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Os Gleos essenciais e seus constituintes majoritarios hoje ja sdo utilizados em animais,
principalmente em pesquisa, para o desenvolvimento de novos farmacos para uso
veterinario. Ademais, sdo comprovadas as acOes sedativas e anestésicas de varios 6leos
nos mais variados procedimentos realizados na producdo animal. No entanto, ha a
necessidade de mais estudos para que suas propriedades sedativas e anestésicas sejam
caracterizadas em peixes. Entre os desafios encontrados na piscicultura, um deles que
merece destaque € 0 estresse causado ao manejar para uma biometria, transporte,
procedimento cirurgico, entre outros. Isso afeta o bem estar animal e causa prejuizos
econbmicos a producdo. Entdo, os agentes naturais sdo uma possibilidade para
minimizar o estresse por meio da anestesia, pois causam minimos impactos a0 meio
ambiente e alguns possuem um bom efeito depressor central nos peixes, sem provocar
efeitos adversos importantes. Dessa forma, foi verificada a composicdo quimica dos
Oleos essenciais através de cromatografia gasosa. Além disso, foram realizados
experimentos de inducdo e recuperacdo anestésica, também de longa exposicdo a
diferentes 06leos essenciais utilizando juvenis de jundid (Rhamdia quelen) para
determinar as concentracdes eficazes a inducdo e recuperacdo da anestesia, bem como
observacao de possiveis efeitos adversos e mortalidade. Os resultados indicaram que 0s
6leos essenciais adequados para a sedacdo sao os de folhas de Pilocarpus pennatifolius,
Cordia verbenacea, Casearia sylvestris, Prunus myrtifolia, Acmella oleracea e Aloysia
hatschbachii; alem destes, os dleos de inflorescéncias de Prunus myrtifolia e Acmella
oleracea também sdo adequados a sedacdo. Ja para a anestesia sdo indicados os 0leos
essenciais de folhas de Prunus myrtifolia, Aloysia hatschbachii, Acmella oleracea, bem
como flores de A. oleracea.

Palavras-chave: Sistema Nervoso Central. Bem-Estar Animal. Anestesiologia. Substancias
ativas. Piscicultura. Jundia.
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THE DEVELOPMENT OF NEW SEDATIVES AND ANESTHETICS
FOR FISH

AUTHOR: Carlos Herminio Magalhaes Fortes
ADVISOR: Berta Maria Heinzmann
DATE AND PLACE OF DEFENSE: February 18, 2022, Santa Maria.

Essential oils and their major constituents are now used in animals, mainly for the
development of new drugs for veterinary use. Furthermore, the sedative and anesthetic
actions of various oils are proven in the most varied procedures performed in animal
production. However, there is a need for further studies aiming to characterize their
sedative and anesthetic properties in fish. Among the challenges found in fish farming,
one of them that deserves to be highlighted is the stress caused when handling
biometrics, transport, surgical procedures, among others. This affects animal welfare
and causes economic losses to production. So, natural agents are a possibility to
minimize stress through anesthesia, as they cause minimal impacts to the environment
and some have a good central depressant effect on fish, without causing major adverse
effects. Thus, the chemical composition of essential oils was verified by gas
chromatography. Furthermore, anesthetic induction and recovery experiments were
carried out, also with long exposure to different essential oils, using jundid juveniles
(Rhamdia guelen) to determine effective concentrations for induction and recovery from
anesthesia, as well as observation of possible adverse effects and mortality. The results
indicated that the essential oils suitable for sedation are those from leaves of Pilocarpus
pennatifolius, Cordia verbenacea, Casearia sylvestris, Prunus myrtifolia, Acmella
oleracea and Aloysia hatschbachii; in addition to these, the oils from the inflorescences
of Prunus myrtifolia and Acmella oleracea are also suitable for sedation. For anesthesia,
essential oils from leaves of Prunus myrtifolia, Aloysia hatschbachii, Acmella oleracea,
as well as A. oleracea flowers are indicated.

Palavras-chave: Central Nervous System. Animal welfare. Anesthesiology. Active
substances. Pisciculture. Jundia.
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APRESENTACAO

A presente dissertacdo de autoria do Médico Veterinario Carlos Herminio
Magalhées Fortes, apresenta os resultados obtidos para fins de defesa de dissertagédo de
Mestrado. Essa inicia com uma breve introdugdo sobre a aquicultura e aborda a
necessidade de se investigar ainda mais o grande potencial de plantas nativas brasileiras,
principalmente o uso dos Oleos essenciais para o0 desenvolvimento de novos
medicamentos anestésicos e sedativos para 0 uso médico veterinario. Além disso,
enfatiza as vastas propriedades farmacologicas, bioldgicas e afins presentes nos 6leos
essenciais das plantas nativas do Brasil. Nesse contexto, se apresenta o objetivo geral,
objetivos especificos e se faz uma revisdo bibliografica atualizada sobre os assuntos
pertinentes.

Na sequéncia os resultados da triagem dos 6leos essenciais, 0s quais tiveram sua
composicao (%) determinada e sdo apresentados 0s constituintes quimicos presentes em
cada 6leo essencial, as laténcias para estagios de inducdo e recuperagdo anestésica e nos
protocolos de exposicdo a longo prazo, além de apresentar curvas concentragdo resposta
para cada um dos 6leos essenciais em estudo. Dessa forma, todos os resultados
encontram-se organizados em um manuscrito cientifico, sendo discutidos e as possiveis
perspectivas futuras para o uso de 6leos essenciais de plantas nativas brasileiras. Nesse

sentido, a dissertacao é finalizada com a sua concluséo e referéncias bibliograficas.



1. INTRODUCAO

A aquicultura mundial continua crescendo mais rapidamente do que outros
setores de producdo de alimentos (FAO, 2020). Nesse contexto, ganha destaque a
piscicultura, pois estd atualmente em expansdo (FAO, 2020), sendo que cerca de quase
90% dos peixes cultivados séo de espécies de dgua doce (WHITTINGTON; CHONG,
2007). Além de sua importancia crescente na alimentagio (SUAREZ-MAHECHA et al.,
2018), os peixes também estdo cada vez mais ganhando espacgo dentro dos domicilios
brasileiros, pois no ultimo senso do IBGE eles estavam na quarta posicdo frente aos
animais de estimagdo mais tradicionais, como os caninos, felinos e aves (ABINPET,
2015). Esse interesse por peixes como animais de estimacdo ndo ocorre apenas em
nosso pais, sendo que o Brasil € um grande exportador de peixes ornamentais
(IGARASHI, et al., 2004).

Os peixes também estdo presentes na pesquisa cientifica (SMITH, 2014), sendo
cada vez mais valorizados como modelos animais em estudos farmacoldgicos. Dessa
forma, a preocupacdo e os cuidados visando promover o bem-estar dos peixes se
intensificam. Nesse sentido, os farmacos sedativos e anestésicos sdo de extrema
importancia, pois vdo diminuir os efeitos estressores causados pelos manejos, 0s quais
poderiam impactar negativamente na salde e bem-estar dos peixes. Nesse contexto,
encontramos nos produtos naturais uma fonte para o descobrimento de novas
substancias ativas que irdo apresentar propriedades farmacoldgicas anestésicas e/ou
sedativas, com menor agressdo ao meio ambiente (AFONSO et al., 2010; XIMENES et
al., 2013). Ademais, quando comparados aos de origem sintética, os produtos naturais
podem ser mais vantajosos, apresentar menos efeitos adversos e possuir efeitos
sinérgicos ou antagonicos, pois diferentes constituintes agem em associacdo (YUNES et
al., 2001).

Os oleos essenciais (OEs) de plantas nativas de diferentes familias, como
Asteraceae, Rosaceae, Verbenaceae, Rutaceae, Salicaceae e Boraginaceae, entre outras,

precisam ser mais estudados, principalmente para visualizar e determinar seus possiveis
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efeitos sedativos e anestésicos, ou seja, estabelecer o efeito depressor do sistema
nervoso central, o qual é responsavel por perceber o estimulo agressor ou estressor
(BARTON, 2002).

No quesito da composicdo quimica dos OEs e, em consequéncia, em suas
atividades farmacoldgicas alguns fatores podem influenciar, como a estacdo do
ano/época de coleta do material vegetal. Além disso, o 6rgdo vegetal extraido, climae a
umidade do solo também afetam as concentracbes do componente majoritario,
caracteristicas fisico-quimicas e até mesmo a composi¢do quimica total dos OEs (DE
FEO et al., 2002). Por isso, a importancia de se analisar e determinar as porcentagens de
cada constituinte presente nos OEs, principalmente para melhor entender as atividades
bioldgicas / farmacoldgicas apresentadas.

Muitas propriedades farmacoldgicas de OEs ja sdo bem conhecidas (SOUZA et
al., 2019), como a acdo analgésica (PEANNA et al., 2003), sedativa (LEITE et al.,
2008), ansiolitica (ALMEIDA et al., 2004; UMEZU et al., 2002) e anticonvulsivante
(SOUSA et al., 2006) e dentre outras. No entanto, para muitas espécies das familias
referidas acima ndo foram descritas atividades depressoras centrais, principalmente em
peixes. Assim, sdo necessarios estudos para determinacdo do potencial sedativo e / ou
anestésico, possiveis efeitos adversos e mortalidade dos 6leos essenciais, 0s quais ainda
ndo possuem o possivel efeito sedativo e/ ou anestésico estabelecido na producao
animal.

Para avaliar a depressdo central, considerou-se que sedativos e anesteésicos
apresentam reflexos sobre varios aspectos fisioldgicos dos peixes, entre eles destacam-
se 0s parametros comportamentais, que foram observados e registrados neste trabalho.
Enfim, a determinacdo das concentracdes efetivas para as atividades sedativas e
anestésicas desses OEs sdo bastante importantes para trabalhos futuros, principalmente
para aqueles que vao estabelecer efeito sobre os biomarcadores de estresse, atividades
cardiovasculares e estudar o mecanismo de acao central desses OEs, para poder prever
suas possiveis interacdes e estabelecer antidoto no caso de intoxicagdes, ou seja, a

descoberta de possiveis farmacos antagonistas aos efeitos dos OEs estudados.
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2. OBJETIVOS

21 OBJETIVO GERAL

Avaliar a atividade sedativa e anestésica dos 6leos essenciais de espécies de
plantas nativas das familias Asteraceae, Rosaceae, Verbenaceae, Rutaceae, Salicaceae e

Boraginaceae, em jundias (Rhamdia quelen).

2.2  OBJETIVOS ESPECIFICOS

- Realizar extracdo dos Oleos essenciais de algumas espécies nativas pertencentes as
familias Asteraceae, Rosaceae, Verbenaceae, Rutaceae e Salicaceae;

- Analisar e determinar a composi¢do quimica dos 6leos essenciais extraidos;

- Determinar as concentracdes efetivas para os estagios de inducdo e recuperagdo
anestésica dos 6leos essenciais de plantas nativas em jundias (Rhamdia quelen);

- Avaliar o tempo de inducdo e recuperacao anestésica em juvenis de jundias;

- Avaliar o comportamento dos animais no protocolo de anestesia de longa exposigédo
aos agentes naturais e determinar eventuais reacOes adversas, como toxicidade e
mortalidade;

- Obter as curvas concentracdo-resposta para cada 6leo essencial em estudo.

