimum americanum (EOOA), e investigar a atividade antimicrobiana in vitro contra
Saprolegnia parasitica. zodsporos (estirpe CBS 223.65). A composicao dos 6leos foi analisada
por cromatografia gasosa / espectrometria de massa (CG /MS) utilizando detector de ionizacéo
de chama para CG. A avaliacdo da atividade antimicrobiana foi realizada por meio de uma
adaptacao do método do CLSI M38-A2. Os principais compostos quimicos identificados foram:
eucaliptol (30,58%) e terpinen-4-ol (20,04%) em EOAS; a-bisabolol (71,47%) em EOEE; 3-
careno (55,51%) e a-thujone (11,03%) em EOSL,; pulegona (88,31%) em EOHR; e linalol
(28,96%), eucaliptol (17,83%) e eugenol (16,22%) na EOOA. A concentracao inibitdria
minima foi> 300 nug / mL para EOAS, EOHR e EOOA; 320 pug/mL para EOEE; e 160 ng/mL
para EOSL. A avaliacdo da concentracdo minima oomiceticidal identificou valores> 320 pg/mL
para EOAS, EOEE, EOHR e EOOA, enquanto 300 pug/mL foi a menor concentracdo letal de
EOSL contra Saprolegnia parasitica. Os presentes resultados indicam a suscetibilidade de
Saprolegnia parasitica CBS 223.65 aos 06leos essenciais testados. Este € o primeiro relato da
propriedade antioomicética de EOAS, EOEE, EOSL, EOHR e EOOA contra Saprolegnia
parasitica CBS 223.65, indicando que esta classe de produtos naturais poderia ser uma
alternativa viavel para prevenir e/ou tratar a saprolegniose causada pela Saprolegnia parasitica.
No entanto, mais estudos sdo necessarios para avaliar a atividade antioomiceto in vivo.

Palavra-chave: Oomiceto. Oleos Essenciais. Atividade Antimicrobiana. ZoGsporos.



ABSTRACT

CHARACTERIZATION AND INVESTIGATION OF THE ANTIOOMYCETE
ACTIVITY OF ESSENTIAL OILS OF Alpinia speciosa, Eremanthus erythropappus,
Schinus lentiscifolius, Hesperozygis ringens AND Ocimum americanum AGAINST

Saprolegnia parasitica.

AUTHOR: Victor Dos Santos Barboza

ADVISOR: Prof® Dr* Maria Amalia Pavanato

This study aimed to characterize the essential oils of Alpinia speciosa (EOAS), Eremanthus
erythropappus (EOEE), Schinus lentiscifolius (EOSL), Hesperozygis ringens (EOHR) and
Ocimum americanum (EOOA), and to investigate the in vitro antimicrobial activity against
Saprolegnia parasitica zoospores (strain CBS 223.65). Composition of the oils was analyzed
by gas chromatography/mass spectrometry (GC/MS) using flame ionization detector for GC.
Evaluation of the antimicrobial activity was performed through an adaptation of the method
according to the CLSI M38-A2. The main chemical compounds identified were: eucalyptol
(30.58%) and terpinen-4-ol (20.04%) in EOAS; a-bisabolol (71.47%) in EOEE; 3-carene
(55.51%) and a-thujene (11.03%) in EOSL; pulegone (88.31%) in EOHR; and linalol (28.96%),
eucalyptol (17.83%) and eugenol (16.22%) in EOOA. The minimum inhibitory concentration
was >300 pg/mL for EOAS, EOHR and EOOA; 320 pg/mL for EOEE; and 160 pg/mL for
EOSL. Evaluation of the minimum oomyceticidal concentration identified values of >320
pg/mL for EOAS, EOEE, EOHR and EOOA, while 300 pg/mL was found as the lowest lethal
concentration of EOSL against Saprolegnia parasitica. The present findings indicate the
susceptibility of Saprolegnia parasitica CBS 223.65 to the tested essential oils. This is the first
report on the antioomycotic property of EOAS, EOEE, EOSL, EOHR and EOOA against
Saprolegnia parasitica CBS 223.65, indicating that this class of natural products could be a
feasible alternative for preventing and/or treating Saprolegnia parasitica caused saprolegniosis.
Nonetheless, further studies are required in order to assess the in vivo antioomycotic activity.

Keywords: Oomycete. Essential Oils. Antimicrobial Activity. Zoospores.
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1. INTRODUCAO

A producdo de pescado mundial tem crescido de maneira significativa nas Gltimas
décadas. Segundo dados da Food and Agriculture Organization (FAO) no periodo de 2000 até
0 ano de 2012 a aquicultura cresceu 6,7% no mundo, enquanto que no mesmo periodo o milho
cresceu 4,7% e a avicultura 3,3% (FAO, 2014)

A aquicultura esta em constante crescimento global na area de alimentos, atualmente é
responsavel por mais de 50% da producdo total de peixes (FAO, 2012), com uma grande
proporcao deste oriunda de aquicultura da &gua doce (WEST, 2006 e FAO, 2012). O Brasil,
devido a sua grande area territorial com uma extensa bacia hidrografica, torna-se um grande
potencial para a aquicultura (VICENTE e FONSECA-ALVES, 2013). De acordo, com 0s
ultimos dados informados pelo Ministério da Pesca e Aquicultura (MPA, 2014), o pais produziu
1,25 milhdes de toneladas de peixe, na qual 38% trata-se de peixes cultivados. A atividade
aquicola gera aproximadamente um Produto Interno Bruto (PIB) de R$ 5 bilhdes e mobiliza
mais de 800 mil profissionais, proporcionando 3,5 milhdes de empregos diretos e indiretos
(MPA, 2014).

