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PREFACIO

Esta dissertacdo estd dividida em dois capitulos, seguindo o formato alternativo
proposto pelo Programa de Pds-Graduacdo em Ciéncias ambientais (PPGCA). Assim,
inicialmente, é feita uma introducdo na dissertacdo, seguida pelo artigo 1 intitulado “Essential
oil of Alpinia zerumbet (Zingiberaceae) has anthelmintic efficacy against monogeneans of
Colossoma macropomum, a Neotropical Serrasalmidae” que foi submetido ao periodico
Agquaculture Qualis A1(Anexo 1).



RESUMO

LUZ, J. G. R. Atividade anti-helmintica do 6leo essencial de Alpinia zerumbet (Zingiberaceae)
em monogeneas, com avaliacdo hematoldgica e histopatolégica em Colossoma macropomum
(Serrasalmidae). Dissertacdo de Mestrado, Programa de Po6s-Graduacdo em Ciéncias
ambientais, Universidade Federal do Amapéa, Macap4, 2021.

Este estudo investigou pela primeira vez a eficécia anti-helmintica de 6leo essencial (OE) de
Alpinia zerumbet contra monogenea de Colossoma macropomum, bem como os efeitos
sanguineos e histopatologicos desse 6leo essencial para esse peixe. Nos ensaios in vitro foram
avaliadas diferentes concentracdes do OE de A. zerumbet (300, 600, 1200 e 2400 mg L) e dois
grupos controles: com agua do tanque de cultivo e agua do tanque de cultivo + alcool etilico
70%. Os componentes majoritarios do OE foram terpinen-4-ol (27,7%), eucalyptol (19,2%) e
y-terpineno (14,9%). Os testes de tolerancia mostraram que C. macropomum tolera exposicédo
a 300 mg L de OE, concentragdo usada nos banhos terapéuticos. Os peixes foram expostos a
300 mg L* de A. zerumbet EO por 30 minutos, durante seis dias consecutivos. Apos os banhos
terapéuticos, foram coletadas as branquias dos peixes para quantificar os parasitos, determinar
a prevaléncia e abundancia média de parasitos e realizar as analises histopatoldgicas. Também
foram retiradas amostras de sangue para determinar 0s parametros sanguineos como eritrocitos,
leucécitos e bioquimica. Os monogenéticos Anacanthorus spathulatus, Mymarothecium
boegeri e Notozothecium janauachensis tiveram 100% de imobilizacdo in vitro em todas as
concentracdes do dleo essencial testadas, com efeito dose dependente. Estudos de microscopia
eletronica de varredura mostraram que 0s parasitos expostos a OE de A. zerumbet apresentaram
enrugamento profundo no tegumento. Os peixes mostraram tolerancia a concentracdo de 300
mg L de OE de A. zerumbet, que foi usada nos banhos terapéuticos. Observamos nos peixes
expostos efeito anestésico de EO de A. zerumbet com répida sedacdo e recuperacdo apds
exposicédo. Os banhos terapéuticos com 300 mg L™t de OE de A. zerumbet tiveram eficacia anti-
helmintica de 94% e baixa toxicidade para os peixes. Apenas 0s niveis de glicose plasmatica e
proteina total, nimero de leucocitos, neutrofilos e mondcitos apresentaram reducao nos peixes
expostos a 300 mg L de OE. As alteragdes histopatoldgicas leves ndo comprometeram o
funcionamento das branquias de C. macropomum. Portanto, 300 mg L™ de OE de A. zerumbet
pode ser usada em banhos terapéuticos de 30 min/dia, durante seis dias consecutivos, para

controlar e tratar infecgdes causadas por monogeneas nas branquias de C. macropomum.

Palavras-chave: Aquicultura, Sangue, Parasito, Tratamento, Tolerancia, Toxicidade



ABSTRACT

LUZ, J. G. R. Anthelmintic activity of the essential oil of Alpinia zerumbet (Zingiberaceae) in
monogeneans, with hematological and histopathological evaluation in Colossoma
macropomum (Serrasalmidae). Master Dissertation — Postgraduate Program in Environmental
Sciences, Federal University of Amapéa, Macapa, 2021.

This study investigated, for the first time, the anthelmintic efficacy of Alpinia zerumbet
essential oil (EO) against monogeneans of Colossoma macropomum, as well as the blood and
histopathological effects of this essential oil for this fish. In in vitro tests, different
concentrations of the essential oil of A. zerumbet (300, 600, 1200 and 2400 mg L) and two
control groups (one with water from the culture tank and other with water from the culture tank
+ 70% ethyl alcohol) were evaluated. The majority components of EO were terpinen-4-ol
(27.7%), eucalyptol (19.2%) and vy-terpinene (14.9%). Tolerance tests showed that C.
macropomum tolerates exposure to 300 mg L of A. zerumbet EO, the concentration used in
therapeutic baths. In therapeutic baths, the fish were exposed to 300 mg L™ of A. zerumbet EO
for 30 minutes, for six consecutive days. After the therapeutic baths, the gills of the fish were
collected to quantify the parasite and to determine the prevalence and mean abundance of
parasites and to carry out the histopathological analyzes. Blood samples were also taken to
determine blood parameters such as erythrocytes, leukocytes and biochemical. The
monogeneans Anacanthorus spathulatus, Mymarothecium boegeri and Notozothecium
janauachensis had 100% immobilization in vitro at all EO concentrations tested, with a dose
dependent effect. Scanning electron microscopy studies showed that the parasite exposed to A.
zerumbet EO showed deep wrinkling in the integument. The fish showed tolerance to the
concentration of 300 mg L of A. zerumbet EO, which was used in therapeutic baths. We
observed anesthetic effect of A. zerumbet EO in exposed fish with rapid sedation and recovery
after exposure. Therapeutic baths with 300 mg Lt of A. zerumbet EO had anthelmintic efficacy
of 94% and low toxicity to fish. Just the levels of plasma glucose and total protein, and number
of leukocytes, monocytes and neutrophils has a decreases in fish exposed to 300 mg L™ de OE,
and mild histopathological changes that did not compromise the functioning of the gills of C.
macropomum. Therefore, 300 mg L of A. zerumbet EO can be used in therapeutic baths of 30
min/day, for six consecutive days, for controlling and treating infections caused by

monogeneans in the gills of C. macropomum.

Keywords: Aquaculture, Blood, Parasite, Treatment, Tolerance, Toxicity
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1. INTRODUCAO

Estima-se que o crescimento populacional do planeta chegara proximo a 10 bilhdes de
habitantes em 2050. Esse incremento populacional, consequentemente aumentara a demanda
global por alimentos, agua potavel e energia (ONU, 2019). Diante desse cenério e do declinio
de estoques naturais de peixes, a aquicultura tem sido cada vez mais estimulada a aumentar sua
producdo, maximizando a eficiéncia dos seus sistemas, espagos e recursos, exigindo o
desenvolvimento de novas estratégias de manejo e controle de doencas, tanto para reduzir
impactos ambientais quanto para alcancar uma maior seguranca alimentar (FAO, 2018; Hoof
et al., 2019; Nobile et al., 2019).

Nos ultimos anos, a aquicultura mundial tem crescido mais rapidamente que outros
grandes setores de producdo de alimentos. Em 2016, a producédo aquicola mundial foi de 110,2
milhdes de toneladas, gerando um valor de US$ 243,5 bilhGes. Desse total, 80 milhdes de
toneladas foram oriundas exclusivamente da piscicultura, representando 72,6% da producéo
aquicola global, que movimentou US$ 231,6 bilhdes. Essa producdo tem se tornado cada vez
mais importante, tanto por contribuir com o fornecimento de proteina animal de alto valor
biolégico para o consumo do homem, como por gerar empregos e renda, impulsionando assim
o0 desenvolvimento econdmico de diversos paises (FAO, 2018).

Todavia, juntamente com o crescimento da producdo da aquicultura, tem aumentado o
nimero de surtos de doencas que afetam negativamente a producdo, lucratividade e a
sustentabilidade dessa importante industria (Ina-Salwany et al., 2019). Na aquicultura, a maior
parte das perdas na producdo se deve a problemas com doencas (Assefa and Abunna, 2018).
Para a piscicultura mundial, estima-se que as perdas provocadas por doencas parasitarias
causem prejuizos econdmicos de US$ 1,05-9,58 bilhGes/ano (Shinn et al., 2015). No Brasil,
doencas na piscicultura de &gua doce causam perdas econdmicas estimadas em US$ 84
milhdes/ano (Tavares-Dias and Martins, 2017). Por isso, diversos estudos vém sendo
desenvolvidos para encontrar solugdes mitigatorias que reduzam esses problemas com doengas
na piscicultura ( Tavares-Dias et al., 2011; Lu et al., 2011; Hu et al., 2014; Chagas et al., 2016;
Hashimoto et al., 2016; Malheiros et al., 2016; Soares et al., 2016, 2017a, 2017b; Costa et al.,
2017; Castro et al., 2018; Corral et al., 2018; Cunha et al., 2018; Enevova et al., 2018; Lopez
etal., 2018; Alves et al., 2019; Bader et al., 2019; Garcia Magana et al., 2019; Tancredo et al.,
2019), incluindo doencas causadas por monogeneas.