3. HIPOTESES

- Dos nove Gleos essenciais a serem avaliados, pelo menos um ocasionaré sinais clinicos
que indicam efeitos sedativos e anestésicos em jundias;

- Os 0leos essenciais que promovem alteracdo comportamental indicando sedacdo serdo
em maior nimero do que 0s que ocasionam anestesia;

- Efeitos adversos e mortalidade em jundids também serdo detectados para pelo menos
dois Gleos essenciais;

- Os efeitos que indicam beneficios e prejuizos aos peixes sdo dependentes da

concentragdo administrada.
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4. REVISAO BIBLIOGRAFICA

4.1  APISCICULTURA E OS PEIXES NA PESQUISA CIENTIFICA

A piscicultura é uma atividade em expansdo no mundo e no Brasil ndo poderia
ser diferente, visto o grande potencial hidrico, vantagens do clima, do
empreendedorismo dos piscicultores e do desenvolvimento da pesquisa na area, que
atua na busca pelo aumento da produtividade (FAO, 2020). Mesmo com os problemas
econdmicos recentes e a pandemia, o setor apresentou crescimento (XIMENES, 2021),
sendo que a piscicultura vem apresentando 6timo crescimento na producgdo desde o ano
de 2014, sem nenhuma queda (XIMENES, 2021).

Os peixes estdo presentes na ciéncia, pois muitas pesquisas no Brasil € no
mundo os utilizam como modelo experimental, ou seja, seu uso em laboratorios
aumentou significativamente na ultima década (SMITH, 2014). Desta forma, é
necessario oferecer qualidade de vida a esses animais, 0s quais vao possibilitar muitas
descobertas a ciéncia e também fornecer proteina de alta qualidade. A utilizacdo dos
peixes na producdo animal e também para fins cientificos exige procedimentos de rotina
como biometria, identificacdo sexual, coleta de sangue, transporte, indugdo hormonal
para reproducdo, procedimentos cirdrgicos, entre outros tantos manejos, 0s quais muitas
vezes afetam a condicdo fisica e muito fortemente o bem-estar desses animais (ROCHA
et al., 2012). Dessa forma, a anestesia nessas manipulacbes € uma das maiores
ferramentas para minimizar o estresse, as lesdes fisicas e demais injUrias nos peixes
(ROSS; ROSS, 2008). Esse procedimento promove bem-estar animal, o qual é uma
preocupacdo constante de muitos autores que trabalham com peixes na pesquisa
cientifica (CARBONE, 2014).

42 O BEM ESTAR ANIMAL E O DESENVOLVIMENTO DE ANESTESICOS A
PARTIR DE PRODUTOS NATURAIS
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As atividades de uso animal, com o intuito de produgéo, provavelmente tiveram
inicio ha cerca de dez mil anos atras (ZEDER; HESSE, 2000). Mas, somente nas
ultimas décadas o tema bem-estar animal (BEA) ganhou a devida importancia, apesar
de que ainda ha falta de uma educacéo formal sobre BEA, até mesmo para Médicos
Veterindrios (MOLENTO, 2003). Além disso, a maioria dos trabalhos sobre bem-estar
na producdo animal aborda temas sobre 0s ruminantes, suinos e aves, sendo 0 assunto
relacionado aos peixes menos abordado, ou seja, ainda ha um nimero muito reduzido de
estudos acerca de BEA de peixes em geral (BRAITHWAITE; HUNTINGFORD, 2004).

No entanto, existem varios trabalhos sobre a saide e os mecanismos de estresse
em peixes (BARTON, 2002; BARCELLOS et al., 2004; 2006), mas ndo ha uma
interacdo desses estudos com o BEA e suas implicacdes nesses animais (SNEDDON,
2003). Nesse contexto, entra a sedacdo, analgesia e anestesia em peixes, como métodos
para diminuir a percepgdo de fatores estressantes e outras injdrias (ROSS; ROSS, 2008).
Nesse sentido, a definicdo de bem-estar é um estado de vida saudavel, feliz e seguro
(WEHMEIER, 2005). O bem-estar animal tera que proporcionar saude fisica e
psicoldgica para os animais. Além disso, as condi¢es ambientais de producéo precisam
possibilitar a expressdo dos comportamentos naturais do animal (KOKNAROGLU,;
AKUNAL, 2013).

Assim, é necessario especificar aqui oas cinco liberdades, as quais hoje
especificam o que um animal precisa para estar em bem-estar: 0 animal precisa estar
livre de sede e fome, sendo esta a liberdade nutricional, a liberdade de dor e doenga,
liberdade de desconforto, liberdade de medo/estresse e a liberdade para expressar o
comportamento natural da espécie. Essas hoje sdo instrumentos mundialmente
reconhecidos, mas a importancia do bem-estar animal difere na maioria dos paises. 1sso
porque varios fatores influenciam nesse contexto, como religido, educacdo, economia e
entre outras percepcdes (KOKNAROGLU; AKUNAL, 2013). Nesse contexto, o bem-
estar animal necessita ser ainda mais estudado, aplicado no campo e também
regulamentado em nivel mundial. Especialmente considerando as cinco liberdades e
também a declaracdo dos direitos dos animais, a qual deixa claro que os animais
precisam ser respeitados, protegidos, tem o direito de existir e de ndo sentir dor,
sofrimento, abandono e entre outros direitos (UDAW, 2013). Dessa forma,
proporcionar o BEA é sem davidas melhorar a qualidade de vida desses animais.

O desenvolvimento de farmacos para producéo animal originarios de plantas é

uma grande possibilidade de descobertas, tamanha a dimenséo de plantas nativas da
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regido sul (LIMBERGER et al., 2004) e também em nivel nacional, sendo que ainda
temos um numero reduzido de espécies vegetais com estudos farmacoldgicos
(JACHAK; SAKLANI, 2007). Outro fator a se considerar no caso dos medicamentos de
origem natural é a preocupacdo com o meio ambiente, pois sdo lancadas no ambiente
varias novas substancias quimicas sintéticas por ano, sem avaliagdo adequada de suas
interacbes com os ecossistemas (BERNARDI et al., 2008), as quais na maioria das
vezes causam prejuizos aos ambientes naturais.

Os OEs sao produtos com varias atividades farmacoldgicas ja estabelecidas,
como por exemplo, anestésica (CUNHA et al., 2010; HELDWEIN et al., 2012;
SIMOES et al., 2012), sedativa (SOUSA, 2011), antifungica (SIMIE et al., 2004),
acaricida (MACCHIONI et al., 2006), entre outras. No entanto, as atividades
anestésicas, analgésicas, sedativas de muitas espécies de plantas nativas ainda nédo
foram estudadas, como é o caso das muitas espécies das familias citadas nessa
dissertacdo. Dessa forma, é possivel o descobrimento de novas substancias ativas que
poderdo auxiliar no BEA e evitar o estresse, a queda da imunidade e outros fatores

prejudiciais a qualidade de vida dos animais aquaticos.

43  ANESTESIA E MECANISMO DE ACAO

A anestesia geral é definida como um estado de inconsciéncia induzida por um
farmaco e essa se caracteriza por uma depressdo controlada, porém reversivel do
sistema nervoso central (SNC) e da percepcdo (TRANQUILLI et al., 2013). Na sedacédo
0 paciente pode responder a estimulos dolorosos e se caracteriza por depressdo central,
sonoléncia e certo relaxamento central (TRANQUILLI et al., 2013). Nesse sentido, a
anestesia garante que os animais sejam submetidos a procedimentos mais adequados,
seguros e promove o bem-estar animal. Ademais, alguns pontos relevantes das
anestesias € evitar a dor produzida, relaxar os musculos para a realizagdo das técnicas
cirurgicas e realizar a depressdo do sistema nervoso central (SNC). Geralmente os
protocolos de indugdo anestésica sdo bastante utilizados em animais de companhia
(c@es, gatos e entre outros). No entanto, em peixes ndo havia uma preocupagdo quanto a
analgesia, sedagdo e anestesia, pois se acreditava que esses erram incapazes de
nocicepc¢do ou de sentir dor (ROSE, 2002). Mas, a partir de 2003 as pesquisas com 0S

peixes teledsteos sugerem que eles possuem a percepcdo da dor, ou seja, possuem
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nociceptores semelhantes aos encontrados em mamiferos (ASHLEY et al., 2007;
ROQUES et al., 2010).

Eventos potencialmente dolorosos, alteracdo nas respostas comportamentais e
fisioldgicas em peixes podem ser evitadas na aquicultura, experimentacdo e também na
pratica veterinaria com o uso de farmacos anestésicos (SNEDDON, 2012). Assim, a
sedacdo e a anestesia leve sdo eficazes para a realizacdo de procedimentos rapidos em
peixes, sendo que a anestesia profunda (total) pode ser utilizada em procedimentos
invasivos, pois essa acarreta em perda de consciéncia, ird minimizar a dor pelo dano
tecidual e promove um melhor bem-estar aos peixes (ACKERMAN et al., 2005). Nesse
contexto, se faz necessario o uso de técnicas, farmacos e equipamentos adequados para
a utilizacao de protocolos anestésicos em peixes. Esses protocolos de indugdo anestésica
podem variar devido a espécie do peixe e também do anestésico utilizado (STETTER,
2001).

Antes da anestesia, 0 recomendado, independentemente da espécie e anestésico a
ser utilizado, € o jejum. Esse pode ser realizado de 12 a 24 horas antes do procedimento
anestésico, sendo que esse € importante, pois se houver a regurgitacdo pode afetar
negativamente a qualidade da agua e também acontecer desse material ficar retido nas
branquias do peixe (STETTER, 2001) e acarretar em danos ou até colapso bulbar.
Ademais, € de fundamental importdncia para a anestesia de peixes que 0s
manipuladores tenham atencdo aos fatores abioticos (parametros de qualidade da agua,
temperatura, oxigenacdo e entre outros) e aos fatores bioldgicos (condicdo corporal,
estagio de desenvolvimento, estado fisiologico, saude e entre outros) (SNEDDON,
2012). Portanto, o uso de analgésicos, sedativos e anestésicos em peixes possibilita que
a dor e o desconforto durante os procedimentos invasivos e ndo invasivos sejam
evitados ou minimizados. Dessa forma, ha muitos medicamentos de origem sintética e
natural que precisam ser investigados em diferentes espécies de peixes frente a
protocolos de anestesia, sendo também importante o desenvolvimento de indicadores
que facilitem a identificacdo da dor em peixes (REILLY et al., 2008; SNEDDON,
2009).

Tambem ¢é de fundamental importancia estudar e conhecer os conceitos da
farmacodinamica, pois essa é definida como aquela que estuda os efeitos fisiologicos e
bioquimicos dos farmacos e também do mecanismo de acdo desses (GOODMAN;
GILMAN, 2006). Assim, vale mencionar os receptores fisiol6gicos, como os receptores

acoplados a protina G, receptores nucleares e principalmente os canais ibnicos, 0s quais
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podem ser regulados por voltagem ou por ligante, como por exemplo, de um ligante
fisiologico desses canais, 0 acido y-aminobutirico (GABA) (GOODMAN; GILMAN,
2006). Nesse sentido, 0 mecanismo de acdo dos agentes sedativos e/ ou anestésicos de
origem sintética ou natural geralmente envolve um dos principais neurotransmissores
inibitérios do SNC, o GABA. Como por exemplo, cita-se 0s sedativos sintéticos
benzodiazepinicos (diazepam) e o propofol, os quais atuam sobre o receptor GABA,
sendo agonistas do receptor GABAa (CAROFF et al., 2016). Vale destacar que o0s
receptores GABAa apresentam sitios de ligacdo para varias outras substancias, sendo
possivel citar também os barbitlricos, anestésicos volateis e os agonistas etomitado,
zolpidem e entre outros ligantes desses receptores (GARCIA; KOLESKY; JENKINS,
2010; SIGEL; STEINMANN, 2012). A ativacdo dos receptores GABAa geralmente
acarreta em efeitos sedativos, hipnoticos, relaxantes musculares, anestésicos e entre
outros (FOSTER; KEMP, 2006).