A aquicultura é fortemente afetada por oomicetos pertencentes a ordem Saprolegniales
(Saprolegnia spp), causando perdas econdémicas de dezenas de bilhdes de dolares, como ocorre
em peixes de agua doce criados em viveiros, como o salmdo, a truta, o bagre, e até mesmo de
anfibios (WEST, 2006; VAN DEN BERG et al., 2013). Aproximadamente um em cada dez
salmdes criado em fazendas de peixes sdo infectados por Saprolegnia spp (WEST, 2006).

Acredita-se ser um dos principiais precursores responsavel pelo decréscimo na
populacdo natural de salmonideos a nivel global (WEST, 2006; BRUNO e WOO, 2011) As
infeccBes causadas por Saprolegnia parasitica provoca uma doenga chamada saprolegniose,
caracterizada por manchas brancas ou cinzentas, crescimento de micélios sobre ovos
embrionarios, branquias, pele e barbatanas, capaz de causar necrose celular, bem como danos
dérmicos e epidérmicos (WEST, 2006; SCHORNACK et al., 2009). Tais circunstancia como
oscilagcdes de temperaturas e diminuicdo de nutrientes por exemplo, prejudica a resposta do
sistema imunologico em combater a agressao do oomiceto, acarretando um aumento da
mortalidade e reducdo da reprodutibilidade do animal (BENEITES et al., 2011; PHILLIPS et
al., 2008)

Este oomiceto foi eficientemente controlado pelo uso do verde malaquita. Todavia, no

ano de 2002 esta substancia quimica foi proibida para o tratamento, por demonstrar efeitos


http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib8
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib35
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib8
http://www.sciencedirect.com/science/article/pii/S0145305X12000687#b0195
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib35
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib35
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib5
http://www.sciencedirect.com/science/article/pii/S1878614614000282#bib22
http://www.sciencedirect.com/science/article/pii/S1878614614000282#bib20
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carcinogénicos, teratogénicos e mutagénicos. Nos dias atuais, o controle terapéutico da
saprolegniose é dificil, pois os produtos quimicos eficazes tem sua utilizagdo limitada ou banida
no setor da aquicultura, como por exemplo os produtos quimicos (como verde malaquita,
formalina, ou peroxido de hidrogénio, permanganato de potassio, acido acético, iodo) e biocidas
(Bronopol), por representarem graves problemas nocivos para salde humana e ambiental
(FUANGSAWAT, ABKING e LAWHAVINIT, 2011; SUDOVA et al., 2007,
PIRBALOUTI et al., 2009). H& uma alternativa, a remocdo manual periddica de ovos
infectados que demonstra ser eficaz, contudo esta préatica requer um grande esforco humano,
pois as circunstancias do manejo podem danificar os ovos embrionarios dos peixes saudaveis
(MOREIRA e BARATA, 2005).

Diversos investigadores tém avaliado a possibilidade de utilizar produtos naturais como
agentes fungicidas em ovos embrionarios de peixes no sistema de aquicultura (MORI et
al., 2002; RAI, KAUCHAL e ACHARYA, 2002; TAMPIERI et al., 2003; CHUKANHOM,
BORISUTHPETH e HATAI, 2005). Estudos anteriores com produtos naturais, demonstraram
os seus efeitos inibitorios sobre Candida albicans, Candida tropicalis, Candida glabrata e
Candida parapsilosis (KHOSRAVI et al., 2008).

Uma alternativa promissora frente a crise enfrentada no tratamento de saprolegniose, é
a utilizacdo de 6leos essencias. Diante disto, 0 presente estudo investiga uma nova alternativa
para o tratamento da saprolegniose, através da utilizacdo de 6leos essenciais a base das plantas
Alpinia speciosa, Eremanthus erythropappus, Schinus lentiscifolius, Hesperozygis ringens e

Ocimum americanum.
2. OBJETIVOS
2.1 OBJETIVO GERAL
Caracterizar e investigar o potencial dos 6leos essenciais de plantas Alpinia speciosa,
Eremanthus erythropappus, Schinus lentiscifolius, Hesperozygis ringens e Ocimum

americanum para a geracao de um produto farmacologicamente ativos e Uteis para piscicultura

contra a doenca saprolegniose, causada por Saprolegnia parasitica spp.


http://onlinelibrary.wiley.com/doi/10.1111/are.12293/full#are12293-bib-0033
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2.2. OBJETIVOS ESPECIFICOS

- Caracterizar os 0leos essenciais (OEs) de plantas brasileiras como a “colonia” (Alpinia
speciosa, AS), “candeia-da- serra” (Eremanthus erythropappus, EE), “aroeira-cinzenta”
(Schinus lentiscifolius, SL), “espanta-pulga” (Hesperozygis ringens, HR) e “alfavaca” (Ocimum
americanum, OA) por Cromatografia Gasosa de Massas (GC-MS).

- Determinar a Concentracéo Inibitoria Minima (CIM) da Saprolegnia parasitica frente
aos OEs de AS, EE, SL, HR e OA.

- Determinar a Concentragdo Oomiceticida Minima (COM) da Saprolegnia parasitica
frente aos OEs de AS, EE, SL, HR e OA.

3. REVISAO BIBLIOGRAFICA

3.1. Saprolegnia parasitica

Saprolegnia parasitica pertence ao reino Eucarionte, filo Stramenopila, classe
Oomycetes, ordem Saprolegniales, familia Saprolegniaceae, género Saprolegnia, espécie
Saprolegnia parasitica, classificado como um oomiceto oportunista, saprotrofico e necrotréfito
infectanto tanto organismos aquéticos vivos como mortos (STUELAND, HATAI e SKAAR,
2005; JIANG et al., 2013). Sua parede celular consiste em celulose suplementada com f-
glucanas, amino&cidos e hidroxiprolina (HENDRIX, 1964).