Globalmente, o controle e tratamento de doencas causadas por monogeneas tém sido

realizados usando diversos agentes quimicos convencionais (ex. levamisol, albendazol,
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mebendazol, ivermectina, cloreto de sddio, sulfato de cobre, verde malaquita, praziquantel,
formalina, entre outros). Porém, muitas vezes o uso desses quimioterapicos, além de nédo
alcancar um resultado eficaz, causa efeitos toxicos aos peixes e riscos a saude do homem,
podendo também poluir o0 meio ambiente, devido a descarga consideravel de residuos quimicos
toxicos nos ecossistemas aquaticos adjacentes aos locais de cultivo. Consequentemente, muitos
quimioterapicos foram proibidos para uso na aquicultura em varios paises (Costello et al., 2001;
Srivastava et al., 2004; Maximiano et al., 2006; Tavechio et al., 2009; Tavares-Dias et al., 2011,
Martinez-Porchas and Martinez-Cordova, 2012; Rico and Brink, 2014; Vallad&o et al., 2015;
Chagas et al., 2016; Enevova et al., 2018; Alves et al., 2019; Bader et al., 2019; Garcia Magana
etal.,, 2019; Lieke et al., 2019; Tancredo et al., 2019). Outro grande problema no uso frequente
de quimioterapicos estd relacionado a resisténcia dos parasitos. O uso indevido, doses
insuficientes ou excessivas dessas substancias, exercem pressao seletiva e geram o
desenvolvimento da resisténcia aos produtos quimicos, limitando assim a eficacia dos
tratamentos (Buchmann et al., 1992; Hur et al., 2012; Zhang et al., 2014).

Nos ultimos anos, fitoterapicos e seus compostos bioativos tém atraido cada vez mais
a atencdo dos pesquisadores, pois além de serem considerados ambientalmente “amigaveis”,
frequentemente tém apresentado bons resultados no controle de doencgas parasitarias em peixes
(Luetal., 2011; Hu et al., 2014; Hashimoto et al., 2016; Costa et al., 2017; Corral et al., 2018;
Cunha et al., 2018; Lopez et al., 2018). Os 6leos essenciais, por exemplo, além de geralmente
serem baratos e disponiveis, apresentam-se como uma fonte promissora de diversos compostos
bioativos, constituidos majoritariamente por terpenos e seus derivados, podendo substituir
guimioterapicos convencionais usados had muito tempo na piscicultura (Harikrishnan et al.,
2011; Murthy and Kiran, 2013; Pandey, 2013; Tu et al., 2013; Valladao et al., 2015; Hashimoto
et al., 2016; Soares et al., 2016, 2017a; Morales-Serna et al., 2019). Além de dleos essenciais
geralmente apresentarem menos efeitos colaterais aos peixes expostos quando comparados 0s
guimioterapicos disponiveis comercialmente ( Souza et al., 2019; Barriga et al., 2020), sdo
fontes alternativas viaveis de compostos naturais que podem ser usadas no controle e tratamento
de doencas causadas por monogeneas em peixes (Tavares-Dias, 2018). Portanto, é necessario
avaliar os efeitos anti-helminticos do 6leo essencial de Alpinia zerumbet Burt e Smith contra
monogeneas das branquias de Colossoma macropomum Cuvier, 1818 (tambaqui), pois esse

6leo ndo tem sido ainda testado no controle e tratamento de parasitos em peixes.
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1.1. Colossoma macropomum e infecgdes por monogeneas

O continente sul-americano se destaca mundialmente pela producdo de organismos
aquaticos, e a piscicultura continental brasileira é responsavel por grande parte dessa producao
(Valladao et al., 2018). As principais espécies de peixes produzidas no Brasil sdo: Oreochromis
niloticus (tilapia-do-nilo), carpas, Pseudoplatystoma spp. (surubins), Piaractus mesopotamicus
(pacu), C. macropomum e Arapaima gigas (pirarucu), sendo que esses dois Ultimos peixes tém
se destacado por representar um mercado promissor, especialmente na Amazonia (IBGE,
2017). No Brasil, o cultivo de peixes nativos € comum em praticamente todo o pais e sua
producdo tem grande expressividade, pois representou 39,8% do total produzido em 2018,
sendo o restante representado por peixes ndo-nativos, como carpas e tilapia-do-nilo (PeixeBR,
2019).

Dentre essas principais espécies de peixes nativos estd o C. macropomum, que pertence
a classe Actinopterygii, ordem Characiformes, familia Serrasalmidae e ocorre naturalmente na
bacia no sistema do Rio Amazonas. O tambaqui € o peixe nativo mais produzido no Brasil, pois
é cultivado em quase todos os estados da federacdo, principalmente nas regides norte e nordeste
(IBGE, 2017; Valenti et al., 2021). E um peixe que possui diversas caracteristicas zootécnicas
favoraveis ao cultivo intensivo como resisténcia a baixas concentracdes de oxigénio dissolvido
na agua, facil obtencdo de alevinos, bom crescimento e capacidade de aproveitar alimentos
naturais, o que reduz a necessidade de incremento nutricional, diminuindo os custos de
producdo (Baldisserotto and Gomes, 2013).

Além dessas caracteristicas zootécnicas favoraveis, a produtividade nos sistemas de
cultivo de C. macropomum também é fortemente influenciada pelo manejo adequado (ex.
manuseio, transporte, densidade de estocagem, outros) e pelas condi¢cdes ambientais adequadas
tais como boas caracteristicas fisicas e quimicas da &gua, pois quando 0s peixes sdo expostos
ao desequilibrio desses condicionantes ocorre ativacdo do sistema de estresse, induzindo efeitos
negativos em diferentes processos fisioldgicos dos animais como crescimento, reproducdo e
imunidade, tornando-o0s mais susceptiveis a infeccbes parasitarias (Franceschini et al., 2013;
Portella et al., 2013; Lieke et al., 2019; Souza et al., 2019), como as causadas por monogeneas
Anacanthorus  spatulatus, Linguadactyloides brinkmanni,  Mymarothecium  boegeri,
Notozothecium janauachensis e Notozothecium euzeti, Dactylogyridae que podem causar
perdas significativas na producédo desse peixe (Baldisserotto and Gomes, 2013; Pavanelli et al.,
2013).
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A classe Monogenea Van Beneden, 1858 pertence ao filo Platyhelminthes, que em sua
maioria sdo ectoparasitos com ciclo bioldgico simples e direto (mondxeno), cujas larvas
(oncomiracidios) e adultos vivem no hospedeiro definitivo, os peixes (Kohn et al., 2006;
Pavanelli et al., 2013; Morales-Serna et al., 2019). Caracterizam-se pela de presenca do haptor,
estrutura formada por uma série de ganchos, barras e ancoras, utilizadas para fixagdo no corpo
do hospedeiro (Pavanelli et al., 2013).

As doengas provocadas por monogenea estdo entre as mais importantes para a
piscicultura, pois grandes mortalidades ja foram verificadas, principalmente em criacdes
intensivas (Pavanelli et al., 2008; Tavares-Dias and Martins, 2017). As consequéncias das
infeccdes variam de acordo com a abundancia e sitio de fixacao dos parasitos nos hospedeiros.
Nos peixes, 0s monogenea se fixam principalmente nos filamentos branquiais, provocando
frequentemente hiperplasia celular e hipersecrecdo de muco e, em alguns casos, fuséo de
filamentos das lamelas branquiais (Eiras et al., 2006; Pavanelli et al., 2008, 2013; Francis-floyd
et al.,, 2009; Soares et al.,, 2016, 2017a, 2017b), alem de diversas outras alteracGes
histopatolégicas (Costa et al., 2017). As infeccBes parasitarias e esses graves distdrbios
branquiais podem estar associados a diminuicao da resisténcia imunolégica e pode levar perda
de peso e aumento das infeccBes secundarias causadas principalmente por bactérias
oportunistas que, consequentemente, causam a morte dos peixes (Pavanelli et al., 2008; Moreira
et al., 2014; Bader et al., 2019). Portanto, ha necessidade de intervir com tratamentos para
controlar infecgdes por monogeneas em C. macropomum, evitando assim perdas econdémicas

na producdo dessa importante espécie para a piscicultura amazonica.