Nesse contexto, é necessario citar o flumazenil, o qual é antagonista do sitio
benzodiazepinico do receptor GABAa e pode ser utilizado, por exemplo, em
intoxicagdes por benzodiazepinicos (BRAAT; KOQY, 2015). Além disso, esse farmaco
é bastante utilizado em estudos para estabelecer o mecanismo de acdo anestésica de OEs
em peixes (HELDWEIN et al., 2012; SILVA et al., 2012; DOS SANTOS et al., 2017),
pois se esse reverter os efeitos dos OEs aplicados, pode ser um indicativo de que a acdo
do agente natural tem participacdo no sitio benzodiazepinico do receptor GABAa.
Assim, 0 mecanismo de acdo anestésica de OEs oriundos de plantas como Lippia alba e
Ocimum gratissimum em jundias foi sugestivo de que a acdo tem relagdo com o sitio
benzodiazepinico do receptor GABAa (HELDWEIN et al., 2012; SILVA et al., 2012).
Ja estudos de mecanismo de acdo anestésica com os OEs de Aloysia triphylla e
Cymbopogon flexuosus ndo confirmaram a modulacdo do sitio benzodiazepinico do
receptor GABAa em jundias (DOS SANTOS et al., 2017). Portanto, 0 mecanismo de
acdo de um anestésico para peixes deve ser estabelecido, pois possibilita o

conhecimento do possivel antagonista e, com isso, mais seguranga no seu uso.

4.4  ANESTESICOS SINTETICOS EM COMPARACAO COM NATURAIS

Os farmacos sintéeticos, em especial os anestésicos sinteticos, sdo de alto valor

comercial, apresentam restrigcdes legais e venda controlada, sendo entéo de dificil acesso
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e acarretam muitos impactos negativos (VICENTE, 2014). No entanto, 0s de origem
sintética sdo ainda bastante usados, pois ha um numero reduzido de anestésicos /
sedativos de origem natural frente aos sintéticos. Os farmacos sintéticos mais
conhecidos sdo 0 metanossulfonato de tricaina (MS-222), a benzocaina, metomidato, 2-
fenoxietanol e a quinaldina (ZAHL et al., 2012). Esses s&o efetivos como anestésicos,
porém ja foram descritos varios efeitos colaterais em animais aquéticos, como irritacéo
de branquias, olhos, perda de muco, regurgitacdo e entre outros (INOUE et al., 2003).

Outro ponto é o periodo de depuracdo que o peixe precisa realizar, ap0s 0 uso
dos anestésicos sintéticos. Isso para reduzir os niveis residuais do produto no filé
(COYLE et al.,2004). Outro fator bastante importante é que infelizmente no Brasil
ainda ndo existe uma legislacdo que explique, especifique e ofereca aos piscicultores
informacBes de quais anestésicos sdo permitidos para 0 uso nas pisciculturas
(FACANHA; GOMES, 2005). Dessa forma, as Unicas fontes a serem pesquisadas sdo as
recomendacdes de outros paises, como por exemplo, a Food and Drug Administration
(FDA). Nesse sentido, 0 Unico anestésico sintético aprovado para uso em peixes pela
FDA é 0 MS-222.

A dificuldade de se ter acesso a um medicamento anestésico sintético pelo
produtor € muito grande, por exemplo, 0 MS-222 ndo é produzido no Brasil
(FACANHA; GOMES, 2005). Portanto, sdo diferentes dos anestésicos de origem
natural, mais especificamente os OEs, 0s quais sdo obtidos de plantas, as quais estdo
presentes muitas vezes em abundancia no Brasil (TONDOLO et al., 2013). Isso facilita
a extracdo e a producdo em grande escala dos Oleos essenciais e também de seus
constituintes isolados, como exemplo, o dleo de cravo e o eugenol, respectivamente.
Esse é produzido e vendido no Brasil, sendo bastante encontrado nas propriedades que
utilizam sedacdo e anestesia para manejar seus animais. Isso também se deve ao valor
de mercado desse anestésico natural, o qual é bem mais vantajoso para aquisi¢do pelo
produtor rural.

Isso porque muitos produtores ja sabem da importancia de se utilizar os
anestésicos em peixes, principalmente pelo fato de que no ano de 2011, a instrucéo
normativa interministerial n° 28, trouxe especificacfes sobre a importancia do bem estar
animal na producéo e a necessidade de reduzir processos dolorosos e oferecer um abate
humanitario aos animais. Outro fato bastante novo que essa normativa trouxe na época é
a recomendacdo da utilizacdo de anestésicos para realizagdo de eutandsia em animais

aquaticos, também deixou especificada a permissao do uso de fitoterapicos e extrativos
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vegetais para o tratamento e a prevenc¢do de patologias em animais aquéaticos (BRASIL,
2011).

Nesse contexto, € bastante importante salientar que o ndo uso de medicamentos
sedativos e anestésicos favorece o surgimento de patologias em peixes, pois a falta de
um manejo adequado causa estresse nos animais aquéaticos (SEGNER et al., 2012) o que
acarreta no surgimento de infeccdes e entre outras doencas conhecidas. Entdo, o uso dos
0leos essenciais e seus constituintes isolados como anestésicos / sedativos é de extrema
importancia, pois geralmente ndo apresentam impactos negativos a nossa fauna e flora,
sdo biodegradaveis, de féacil obtencdo e de baixa toxicidade para mamiferos
(FIGUEIREDO et al., 2008).

45  VIAS DE ADMINISTRACAO E INDUCAO ANESTESICA EM PEIXES

A utilizacdo de anestésicos e sedativos esta a ser aplicada em peixes com o
intuito de reduzir condicdes que geralmente séo estressantes para os peixes (COYLE et
al., 2004). Nesse sentido é necessario elencar as vias de administracdo desses
anestésicos e/ ou sedativos, sendo que pode ser via injetavel, oral ou banho de imersao.
Nessa ultima via de administracdo, a diluicdo é realizada na agua onde se encontra o
peixe (NEIFFER; STAMPER, 2009). Além disso, quando dessa dilui¢do, escolhemos
uma determinada concentracdo do anestésico ou sedativo. No entanto, quando
utilizamos outras vias podemos nos referir a dosagem. Essas concentracdes ou dosagens
necessitam de uma boa margem de seguranca, rapida metabolizacdo, excrecdo e
também a auséncia de efeitos que ndo sejam benéficos aos peixes, principalmente
qguando a anestesia ou sedacdo necessitar ser realizada sucessivamente (KEENE et al.,
1998).

Na avaliacdo da atividade anestésica é de grande importancia, elencarem-se
alguns estagios de inducéo e recuperacdo do sistema nervoso central, principalmente
para avaliar-se de maneira criteriosa, por exemplo, o tempo de inducéo e recuperacéo do
anestésico em estudo. Nesse contexto, pode se estabelecer diferentes tipos de estagios,
0s quais sdo (S2) sedacdo profunda, (S3a) perda parcial do equilibrio, (S3b) perda total
do equilibrio e (S4) anestesia. Dessa forma, a anestesia é 0 estadgio onde o animal esta

com auséncia das atividades reflexas e ndo responde a nenhum estimulo externo. Além
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disso, vale destacar o estagio de colapso bulbar (GOMES et al., 2011), sendo esses
visualizados na tabela 1.

Tabela 1. Estagios de inducdo anestésica para determinacdo da depressdo progressiva do Sistema
Nervoso Central (SNC) em peixes.

Estagios Caracteristicas comportamentais
S2 Sedacéo profunda Perda da reacdo aos estimulos externos.
S3a Perda parcial do equilibrio Animais nadam de lado.
S3b Perda total do equilibrio Perda da habilidade de nadar, mas os peixes

respondem a pressdo no pedunculo caudal.

S4 Anestesia Perda dos reflexos, os peixes ndo respondem aos
estimulos da pressdo no pedunculo caudal.

S5 Colapso Bulbar Sem movimentos respiratdrios, ou seja, morte.

Adaptado de Gomes et al., 2011.

46  ARIQUEZA DA FLORA NATIVA

A fauna e flora brasileira sempre apresentaram uma elevada biodiversidade,
sendo que 0s povos originarios sempre a utilizaram de forma terapéutica, especialmente
as plantas nativas (PINTO et al, 2002). Dessa forma, destacam-se muitas familias que
possuem espécies que crescem em territorio brasileiro e apresentam propriedades
farmacoldgicas ja comprovadas. Das quase 32 mil espécies de angiospermas
mundialmente descritas, 19 mil (57%) sdo nativas do territorio brasileiro (SIMOES et
al., 2017). Além disso, vale destacar que o Brasil possui a maior floresta equatorial e
tropical umida do mundo (PINTO et al., 2002).

Nesse contexto, ainda ha muito a estudar sobre as plantas nativas do pais, sendo
que ha pouco aproveitamento da diversidade genética das plantas. Principalmente,
porque muitas possuem muito potencial para utilizacdo farmacoldgica, porém ainda néo
foram avaliadas em suas propriedades nem tiveram seus compostos estudados. Portanto,
os estudos com as plantas nativas do Brasil sdo necessarios, pois ainda ha muito a se
descobrir sobre o potencial de seus compostos uteis a industria de medicamentos

humanos e veterinarios.
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4.6.1. Familias de Plantas Nativas e seus Oleos Essenciais

4.6.1.1 Asteraceae - Acmella oleracea

A familia Asteraceae estd presente em todo o mundo, sendo que possui mais de
1600 géneros, ou seja, estd entre as maiores familias de plantas com flores (ROLNIK;
OLAS, 2021) e apresenta cerca de 23.000 espécies (ANDENBERG et al. 2007).
Ademais, apresenta estudos, principalmente quanto aos seus potenciais fitoquimicos, 0s
quais geralmente possuem efeitos farmacoldgicos (ROLNIK; OLAS, 2021), Além
disso, no Brasil é onde se encontra boa parte da diversidade dessa familia,
principalmente nos Estados de Minas Gerais e Bahia (ZAPPI et al., 2003), onde a
cobertura vegetal apresenta as formas de cerrado (BAUTISTA, 2000).

Nessa familia é classificada Acmella oleracea (ou também conhecida como
Spilanthes oleracea; Spilanthes acmella var. oleracea; Anacyclus pyrethrarias L.
Spreng) uma planta popularmente conhecida como jambu no Brasil, pois é utilizada na
culinaria, no tratamento de tuberculose, anemia e como estimulante de apetite
(LORENZI; MATOS 2008) e para combater insetos e parasitas (BENELLI et al., 2019).
Também possui acdo anti-inflamatoria, antioxidante (JAFARINIA; JAFARINIA 2019)
e hé séculos é utilizada para tratar as dores na cavidade oral devido as propriedades
analgésicas (RONDANELLI et al., 2020), aumenta a secrecdo de saliva
(ABEYSINGHE et al., 2014) e possui provavel atividades hepatoprotetoras (ACHIKA
et al., 2014). Essa espécie nativa do Brasil geralmente cultivada possui crescimento
rapido, porém é pequena, ereta e possui inflorescéncias douradas ou vermelhas, sendo
uma planta rica em compostos bioativos e também contém Oleos essenciais (SINGH;
CHATURVED 2012; PRACHAYASITTIKUL et al., 2013).