West (2006), descreve o ciclo de vida de Saprolegnia parasitica, composto por uma
reproducdo assexuada, responsavel por dispersdo dos zodsporos a fim de encontrar um novo
hospedeiro, e uma reproducdo sexuada, com o objetivo de permitir a sobrevivéncia em
condigdes adversas, tais como as oscilagcdes nas temperaturas. A diminui¢do dos nutrientes
circundantes e/ou uma reducdo drastica na temperatura climatica da agua, desencadeia um
inchaco nas pontas das hifas que formam zoosporangios de Saprolegnia parasitica, na qual os
zoosporos primarios sdo gerados. Quando as pontas dos zoosporangios eclodem, zoGsporos
biflagelados séo liberados para a agua. Os zoGsporos encistam e formam cistos primarios, que
liberam zoGsporos secundarios. Se esses zodsporos secundarios encontrarem um hospedeiro em

potencial, cistos secundarios serdo formados, iniciando a fase germinativa do cisto, que
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invadem o tecido do hospedeiro, dando origem ao micélio, o qual fara parte do ciclo assexuado
do oomiceto. Todavia, se esses zoosporos secundarios ndo encontrem um hospedeiro, um ciclo
de emergéncia denominado “poliplantismo” ¢ realizado até que se encontre um possivel
hospedeiro. Ap6s o completo desenvolvimento do micélio na epiderme do organismo
hospedeiro, comeca a reproducdo e producdo de um gametogénio macho e fémea, que séo
respectivamente o anteridio e a oogonia, respectivamente. Estes fundem-se através de um tubo
de fertilizacdo, ocorrendo a formacdo de um zigoto chamado de odsporo, capaz de produzir

zoosporos primarios, conforme descrito na Figura.1.

Figura 1- Diagrama esquematico do ciclo de vida de Saprolegnia parasitica.
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Fonte:(WEST, 2006, p. 102).

Saprolegnia parasitica é responsavel por grandes perdas na aquicultura, por se tratar
de um patégeno endémico de peixes de agua doce, em particular, sendo um patdgeno
economicamente importante de peixes em viveiros, como salmdo, truta, e bagres (WEST, 2006;
VAN DEN BERG et al., 2013). Acredita-se ser um dos principiais precursores responsavel pelo
decréscimo na populacdo natural de salmonideos a nivel global (WEST, 2006 e BRUNO e
WOO, 2011). A Saprolegnia parasitica provoca uma doenca chamada saprolegnioses,
frequente na estacdo do outono, inverno e inicio da primavera, em consequéncia da queda da
temperatura da agua (CERENIUS e SODERHALL, 1984; URIBEONDO, CERENIUS e


http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib35
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib35
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib5
http://www.sciencedirect.com/science/article/pii/S1878614614000658#bib5
http://www.sciencedirect.com/science/article/pii/S1878614614000841#bib11
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SODERHALL, 1994; BANGYEEKHUN et al ., 2001 e WEST, 2006), caracterizada por
manchas brancas ou cinzentas visiveis do micélio sobre ovos embrionérios, branquias, pele e
barbatanas, causando necrose celular, bem como danos dérmicos e epidérmicos(WEST,
2006; SCHORNACK et al., 2009), conforme demonstrado na Figura 2 e Figura 3.

Figura 2- LesGes necroticas causadas por Saprolegnia parasitica em Oncorhynchus

mykiss.

Fonte: (ZOYSA et al, 2017 p. 301).

Figura 3- Presenca de Saprolegniose em ovos embrionérios do Salmo solar.

Fonte: (BERG et al, 2013 p. 37).

Hussein e Hatai (2001) estudando diferentes salmonideos infectados por Saprolegnia
parasitica e Saprolegnia salmonis, observaram ndo apenas danos na epiderme, mas que a
espécie de oomiceto em questdo, produzia hifas capazes de penetrar em tecido muscular e vasos
sanguineos. Nesse estudo as espécies truta arco-iris (Oncorhynchus mykiss), salmdo masu
(Oncorhynchus masou) e truta japonesa (Salvelinus leucomaenis) tiveram uma rapida


http://www.sciencedirect.com/science/article/pii/S1878614614000841#bib2
http://www.sciencedirect.com/science/article/pii/S1878614614000841#bib46
http://www.sciencedirect.com/science/article/pii/S1878614614000282#bib22
http://www.sciencedirect.com/science/article/pii/S1878614614000282#bib22
http://www.sciencedirect.com/science/article/pii/S1878614614000282#bib20
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mortalidade sem aparente formacéo de tufos filamentosos ao longo do corpo. Também n&o
ocorreram alteracdes significativas nos parametros sanguineos. Sugerindo assim, a ocorréncia
de uma infeccgdo rapida e sisttémica ocasionando a morte dos peixes.

Tanto os peixes quanto as ovas sdo susceptiveis ao patogeno, incluindo animais
cultivados, e sabe-se que salmonideos sdo 0s mais sensiveis (BRUNO e WOO, 2011). Sugere-
se também que a infeccdo com esse oomiceto esta associado a um fator predisponente, como
estresse, lesdes mecanicas, problemas higiénicos-sanitarios, dentre outros (STUELAND,
HATAI e SKAAR, 2005).

O oomiceto Saprolegnia parasitica € economicamente um dos mais importantes
patdgenos de peixes, pois infecta especialmente as espécies de salmdes e trutas. Isso faz com
que dezenas de milhGes de perdas impactem severamente o setor da aquicultura em todo o
mundo, principalmente na Escdcia, Escandinavia, Chile, Japao, Canada e Estados Unidos (BLY
etal., 1994).

No Japdo, h& uma taxa de mortalidade anual de 50% no salméao coho (Oncorhynchus
kisutch) devido a infestacdo do Saprolegnia parasitica (BLY etal., 1994; HATAI e HOSHIALI,
1992). Nos Estados Unidos, ha um fendbmeno denominado "Winter Kill", na qual hd inimeras
mortes de peixes de agua doce, devido a presenca do Saprolegnia parasitica, resultando em
perdas financeira de até 50% aproximadamente, 0 que representa uma perda econémica de US$
40 milhdes de dolares (BRUNO, WEST e BEAKES, 1999). Na Escécia, saprolegnioses
também causa perdas de £ 5 milhdes de libras esterlina, nas incubadores de salméo do Atlantico
(Salmo salar) que constituem uma das espécies aquicolas mais valiosas (WEST et al., 2008).