1.2. Oleos essenciais no controle e tratamento contra monogenea em peixes
Diversos quimioterapicos vém sendo utilizados ha muito tempo para controle e
tratamento de doencas que afetam peixes de cultivo (Costello et al., 2001; Srivastava et al.,
2004; Maximiano et al., 2006; Tavares-Dias et al., 2011; Zhang et al., 2014; Chagas et al., 2016;
Enevova et al., 2018; Alves et al., 2019; Bader et al., 2019; Garcia Magana et al., 2019;
Tancredo et al., 2019; Tavares-Dias, 2021). Porém, o uso continuo desses compostos tem
levado a diversas questdes preocupantes. Assim, para manter a sustentabilidade e a viabilidade
da industria da piscicultura a longo prazo, faz-se necessario identificar e implementar mudancas
de paradigma que levem em consideracdo os riscos de efeitos toxicos e medidas de
biosseguranca nos tratamentos de doencas (Martinez-Porchas and Martinez-Cordova, 2012,
Rico and Brink, 2014; FAQ, 2018).
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Atualmente, uma ampla variedade de plantas medicinais e seus derivados (extratos e
6leos essenciais) vém sendo usada na aquicultura, pois os estudos frequentemente tém mostrado
diversos beneficios a saude de diferentes espécies de peixes (Vallad&o et al., 2015; Van Hai,
2015). Por exemplo, algumas espécies de plantas medicinais e seus derivados tem efeito
imunoestimulante que melhora a salde e crescimento dos peixes, aumentando assim a sua
resisténcia ao estresse e as infecgdes e, consequentemente, reduzindo a mortalidade, além de
ndo causarem contaminacao residual na carne dos peixes (Martins et al., 2002; Diab et al., 2008;
Harikrishnan et al., 2011; Pandey, 2013; Van Hai, 2015).

Plantas medicinais sdo aquelas com atividade bioldgica, contendo um ou mais principios
bioativos uteis com potencial para producédo de farmacos, pois possuem metabdlitos primarios
e secundarios. Os metabdlitos secundarios podem ser produzidos nas diversas partes da planta,
folhas, caules, raizes, flores e sementes (Soares and Tavares-Dias, 2013; Tavares-Dias, 2018).
Em geral, seus metabolitos secundarios (Figura 1) sdo constituidos por mais de 20 compostos

diferentes e em concentrac@es variaveis (Sharifi-Rad et al., 2017; Tavares-Dias, 2018).
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Figura 1. Ciclo de biossintese dos metabolitos secundarios de plantas medicinais (Tavares-
Dias, 2018).
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Os 0leos essenciais tem um importante papel na estratégia de sobrevivéncia, protecao
quimica e resisténcia das plantas, contra uma ampla variedade de patdgenos como bactérias,
fungos, herbivoros, artrépodes e vertebrados (Wink, 1988). Sdo formados por uma vasta gama
de compostos quimicos produzidas naturalmente no metabolismo secundario das plantas
(Hartmann, 2007). A composi¢do quimica dessas substancias pode ser alterada por diversos
fatores naturais como variacOes fisiologicas, condicdes ambientais, variacbes geogréficas,
fatores genéticos e evolucdo (Figueiredo et al., 2008; Murakami et al., 2009a; Soares and
Tavares-Dias, 2013; Canuto et al., 2015).

Recentemente, varios estudos avaliando a atividade anti-helmintica de diferentes 6leos
essenciais contra monogeneas de peixes, relataram resultados promissores. Banhos terapéuticos
com Oleo essencial de Ocimum gratissimum (Meneses et al., 2018) e Mentha piperita
(Hashimoto et al., 2016) apresentaram atividade anti-helmintica contra monogeneas das
branquias de O. niloticus. Ensaios in vitro com éleo essencial de M. piperita mostram atividade
anti-helmintica contra monogenea Dawestrema spp. das branquias de A. gigas (Malheiros et
al., 2016). Costa et al. (2017) mostraram que 6leo resina de Copaifera duckei possui acdo anti-
helmintica contra monogeneas das branquias de P. mesopotamicus. Terpeno (+)-0xido de
limoneno, composto isolado presente em diversos 6leos essenciais, testado contra monogeneas
de tilapia-do-nilo apresentou bom potencial anti-helmintico (Morales-Serna et al., 2019).

Estudos listaram atividade anti-helmintica in vitro de o6leo essencial de Pimenta
racemosa e Melaleuca cajuputi contra Gyrodactylus turnbulli de Poecilia reticulata; eugenol
em Gyrodactylus sp. de Rhamdia quelen; Oleo essencial de Melaleuca alternifolia em
Gyrodactylus sp. de Gasterosteus aculeatus; compostos cinamaldeido e acido cindmico em
Dactylogyrus intermedius de Carassius auratus. Porém, citaram que foi baixa a atividade anti-
helmintica do 6leo essencial de Ocimum gratissimum e Hesperozygis ringens em Gyrodactylus
sp. de R. quelen (Tavares-Dias, 2018).

Em C. macropomum, diversos estudos vém testando diferentes 6leos essenciais no
controle e tratamento contra monogeneas. Nanoemuls@es preparadas com 6leo essencial de
Pterodon emarginatus (Valentim et al., 2018a) e 6leo resina de Copaifera officinalis (Valentim
et al., 2018b) tiveram atividade anti-helmintica com eficacia de 100% in vitro. Oleo essencial
de Lippia alba (Soares et al., 2016), Lippia sidoides (Soares et al., 2017b) e Lippia origanoides
(Soares et al., 2017a) tiveram 100% de eficacia in vitro, apesar de uma baixa anti-helmintica
nos banhos terapéuticos, uma vez que baixas concentracdes foram usadas devido aos efeitos

toxicos. Oleo essencial de O. gratissimum mostrou ser seguro e eficiente para uso como anti-
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helmintico em monogeneas de C. macropomum (Boijink et al., 2016), assim como o 6leo
essencial de Lippia grata que foi efetivo no controle de infecgdes monogénicas nas branquias
de C. macropomum (Barriga et al., 2020).

Considerando que o modelo de desenvolvimento da aquicultura brasileira tem se
mostrado contrario aos principios de sustentabilidade, gerando impactos ecolégicos (Nobile et
al., 2019), e que do grande nimero de 6leos essenciais conhecidos (mais de 3.000 espécies)
menos de 0,4% foram testados em parasitos de peixes (Tavares-Dias, 2018), os estudos com
tais fitoterapicos deverdo auxiliar nos desenvolvimento de novos protocolos de controle e
tratamento alternativo contra monogeneas em peixes, visando uma producdo mais sustentavel
da piscicultura. Assim, é possivel também que, no futuro préximo, esses produtos fitoterapicos
estejam disponiveis comercialmente em larga escala e sejam fortemente recomendados para
uso piscicultura global (Van Hai, 2015). Portanto, a adocéo de fitoterapicos, seguros, eficazes,
com menor toxidade e mais aceitaveis do ponto de vista ambiental que os quimioterapicos, para
controle e tratamento de doencas na piscicultura, é urgente e necessario para o futuro dessa

importante atividade aquicola mundial (Hu et al., 2014; Zhou et al., 2017).

1.3. Fitoterapia e uso de dleo essencial de Alpinia zerumbet na aquicultura

Apesar do uso terapéutico de plantas medicinais ha séculos, 0 marco da fitoquimica
cientifica (pesquisa de produtos secundarios de plantas) ocorreu somente ha cerca de 200 anos
atras, com os estudos de Friedrich Wilhelm Sertirner sobre isolamento da Principium
somniferum (morfina), derivada do dépio do leite da papoula (Hartmann, 2007). Atualmente,
pesquisas sobre drogas derivadas de plantas medicinais tém recebido bastante atencdo, pois
representam uma promissora alternativa aos tratamentos convencionais, apesar dos muitos
desafios a serem superados ( Veiga Junior et al., 2005; Vanwyk and Wink, 2009).

No Brasil, o conhecimento tradicional sobre plantas medicinais também tem sido
transmitido ao longo dos séculos, principalmente entre as comunidades tradicionais e aquelas
economicamente desfavorecidas (Vanwyk and Wink, 2009). Essa utilizagdo empirica também
tem sido amplamente usada no controle e tratamento de doencas que acometem 0s animais
domeésticos, principalmente longe dos grandes centros urbanos, onde o acesso a satde animal é
menor (Marinho et al., 2007; Monteiro et al., 2011).

Estudos sobre a utilizacdo de fitoterapicos na medicina veterinaria tém ganhado cada
vez mais destaque, devido aos diversos resultados positivos da acdo dos compostos bioativos

das plantas medicinais (ex. imunoestimulante, anti-helmintica, antimicrobiana, antinflamatdria,
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analgeésica, anesteésica e antitumoral, outros) em diversos animais, incluindo peixes. Esses
multiplos efeitos sugerem um grande potencial do uso de fitoterapicos no controle de doencas
gue cometem animais, com destaque as infec¢es por monogeneas em peixes (Diab et al., 2008;
Lu et al., 2011; Mousavi et al., 2011; Ji et al., 2012; Huang et al., 2013; Pandey, 2013; Soares
and Tavares-Dias, 2013; Tu et al., 2013; Hu et al., 2014; Trasvifia-Moreno et al., 2017; Zhou et
al., 2017; Zoral et al., 2017; Castro et al., 2018; Corral et al., 2018; Cunha et al., 2018; Meneses
et al., 2018; Valentim et al., 2018a, 2018b; Pimentel-Acosta et al., 2019).