O seu principal componente é o espilantol, o qual é responsavel pela atividade
anestésica (SINGH; CHATURVED 2012; PRACHAYASITTIKUL et al.,, 2013) e
também possui atividade inseticida (BENELLI et al., 2019). No entanto, hd muitos
outros compostos presentes no OE dessa planta, os quais ainda ndo foram explorados
(BENELLI et al., 2019). Além disso, ha relatos importantes com o extrato etanolico de
inflorescéncia de A. oleracea, como por exemplo, os efeitos antinociceptivos em
camundongos (NOMURA et al., 2013), sendo que esse ndo causou efeitos colaterais. Ja

mais especificamente para a producdo animal, BARBAS et al. (2016) testou o0 extrato
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ceroso de inflorescéncias de A. oleracea em juvenis de tambaqui (Colossoma
macropomum) e a concentracdo de 20 mg L™ induziu a anestesia rapida na espécie.
IMJAI et al. (2021) testou também a eficacia do extrato de A. oleracea e na
concentracdo de 2 ml L™ houve potencial anestésico em tilapia do Nilo, sendo
observado um tempo meédio de recuperacdo de 3.56 min. Ademais, ndao foram
observadas alteracBes a nivel histopatologico no figado e nas brénquias das tilapias
anestesiadas.

A folha da planta quando mastigada in natura ou consumida em pratos tipicos
(pato no tucupi e tacacd) (BARBOSA et al., 2016a) da regido norte resulta em uma
sensacdo de anestesia local. Além disso, € bom ressaltar que é classificada como um
alimento seguro para o consumo pelas autoridades Europeias de seguranca em
alimentos (EFSA, 2015). Outro fator importante é sua sensibilidade a geada, porém em
climas quentes é perene (RONDANELLI et al., 2020), sendo que a espécie estd
distribuida nas regies tropicais da América Central, Asia, Africa e também possui

cultivo em diversos lugares do mundo (DUBEY et al., 2013).

A)
Figura 1. Exsicata das folhas e inflorescéncias (A) e inflorescéncia e folhas (B) de Acmella oleracea.
Fonte: Autor

4.6.1.2 Rosaceae - Prunus myrtifolia

Outra familia de angiospermas é Rosaceae, a qual tem cerca de 3.000 espécies
(PHIPPS, 2014). Tem distribuicdo mundial e geralmente estd presente nas florestas
temperadas do Hemisfério Norte, sendo fonte de alimentos e habitat para varios animais
(HUMMER; JANICK, 2009). Ja no Brasil existem varias espécies exdticas adaptadas
dessa familia, onde sdo encontradas algumas de grande valor comercial (HUI et al.,
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2019), no quesito de suas frutas, como por exemplo, a péra (Pyrus bretschneideri)
(ZHANG et al., 2012), o péssego (Prunus persica) (VERDE et al., 2013) e também
muitas flores ornamentais como as rosas (LONGHI et al. 2014).

Além disso, é uma familia que apresenta algumas espécies com OE com
potenciais propriedades farmacoldgicas, que sdo nativas do nosso pais. Dessa forma, um
dos géneros pertencentes a essa familia merece destaque, pois possui grande
importancia econdmica, sendo na area de alimentos, fitofarmacos e também por ter mais
de 100 patentes descritas na literatura, as quais envolvem espécies do género Prunus na
formulagdo. Assim, algumas espécies de Prunus sdo ingredientes de cosmeticos
clareadores da pele, matéria-prima para alimento na pecuéria, nutracéuticos, protetores
solares e também sao utilizados na producéo de licores finos.

A Prunus myrtifolia é uma espécie incluida nessa familia que possui abundante
presenca no Rio Grande do Sul. Bastante conhecida como pessegueiro-bravo e o maior
dispersor dessa espécie € o0 péssaro Sabia-laranjeira (CARVALHO, 2000). Mas,
também ja ha descricdo que a espécie é consumida por peixes na Reserva Extrativista do
Baixo Rio Jurua (BRAGA; REBELO, 2014), sendo que é descrita também na
composi¢do do estrato médio da mata no Parque Natural Municipal Rio do Peixe, em
Joagaba, Santa Catarina, sul do Brasil (FAVRETTO et al., 2008). E encontrada também
na cidade de Santa Maria, RS, a qual esta identificada no Jardim Botanico da UFSM.
Ademais, a espécie possui uma caracteristica muito interessante, a qual facilita sua
identificacdo botéanica. Isso porque ela possui a presenca de duas glandulas maculares
na base de suas folhas.

Além disso, geralmente é descrita por ter na composicdo de seu 6leo essencial
um aldeido, sendo na maioria das vezes o benzaldeido. Esse sempre aparece em maior
porcentagem (IBARRA-ALVARADO et al. 2009) e constitui geralmente mais que 90
% da area do cromatograma. Ha também a descricdo da presenca de 3-hexen-1-ol e
também de benzoato de benzila (WEBER et al., 2014), os quais pertencem a classe de
alcool e ésteres, respectivamente. Porém, ocorrem em percentagens bem inferiores ao
benzaldeido, que ja foi descrito com atividades bioldgicas, como antimicrobiana e
antifangica (FUJII et al., 2015), sendo também um dos responsaveis pelo odor
caracteristico de seus 0leos essenciais (KERDOGAN-ORHAN; KARTAL, 2011). No

entanto, ainda ndo foi descrito como anestésico nem sedativo em peixes.



Figura 2. Exsicata das folhas (A) com duas glandulas maculares na base da folha e flores (B) de Prunus
myrtifolia. Fonte: Autor

4.6.1.3 Verbenaceae - Aloysia hatschbachii

A familia Verbenaceae é amplamente distribuida nas regiGes temperadas e
tropicais (JUDD et al., 2009), sendo que grande parte das espécies dessa familia sdo
encontradas na América Latina (PEREZ ZAMORA; TORRES; NUNES, 2018). Além
disso, compdem a flora da América do Sul de uma forma bem importante (O’LEARY et
al., 2012), pois a familia é composta por algumas ervas, arbustos e até arvores (PEREZ
ZAMORA; TORRES; NUNES, 2018). Nesse contexto, a partir de registros no Rio
Grande do Sul por Irmdo Augusto as pesquisas sobre essas plantas foram ampliadas
(O’LEARY et al., 2016). Desde entdo, no Estado ja& foram registrados mais de 10
géneros e 71 espécies nativas, como por exemplo Lippia alba, a qual ja foi bastante
estudada, principalmente devido a atividade anestésica de seu 6leo essencial em peixes
(CUNHA et al., 2010; HELDWEIN et al., 2012). Mas, um estudo recente trouxe que
atualmente é aceita para essa familia a descricdio de 32 géneros e 800 espécies
(CARDOSO et al., 2021). Dessa forma, vale a pena estudar mais espécies dessa familia,
como a Aloysia hatschbachii, a qual foi descrita e identificada no RS, na cidade de
Canela (CRESPAM, 2010). No entanto, foi caracterizada por ser uma planta nativa e
endémica do Estado do Parana, regido sul. Porém, ainda ha muito a se estudar sobre as
particularidades morfo-anatémicas e também sobre seus locais de ocorréncia.

A planta A. hatschbachii ainda ndo possui estabelecidas muitas propriedades
bioldgicas. Porém, como ja descrito anteriormente o género Aloysia possui muitas
espécies com propriedades estabelecidas. Ademais, as indicacdes etnofarmacoldgicas
demonstram que as espécies de Aloysia ja sdo aplicadas para o tratamento de muitas
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enfermidades, como antiespasmadicas, cardiotbnicas, carminativas e também devido a
eficacia sedativa e contra afec¢des do sistema respiratério (VENDRUSCOLO; MENTZ,
2006; MOHAMMADHOSSEINI et al., 2021). Esse género é distribuido pelas
Ameéricas, mais precisamente na regido sul do continente americano, onde foram
descritas 22 espéecies (LU-IRVING et al., 2014) e O’LEARY et al. (2016) cita 31
espécies para 0 género, entretanto possuem bastante diversidade em suas &reas de
ocorréncia (ROJAS et al., 2012).

Varias espécies de Aloysia sdo produtoras de Oleos essenciais, como a A.
gratissima, A. citriodora (sinbnimo A. triphylla), A. virgata, A. lycioides e A.
polystachya, sendo j& descritas propriedades para seus OEs, como antissépticas e
repelentes (SIEDO, 2006). Além disso, ha relatos de sua atividade antibacteriana
(MONTANARI et al., 2011) e entre outras. Dessa forma, se tornam de grande interesse
para indUstrias farmacéuticas, de alimentos, veterinérias e afins. Os OEs das espécies
desse género apresentam algumas variabilidades dependentes principalmente da época e
horério de coleta (ROSSATO et al., 2006) e também do material e 6rgdo vegetal
(SIMIONATTO et al., 2005; GOMES; FERREIRA, 2005). Ademais, ja existem muitos
quimiotipos identificados para o género Aloysia, como o 1,8-cineol, sabineno
(ROSSATO et al., 2006), neral, citronelal, R-tujona (LIRA et al., 2008) entre outros.
Nesse contexto, as principais caracteristicas botanicas de Aloysia hatschbachii sdo a
forma arbustiva (1,5 m de altura), coloracdo do caule marrom, as folhas opostas

cruzadas e gemas axilares maltiplas (ROMERO et al., 2002).

4.6.1.4 Rutaceae - Pilocarpus pennatifolius

A familia Rutaceae também merece destaque, pois tem importancia econdmica
por apresentar diversos frutos comestiveis e 6leos essenciais (LIAQAT et al., 2018).
Essa apresenta em nivel pantropical 2000 especies e 150 géneros (SOUZA; LORENZI,
2012) e em estudos mais recentes ja sdo descritas aproximadamente 2100 espécies e
quase 154 géneros para a familia Rutaceae (APPELHANS et al., 2021). As flores das
plantas dessa séo utilizadas na producdo comercial de 6leo (LIAQAT et al., 2018), pois
sdo muito perfumadas. Nesse sentido, a familia possui uma caracteristica marcante, a

qual é a presenca de cavidades secretoras contendo OEs (APPELHANS et al., 2021).
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Além disso, alguns constituintes isolados de OEs bastante conhecidos sdo oriundos de
plantas dessa familia, como por exemplo, citronela e bergamota (AZIZ et al., 2010).

Vale destacar alguns alcaloides fitocarbazoles oriundos de espécies da familia
Rutaceae que estdo a ser estudados como agentes protetores contra doencas
neurodegenerativas (TAN et al., 2022) e parecem ser potencialmente promissores.
Ademais, as espécies classificadas no género Pilocarpus apresentam a pilocarpina
(alcaloide), o qual ndo esta presente na composicdo do Oleo essencial. Porém, a
substancia ativa merece mencdo, pois tem grande importancia econdmica, sendo
produzidos em escala industrial no Brasil e oriundo geralmente de uma planta nativa do
Maranhé&o, o Pilocarpus microphyllus (LUCIO et al., 2002).