Tradicionalmente a saprolegnioses foi eficientemente controlada pelo uso do verde
malaquita, no entanto, no ano de 2002 esta substancia quimica foi proibida para tratamento,
devido aos seus efeitos indesejaveis sobre a satde animal (SRIVASTAVA, SINHA e ROY,
2004; STAMMATI et al., 2005). Diante da proibi¢do do verde malaquita, investigacGes tém
sido dirigidas para a descoberta e/ou a melhoria na aplicagdo em novas alternativas adequadas
e eficazes. Apesar de varios substitutos potenciais terem sido sugeridos como seguros para o
tratamento, métodos eficazes ecologicamente e economicamente aceitaveis ainda ndo foram
encontrados (WEST, 2006 ).

O peroxido de hidrogénio, em concentrac6es de 500-1000 ppm tem sido relatado sendo
altamente eficaz, contra Saprolegnia spp. nas infec¢fes em ovos embrionérios de salmonideos
(MARKING, RACH e SCHREIER, 1994; WATERSTRAT E MARKING, 1995; SCHREIER,
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RACH e GEORGE, 1996; BARNES et al., 1998; ARNDT et al., 2001). Todavia, Gaikowski et
al. (1998), constataram que um aumento nas concentra¢des de perdxido de hidrogénio na agua,
diminuiram a porcentagem de eclosdo dos ovos embrionarios da Oncorhynchus mykiss (truta
arco-iris).

Estudos cientificos utilizando a formalina, demonstraram ser eficaz contra a
saprolegnioses (MARKING, RACH e SCHREIER, 1994; WATERSTRAT E MARKING,
1995; SCHREIER, RACH e GEORGE, 1996; BARNES et al., 1998; ARNDT et al., 2001).
Contudo, existe um numero crescente de preocupacdes quanto a sua utilizacdo nas indudstrias
farmacéuticas, em virtude dos riscos que representa para a satde humana e ambiental (BURKA
etal., 1997, MAGARAGGIA et al., 2006) .

Estudos estabelecendo comparacbes de eficacia entre a formalina e o peréxido de
hidrogénio, constataram que formalina parece ser mais eficaz quanto ao peréxido de hidrogénio
para o controle de saprolegnioses (RACH et al., 2005; BARNES e SOUPIE, 2006). Uma outra
alternativa de tratamento, no caso o cloreto de sédio, parece haver uma concordancia geral de
gue nao é tao eficiente como a formalina ou o peroxido de hidrogénio no controle das infeccbes
(MARKING, RACH e SCHREIER, 1994; WATERSTRAT e MARKING, 1995; SCHREIER,
RACH e GEORGE, 1996).

Forneris et al. (2003) utilizou ozbdnio (O3) na &guacomo um desinfetante para
prevencdo aos surtos das infeccdes de Saprolegnia parasitica nas incubadoras de trutas-arco-
iris, porém esta estratégia de prevencdo demonstrou ser tdxica e a0 mesmo tempo reduziu a
taxa de eclosdo dos ovos embrionarios.

Rezinciuc, Sierra e Uribeondo (2014), utilizando o Bronopol no tratamento de
saprolegnioses em ovos de truta, constatou uma estirpe de Saprolegnia australis resistente ao
Bronopol, que trata-se de um produto quimico utilizado frequentemente em incubadoras e

viveiros de peixes para suprimir infec¢bes causadas por Saprolegnia spp.

3.2. OLEOS ESSSENCIAIS

Como uma alternativa para os farmacos convencionais, plantas medicinais tém sido
amplamente utilizadas em medicina veterinaria e humana, e hoje em dia também tém um papel
significativo na aquicultura, como agentes profilaticos e terapéuticos contra agentes

patogénicos de peixe, apresentando atividade viral, antibacteriana, antifingica e antiparasitica
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(CITARUSU, 2009; SILVA et al., 2010; BUCHBAUER e LANG, 2012; GUPTA e BIRDI,
2017).

Os oOleos essenciais sdo compostos biodegradaveis e devido a seus componentes
majoritarios naturais sdo menos propensos a causar 0 desenvolvimento de resisténcia
microbiana (KULKARNI et al., 2013). Neste intuito podem fornecer uma alternativa viavel
aos medicamentos convencionais, minimizando as perdas econdmicas resultantes das infecc¢oes
e resisténcias microbioldgicas (TAMPIERI et al., 2003; KHOSRAVI et al., 2012; PARK et al.,
2011; DIDINEN et al., 2015).

Os extratos e 0Oleos essenciais de inumeras plantas tem sido relatados por exercer
atividade bioldgica in vitro e in vivo, o que justifica a investigacdo na medicina tradicional,
focado sobre a caracterizacdo de atividade antimicrobiana dessas plantas. Os paises como Irg,
india, Jordania, Brasil e México, sdo exemplos de paises que possuem uma flora diversificada
e uma rica tradicdo no uso de plantas medicinais para aplicacdo antibacteriana e antifungica.
(MENEZES et al., 2016; SHOKRI, 2016; ABU et al., 2016; AURELIO et al., 2016).