Entre as diversas plantas utilizadas de forma profilatica e terapéutica no tratamento de
doencas pelo homem, estd A. zerumbet, conhecida popularmente como coldnia. Na literatura
esta espécie é encontrada também com as sinonimias de Costus zerumbet Pers., Zerumbet
speciosum J. C. Wendel, Alpinia speciosa K. Shum, Languas speciosa Small. Pertencente a
familia Zingiberaceae, € uma espécie herbacea, perene, de uso ornamental e medicinal,
originaria da India e comum nas regides tropicais e subtropicais da América do Sul. Foi
introduzida no Brasil no século 19, sendo comumente encontrada nas regides norte e nordeste,
para uso na medicina popular como anti-hipertensiva, ansiolitica, sedativa, diurética e febrifuga
(Lorenzi and Souza, 1995; Zoghbi et al., 1999; Marinho et al., 2007; Matos, 2007; Correa et
al., 2010; Macédo, 2013).

Propriedades terapéuticas do extrato e cha das folhas de A. zerumbet tém sido
comprovadas em diversos estudos. Resultados promissores na medicina, farmacologia e
guimica destacam atividades anti-hipertensiva, anticancerigena, antioxidante, anti-inflamatéria,
antinociceptiva, antipirética, antifingica e antioxidativa de A. zerumbet (Mendonca et al., 1991;
Tawata et al., 1996; Elzaawely et al., 2007; Ghareeb et al., 2018; Tavichakorntrakool et al.,
2019; Zahra et al., 2019).

Oleo essencial de A. zerumbet também tem sido estudado, principalmente devido a
aplicacBes como agentes promotores de atividades bioldgicas. Esse 6leo essencial apresenta
efeito analgésico, ansiolitico, antiespasmaédico e miorrelaxante, acdes sobre a excitabilidade
neuronal, aumento dos niveis do colesterol HDL (Bezerra et al., 2000; Leal-Cardoso et al.,
2004; Pinho et al., 2005; Lin et al., 2008; Murakami et al., 2009b), assim como atividade
antibidtica e inseticida, as quais variam de acordo com a composi¢éo quimica do 6leo (Victério
et al., 2009; Mendes et al., 2015; Castro et al., 2016; Kerdudo et al., 2017;). Além disso, esse
6leo essencial apresentou forte acdo inibitéria de uma variedade de enzimas associadas ao

processo de envelhecimento, sugerindo contribuir significativamente para a longevidade do
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homem (Tu and Tawata, 2015; Teschke and Xuan, 2018), além de ndo apresentar efeitos
mutagénicos ou prejudiciais ao DNA (Cavalcanti et al., 2012).

A atividade anti-helmintica do 6leo essencial de A. zerumbet também foi avaliada em
larvas de nematdide Haemonchus contortus de ovinos, na concentra¢do de 2,5 mg/mL, e os
resultados mostraram inibicéo de 81,2% dos nematoides (Macedo et al., 2013). Portanto, como
Oleo essencial de A. zerumbet apresenta atividade anti-helmintica, é possivel que ele possua
potencial terapéutico contra monogeneas de C. macropomum. Porém, é necessario realizar
estudos in vitro e in vivo, além de avaliar a tolerancia e efeitos toxicos de A. zerumbet visando
subsidiar o avanco da formulacdo de um protocolo de controle e tratamento contra monogenea
de C. macropomum, uma vez que esse 6leo essencial ndo tem sido ainda testado contra esses

parasitos de peixes.

1.4. Efeitos adversos de 6leos essenciais na hematologia e histologia de peixes

Os peixes possuem enorme diversidade morfolgica em sua biologia e suas adaptaces
morfofuncionais garantiram o sucesso do povoamento em ambientes aquaticos ao longo de sua
evolucdo. Nesse contexto adaptativo, as branquias sdo estruturas fundamentais para a
sobrevivéncia dos peixes, visto que além de estarem envolvidas nos processos de
osmorregulacdo, equilibrio acidobasico e excrecdo de compostos nitrogenados, sdo o principal
sitio de trocas gasosas (Machado, 1999), as quais sao realizadas usando mecanismo chamado
contracorrente, onde o sangue rico em gas carbonico (CO) é trazido dos tecidos e bombeado
pelo coracdo até as branquias, passando entdo entre as lamelas branquiais em sentido contrario
a passagem de agua, possibilitando as trocas gasosas até em aguas com pouco O dissolvido
(Withers, 1992).

Nas branquias, as lamelas branquiais sdo recobertas pelo epitélio respiratério,
constituido de uma Unica camada de células pavimentosas, através das quais ocorrem as trocas
gasosas entre 0 sangue e meio aquatico. Revestindo o arco branquial, filamentos, lamelas
secundarias e as regides interlamelares encontra-se o epitélio branquial composto por diversos
tipos de células, como células secretoras de muco (Evans et al., 1982). O muco pode ser
encontrado sobre o epitélio respiratorio em peixes expostos a condi¢des de estresse, sugerindo
que a camada de muco proteja as superficies lamelares contra agentes infecciosos (Mallatt,
1985). Portanto, as brénquias séo de fundamental importancia para a respiracdo dos peixes e
podem responder a estimulos de estresse, agressdo ambiental e toxidade (Machado, 1999;

Martins et al., 2018), como por exemplo os efeitos toxicos provocados por 6leos essenciais
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(Malheiros et al., 2016; Soares et al., 2016, 2017a, 2017b). Desse modo, a avaliagéo das
diversas alteragdes branquiais pode auxiliar no monitoramento do estado de satde dos peixes.

Peixes de piscicultura podem ser afetados por diversos patdgenos e sofrer também por
estresse ambiental. Assim, 0 monitoramento do estado de satde dos peixes € indispensavel para
0 sucesso da piscicultura e esse controle pode ser realizado também com auxilio das anélises
hematologicas e histopatoldgicas. A anélise hematoldgica pode ser usada para diagnostico e
prognostico de possiveis doengas, uma vez que as variaveis relativas ao eritrograma auxiliam
na identificacdo de processos anemiantes, o leucograma pode fornecer informac6es importantes
sobre o sistema imunoldgico e auxiliar no diagnostico de processos infecciosos e o
trombograma pode identificar problemas na hemostasia dos peixes (Ranzani-Paiva et al., 2013;
Jer6bnimo et al., 2015; Tavares-Dias, 2015). A andlise histologica € uma técnica na qual é
possivel visualizar alteracGes estruturais a niveis celulares e teciduais, desse modo é
considerada uma importante ferramenta para auxiliar na compreenséo e prevencao de doencas
(Martins et al., 2018).

Os 0leos essenciais ou seus compostos podem apresentar toxicidade para diferentes
espécies peixes de clima tropical e temperado como tem sido citado nos estudos de Tavares-
Dias (2018). Portanto, com auxilio das analises hematoldgicas e histopatoldgicas, estudos com
6leos essenciais em tratamentos anti-helminticos tém verificado que concentracfes elevadas em
protocolos de tratamento n&o adequados podem ocasionar efeitos toxicos para aos peixes. Oleo
essencial de O. gratissimum em banhos de 40,70 mg L™ causou hiperplasia e edema nas
branquias de em O. niloticus (Meneses et al., 2018). Esse mesmo 6leo essencial usado na
concentracio de 15 mg L em banhos terapéuticos para C. macropomum, aumentou a
concentragio de amoénia no soro dos peixes (Boijink et al., 2016). Oleos essencial de L. sidoides
e M. piperita causaram efeitos toxicos que aumentaram a medida do aumento das concentracdes
usadas nos banhos terapéuticos em O. niloticus. Além disso, causou reducdo no namero de
trombocitos devido a acdo irritativa do Oleo de L. sidoides, confirmada pelo aumento do
numero de neutrofilos e concentracéo de glicose (Hashimoto et al., 2016).

Oleo essencial de L. sidoides (10 e 20 mg L) causou hiperplasia, fusdo do epitélio e
aneurisma lamelar, descolamento do epitélio branquial, edema, necrose e hipertrofia lamelar
nas branquias de C. macropomum, acompanhado da diminuigdo do nimero de eritrocitos totais
(Soares et al., 2017b). Oleo essencial de L. origanoides (20 e 40 mg L) além de provocar
hiperplasia, aneurisma, fusdo e deslocamento do epitélio lamelar em C. macropomum, reduziu

0 hematdcrito, aumentou o nimero de mondcitos e neutréfilos, bem como os niveis de proteinas



21

totais (Soares et al., 2017a). O 6leo essencial de L. origanoides (7,6 e 11,4 mg L) provocou
alteracdo no volume corpuscular médio e decréscimo nos valores de proteinas totais, enquanto
que concentracdes acima de 15,2 mg L™ apresentaram efeitos toxicos letais apos banhos de C.
macropomum (Oliveira et al., 2018). Oleo essencial de L. alba (100 e 150 mg L) provocou
hiperplasia, hipertrofia, aneurisma, fusdo do epitélio lamelar das branquias, alteracGes
histopatoldgicas acompanhadas de aumento nos niveis de proteinas totais, hemoglobina,
hematocrito, eritrocitos e outras celulas sanguineas, apds banhos terapéuticos em C.
macropomum (Soares et al., 2016).