Outras espécies similares botanicamente a essa ganham destaque, como € o caso
da Pilocarpus pennatifolius. Essa é conhecida popularmente como jaborandi ou cutia-
branca (SANTOS; MORENO, 2004; SOUZA et al., 2003). No entanto, 0 género
Pilocarpus abriga varias espécies, as quais recebem a mesma nomenclatura popular de
jaborandi. Essa é de ocorréncia em varios Estados do Brasil, como Parana, Santa
Catarina, Rio Grande do Sul e entre outros (SOUZA et al., 2003). P. pennatifolius
possui distribuicdo latitudinal, sendo essa espécie uma das que apresenta maior
diversidade de compostos dentre as espécies de Pilocarpus (SANTOS; MORENO,
2004; SAWAYA et al., 2011).

A P. pennatifolius ainda possui poucas propriedades estabelecidas frente a outras
espécies do género, como por exemplo, a P. microphyllus (SKOPURA et al., 1996;
ALVES et al., 2018; DE ARAUJO SOUSA et al., 2021; EZIO et al., 2022). Nesse
contexto, essas espécies sdo na maioria das vezes lembradas por serem detentoras de
pilocarpina. No entanto, acumulam metabdlitos secundarios de fundamental
importancia, entre os quais estdo os OEs (SKOPURA et al., 1998; SANTOS et al.,
2004a; APOLINARIO et al., 2020).

Os OEs das plantas da familia Rutaceae ja possuem propriedades bioldgicas e
farmacoldgicas estabelecidas, como antimicrobiana (DE SOUZA et al., 2005;
VENUGOPALA et al., 2013; LV et al.,, 2015), antitumoral (BISI et al, 2017),
antioxidante (KASSIM et al.,2013) e anti-inflamatoria (ASGARPANAH, 2012; CHO et
al., 2012; SILVA et al., 2013a). Outro fator interessante sdo as infusbes de folhas
frescas, folhas secas e extratos, as quais sdo utilizadas na medicina popular para o

tratamento de diabetes, doencas hepéticas, asma e entre outras (DO CARMO et al.,
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2018) porém, ainda ndo estdo descritas na literatura cientifica, sendo, portanto,

atividades ndo comprovadas farmacologicamente.

4.6.1.5 Salicaceae - Casearia sylvestris

A familia Salicaceae apresenta aproximadamente 1.000 espécies e mais de 50
géneros (CHASE et al., 2002; BYNG et al., 2016). Nesse contexto, o género Casearia
possui cerca de 180 espécies (ZONG et al., 2019). Dessa forma, a espécie dessa familia
escolhida para extracdo do OE nesse trabalho é Casearia sylvestris. Essa € uma arvore
de porte pequeno, a qual € nativa e possui forte presenca na regido sul Brasil
(MAISTRO et al.,, 2004). Popularmente é conhecida como cafezeiro-do-mato,
guacatonga, guacatunga, cambroé, pau-de-lagarto, cha-de-bugre, erva-de-pontada e
entre outros (LORENZI, 2008). Esteves et al. (2005) descreveram a essa espécie
algumas propriedades de uso na medicina popular, como anestésico topico, antitérmico,
antiofidico, antiulcerativo, antisséptico, antidiarreico, antitumoral e entre outros. Ja
MORS (2000) abordou que o uso da espéecie também acontece em queimaduras e lesdes
cutaneas, sendo essa planta conhecida pelas agcbes antirreumatica, anti-inflamatoria,
depurativa, ténica e hemostatica para mucosas. Além disso, C. sylvestris é bastante
utilizada na terapéutica de gengivites, aftas, estomatites e também herpes labial e
genital. Para o OE dessa espécie ja foram relatadas possiveis propriedades antitumorais
(DA SILVA et al., 2008).

Figura 3. Exsicata (A) e folhas frescas (B) de Casearia sylvestris. Fonte: Autor

4.6.1.6 Boraginaceae - Cordia verbenaceae
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A familia Boraginaceae apresenta 90 géneros (CHACON et al., 2016) e
aproximadamente 2.000 espécies por todo o territorio mundial (DRESLER et al., 2017),
especialmente nas Américas do Norte, Central e do Sul (DE MELO 2012). Essa familia
apresenta folhas alternas, simples, muitas vezes espiraladas e raramente opostas ou
verticiladas (MELO; ANDRADE et al., 2007). Além disso, nessa familia se encontram
plantas de extrema relevancia para a farmacologia (DRESLER et al., 2017). No quesito
das contribuicGes taxondmicas para a familia, as mais importantes no Brasil sdo do
inicio da década passada (CAVALHEIRO et al. 2011).

O género Cordia tém algumas de suas espécies sendo utilizadas na medicina
popular para combater Ulceras gastricas e também como anti-inflamatorias
(ARREBOLA et al., 2004), geralmente o extrato bruto de folhas ou caules é utilizado,
sendo aplicado topicamente nas lesdes (MATIAS et al., 2010). Assim, elencamos uma
espécie para estudar suas propriedades sedativas e/ ou anestésicas em peixes. Essa é
conhecida popularmente por erva-baleeira, catinga-de-bardo, maria-rezadeira, erva-
preta, balieira-cambara e entre outros (LORENZI, 2008). Nesse contexto, esse arbusto
aromatico nativo, o qual esta presente em quase todo o Brasil, com maior proporcao na
regido litordnea (MARTIM et al., 2021). Felizmente o OE dessa planta j& se encontra
disponivel na industria para ser comercializado, tendo como nome cientifico Cordia
curassavica ou também conhecida por Cordia verbenacea (ARREBOLA et al., 2004).

A espécie esta presente no Rio Grande do Sul e geralmente é encontrada no
litoral (MARTIN et al., 2021), tendo muitas indicacdes terapéuticas, porém a espécie
destaca-se devido ao seu Oleo essencial, o qual foi usado na producdo do primeiro
fitoterapico de acdo anti-inflamatéria desenvolvido totalmente no Brasil (MARQUES et
al.,, 2019). Esse em forma farmacéutica de creme recebeu o nome comercial de
Acheflan® e sua producéo foi realizada pelo Laboratério Aché (QUISPE-CONDORI et
al., 2008; GONELI et al. 2014). Nesse contexto, esse fitoterapico produzido a partir do
6leo essencial das folhas dessa planta (GILBERT et al., 2012) foi um sucesso de
prescricdo e alcangou altos indices de faturamento, sendo exportado para varios paises,
como Japao, México e entre outros (OLIVEIRA, 2017).

O creme de Cordia verbenacea (0,5 %) ja apresentou eficacia no tratamento de
lesGes, tendo sua eficacia comparada ao diclofenaco, principalmente para tratar tendinite
crbnica e dor miofascial (REFSIO et al., 2005; FLORIANO et al., 2018). Ademais, a
espécie é indicada contra inflamacdes, Ulceras, artrites e entre outras (MARQUES et al.,

2019). Lorenzi (2008) indica que na medicina popular também é utilizada como
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analgésica, anti-inflamatdria, antiartritica, antiulcerogénica, em casos de gota, dores
musculares/coluna, contusdes, nevralgias, como tonica e entre outras. Além disso, ndo
foram encontrados relatos de efeitos adversos, somente um caso de prurido no local de
aplicacdo (BRANDAO et al., 2006; GILBERT et al., 2012).

H& também uma descri¢do da acdo antimicrobiana (HERNANDEZ et al., 2007)
para 0 OE das partes aéreas e folhas, sendo observada a eficicia contra algumas
bactérias Gram-positivas, fungos e apenas contra um género Gram-negativo (Protium)
(CARVALHO et al.,, 2004). Uma influéncia dessa planta na atividade de alguns
antibidticos também tem sido relatada, demonstrando que este pode ser um potente
agente adjuvante contra bactérias patogénicas, principalmente aquelas do trato
respiratorio (RODRIGUES et al., 2012). Além disso, possui acdo antiulcerogénica
(SERTIE et al., 2005), atividade antiofidica (TICLI et al., 2005), atividade antifungica
(Cladosporium cucumerinum e Candida albicans) e propriedades larvicidas contra o
mosquito da febre amarela (IOSET et al.,, 2000). O extrato etanélico das folhas
apresentou atividade anestésica e analgésica em ratos, com atividade anestésica
detectada nas doses de 1,24 e 2,48 mg/kg, e discreta atividade analgésica nas doses de
2,48 mg/kg (SERTIE et al., 2005). No entanto, Roldo et al. (2008) utilizando extrato
de folhas de Cordia verbenacea ndo encontraram atividade analgésica, mas
demonstraram potente acdo antitlcera em lesbes gastricas. Nesse contexto, a industria
farmacéutica tem interesse nesta planta, principalmente para a producdo de agentes

terapéuticos para uso humano (MICHIELIN et al., 2009).

4.6.2 Oleos Essenciais como Sedativos e Anestésicos em Peixes

Os oOleos essenciais sdo produtos oriundos do metabolismo secundario das
plantas (SOUZA et al., 2019), os quais podem apresentar misturas complexas de
componentes (MORAIS, 2009). Esses possuem diversas atividades bioldgicas
(HELDWEIN, 2011) e também podem apresentar atividade central, na dependéncia de
sua composicdo quimica (PASSOS et al., 2009). Exemplo disso s&o os diversos estudos
cientificos que estabeleceram atividades anestésicas e/ou sedativas para determinados
OEs, sendo também visualizado que esses reduziram e atenuaram o estresse nos peixes
(SOUZA et al.,, 2017). Dessa forma, os OEs sdo misturas de substancias volateis,

liquidas, lipofilicas, odoriferas (EDRIS, 2007) e que sdo geralmente constituidos de
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varios componentes, 0s quais apresentam variagdes em suas propriedades quimicas
(HUSSAIN et al., 2008).

Até o momento foram estabelecidos importantes OEs para uso em peixes, por
meio de estudos utilizando o0 mesmo modelo experimental escolhido para esse trabalho,
como por exemplo o OE de Lippia alba (CUNHA, et al., 2010) e seu constituinte
majoritario isolado linalol (HELDWEIN et al, 2014; SILVA et al., 2017), também o
constituinte isolado do OE de cravo, o eugenol (CUNHA, 2007). Alem dos ja citados,
destacam-se os OEs de Aloysia tryphylla (PARODI, et al., 2014), Hyptis mutabilis
(SILVA et al., 2013b), Ocimum gratissimum (SILVA et al., 2012), Ocimum
americanum (SILVA et al., 2015), Nectandra grandiflora (GARLET et al., 2019) e do
constituinte isolado deidrofuquinona (GARLET et al., 2017). Além disso, o OE de
Cymbopogon nardus induz a anestesia profunda, sendo visualizada perda de ténus
muscular e depressdo cardiorrespiratoria transitoria, na dependéncia da concentracéo e
da espécie aquética avaliada (BARBAS et al., 2017a).

Vaérios OEs utilizados em peixes ja apresentaram diferentes atividades descritas,
como na prevencgdo ao estresse oxidativo, diminuicdo do cortisol plasméatico em jundias
(SOUZA et al.,, 2018) e também geralmente apresentam rapida dispersdo em
membranas bioldgicas, pois apresentam lipossolubilidade/propriedades lipofilicas.
Dessa forma, acabam por modular muitas fun¢Bes no organismo, principalmente em
nivel de sistema nervoso central (SNC) (MANAYI et al., 2016). Assim, ja existem
varios trabalhos como esse que buscam estabelecer o potencial anestésico e sedativo de
6leos essenciais, como os que ja foram citados e também os de plantas como
Hesperozygis ringens, Lippia sidoides, Melaleuca alternifolia, Nectandra
megapotamica, Ocotea acutifolia e, entre outras (HAJEK, 2011; GRESSLER et al.,
2014; TONDOLDO et al., 2013). Portanto, varios 0leos essenciais oriundos de plantas
apresentam propriedades anestésicas e/ ou sedativas frente a espécies aquaticas (ROSS,
ROSS, 2008; CUNHA et al., 2011).