KHOSRAVI et al. (2012), avaliou a atividade anti-oomycota de 6leos essenciais (OES)
de Zataria multiflora (ZM), Gerenuium herbarium (GH) e Eucalyptus camaldulensis (EC) no
tratamento de ovos de truta arco-iris (Oncorhynchus mykiss) infectadas com Saprolegnia
parasitica. Constatou-se que nas concentracdes de 1, 5, 10, 25, 50 e 100 ppm, o OE de ZM e
EC apresentaram diferencas significativas em comparacdo com o controle negativo (p <0,05).
Os resultados demonstraram que o verde malaquita utilizado como controle positivo, seguido
por ZM, EC, e GH, relataram uma maior eficacia nos testes “in vivo” na eclosdo dos ovos

embrionérios de truta arco-iris.
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4. DESENVOLVIMENTO

4.1 MANUSCRITO

Characterization and investigation of the antioomycete activity of essential oils of
Alpinia speciosa, Eremanthus erythropappus, Schinus lentiscifolius, Hesperozygis ringens and
Ocimum americanum against Saprolegnia parasitica.

Enviado para o periddico “Veterinary Microbiology”, sendo assim esse manuscrito se

encontra nas normas do mesmao.
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Abstract

This study aimed to characterize the essential oils of Alpinia speciosa (EOAS),
Eremanthus erythropappus (EOEE), Schinus lentiscifolius (EOSL), Hesperozygis ringens
(EOHR) and Ocimum americanum (EOOA), and to investigate the in vitro antimicrobial
activity against Saprolegnia parasitica (strain CBS 223.65). Composition of the oils was
analyzed by gas chromatography/mass spectrometry (GC/MS) using flame ionization detector
for GC. Evaluation of the antimicrobial activity was performed through an adaptation of the
method CLSI M38-A2. The main chemical compounds identified were: eucalyptol (30.58%)
and terpinen-4-ol (20.04%) in EOAS; a-bisabolol (71.47%) in EOEE; 3-carene (55.51%) and
a-thujene (11.03%) in EOSL,; pulegone (88.31%) in EOHR; and linalol (28.96%), eucalyptol
(17.83%) and eugenol (16.22%) in EOOA. The minimum inhibitory concentration was >300
pg/mL for EOAS, EOHR and EOOA; 320 pg/mL for EOEE; and 160 pg/mL for EOSL.
Evaluation of the minimum oomycidal concentration identified values of >320 pg/mL for
EOAS, EOEE, EOHR and EOOA, while 300 pg/mL was found as the lowest lethal
concentration of EOSL against Saprolegnia parasitica. The present findings indicate the
susceptibility of Saprolegnia parasitica CBS 223.65 to the tested essential oils. This is the first
report on the antioomycete property of EOAS, EOEE, EOSL, EOHR and EOOA against
Saprolegnia parasitica CBS 223.65, indicating that this class of natural products could be a
feasible alternative for preventing and/or treating Saprolegnia parasitica caused saprolegniosis.

Nonetheless, further studies are required in order to assess the in vivo antioomycete activity.

Key words: Oomycete, essential oils, antimicrobial activity, zoospores.
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1. INTRODUCTION

Saprolegnia parasitica is the causal agent of saprolegniosis in freshwater fish. The
disease is characterized by visible white to grey patches of mycelium on fish eggs, gills, skin
and fins, and causes cell necrosis and dermal and epidermal damage, possibly leading to death
(West, 2006; Schornack et al., 2009). Control of saprolegniosis is made especially with
chemical products that are effective and low cost, such as malachite green, hydrogen peroxide,
formalin and bronopol, but have detrimental effect upon fish and human health, and impact the
natural environment. The harm associated to the use of such substances prompts search for
compounds of natural origin which do not compromise the health status of the fish and do not
contaminate the ecosystems (Tampieri et al., 2003; West, 2006; Schornack et al., 2009; Berg et
al., 2013).

Essential oils (EOs) and extracts from plants may be a viable alternative to conventional
therapies, reducing the economic losses that result from microbiological infections. Such
products contain complex mixtures of molecules which may possess antimicrobial activity
(Tampieri et al., 2003; Khosavi et al., 2012; Park et al., 2011; Didinen et al., 2015).

A variety of antifungal, antiparasitic and antibacterial activities have been demonstrated
for EOs through animal and human research (Silva et al., 2010). Furthermore, EOs are
composed of biodegradable substances, and because they have distinct mechanisms of action
and different target sites within the microbial cell, they are less likely to induce resistance
(Buchbauer and Lang, 2012; Gupta and Birdi, 2017).

The EOs of “colonia” (Alpinia speciosa, EOAS) (Braun et al., 2003), “candeia-da-serra”
(Eremanthus erythropappus, EOEE) (Padalia et al., 2010), “aroeira-cinzenta” (Schinus
lentiscifolius, EOSL) (Lorenzi and Matos, 2008), “espanta-pulga” (Hesperozygis ringens,

EOHR) (Toni et al., 2014) and “alfavaca” (Ocimum americanum, EOAQ) (Sutili et al., 2015)
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are obtained at a low-cost and generate low environmental impact. Their effectiveness in the
control of saprolegniosis has not yet been studied. In view of the above, the present work aimed
at exploring an alternative for the treatment of saprolegniosis through the investigation and

assessment of the antioomycete activity of these EOs.

2. MATERIALS AND METHODS
2.1. Essential oils extraction

Leaves of HR and OA were harvested in Sdo Francisco de Assis, Brazil (January 2013),
and in Sao Jodo do Polesine, Brazil (December 2014), respectively. Voucher specimens were
deposited in the herbarium of the Departamento de Biologia at UFSM (SMDB 13.427 - HR and
13.163 - OA). Rhizomes of AS, stem wood of EE and leaves of SL were collected in
Jardinopolis, Brazil (October 2016). The biological materials were placed in a forced air
circulation drying oven at 45 °C for 48 h. Extraction was carried out by hydrodistillation using

a modified Clevenger-type apparatus for 3 h.