Malheiros et al. (2016) avaliando os efeitos toxicos do 6leo essencial de M. piperita
em A. gigas encontraram fusdo das lamelas secundarias, hipertrofia, aneurisma, necrose entre
outras alteragGes teciduais. Banhos com 6leo essencial de M. piperita (20 e 40 mg L) em C.
macropomum levaram ao aumento do nimero de trombdcitos e diminuigdo do numero de
neutrdfilos e niveis de glicose plasmatica (Ferreira et al., 2019). Suplementacdo da racéo de A.
gigas com o6leo essencial de Piper aduncum causou baixos efeitos toxicos, pois a via de
administracdo pode fazer diferencas no uso de 6leos para tratamento antiparasitario (Corral et
al., 2018). Portanto, como o uso de banhos terapéuticos é uma préatica usual na piscicultura,
devido sua praticidade no tratamento contra monogeneas, é necessario desenvolver protocolos
de controle e tratamento usando concentragdes toleradas pelos peixes e tempo de exposicao do
oleo essencial de A. zerumbet que apresenta eficacia anti-helmintica, mas sem causar efeitos

adversos na fisiologia e histologia dos peixes expostos.

2. PROBLEMAS

Oleo essencial de A. zerumbet tem eficécia anti-helmintica in vitro e in vivo no controle
e tratamento de monogenea das branquias de C. macropomum? Quais concentracdes do 6leo
essencial de A. zerumbet com eficacia in vitro sdo toleradas pelo C. macropomum? O 6leo
essencial de A. zerumbet usado nos banhos terapéuticos de C. macropomum provoca alteragdes
hematoldgicas e histopatologicas nos peixes expostos? Essas questdes norteiam o presente

estudo.

3. HIPOTESES

e Oleo essencial de A. zerumbet tem eficicia anti-helmintica in vitro e in vivo contra

monogenea de C. macropomum, devido a agdo de seus constituintes quimicos.



22

As concentracdes do 6leo essencial de A. zerumbet com eficécia in vitro séo toleradas
pelo C. macropomum devido a baixa toxicidade desse 0Oleo.

As concentragdes de 6leo essencial de A. zerumbet usadas nos banhos terapéuticos em
C. macropomum ndo provocam alteracdes hematoldgicas e histopatologicas, pois ndo
apresentam efeitos toxicos indesejaveis na fisiologia e histologia dos peixes por se tratar
de produto natural com baixa toxicidade para esse peixe.

4. OBJETIVOS
4.1. Geral

Investigar a eficacia anti-helmintica (in vitro e in vivo) do 6leo essencial de A. zerumbet

em monogenea de C. macropomum, bem como o0s seus efeitos hematolédgicos e histopatoldgicos

apos banhos terapéuticos para este hospedeiro.

4.2. Especificos

Determinar a composicdo quimica do 6leo essencial de A. zerumbet;

Avaliar in vitro a eficacia anti-helmintica de quatro concentracdes (300, 600, 1200 e
2400 mg L) do 6leo essencial de A. zerumbet contra monogenea das branquias de C.
macropomum;

Avaliar in vivo a eficécia anti-helmintica do 6leo essencial de A. zerumbet em banhos
terapéuticos contra monogenea das branquias de C. macropomum;

Avaliar possiveis alteracdes hematoldgicas e histopatoldgicas causadas pelos banhos
terapéuticos com 0leo essencial de A. zerumbet em C. macropomum;

Em caso de comprovacao de eficacia, indicar o melhor protocolo de tratamento (tempo
de exposicdo e concentragdo em mg L) do 6leo essencial de A. zerumbet contra

monogenea das branquias de C. macropomum
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ABSTRACT

This study investigated for the first time the anthelmintic efficacy of essential oil (EO) of
Alpinia zerumbet against monogeneans of Colossoma macropomum, as well as the blood and
histological effects for this fish. In in vitro assays, different concentrations of A. zerumbet EO
(300, 600, 1200 and 2400 mg L) and two control groups were evaluated: with water from the
culture tank and water from the culture tank + 70% alcohol. Monogeneans showed 100%
immobilization in vitro with all tested EO concentrations, with a dose dependent effect.
Scanning electron microscopy showed that the monogeneans exposed to A. zerumbet showed
more deep wrinkling and damage in the integument. The fish showed tolerance to the
concentration of 300 mg L of A. zerumbet EO, which was used in therapeutic baths for six
consecutive days. Therapeutic baths with 300 mg L™ of A. zerumbet EO had anthelmintic
efficacy of 94% and low toxicity to fish, as there were few changes to the blood parameters
(plasma glucose and total protein, number of leukocytes, neutrophils and monocytes) and mild
changes histopathological findings that did not compromise the functioning of the gills of C.
macropomum. Therefore, 300 mg L of A. zerumbet EO can be used in therapeutic baths to

control and treat infections by monogeneans in C. macropomum.

Keywords: Aquaculture, Blood, Parasite, Treatment, Tolerance, Toxicity
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1. INTRODUCTION

The world population is estimated to reach close to 10 billion inhabitants by 2050, thus
increasing the global demand for energy, drinking water and food (ONU, 2019). Given this
scenario and the decline of natural fish stocks, aquaculture has been the subject of rapid
development. Aquaculture has grown faster than other major food production sectors as it
contributes to the supply of animal protein of high biological value for human consumption,
job creation, and income, thereby boosting the economic development of several countries
(FAO, 2018). However, aquaculture activities around the world have suffered from outbreaks
of parasitic diseases, which cause losses in production and affect profitability and sustainability
(Assefa and Abunna, 2018). Losses in aquaculture caused by parasitic diseases are estimated at
US $ 1.05-9.58 billion/year (Shinn et al., 2015). Losses from parasitic diseases are also
attributed to stressful handling conditions, high stocking densities and inadequate water quality
during the cultivation.

Parasitic diseases in fish farming include those caused by monogeneans, which are
mainly ectoparasites with simple and direct life cycle. These ectoparasites can cause significant
losses in farmed fish for their histopathological changes in the gills, in addition to reduced
growth, morbidity, secondary infections and mortality of fish (Boijink et al., 2016; Tavares-
Dias, 2018; Morales-Serna et al., 2019; Hoai, 2020; Barriga et al., 2020). The conventional
control and treatment of parasitic diseases caused by monogeneas includes the use of
chemotherapeutic products (Wang et al., 2008; Bader et al., 2019; Ina-Salwany et al., 2019).
Chemotherapeutic products can be toxic to fish depending on of the concentrations used and
have potential risk to human health, pollution to the environment and resistance of parasites,
thus limiting their antiparasitic efficacy (Buchmann et al., 1992; Tavechio et al., 2009; Rico
and Brink, 2014; Barriga et al., 2020). Consequently, many chemotherapeutics have been
banned for use in aquaculture in several countries (Lieke et al., 2019). Hence, it is necessary to
reduce the side effects of these chemotherapy treatments to maintain the sustainability of fish
farming (Martinez-Porchas and Martinez-Cordova, 2012). The use of essential oils and their
bioactive compounds has been a viable alternative to control and treatment diseases caused by
monogeneans of some fish species (Tavares-Dias, 2018; Doan et al., 2020; Barriga et al., 2020).
Given that these phytotherapics generally have less toxic effects on fish (Souza et al., 2019)
and have anthelmintic efficacy against different monogenean species (Boijink et al., 2016;
Tavares-Dias, 2018; Morales-Serna et al., 2019; Barriga et al., 2020), its use has been
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recommended. However, some species of essential oils like Alpinia zerumbet Burt & Smith
have not yet been tested against fish monogeneans.

Alpinia zerumbet is a medicinal plant of Asian origin that belongs to the Zingiberaceae
family, has been introduced in several regions of the world, and is commonly found in the north
and northeast regions of Brazil (Lorenzi and Souza, 1995; Matos, 2007; Correa et al., 2010). It
has several phytotherapeutic properties given its chemical constituents (Chan et al., 2017),
which showed anthelmintic activity against the nematode Haemonchus contortus (Macedo et
al., 2013), suggesting possible anthelmintic potential against fish monogeneans. Therefore, it is
important to investigate the anthelmintic activity of the essential oil of A. zerumbet against
monogeneans of Colossoma macropomum Cuvier, 1818, an important fish for Brazilian and
Amazonian fish farming, in order to improve infection control protocols for such parasites.
Thus, the present study investigated the in vitro and in vivo anthelmintic activity of the essential
oil of A. zerumbet against monogeneans of the gills of C. macropomum, as well as the effects

of therapeutic baths on the hematology and histopathology of the exposed fish.