No entanto, visto a grande variedade de estruturas quimicas, atividades
farmacoldgicas e mecanismos de acdo detectados para os OEs de plantas nativas e seus
compostos majoritarios (HELDWEIN, 2011), e considerando a grande biodiversidade
de nosso pais (SIMOES et al., 2017), os metabélitos vegetais secundarios das espécies
nativas tém um potencial farmacoldgico a ser explorado. Dessa forma, os OEs de
plantas nativas sdo promissores para o desenvolvimento de novos farmacos (SOUZA et

al., 2019), principalmente para 0 uso veterinario, ou seja, podem substituir muitos
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farmacos sintéticos (AHMAD; BEG, 2001). Assim, surge a necessidade de novas
descobertas de OEs, os quais tenham atividade depressora do sistema nervoso central,
pois hd wuma falta desses no mercado, principalmente para substituir
sedativos/anestésicos sintéticos de dificil acesso e de alto valor comercial (VICENTE,
2014).

4.7 O PEIXE Rhamdia quelen COMO MODELO ANIMAL EM PESQUISA

Nas ultimas décadas, os peixes estdo sendo utilizados de maneira intensa como
modelos experimentais em laboratérios de pesquisa (SMITH, 2014), principalmente
para o desenvolvimento de medicamentos para a producdo animal. Nesse contexto, se
destaca a especie nativa da América Latina e do México, conhecida popularmente por
Jundia (Rhamdia quelen), pois tem 6timo potencial de desenvolvimento (ADORIAN et
al., 2020), sendo um dos peixes nativos mais estudado no Brasil (GOMES et al., 2000;
BALDISSEROTTO, 2004; LAZZARI et al., 2006; CUNHA et al., 2010; BECKER et
al., 2012; SUTILI et al., 2013; BALDISSEROTTO et al., 2014; SOUZA et al., 2015;
PES et al., 2016; BANDEIRA JUNIOR et al., 2018). Dessa forma, muitos piscicultores
da regido Sul do Brasil tiveram interesse na criacdo dessa espécie, sendo que hoje a
maior parte do cultivo esta concentrada nas regides sul, principalmente Rio Grande do
Sul (GOMES et al., 2000; LAZZARI et al., 2006).

Porém, ndo foram somente esses fatos que chamaram a atencdo dos produtores e
pesquisadores, mas também pelo jundia ser resistente as baixas temperaturas, aceitar
diferentes tipos de dieta, ser de rapido crescimento e se adaptar a ambientes artificiais
(CARNEIRO et al., 2002; COLDEBELLA; RADUNZ, 2002; BARCELLOS et al.,
2004; FRACALOSSI et al., 2004). Dessa forma, o pais vem expandindo suas areas
produtivas e busca por sistemas de producdo intensivos, 0s quais aumentam
produtividade, porém também elevam o estresse nos peixes, geralmente pelo excesso de
manuseio e da necessidade de transporte (DA SILVEIRA et al., 2009) o que também
pode desencadear varias doencas. Nesse sentido, surge a necessidade de pesquisar e
desenvolver farmacos especificos para o uso em aquicultura. Dessa forma, o mais

apropriado para esse caso € a utilizacdo de peixes como modelo experimental.
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O jundia (R. quelen) é bastante utilizado como modelo de experimentacdo em
pesquisas farmacoldgicas. Assim, ja foi utilizado para determinagdo de concentracdes
adequadas de OEs e de seus constituintes isolados para sedacdo e/ ou anestesia
(CUNHA et al., 2010; PARODI et al., 2014; BECKER et al., 2012), em estudos de
mecanismo de acdo GABAérgico, os quais visavam explicar o efeito depressor central e
toxico dos extrativos (HELDWEIN et al., 2012; SILVA et al., 2012; 2013; BENOVIT
et al, 2015; BIANCHINI et al., 2017). Ja foi utilizado para avaliacGes de tolerancia as
concentracdes ativas quando em exposicao repetida como, por exemplo, ocorre com
benzodiazepinicos (SILVA et al., 2012), avaliacdo da poténcia de inducéo anestésica de
constituintes isdbmeros (SILVA et al., 2017) e para se analisar a expressdo génica do
receptor GABAérgico no tecido cerebral (GARLET et al., 2019).

Esse peixe também foi utilizado para determinacdo de agdo antiparasitaria de
OEs/ e constituintes isolados (DA CUNHA et al., 2017; HEINZMANN et al., 2011;
SUTILI et al.,, 2013), antibacteriana (ROSA et al., 2019; SUTILI, et al.,, 2013) e
analgésica (RODRIGUES et al, 2019). Além disso, existem estudos realizados com o
jundid na década passada, os quais avaliam o potencial aversivo de anestésicos
(BANDEIRA JR. et al, 2021), de OEs como promotores de crescimento
(ZEPPENFELD et al., 2016) e também em estudos farmacocinéticos (BIANCHINI et
al., 2020), entre outros. Portanto, os estudos indicam que a espécie R. quelen é adequada

e bastante utilizada como modelo animal.
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ABSTRACT

The sedative and anesthetic actions of several essential oils (EOs) in fish have
been demonstrated, stimulating the search for new natural anesthetics options. Thus, the
sedative and anesthetic efficacy of the EOs of six plants native to Brazil, Acmella
oleracea (jambu), Prunnus myrtifolia (pessegueiro-do-mato), Aloysia hatschbachii,
Pilocarpus pennatifolius (jaborandi), Casearia sylvestris (guagatonga) and Cordea
verbenacea (erva-baleeira) were tested in silver catfish (Rhamdia quelen) juveniles (n =
eight per group). The fish were acclimated in the laboratory for a week. The plant
materials come from the cities of Frederico Westphalen, Santa Maria and Séo Jodo do
Polésine, RS. The extraction of EOs was performed by hydrodistillation in a Clevenger
apparatus, for 3 hours. Furthermore, one of the OEs was acquired commercially in a
specialized company. The determination of the EOs chemical composition was
established by gas chromatography. The concentrations of the EOs tested ranged from
20 to 400 mg L™ in the anesthetic induction and recovery protocols. In long-exposure
trials, the concentrations studied ranged from 10 to 100 mg L™. In this context, EOs
showed sedative and/or anesthetic activities, but in certain concentrations there were
important adverse effects and/or mortality. Considering the results obtained, some EOs
can be considered promising for the use in aquaculture, such as the EO of Pilocarpus
pennatifolius (50 mg L), Cordia verbenacea (50 mg L™) and Casearia sylvestris (100
mg L™) for sedation, Prunus myrtifolia and Aloysia hatschbachi for sedation and

anesthesia.

Keywords: Sedation; Anesthesia; Recovery; Safety; Adverse effects.
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Introduction

Animal production, more specifically the aquaculture sector in Brazil and in the
world, is one of the activities that has shown one of the highest growth rates in recent
years (ANUALPEC, 2018; FAO, 2020). However, several basic procedures in fish
farming, such as biometrics and transport, can be stressful when no sedative/anesthetic
is used (SOUZA et al, 2019). In this context, the use of anesthetics comes in, but those
of synthetic origin (tricaine methanesulfonate - MS-222, benzocaine and others) are
expensive (BARBAS et al., 2017) and can cause mucus loss, tissue irritation, hypoxia,
acidosis and increased serum cortisol, among other adverse effects (ZAHL et al., 2011;
SNEDDON, 2012).

Thus, those of natural origin stand out, more precisely essential oils (EOs) and
their isolated constituents (SOUZA et al., 2019), mainly because they are biodegradable
and may present low intoxication rates (FIGUEIREDO et al., 2008). In addition, most
of the time they are very close to what is expected of an ideal anesthetic for animal
production, that is, they have characteristics such as good availability, ease of use, and
are safe for the environment, the animal and the handler (BARBAS et al., 2020). They
cause a reduction in the release of chemical residues to the environment (AMANI;
JAMES, 2007) and minimize stress and mortality (BHUVANESWARI et al., 2015).
The choice of plant species was also based on their botanical classification, since they
belong to families that have already species with promising activities for sedation,
analgesia and anesthesia, having sometimes been evaluated in another experimental
models.

The Acmella genus is distributed in tropical and subtropical regions, and more
than 60 species are classified in this genus (SAHU et al., 2011). In this sense, the
species A. oleracea of the Asteraceae family stands out in Brazil, as it is cultivated
throughout the year (ROMAO et al., 2015), usually in wetlands (TIWARI et al., 2011).
It has flowers and leaves with a spicy flavor and when ingested, they cause a sensation
of numbness and tingling in the tongue (WONGSAWATKUL et al., 2008). The genus
Prunus is present in the northern, southern, and southeastern Brazil and has species of
high commercial value, such as P. persica (peaches), P. domestica (plums), P. dulcis
(almonds) (SOUZA; LORENZI, 2005), among others. Thus, a species of this genus and



87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

42

belonging to the Rosaceae family, P. myrtifolia, also stands out, as it is a native plant
with wide geographic distribution in the country. The genus Aloysia has importance for
aquaculture, because some of its species offer benefits to this sector, such as the plant
species A. tryphylla (PARODI et al., 2020). It also presents a species that showed
possible antidepressant and anxiolytic properties in studies with Danio rerio (MELO et
al., 2019). Thus, this genus has species to be characterized, such as A. hatschbachii,
from the Verbenaceae family.

The genus Pilocarpus of the Rutaceae family has eleven species which are
exclusive to Brazilian territory, and this family has remarkable morphological
characteristics, as it has schizogenous secretory cavities rich in EOs (APPELHANS et
al., 2021). In this sense, P. pennatifolius needs to have its EO studied because the
investigations of species of this genus usually look for a specific alkaloid (pilocarpine)
of pharmacological importance, which is not present in the EO. The genus Casearia has
approximately 180 species and belongs to the Salicaceae family, which is easy to
hybridize (ZONG et al. 2019). Casearia sylvestris is an example of a native plant that
stands out for its possible antitumor properties (DA SILVA et al., 2008). In this context,
they need to have their properties even more established, especially in terms of sedative
and/or anesthetic potential. The genus Cordia is widely distributed in tropical and
subtropical regions of the world, this one belongs to the Boraginaceae family, which
varies widely, mainly in terms of floral and fruit characteristics (ATTAR et al. 2018).
Thus, Cordia verbenacea stands out as a native aromatic shrub whitch is present
throughout Brazil, with a higher proportion in the coastal region (MARTIN et al.,
2021). Therefore, studying nine EOs from these six native plants, we aimed to establish
whether they would have sedative and/or anesthetic potential, if at least one has
adequate anesthetic induction and recovery times and does not result in adverse effects
and/or mortality.

In this context, the experimental model used was the silver catfish (Rhamdia
quelen), a fish species native to southern Brazil, widely used to establish effects of
progressive depression of the central nervous system and also for production purposes
(BALDISSEROTTO et al., 2014; PES et al., 2016). Therefore, the objective of this
study was to evaluate essential oils from Brazilian native plants, collected and/or
cultivated in Rio Grande do Sul (RS), which had not yet their sedative and anesthetic

properties tested and established in fish and crustaceans.
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Materials and Methods

2.1  Study Strategy

In this work juveniles of Rhamdia quelen were used as an animal model to
evaluate the potential of nine essential oils, from six Brazilian medicinal plants, for the
generation of new sedatives and/or anesthetics for fish. The silver catfish juveniles were
acclimatized for two weeks and exposed to essential oils individually, in all protocols.
Before the experiments, the fish were fasted for 12 hours and the oils were previously
diluted in 95% ethanol (1:10) and added directly to the aquarium water. Thus, the
administration occurred by inhalation of essential oils by the fish. Clinical and
behavioral signs compatible with central depression were evaluated. Times were

recorded in s, weight in g and size in cm.