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

The EOs were analyzed by GC-MS with an Agilent 6890A gas chromatograph equipped
with a 5973C mass selective detector using a non-polar HP5-MS fused silica capillary column
(5% phenyl, 95% methylsiloxane, 30 m x 0.25 mm i.d. x 0.25 pm film thickness) and electron
ionization mode at 70 eV. Helium was used as carrier gas at a flow rate of 1.0 mL/min; the
injector and detector temperatures were set at 250 and 280 °C, respectively. Oven temperature
was kept at 40 °C for 4 min and then gradually raised to 320 °C at 4 °C/min. Injections were
performed in split inlet mode (ratio 1:100). Kovats retention indices were calculated using a

homologous series of C7-C31 n-alkanes injected under the same conditions of the samples. The
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EOs constituents were identified by comparison of the mass spectra and Kovats retention
indices with literature data and with the National Institute of Standards and Technology (NIST)
Mass Spectral Library (NIST, 2008; Adams, 2009). For quantification of the EOs components,
flame ionization detector analysis was performed in an equivalent column and using the same
oven parameters as described for GC-MS. Both injection and detection temperatures were set
at 300 °C and the split inlet mode ratio was 1:50. The percentage of EOs constituents was

calculated by peak area integration (Silvério et al., 2009; Vieira et al., 2014).

2.3. Microrganism and culture

Saprolegnia parasitica strain CBS223.65 was purchased from Centraal Bureau voor
Schimmelcultures, Baarn, Netherlands. Conditions of cultivation and zoospores harvest
followed the criteria described in West et al. (2010), with the oomycete being cultivated in

Potato Dextrose Agar (PDA) at 18 °C for 5 days.

2.4. Zoosporogenesis of Saprolegnia parasitica CBS 223.65

The methodology used for zoosporogenesis was based and modified on the procedure
described in Stueland et al. (2005), Christopher et al. (2014), Madrid et al. (2015) The sample
of S. parasitica was cultivated in potato dextrose agar, and the dishes were incubated at 18 °C
for 5 days. Subsequently, mycelial plugs were transferred to petri dishes containing 30 mL of
induction medium, which was composed by 0,5 mL of solution A [KoHPOs, KH2POy,
(NH4)2HPO4 in 500 mL of sterile distilled water] and 0,1 mL of solution B [MgCI26H20, CaCl>
in 250 mL of sterile distilled water] in 1000 mL of sterile distilled water. The petri dishes were
then incubated at 20 °C for 8 h. Regular inspection of the mycelium was performed through

optical microscopy (100 and 400 X) on glass microscope slides with cover slips at intervals of
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1 h. Upon maturation of zoosporangia and zoospores release, active zoospores were counted in

the induction medium with the aid of a Neubauer hemocytometer.

2.5. Minimum Inhibitory Concentration (MIC)

The test method was based on the M38-A2 CLSI document (Rex et al., 2008) (Zahran
et al., 2010) with modifications for evaluation of plant extracts. From the EOs stock solution
(initial 1% concentration), ten serial dilutions were prepared in RPMI medium with
concentrations ranging from 10,240 to 20 pg/mL. A volume of 100 pL was taken from each
dilution of the EOs and added to microdilution plate wells, and an additional 100 pL with the
inoculum was put into every well. A positive control (100 uL RPMI and 100 puL inoculum) and
a negative control (100 uL RPMI and 100 puL EOs) established S. parasitica CBS 223.65. The
plates were incubated at 20 °C in an orbital shaker incubator at 40 rpm for 48 h. All tests were
performed in triplicate. The results were read within 48 h of incubation and considered presence
or absence of the visual hyphal growth. The lowest EOs concentration capable of inhibiting
100% of S. parasitica CBS 223.65 growth, compared with the positive control, was considered

the MIC.

2.6. Minimum Oomyceticidal Concentration (MOC)

The spore germination inhibition test was carried out by agar dilution adapted method
(Hu et al., 2013; Madrid et al., 2015). In brief, the S. parasitica isolate was grown on PDA
plates for 7-14 days, and then the spores were harvested from sporulating colonies and
suspended in sterile distilled water. The concentration of spores in suspension was determined
using a hemocytometer and adjusted to 1x10* CFU/mL approximately. The agar plates were

prepared with the required concentration of the active samples, added to 10 mL of molten PDA
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(about 65 °C). Ten microliters of the spore suspension were spotted in triplicate on these plates,
which were then incubated at 20 °C for 72 h. The MOC was defined as the lowest concentration

of the EOs which prevented visible growth or germination of spores.

3. RESULTS
3.1 Characterization of the essential oils

The amount of chemical compounds found in each oil and the corresponding percentage
of identified constituents was: EOAS- 18 (85.38%); EOEE- 6 (88.88%); EOSL- 10 (95.91%);
EOHR- 11 (93.90%); and EOOA- 14 (90.93%). The main compounds in each oil were: EOAS-
eucalyptol (30.58%), terpinen-4-ol (20.04%), sabinene (6.37%) and carvacrol (3.59%); EOEE-
a-bisabolol (71.47%); EOSL- 3-carene (55.51%), a-thujene (11.03%), B-pinene (8.00%) and
a-phellandrene (7.32%); EOHR- pulegone (88.31%); and EOOA- linalool (28.96%),

eucalyptol (17.83%), eugenol (16.22%) and camphor (12.07%) (Table 1).

3.2 Invitro assessment of the antimicrobial susceptibility of Saprolegnia parasitica CBS 223.65
to the essential oils

The MIC capable of inhibiting growth of the oomycete was >300 pug/mL for EOAS,
EOHR and EOOA, 320 pg/mL for EOEE and 160 pg/mL for EOSL. As for MOC, values of

>320 pg/mL were found for EOAS, EOEE, EOHR and EOOA, and 300 pg/mL for EOSL.

4. DISCUSSION
Identification of the compounds present in an essential oil is a requirement for its
introduction in human or veterinary medical realm. Characterization of the EO chemical

composition may direct the investigations on the biological mechanisms through which the
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product acts. Moreover, although EOs are complex mixtures, most of them possess certain
constituents that may influence more markedly upon the biological activity (Abu et al., 2016;
Menezes et al., 2016; Shokri, 2016; Aurelio et al., 2017).