2. MATERIALS AND METHODS
2.1 Fish and acclimation

Colossoma macropomum fingerlings were obtained from a commercial fish farm in
Macapa, Amapa state (Brazil) and kept at the Embrapa Aquaculture and Fisheries Laboratory,
Macapda, Amapa (Brazil). These fish were acclimated in 500 L tanks with constant aeration and
continuous water renewal (1.1 L/min), fed twice a day with a commercial diet containing 32%
crude protein (Guabi®, Brazil). This stock of fingerlings was naturally infected with
monogeneans and was used in all tests. The following water parameters were monitored daily:
temperature (29.8 + 0.1 ° C), dissolved oxygen (5.6 + 0.2 mg L), pH (5.7 + 0.2), ammonia (0.4
+0.2 mg L), alkalinity (10.0 + 0.001 mg L) and hardness (10.0 + 0 mg L), with the aid of
the multiparameter probe (YSI, USA). The tank was siphoned weekly to remove the

accumulated organic matter.

2.2 Obtaining and chemical composition of A. zerumbet essential oil

Aerial parts of A. zerumbet were collected at Fazenda Tabuleiros Il of the Company
Anidro do Brasil Extractions S.A., Parnaiba, in State of Piaui, Brazil (03°01'27.5”’S and
41°44°53.5’W). The essential oil was extracted through hydrodistillation with a Clevenger
apparatus for 4 h. Chemical composition of the essential oil was determined using gas
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chromatography mass spectrometry (GC-MS - Shimadzu QP5050A, Japan). The separation
was performed wusing a silica SBP-5 capillary column composed of 5%
phenylmethylpolysiloxane (30 m, length x 0.25 mm i.d., 0.25 um, and phase thickness). The
sample was dissolved in dichloromethane and analyzed according to the following experimental
conditions: injection mode split, 1:40; injector temperature 250°C; carrier gas, helium; flow
rate of 1.0 mL/min; oven temperature, 100 °C for 5 min and then raised to 260 °C at a rate of
4°C/min, ending with an isothermal treatment of 20 min. Mass spectra was acquired in electron
ionization mode at 70 eV using a scan range of 40-350 M/z and a sampling rate of 1.0 scans/s.
The ion source temperature was 200°C, interface temperature was 250 °C and solvent cut time
was 2.5 min (see Adams, 2007).

2.3 In vitro assay with monogeneans of Colossoma macropomum

Fish were euthanized by medullar section and the gills of six C. macropomum (118.3
+46.6 g and 18.8 £ 2.3 cm) were removed and their branchial arches were separated in 5.5 cm
petri dishes. The essential oil (EO) was diluted in 70% ethyl alcohol (1:10 g) and then mixed
in the water in the packaging tank. Each branchial arch was immersed in a concentration (300,
600, 1200 and 2400 mg L) of A. zerumbet EO. In addition, two control groups were formed,
one with water from the culture tank and the other with water from the culture tank + ethyl
alcohol (70%). Each assay had three replicates.

The in vitro test was carried out at room temperature (20°C). In a stereomicroscope
with cold light, fields of vision were selected that contained at least 20 monogeneans per
repetition. After immersing the gill arches in each treatment, the monogeneans were observed
every 15 min to quantify the live and dead parasites. Parasites were considered dead when
detached from the tissue or with no mobility while still attached (Soares et al., 2016). The
efficacy of treatments was calculated using methods described in Wang et al. (2008). The
monogeneans were collected, fixed in formalin (5%) and prepared for identification as
described in Eiras et al. (2006).

2.4 Scanning electron microscopy of the monogeneans used in the in vitro assays

At the end of the in vitro tests, the gill arches used in the treatments with A. zerumbet
EO (300, 600, 1200 and 2400 mg L) and in the two control groups, were fixed in 2.5%
glutaraldehyde prepared in phosphate buffer 0.1 M pH 7.2. Then, the gills were subjected to
three washes in 0.1 M phosphate buffer at 15-min intervals. The samples were dehydrated in
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increasing concentrations of ethyl alcohol (70, 80, 90, 96, 100 and 100), for 10 min at each
concentration. The samples were analyzed and photomicrographed using a Scanning Electron
Microscope (Hitach, Tokyo, Japan, Mod. TM3030PIud).

2.5 Tolerance test of the C. macropomum to different concentrations of the A. zerumbet
EO

The tests were carried out to evaluate the tolerance of the fish exposed to the essential
oil of A. zerumbet, to determine the ideal time and concentration for therapeutic baths. For the
tolerance tests, 60 C. macropomum fingerlings (42.1 £ 10.6 g and 13.9 £ 1.0 cm) were used.
The fish were exposed to 300, 600, 1200 and 2400 mg L of A. zerumbet EO. Five fish were
used in each replicate (15 fish per treatment) in a 40 L tank. The EO was diluted in 70% ethyl
alcohol (1:10 g) and then added to the water in the tanks. The time of mortality and behavior of
the fish was observed during 1 h of exposure.

2.6 Therapeutic baths with A. zerumbet EO in C. macropomum

In therapeutic baths, 90 C. macropomum fingerlings (43.08 £ 14.4 g and 13.8 £+ 1.5
cm) were used in tanks with 100 L of water. The fish were exposed to 300 mg L of A. zerumbet
EO, 30 min for six consecutive days, except for the fish in the two control groups. The EO was
diluted with 70% ethyl alcohol (1:10 g) before being added to the water in the tanks. The two
control groups were: water from the culture tank and water from the culture tank + ethyl alcohol
(70%). Each treatment consisted of 3 replicates with 10 fish per repetition (30 fish per
treatment).

On the sixth day of treatment after the therapeutic baths, fish were euthanized by
medullar section and the gills of the fish were collected to quantify the monogeneans (Eiras et
al., 2006) and to determine the prevalence and mean abundance of parasites (Bush et al., 1997).

The effectiveness of the treatments was calculated according to Wang et al. (2008).

2.7 Blood analyses in C. macropomum after therapeutic baths with A. zerumbet EO

On the sixth day of treatment after therapeutic baths, blood samples were taken from
5 fish per replicate (15 fish per treatment). The blood was sampled by puncturing the caudal
vessel using syringes containing EDTA (10%). The blood was used to determine the hematocrit,
using the microhematocrit method; the total number of erythrocytes using a Neubauer chamber

and hemoglobin concentration by the cyanomethaemoglobin method. The hematimetric indices
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of mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration (MCHC)
were calculated from the data values of erythrocytes, hematocrit and hemoglobin. Blood
extensions were made and stained panchromatically with a combination of May Grunwald-
Giemsa-Wright for differential leukocyte count in up to 200 cells of interest in each extension.
Blood extensions were also used to determine the number of total leukocytes and thrombocytes
(Ranzani-Paiva et al., 2013).

A portion of the blood was centrifuged to obtain blood plasma and analyze glucose
levels by the enzymatic-colorimetric method of glucose oxidase and total proteins, by the biuret
method using kits (Doles, GO, Brazil) and readings on a spectrophotometer (Biospectro SP-
220, Curitiba, Brazil).

2.8 Histopathological analyses of the gills of C. macropomum after therapeutic baths with
A. zerumbet EO

On the sixth day and after therapeutic baths, fish were euthanized by medullar section
and the gills of nine per treatment, three per replicate were collected for histopathological
analysis. The first gill arches (right and left) of each fish were collected and fixed in formalin
buffer (10%), then dehydrated using a gradual series of ethanol and xylol, embedded in paraffin
and cut in a microtome (Easypath EP 31-20093, Brazil), to obtain consecutive sections. The
histological sections were stained with hematoxylin and eosin (HE) and analyzed using a
common light microscope. The images were captured using a light microscope coupled to a
photographic camera (Leica DM 1000, USA) and computer containing the image capture
software (Leica Application Suite 1.6.0). Histopathological analyses were semi-quantitative
using mean alteration value / MAV (Guerra-Santos et al., 2012) and histopathological alteration
index / HAI (Poleksic and Mitrovic-Tutundzic, 1994).

2.9 Statistical analyses

All data were previously evaluated for normality and homoscedasticity using the
Shapiro-Wilk and Bartlett tests, respectively. Since the data did not follow a normal
distribution, the Kruskal-Wallis test was used followed by the Dunn test, for comparison

between medians at the significance level of p <0.05 (Zar, 2010).
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3. RESULTS
3.1. Composition of A. zerumbet EO

The chemical components of the A. zerumbet EO used are shown in Table 1. Twenty-
eight compounds were identified, but the major compounds are terpinen-4-ol (27.7%),

eucalyptol (19.2%) and y-terpinene (14.9%).

Table 1. Chemical constituents of the essential oil of Alpinia zerumbet.