2.2  Collection of plant material

Six species of plants native to Brazil were collected or cultivated in the state of

RS (Table 1) to furnish nine essential oils.

2.3 Obtaining essential oils and analyzing their chemical compositions

The EOs were obtained by hydrodistillation for three hours, using a modified
Clevenger apparatus (EUROPEAN PHARMACOPOEIA, 2010). The oils were placed
in amber glass vials, sealed and stored at -4 °C. Qualitative analysis of the composition
and percentage of EO components was performed by gas chromatography in an Agilent
7890A hyphenated system, equipped with a 5975C series mass selective detector. The
analysis parameters were as follows: split inlet injection mode 1:50; carrier gas: He (1
mL min™); DB5-MS fused silica capillary column (5% phenylmethylsiloxane, 30 m x
0.25 mm, film thickness: 0.25 pm); oven heating program: 40°C, (Ti) for 4 min, 40-
320°C at 4°C/min; inlet, detector and interface temperature: 250 °C. The components
were identified by comparing the fragmentation patterns of the mass spectra and the

Kovats retention indices (KI), determined using a calibration curve of a homologous



153
154
155
156
157
158
159
160

161

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

44

series of n-alkanes (C8-C40), with literature data and with the equipment library (NIST,
2008; ADAMS, 2011; SILVA, 2015; GARLET et al., 2019). The quantification of the
compounds was performed by gas chromatography with flame ionization detection in an
Agilent 7890A chromatograph. The analysis parameters were the same as mentioned
above, with the exception of the splitless injection, as well as the inlet and detector
temperature (300 °C).

2.4 Fish maintenance

The present study is registered in SISGEN under No. A6FA8B7 and was
approved by the Ethics Committee of UFSM, under No. 6037240221. 248 juveniles (n
= 8) of silver catfish (Rhamdia quelen) were used for the protocol of item 2.4 and 208
individuals of the same species for the experiment described in 2.5. The total number of
animals used was 456, weighing 4.52 + 1.66 g and with a size of 7.49 £ 1.22 cm. These
were acquired in a fish farm in Santa Maria, RS and transported to the Fish Physiology
Laboratory. The fish were placed in 250 L tanks with constant aeration, protected from
light, at 22 °C, fed with commercial ration (32% of CP), supplied until satiation three
times a day (8, 13 and 18 h). Daily, 10% of the water in the tanks was replaced 30
minutes after feeding, to remove faeces and uneaten food. In addition, dissolved oxygen
levels were measured daily with a YSI55 oximeter (6.67 + 0.20 mg L™), pH with pH
meter (7.52 = 0.24 units) and temperature (22.1 + 0.85 °C). The animals were tested
individually in aquariums (11.5 cm high x 12.5 cm wide x 17.5 cm long) containing 1 L
of aerated water. At the end of the protocols, euthanasia was performed. Therefore the
fish were anesthetized by immersion in eugenol (100 mg L L™) and then bone marrow
transection was performed (BALKO et al., 2018).

2.5  Sedative and/or anesthetic induction and recovery

The EOs were previously diluted in 95% ethanol (1:10), and were tested at the
following concentrations (n= 8): AOOI - 50, 100, 200 and 300 mg L™; AOOQi - 20, 80
and 100 mg L™; AHOI - 50, 100 and 300 mg L™*; PMOI - 100, 200 and 300 mg L™
PMOi - 100 and 300 mg L™, PPO1 - 50, 100 and 300 mg L™*; CSOI; and CSOl, - 100,
200 and 300 mg L*; CVOI - 50, 80, 100, 200, 300 and 400 mg L™. The samples were



186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

204

205
206
207
208
209
210
211
212
213
214
215
216
217
218

45

initially evaluated in pilot tests, with a concentration of 100 mg L™. Thus, if 100 mg L™
induced stage S4, lower concentrations were tested. If S4 was not reached, the
concentrations to be tested were increased. Eugenol (50 mg L™) (CUNHA et al. 2010)
was used as a positive control. Anesthetic and/or sedative induction and recovery were
evaluated using the stages described by GOMES et al. (2011): S2 - deep sedation (loss
of reaction to external stimuli); S3a - partial loss of balance (animals swim sideways);
S3b - total loss of balance (loss of swimming ability, but fish respond to pressure on the
caudal peduncle, descending to the bottom of the aquarium); S4 - anesthesia (loss of
reflexes; fish do not respond to pressure stimuli on the caudal peduncle) and S5 - bulbar
collapse (respiratory movements cease/death).

When the animals reached the S4 stage, or within a maximum time of 30 min.,
they were transferred to recovery aquariums, which contained only 1 L of water and
aeration. To determine the recovery times, the time elapsed until the fish returned to
normal swimming behavior was observed. Each animal was used only once and the

induction and recovery times were measured with a digital stopwatch.

2.6 Long-term exposure protocol

In this experiment, fish (n= 8) were exposed individually and all at the same
time to EOs for up to 48 h, and were observed for 5 min at times of 0, 10, 20 and 30
min, 1, 2, 3, 6, 12, 24 and 48 h, to check possible adverse effects and mortality. The
concentrations (Table 2) were chosen according to the adverse effects that some EQOs
presented in the protocols described in Sedative and/or anesthetic induction and
recovery and/or because they are sedative concentrations, aiming to evaluate possible
bulbar collapse or intensification of observed adverse reactions. In addition, a stimulus
was applied to the caudal peduncle with a glass rod, in specimens that appeared to be in
the S4 stage. The control used in this protocol was ethanol, which had no effect on the
experimental models. Ethanol was used to assess whether it really did not cause adverse
effects and/or mortality in fish. Eugenol was not used in this protocol, since we did not

want to compare adverse effects and/or mortality.

2.7 Statistical Analysis
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Comparisons between the different concentrations of each EO were performed
using the Kruskal-Wallis test for non-parametric data followed by Dunn's test, using
Prism software version 9.0. The significance level considered was 5% (p< 0.05). To
construct the concentration-response curves, the “log (agonist) vs. Response — Find E
Canything” available in the software were applied. The parameter indicated was EC50,
thus, the concentration of the agonist (X) that offers an average response between
minimum and maximum was considered. In this way, the data were obtained according
to the following equation:

Y = Minimum + (Maximum-Minimum) / (1 + 10 * (LogeC50-X)).

Results

3.1  Chemical composition of essential oils

The major compounds of each EO were p-Ocimene (for AOQOI), P
Caryophyllene (for AOOQI), Eucalyptol (for AHOI), Benzaldehyde (for PMOi and
PMOI), 2-Undecanone (for PPOI), Germacrene D (for CSOIl; and CSOl,) and a-pinene
(for CVOI) (Table 3).

3.2 Anesthetic induction and recovery protocol

Sedation (S2) with eugenol 50 mg L™ was achieved in 23.5 + 6.6 s and
anesthesia (S4) in 205.8 + 32.3 s, with a recovery time of 533.5 + 117.1 s.

3.2.1 Acmella oleracea essential oils (AOOi and AOOQI)

Silver catfish exposed to AOOQi [table 4. (a)] at 20 mg L™ took longer to reach
stages S2, S3a and S3b than those submitted to 80 and 100 mg L™. However, there was
no statistically significant difference in the time taken to reach S4 between the three
concentrations. Fish anesthetized with 20 and 80 mg L™ recovered within 30 min. Of
the AOOI evaluated concentrations [table 4. (b)], 50 mg L™ was the one that took the
longest to reach S2, in contrast to the concentration of 300 mg L™, which was the faster

to reach this stage. Considering all concentrations evaluated, the time to reach stage S2
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was inversely proportional to the increase in concentration. In general, the same pattern
was also observed for stages S3a and S3b. In the anesthesia stage (S4) the

concentrations of 100 and 300 mg L™ differed from each other.

3.2.2  Aloysia hatschbachii essential oil (AHOI)

The concentrations of AHOI evaluated [table 4. (c)] did not differ statistically to
reach stage S2. The concentration of 300 mg L™ reached the S3a and S3b stages in a
shorter time. The times to reach S4 and recovery did not show statistical differences

between the evaluated concentrations.

3.2.3  Prunus myrtifolia essential oils (PMQi and PMOI)

In the evaluation of PMOQi [table 4. (d)] there was no statistically significant
difference to reach S2 between concentrations. At 100 mg L™, stages S3a, S3b and S4
were not reached, contrary to what was observed for 300 mg L™. The recovery times of
silver catfish submitted to concentrations of 300 and 100 mg L™ did not show
significant differences. For PMOI [table 4. (e)] the three concentrations evaluated did
not show statistical differences regarding the time required for silver catfish to reach the
S2 stage. However, only the two highest concentrations reached S3a, S3b and S4, but
no statistical difference was found. Regarding recovery, the times did not show
statistical differences between concentrations.

3.2.4 Pilocarpus pennatifolius essential oil (PPOI)

For PPOI [table 4. (f)] the three concentrations evaluated did not differ in time
to reach stage S2. The stages S3a, S3b and S4 were reached only by the concentration
of 300 mg L™. In terms of recovery, the concentrations of 50 and 100 mg L™ did not
differ statistically, however the fish in these groups recovered faster than those

submitted to the highest concentration, of 300 mg L™.

3.2.5 Casearia sylvestris essential oils (CSOI; and CSOl,)
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None of the tested concentrations of essential oil from CSOIl; [table 4. (9)]
reached stages S3b and S4. Furthermore, only under the action of 300 mg L™ the fish
reached S3a stage. In addition, no significant differences were found between the
concentrations studied regarding recovery times. In the evaluations with CSOlI, [table 4.
(h)], the concentrations took the fish only to S2, being the shortest time to induce this
stage observed for 300 mg L™. However, the times of the two lowest concentrations did
not differ statistically from each other. Furthermore, the recovery times also did not

differ between the concentrations evaluated.

3.2.6 Cordia verbenacea essential oil (CVOI)

Regarding the evaluations with CVOI [table 4. (i)], an inversely proportional
relationship between concentration and induction time was observed for S2, which was
reached by all concentrations studied. Stages S3a and S3b were not reached by 50 and
80 mg L™, which, in the same way as the concentration of 100 mg L™, did not lead the
fish to stage S4. The concentrations that induced S3a also followed the same pattern, i.
e., the increase in concentration decreased the time observed to reach this stage, but
without statistical difference. Stages S3a and S3b were reached by fish submitted to
concentrations of 100 — 400 mg L™, without significant difference between them. S4
stage was induced between 200 — 400 mg L™, also without significant differences

between the concentrations. Recovery times did not differ statistically from each other.