Most of the major constituents described herein are in accordance with previous results
obtained in studies that evaluated the percentages of phenols, monoterpenes and sesquiterpenes,
among other compounds which may be found in EOs. The exception was the EOSL, since the
main component detected in this assessment, 3-carene, had not yet been reported (Rossini et
al., 1996; Pawlowski et al., 2013).

Chemical composition variations may occur especially due to the genetic features of the
vegetal species (Amaral et al., 2015). Nonetheless, additional factors as climatic and geographic
conditions, part of the plant used for extraction, seasonal period of harvest and analytical
methodology may also affect composition (Braun et al., 2003; Burt et al., 2005; Lorenzi and
Matos, 2008; Padalia et al., 2010; Toni et al., 2014, Sutili et al., 2015).

Antioomecete activities against S. parasitica CBS 223.65 have been found for the EOs
tested in the current in vitro trials. Satisfactory outcomes were obtained regarding inhibition
and growth of the strain, with MICs of 160 ug/mL (EOSL), 320 pg/mL (EOEE) and >320
ug/mL (EOAS, EOHR and EOOA), and MOCs of 320 pg/mL (EOSL) and >320 pg/mL (EOAS,
EOEE, EOHR and EOQA).

Complex mixtures of natural origin, as are the EOs, often present biological activities
which result from the interaction among their different constituents, with the occurrence of
synergistic, additive and/or antagonistic effects (Efferth and Koch, 2011). Some components of
the EOs studied herein have already had their isolated antimicrobial activities reported, such as
sabinene and eucalyptol (Vimal et al., 2017), terpinen-4-ol (Hac-Wydro et al., 2017) and

carvacrol (Marinelli et al., 2018), which were the main constituents found in the EOAS.
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Likewise, the sesquiterpene a-bisabolol (Forrer et al., 2013) and the monoterpene pulegone
(Bozovi¢ and Ragno, 2017), the main compounds detected in the EOEE and in the EOHR,
respectively, have had their antimicrobial property reported. Eucalyptol (Vimal et al., 2017),
linalool (Park et al., 2012), camphor (Chen et al., 2013) and eugenol (Marinelli et al., 2018),
the major constituents of the EOOA, have similarly been reported as possessing antimicrobial
action. With regard to the EOSL, it was the investigated oil that presented the most intense
activity against the oomycete S. parasitica. Interestingly, the EOSL had a high proportion of
the monoterpene 3-carene (55%), which has had its antimicrobial potency described (Adal et
al., 2017).

The findings presented here agree with former in vitro researches which explored the
potential of vegetal products, EOs and extracts against pathogenic fungi, and found that some
are capable of inhibiting growth or even determine death of S. parasitica. Tampieri et al. (2003)
tested the extracts of Origanum vulgare (EXOV), Thymos vulgaris (EXTV) and Sarcopteryx
montana (EXSM) against S. parasitica isolated from skin lesions of Perca fluviatilis Linnaeus.
The authors described MIC values of 100 ppm for EXOV and EXTV, and 200 ppm for EXSM.
Moreover, evaluation of the fungicidal activity of those extracts indicated values of 200uL/mL"
! as the minimal fungicidal concentration. In another study, Gomez and Diler (2014) observed
that the EOs of Origanum onites, Satureja tymbra and Thymbra spicata presented antimicrobial
activity against strains of S. parasitica with MIC values of 10, 100 and 50 pL/mLY,
respectively.

Khorsavi et al. (2012) assessed the antioomycotic activity of the EOs of Zataria
multiflora (EOZM), Gerenuium herbarium (EOGH) and Eucalyptus camaldulensis (EOEC)
for the treatment of rainbow trout (Oncorhynchus mykiss) eggs infected with S. parasitica.

There were significant differences for EOZM and EOEC at 1, 5, 10, 25, 50 and 100 ppm when
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compared to the negative control. Results also pointed to malachite green, which was the
positive control, as the most effective in vivo treatment, followed by EOZM, EOEC and
EOGH.

Didinen et al. (2015) described a strong antifungal activity at the minimum lethal
concentration (MLC) for the essential oil extracted from leaves and flowers of Satureja
cuneifolia at 250 pL/mL™ and 500 pL/mL? against S. parasitica strains Al and E1 infecting
O. mykiss eggs. Another investigation assessed the activity of different EOs and ethanolic
extracts against S. parasitica isolated from lesions on eggs of O. mykiss and found that the EOs
of Thymus daenensis and Thymus khuzestanicum (MIC > 50% = 0.63 pL/mL™, and minimum
lethal concentration (MLC) > 99.9% = 22 pL/mL™?), and the ethanolic extracts of Tanacetum
parthenium and Mentha longifolia (MIC > 50% = 31.25 and 62.5 pg/mL™, and MLC > 99.9%
= 600 and 550 pg/mL?, respectively) were the products to present the highest inhibition

(Pirabulout et al., 2009).

5. CONCLUSION

Based on the present findings, attention must be especially drawn to the potential of the
essential oil of Schinus lentiscifolius to treat saprolegniosis. It must also be highlighted that this
is the first report on the antioomycotic property of the essential oils of Alpinia speciosa,
Eremanthus erythropappus, Schinus lentiscifolius, Hesperozygis ringens and Ocimum
americanum. Further studies targeting isolation of the active compounds and elucidation of
their mechanisms of action ought to be carried out. Likewise, in vivo trials must be performed

in order to test these essential oils in fish experimentally infected with Saprolegnia parasitica.
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Table 1. Chemical composition of the essential oils of Alpinia speciosa (EOAS), Eremanthus

erythropappus (EOEE), Schinus lentiscifolius (EOSL), Hesperozygis ringens (EOHR) and

Ocimum americanum (EOOA) obtained by gas chromatography-mass spectrometry.