Compounds Retention index Content (%)
a-tujene 937 441
a-pinene 946 1.55
Camphene 963 0.19
Sabine 984 7.68
B-pinene 990 2.68
Mircene 995 1.00
a-terpinene 1026 3.46
p-cymene 1034 8.55
Limonene 1039 2.03
Eucalyptol 1043 19.24
y-terpinene 1068 14.94
Cis-sabinene hydrate 1081 0.03
Terpinolene 1096 1.80
Trans-sabinene hydrate 1107 0.50
Tans-p-menth-2-en-1-ol 1149 0.63
Isopulegol 1158 0.06
Borneol 1177 0.18
Terpinen-4-ol 1188 27.73
a-terpineol 1198 1.38
Trans-Piperytol 1216 0.27
Bornyl acetate 1294 0.09
E-caryophillene 1429 0.03
a-humulene 1455 0.03
a-muurolene 1515 0.05
Zonarene 1526 0.08
E-Nerolidol 1569 0.21
Caryophyllene oxide 1598 0.85
B-Eudesmol 1667 0.08
Identified total (%) 99.7

3.2. In vitro efficacy of the A. zerumbet EO against monogeneans of C. macropomum

The gills of C. macropomum, used in in vitro assays, were parasitized by monogeneans
Anacanthorus spathulatus, Mymarothecium boegeri and Notozothecium janauachensis. At
concentrations of 300 and 600 mg L ~ !, immobilization of 100% of the parasites occurred after
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5 and 3 hours of exposure, respectively. At concentrations of 1200 and 2400 mg L ~ ! of A.

zerumbet EO, immobilization of 100% of the parasites occurred after 1h and 8 min,

respectively. In the two control groups (only tank water and tank water + 70% ethyl alcohol),
all parasites died after 9.05 h and 7.43 h, respectively (Table 2 and Fig. 1).

Table 2. In vitro antiparasitic action of essential oil of Alpinia zerumbet against monogeneans

in relation to the concentration and time of exposure.

Time of exposure Treatments Live parasites Dead parasites (%0)

0 min Water 20.0+1.0 0
Water + alcohol 220+ 2.6 0
300mg L™! 21.3+2.9 0
600 mg L' 20.0+ 2.0 0
1200 mg L' 20.3+0.6 0
2400 mg L™! 21.0+1.0 0
8 min Water 200+£1.0 0
Water + alcohol 220+ 2.6 0

300mg L' 16.7 £6.5 21.9

600 mg L' 143+29 28.3

1200 mg L' 6.3+5.8 68.9

2400 mg L' 0.0x£0.0 100
1lh Water 200+£1.0 0
Water + alcohol 22.0+ 2.6 0

300mg L! 9.0+£1.0 58.0

600 mg L™! 80+£1.0 60.0

1200 mg L™ 0.0£0.0 100

2400 mg L' 0.0x£0.0 100
2h Water 20.0+£1.0 0
Water + alcohol 22.0+£26 0

300 mg L™! 8.0+£20 62.5

600 mg L™! 6.0£1.0 70.0

1200 mg L™ 0.0£0.0 100

2400 mg L™! 0.0+£0.0 100
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Table 3 (Continued). In vitro antiparasitic action of essential oil of Alpinia zerumbet against

monogeneans in relation to the concentration and time of exposure.

Time of exposure  Treatments Live parasites Dead parasites (%)
3h Water 20010 0
Water + alcohol 220%2.6 0
300mg L! 7.0+5.6 67.2
600 mg L' 0.0£0.0 100
1200 mg L™! 0.0£0.0 100
2400 mg L 0.0+0.0 100
5h Water 20.0+1.0 0
Water + alcohol 18.0£1.0 18.0
300mgL™! 0.0£0.0 100
600 mg L! 0.0£0.0 100
1200 mg L™! 0.0£0.0 100
2400 mg L! 0.0£0.0 100
B300mgL-1 ©600mgL-1 O1200mgL-1 m2400 mgL-1
100 = M
80
S 60
E 40
20
0

8 min

2h

Time of exposure

Fig. 1. In vitro efficacy of different concentrations of Alpinia zerumbet essential oil against

monogeneans.
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3.3. Scanning electronic microscopy of monogeneans exposed to A. zerumbet EO
Monogeneans exposed to tank water (Figure 2 A) and tank water + alcohol (Figure 2

B) presented a defined body shape and with shallow wrinkles on the surface. In contrast, the

parasites exposed to the 300 and 2400 mg L of A. zerumbet EO showed tegument covered with

more deep wrinkles (Figure 2 C-D) and damage in the tegument (Circle).

Fig. 2. Scanning electron microscopy (SEM) of monogeneans on Colossoma macropomum
exposed to Alpinia zerumbet essential oil. Untreated parasite (A). Parasite exposed to alcohol
(B). Parasite exposed to 300 mg L of Alpinia zerumbet essential oil (C) with damage to the
tegument (Circle). Parasite exposed to 2400 mg L™* of Alpinia zerumbet essential oil (D).

3.4. Tolerance of C. macropomum to different concentrations of A. zerumbet EO
During the tolerance tests, fish exposed to 300, 600, 1200 and 2400 mg L of A.
zerumbet EO showed behavioral changes such as agitation, accelerated movement of the

operculum, erratic swimming, and lethargy. Eventually, the fish lost their movements and after
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5 min of exposure, a sedative effect was observed, when the fish showed no reaction to
mechanical stimuli. After 1 h of exposure it was observed that at the highest concentrations of
A. zerumbet EO (600, 1200 and 2400 mg L) there was 100% mortality of the fish. However,
at the lowest concentration (300 mg L) there was no mortality and the full recovery from

sedative effects occurred at 20 min. Thus, this concentration was chosen for therapeutic baths.

3.5. Therapeutic baths and anthelmintic action of A. zerumbet EO in C. macropomum

The behavioral changes observed during therapeutic baths with 300 mg L™ of A.
zerumbet EO were similar to those observed in the tolerance test (agitation, accelerated
movement of the operculum, erratic swimming and lethargy). There was a sedative effect and
total paralysis of the fish after 5 minutes of the therapeutic bath. The total recovery of
movements occurred 20 minutes after the end of treatment. There was no change in the behavior
of the fish in the two control groups (tank water and water + 70% alcohol). During the 6 days
of treatment the fish ate normally and there was no mortality during or after the therapeutic
baths.

In the gills of C. macropomum, the prevalence and abundance of monogeneans (A.
spathulatus, M. boegeri and N. janauachensis) was lower (p < 0.05) in fish exposed to 300 mg
L-1 of A. zerumbet EO. There were no differences (p > 0.05) in prevalence and abundance
between the two control groups: water from the culture tank and water from the culture tank +
70% alcohol (Table 3). Therapeutic baths with 300 mg L™ of A. zerumbet EO showed 94.0%

anthelmintic efficacy against monogeneans of the gills of C. macropomum.

Table 3. Prevalence (P) and mean abundance (MA) of monogeneans on gills of Colossoma
macropomum exposed to the essential oil of Alpinia zerumbet.

Water Water + alcohol 300 mg L™
P (%) MA P (%) MA P (%) MA
100 41.2 +24.32 100 34.2 £9.82 72.0 2.04+£2.4°

Data are expressed as mean = standard deviation. Different letters in the same line indicate differences according
to the Dunn test (p < 0.05).

3.6. Blood parameters of the C. macropomum exposed to Alpinia zerumbet EO
The glucose concentration of the fish in the control group exposed to water in the

culture tank was higher (p < 0.05) than in the control with water + 70% alcohol and the fish
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exposed to 300 mg L of A. zerumbet EO. The level of total protein decreased (p <0.05) after
therapeutic bath treatment with 300 mg L™ of A. zerumbet EO, compared to the control groups
(only water and water + alcohol). The number of total leukocytes and total neutrophils were
reduced (p < 0.05) in fish exposed to water + 70% alcohol (control) and to 300 mg L™ of A.
zerumbet EO, when compared to the control group using only water from the culture tank. The
number of monocytes decreased (p < 0.05) in fish exposed to 300 mg L* of A. zerumbet EO,
when compared to the control group with water from the culture tank. However, the other blood

parameters showed no significant changes (p > 0.05) (Table 4).

Table 4. Hematological parameters of Colossoma macropomum after therapeutic baths with
of Alpinia zerumbet essential oil.