RI Experimental RI Literature Chemical Essential oils
Mean Meana b-¢.d Compound EOAS EOEE EOSL EOHR EOOA
929 9252 a-Thujene 1.50 - 11.03 - -
931 9302 a-Pinene 1.79 - - 0.28 -
971 9732 Sabinene 6.37 - - - -
985 979ad B-Pinene 3.47 - 8.00 - 1.34
1001 10072 a-Phellandrene - - 7.32 - -
1007 1005% 3-Carene - - 55.51 - -
1014 10218 2-Carene 1.06 - - - -
1022 10202 0-Cymene 4.35 - - - -
1022 10278 Limonene - - 0.81 - -
1026 10262 B-Phellandrene - - 6.80 - -
1027 10302 Limonene - - - 0.93 1.86
1028 10292 Eucalyptol 30.58 - - - 17.83
1047 10462 Z-B-ocimene - - 1.26 - -
1057 10562 y-Terpinene 1.57 - - - -
1086 10838 Terpinolene - - 1.54 - -
1086 1086° Fenchone - - - - 1.33
1098 11018 Linalool 1.52 - - 0.50 28.96
1141 11432 Camphor - - - - 12.07
1173 11772 Isopulegone - - - 0.41 -
1175 11802 Terpinen-4-ol 20.04 - - - -
1183 11872 p-Cymen-8-ol 0.31 - - - -
1189 11902 a-Terpineol 1.50 - - 0.18 2.43
1237 12443 Pulegone - - - 88.31 -
1290 12912 Carvacrol 3.59 - - - -
1344 13442 3- Elemene - - - 0.64 -
1355 13518 a-Terpineol acetate - - - 0.32 -
1356 1356° Eugenol - - - - 16.22
1368 13702 Cyclosativene - - - - -
1376 13752 Copaene - - - - -
1385 13922 B-Elemene - - - - -
1400 13992 Cyperene - - - - -
1419 14182 B-Caryophyllene 2.69 - 2.02 - 111
1425 14342 B-Cubebene - - - - -
1435 14408 a-Bergamotene - - - - 1.84
1442 14522 a-Caryophyllene - - - 1.22 -
1469 14712 a-Himachelene - - - - -
1474 14832 a-Selinene 1.06 - - - -
1479 14862 B-Chamigrene - - - - -
1482 14812 Germacrene D - - - - 2.67
1483 14892 B-Eudesmene - - - - -
1486 14942 Ledene - - - - -
1496 1496° Valencene - 0.67 1.62 - -
1500 14912 a-Muurolene - - - - -
1500 15092 B-Bisabolene 0.27 - - - -
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1502 15032 Z-a-Bisabolene - 1.77 - - -
1506 14972 a-Selinene - - - - -
1508 1506° B-Bisabolene - 6.44 - - -
1508 15118 y-Cadinene 1.21 - - - -
1514 15134 a-Bulnesene - - - - 0.81
1523 15174 d-Amorphene - - - - 0.58
1524 15232 d-Cadinene - - - - -
1542 15402 Germacrene B - 6.62 - - -
1543 15392 a-Calacorene - - - - -
1578 15722 Ent-Spathulenol - - - - -
1579 15782 Spathulenol - - - 0.22 -
1586 1583° Caryophllene 55 . - 086 :
oxide
1629 16392 d-Cadinol - - - - -
1641 16422 t-Cadinol - - - - 1.82
1655 16522 a-Bisabolol oxide B - 1.90 - - -
1686 1685° a-Bisabolol - 71.47 - - -
Total of identified compounds (%6) 85.38 88.88 95.91 93.90 90.93

RI=Retention index; 2NIST, 2010."SILVERIO et al., 2013; “ADAMS, 2009; “VIEIRA et al., 2014.

Table 2. Minimum

Inhibitory Concentration (MIC) and Minimum Oomyceticidal

Concentration (MOC) of the essential oils of Alpinia speciosa (EOAS), Eremanthus

erythropappus (EOEE), Schinus lentiscifolius (EOSL), Hesperozygis ringens (EOHR) and

Ocimum americanum (EOOA) against Saprolegnia parasitica CBS 223.65.

48 hours 72h

Essential oils MIC (ug/mL) MOC (ug/mL)
EOAS >320 >320
EOEE 320 >320
EOSL 160 320
EOHR >320 >320
EOOA >320 >320
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Highlights.

e In vitro activity of the Essentials oils of Alpinia speciose, Eremanthus erythropappus,
Schinus lentiscifolius, Hesperozygis ringens, Ocimum americanum to saprolegniose.

o Use of essentials oils can be a feasible alternative for treatment of saprolegniose.

e Pioneer study to treat in vitro saprolegniose with using essentials oils of Alpinia
speciose, Eremanthus erythropappus, Schinus lentiscifolius, Hesperozygis ringens, Ocimum

americanum.
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5. CONCLUSAO

Neste estudo constamos uma suscetibilidade da Saprolegnia parasitica frente aos 6leos
essenciais de Alpinia speciosa, Eremanthus erythropappus, Schinus lentiscifolius,
Hesperozygis ringens e Ocimum americanum, indicando que esta classe de produtos naturais
poderia ser uma alternativa viavel para prevenir e/ou tratar a saprolegniose causada pela
Saprolegnia parasitica. Nossos resultados mostraram também que € o primeiro estudo que
relata a propriedade antioomicotica dos Oleos essenciais de Alpinia speciosa, Eremanthus
erythropappus, Schinus lentiscifolius, Hesperozygis ringens e Ocimum americanum. Todavia,
mais estudos visando o isolamento dos compostos ativos e a elucidacdo de seus mecanimos de
acdo devem ser executados. Da mesma forma, ensaios in vivo devem ser realizados para testar
estes 6leos essenciais em peixes experimentalmente infectados com Saprolegnia parasitica.
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