Parameters Water Water + alcohol 300 mg L
Glucose (g dL™) 100.6 + 13.82 86.7 + 16.8° 83.6 +19.3°
Total protein (g dL™) 3.0+0.5% 3.5+0.5° 2.4 +0.6°
Erythrocytes (x10° uL?) 1.2+0.3? 1.1+0.28 1.2+0.28
Hemoglobin (g dL™?) 6.6 +1.2° 6.3 +£0.9? 6.3+ 1.1°
Hematocrit (%) 20.1 £ 2.0? 20.9 £ 1.42 20.5+1.22
MCV (fL?) 169.0 + 40.17 184.9 + 34.8% 180.8 + 35.1%
MCHC (g dL}) 32.6 +5.5° 30.4 + 4.9 31.0+5.22
Thrombocytes (uL™?) 23858 + 921072 19977 + 95142 22518 + 98312
Leukocytes (uL™?) 21037 + 41702 16195 + 5076" 16677 + 5437°
Lymphocytes (uL™) 16051 + 4399° 12889 + 40862 13574 + 47282
Monocytes (uL?) 1168 + 4092 1070 + 4882 739 + 345P
Neutrophils (uL%) 3535 +1501° 2120 + 1398° 2203 + 1403°
LG-PAS (uLY) 203 £ 2702 36 + 722 45 + 852
Eosinophils (uL™) 81+ 124° 80 + 75° 89 + 67°

Data are expressed as mean + standard deviation. RBC: red blood cells, MCV: mean corpuscular volume, MCHC:
mean corpuscular hemoglobin concentration, LG-PAS: positive granular leukocytes. Different letters in the same
line indicate differences according to the Tukey or Dunn test (p < 0.05).
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3.7. Histopathological analyses of the gills of C. macropomum after therapeutic baths with
A. zerumbet EO

Gills of fish exposed to the cultivation tank water (control) were observed for the
primary and secondary lamellas (Fig 3 A). In the histopathological analyses, there were mild
changes in the gills of fish exposed to the essential oil of A. zerumbet 300 mg L, as well as
moderate and mild changes in the control groups (tank water and water + alcohol). However,
these changes had no effects on the normal functioning of the gills, according to the degree of
severity of the HAI lesions (Table 5). The following stage I histopathological changes occurred
in the gills: epithelial hyperplasia (32.5%), vascular congestion (16.3%), lamellar fusion
(16.3%), as well as detachment of the lamellar epithelium (9.3 %) and vasodilation (9.3%), both
less frequently (Fig. 3 B-E). For stage I1 histopathological changes, only aneurysm (16.3%) was
observed in the gills (Fig. 3 B-C, E). Monogenean parasites were observed in the gills of the
fish (Fig. 3 F).
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Fig. 3. Colossoma macropomum gills exposed to Alpinia zerumbet essential oil. (A) Gills of
fish exposed to water of culture thank (control) showing primary (Pi) and secondary lamellas
(Se). (B) Aneurism (circle) and lamellar hyperplasia (Hi). (C-D) Lamellar hyperplasia (Hi),
hyperplasia with fusion of secondary lamellas (*), aneurism lamellar (circle) and areas of
congestion (arrow) in gills of fish exposed to control group (water + alcohol 70%). (E-F)
Aneurism lamellar (circle), detachment of lamellar epithelium (o) and monogenean (M) in gills
of fish exposed to 300mg L ! Alpinia zerumbet essential oil. Scale bar: 20 um.
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In relation to the MAYV, the gills of fish exposed to the essential oil of A. zerumbet 300
mg L showed a lower mean value of change (p < 0.05) when compared to the control groups
(tank water and water + alcohol), while the HAI showed no differences (p > 0.05) between
treatments (Table 5).

Table 5. Values of mean alteration value (MAV) and histopathological alteration index (HAI)
for gills of Colossoma macropomum exposed to different treatments.

Treatments N MAV HAI Severity of the lesions according to the HAI

Water 5 6.8+1.1* 7.2+5.8* Normal function
Water + alcohol 5 6.8+1.9% 9.4+6.12 Normal function
300 mg L* 5 20+1.0° 56+5.9* Normal function

Values express mean + deviation standard. Different letter, in same column, indicate differences by the Dunn or
Tukey test (p<0.05).

4. DISCUSSION

Essential oils are mixtures of volatile metabolites that generally consist of more than
20 different bioactive compounds and in varying concentrations. Hence, the bioactive effects
of EOs are often due to the synergy of their bioactive compounds (Tavares-Dias, 2018; Barriga
et al., 2020), many of which consist of bioactive compounds that induce anesthesia in fish
(Aydin and Barbas, 2020; Barriga et al., 2020). In the present study, the major chemical
constituents in the composition of A. zerumbet EO were terpinen-4-ol, eucalyptol and v-
terpinene, which constituted 61.9% of this essential oil. However, different chemical
composition has been described for A. zerumbet EO from different locations, (Mendiola et al.,
2015; Castro et al., 2016; Kerdudo et al., 2017; Souza et al., 2018). These differences in the
composition of A. zerumbet EO may be the result of several factors such as collection and
extraction methodology, environmental conditions, physiological variations and genetic factors
(Figueiredo et al., 2008; Murakami et al., 2009; Soares and Tavares-Dias, 2013; Canuto et al.,
2015).

In the present study, it was observed an anesthetic effect in C. macropomum from
exposure to A. zerumbet EO at 300 mg L%, with rapid sedation and recovery after exposure. A
suitable anesthetic should quickly immobilize the fish and result in an uneventful recovery. In
addition, it must have high potency, be widely available, be cost-effective and have low or no
toxicity (Aydin and Barbas, 2020). Therapeutic baths with 300 mg L™ of A. zerumbet EQ in the

present study caused only mild histopathological changes in the gills of C. macropomum, which
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have no effects on the functioning of the gills of exposed fish. A similar result was reported for
C. macropomum exposed to 700 mg L™ of Lippia grata EO (Barriga et al., 2020).

The in vitro tests showed that all concentrations of A. zerumbet EO (300, 600, 1200
and 2400 mg L) showed anthelmintic activity against A. spathulatus, M. boegeri and N.
janauachensis, since there was immobilization of 100% of these monogeneans in all these
concentrations. However, this efficacy was dose dependent and similar to what was reported
for Mentha piperita OE (Malheiros et al., 2016), Lippia alba EO (Soares et al., 2016) and L.
grata EO (Barriga et al., 2020). After in vitro exposure, more deep wrinkling and damage in
the tegument were observed for the monogeneans exposed to A. zerumbet EO, similar to that
reported for the essential oil of Cymbopogon citratus (Gonzales et al., 2020). The tegument of
parasites plays an essential role in their survival, such as absorption and secretion of substances,
osmoregulation and mechanical support (Dalton et al., 2004). Thus, serious damage to the
tegument can eliminate the monogeneans.

The negative aspects of chemotherapeutics and the legal prohibition of these products
for use in aquaculture in several countries lead to the need for alternative therapies such as EOs
(Tavares-Dias, 2018; Barriga et al., 2020). Since several bioactive compounds from EOs have
anthelmintic effects, different species of medicinal plants have been used to control and treat
fish infected with monogeneans (Tavares-Dias, 2018). The 30 min therapeutic baths with 300
mg L of A. zerumbet EO, for six consecutive days, were efficient (94%) in reducing infections
by monogeneans (A. spathulatus, M. boegeri and N. janauachensis) in the gills of C.
macropomum. This was the first study with A. zerumbet EO to control and treat fish parasites.

After therapeutic baths of C. macropomum with 300 mg L™ of A. zerumbet EO, the
concentration of glucose and total protein, number of total leukocytes, neutrophils and
monocytes decreased possibly due to the sedative effect of this EO. In general, there may be an
increase in glucose levels in response to stress during physiological disturbances, but sedative
and anesthetic substances can reduce these levels in exposed fish (Gomes et al., 2006; Roohi
and Imanpoor, 2015). In addition, the total protein level depends on intracellular mechanisms
and specific proteins that can be affected by stress and health conditions of fish (Zhou et al.,
2009; Corral et al., 2018). Leukocytes are important defense cells that respond to parasitic
infections and stress in fish (Reite and Evensen, 2006; Martins et al., 2008; Ranzani-Paiva et

al., 2013). Therefore, 300 mg L* of A. zerumbet EO showed low toxicity for C. macropomum.
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5. CONCLUSIONS

Alpinia zerumbet EO had in vitro anthelmintic activity and high efficacy (94%) in
therapeutic baths in C. macropomum, in addition to presenting low toxicity. Thus, the present
study recommends 300 mg L™ of A. zerumbet EO for treatments of C. macropomum infected

with monogeneans, using therapeutic baths of 30 min/day for six consecutive days.
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CONCLUSOES FINAIS

Nos ensaios in vitro contra monogeneas de C. macropomum, todas as concentracfes do 6leo
essencial de A. zerumbet (300, 600, 1200 e 2400 mg L) mostraram 100% de imobilizacéo
contra A. spathulatus, M. boegeri e N. janauachensis, com efeito dose dependente.

Os peixes mostraram tolerancia a concentragdo de 300 mg L*do dleo essencial de A.
zerumbet, que foi usada nos banhos terapéuticos durante seis dias consecutivos e ndo houve

mortalidade dos peixes durante e ap6s 0s banhos.

Banhos terapéuticos com 300 mg L do dleo essencial de A. zerumbet tiveram eficacia anti-
helmintica de 94% e baixa toxicidade para 0s peixes, pois houve poucas alteracoes
sanguineas e alteracdes histopatoldgicas leves que ndo comprometeram o funcionamento das

branquias de C. macropomum.

Os resultados indicaram que 300 mg L do 6leo essencial de A. zerumbet pode ser usado em
banhos terapéuticos paracontrolar e tratar infeccdo por monogeneas nas branquias

de C. macropomum.
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