3.3 Long exposure protocol

3.3.1 Acmella oleracea essential oils (AOQi e AOQI)

For AOOi [Figure 1(a)], the concentration of 10 mg L™ induced the S4 stage in
fish, from 30 min to 2 h; afterwards, the fish reached the S5 stage, with total mortality.
At 25 mg L™ the silver catfish reached S4 stage in 20 min, however in 30 min some
individuals were in S5 and in the evaluation of 1 h, 87.5% of the animals were dead.
After 3 h, all fish were in S5. At the concentration of 30 mg L™, the animals entered S4
stage from 20 min to 2 h, and at 3 h, all were in S5 stage. In the long-exposure protocols
with AOOI [Figure 1 (b)], the concentration of 10 mg L™ sedated part of the animals at

10 minutes and in the evaluation of 20 and 30 minutes all fish were in S2. From this
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moment until the last evaluation (48 h) all animals showed normal behavior. At 25 mg
L™ the fish remained in S2 stage from 10 to 30 minutes. However, after 1 h, all showed
normal behavior, which was repeated until the last evaluation, however 12.5% of the
fish were in S5 in the 48-hour evaluation. At 70 mg L™, after 10 minutes, the animals
were in S2, at 20 minutes 50% of the fish were in S2 and the others in S3a or presented
normal behavior. In the evaluation after 2 h, the S2 stages were visualized in 62.5% of
the fish, and the S3b and S4 stages were visualized in the other fish. However, after 3 h,
37.5% of the fish were observed in S2, and the other animals were in S3a, S3b and

without central depression. In the evaluation after 12 hours, all were normal.

3.3.2 Aloysia hatschbachii leaves essential oil (AHOI)

At 20 mg L™, after 10 min to 3 h, all animals were in S2. However, from 3to 6
h, 87.5% of the animals remained in S2. After 12 h of the beginning of the experiment,
the animals showed normal behavior, remaining in this state until the last evaluation (48
h). At the concentration of 50 mg L™, after 10 minutes 75% of the fish were in S4 and
the others in S3b. However, after 20 minutes, 87.5% of the fish were in S4 and the
others in S3b, and after 30 minutes they were all in S4. In the evaluation after 1 h of the
beginning of the experiment, the events observed at 20 min were repeated. After 3 h,
37.5% of the fish were in S3a, while the others were distributed between S3b and S4
stages. At the observation time of 6 h, 87.5% of the fish were in the S2 stage. In the
evaluation of 12, 24 and 48 h, all animals showed normal behavior. The concentration
of 100 mg L™ induced the S4 stage after 10 minutes until 2 h in all animals. In the 3 h
evaluation, all the fish were in S5 [Figure 1(c)].

3.3.3  Prunus myrtifolia essential oils (PMOi e PMOI)

At 30 mg L™ of PMOi, the fish showed normal behavior in the evaluation from 0
to 30 minutes. However, after 1 and 2 h, 100% of the fish were in S2 [figure 1(d)]. In
the evaluation after 3 h of the experiment beginning, 50% of the animals were in S2 and
the others had normal behavior. In the evaluation of 6, 12, 24 and 48 h, all animals
showed normal behavior. At 100 mg L™, only the S2 stage could be visualized ater 10
min until 1 h. However at 2 h, 37.5% of the animals were in S3a. In the evaluation after
3 h until 48 h from the beginning of the experiment, all the animals showed normal
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behavior, but the animals presented head hyperemia. For PMOI [Figure 1 (e)] the
concentration of 100 mg L™ induced the S2 stage at 30 min from the beginning of the
experiment, which was maintained in the evaluations after 1 and 2 h. From 3 h, all fish
showed normal behavior, however, from the 12 h evaluation, they showed head

hyperemia, in a similar way to that described for PMOi.
3.3.4 Pilocarpus pennatifolius leaves essential oil (PPOI)

At the concentration of 25 mg L™, all fish showed normal behavior, except from
30 minutes up to 1 hour, in which the fish were in stage S2 [Figure 1(f)]. However,
12.5% of the animals under evaluation reached the S5 stage at the end of the experiment
(48 h). At the concentration of 50 mg L™, after 10 and 20 minutes from the beginning of
the experiment, the animals were already in S2, and 87.5% of the fish remained at this
stage in the evaluations after 30 minutes and 1 h, while the other fish (12.5%) were in
S3b. After 2 hours, 12.5% of the fish were in S3a, another 12.5% in the S3b stage, while
the majority of the animals (75%) remained in S2. In the 3-h evaluation, 87.5% of the
animals were in S2, and the others were in S3a. From the evaluation of 6 h up to the end
of the experiment (48 h) all animals showed normal behavior. At 100 mg L™, at 10 and
20 minutes, the animals were in stage S2, in the following evaluation (30 min after the
beginning of the experiment) stage S3b was observed, without change until the
evaluation of 2 h. In the 3 h evaluation, 62.5 % of the fish were in S3a and the others in
S3b, and in the 6 h evaluation, a decrease in the signs of central depression was
observed in the animals, which were in the immediately superior stage, S2 and S3a,
respectively. Finally, in the evaluation of 12 and 24 hours, all animals returned to stage

S2, and in the last evaluation (48 hours) normal behavior was observed in all fish.
3.3.5 Caseria sylvestris leaves essential oils (CSOI; and CSOl,)

At 80 mg L™ of CSOI, [Figure 1 (g)] the exposed fish showed normal behavior
from 0 to 30 minutes. Already 1 h after the beginning of the experiment, 62.5% of the
animals were in S2 and the others showed normal behavior. At the 2-hour evaluation,
100% of the fish were in S2. After 3 hours from the beginning of the experiment, 50 %
were in S2, 37.5 % were in S3a and 12.5 % were in S3b. In the 6 h evaluation, 87.5 %
of the animals returned to the S2 stage, with only 12.5 % remaining in S3b. At 12 h, 50
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% of the fish were in S2, 37.5 % in S3a and 12.5 % were still in S3b. In the 24-hour
evaluation, 37.5 % of the fish were in the S2 stage, 12.5 % in S3b and the others
showed normal behavior. In the last evaluation (48 h) 12.5% of the fish were observed
in the S2 stage, the same percentage in S3a and S3b and the other fish showed normal
behavior. The concentration of 90 mg L™ induced the S2 stage in 50% of the animals at
10 minutes, while the remaining 50% showed normal behavior. At 20 and 30 minutes
100% of the animals were in S2. One hour after the beginning of the experiment, 25%
of the fish were in the S3a stage and the remaining 75% remained in S2. In the
evaluations of 2, 3 and 6 hours, all were in S2. In the 12 h assessment, 12.5% were in
normal condition, 12.5% in S3b and the remaining 75% in S3a. After 24 h from the
beginning of the experiments, 12.5% of the fish were in normal condition, 37.5% in S2
and the rest in S3b. In the last evaluation (48 h) 12.5% of the fish were observed in the
S2 stage, the same percentage in S3a and S3b and the other fish showed normal
behavior. The concentration of 100 mg L™ induced the S2 stage from 10 to 30 minutes
in all animals. In the 1 h evaluation, 75% of the fish were in S2 stage, while the others
were in S3a. Two hours after the beginning of the experiment, 37.5 % of the fish were
in the S3a stage, 12.5 % in S3b and the rest in S2. The depression of the fish CNS was
gradually accentuated, and 12.5% of the animals reached the S5 stage six hours after the
beginning of the experiment. After 12 hours from the beginning of the experiment, 50%
of the fish were in S5. At 24 hours, 25% of the remaining fish were in the S4 stage and
12.5% in S5, and at 48 hours only the S5 stage was found.

CSOl, at a concentration of 80 mg L™ induced S2 stage in the animals, from the
evaluation of 20 minutes to 2 h. Three hours after the beginning of the experiments, all
animals were in S3a and in the evaluation after 6 hours, all were in S3b. However, after
12, 24 and 48 h, the fish showed normal behavior. At 90 mg L™, sedation (S2) was
verified 20 minutes after the beginning of the experiment and the behavior remained
unchanged in the following times, until the evaluation at 2 h [Figure 1(h)]. In the
evaluations after 3, 6 and 12 h of the beginning of the experiment, all the fish were in
S3a stage. In the 24-hour assessment, all were in S3b. After 48 h from the beginning of
the experiment, all the animals were in S4 stage. At 100 mg L™ at 10 minutes, all
animals were in stage S2, which was also visualized in the evaluations at 20, 30 minutes
and 1 h. In the evaluation after 2 h of the beginning of the experiment, all the fish were
in S3a and in the evaluation of 3 h, 100% of the animals were in S3b stage. In the 6-h

evaluation, the fish were in S4 stage. However, at 12 h after the beginning of the



423
424
425
426

427

428

429
430

431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456

52

experiment, 87.5% of the animals were in S5, with 12.5% of the fish remaining in S4.
This minority of animals reached the S5 stage 24 h after the beginning of the

experiment.

3.3.6 Cordia verbenacea leaves essential oils (CVOI)

From 0 to 30 minutes and 1 h, no behavioral changes were observed in animals
submitted to CVOI at a concentration of 50 mg L™ [Figure 1(i)]. In the evaluation at 2, 3
and 6 h, 100% of the fish were in S2. However, in the evaluation after 12 h until the last
evaluation (48 h), 100% of the animals showed normal behavior. At the concentration
of 80 mg L™, after 10 minutes the animals were already in S2 and remained so until the
30-minute evaluation. In the evaluation after 1 h of the beginning of the experiment, 25
% of the fish were in S2, 62.5 % in S3a and 12.5 % in S3b. In the evaluation at 2 h, 12.5
% of the fish were found in stage S5, and of the others, 12.5 % were in S2 and 75 % in
S3a. In the 3 h evaluation, 25% of the fish were in S2, the same percentage in S3a and
the remaining 50% in S3b. In the 6 h evaluation, 12.5% of the fish were in S3a, the
same percentage in S3b and 75% in S2. In the evaluation 12 h after the beginning of the
experiment, 100% of the fish were in the S2 stage, and in the evaluations after 24 and
48 h all had returned to normal behavior. The concentration of 90 mg L™ followed the
same pattern as the concentration of 80 mg L™ until 30 minutes, since 100% of the fish
remained in S2 stage. In the evaluation at 1 h, 100 % of the animals were in S3a, and at
2 h only 37.5 % were in S2. At 3 h, 100% of the fish were in S3b, and in the following
evaluation only 25% were in S2 and 75% remained in S3b. However, in the 12 and 24 h
evaluations, 100% of the fish were in S2 stage, and in the last evaluation all the fish had
returned to normal behavior. At 100 mg L™, after 10 and 20 minutes, 100% of the fish
were in S2, in 30 minutes 100% of the fish were in the S3a stage and in the following
evaluation 100% were in S3b, which remained in this stage until 2 and 3 h after the
beginning of experiment. However, in the evaluation at 6 h, all animals regressed to the
S3a stage. At 12:00 h, 62.5% were in S2, 12.5% in S3a and the remaining in S3b. In the
24 h evaluation, only 25% of the fish were in S3b, while 75% were in S2. At the end of
the experiment (48 h), 12.5% were in S3a, 25% in S4 and the other fish were in S2.

3.4 Concentration-effect curves obtained for essential oils
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3.4.1. Acmella oleracea essential oils (AOOi e AOOI)

In the case of AOQi [Figure 2 (a)], the stages S2, S3a and S3b showed a pattern
of decrease in the induction time to the effect, as the applied concentration increased.
However, also considering the recovery time, which increases as the applied
concentration increases, this study suggests a lower concentration (20 mg L™, which is
represented in the graph by log = 1.3) as the most recommended. Furthermore, at this
concentration, the S4 stage was reached in an average time of approximately 153
seconds, and the recovery time was the shortest detected for this oil. Another relevant
aspect, which reinforces 20 mg L™ as a good concentration for silver catfish anesthesia,
is the fact that it is the only one that did not cause adverse effects. Higher
concentrations, as 80 and 100 mg L™, caused excitability, spasms and convulsions.

AOOQI at all concentrations tested showed sedative effect, but the lowest mean
time to sedation was detected at the concentration 300 mg L™ (log = 2.47) [Figure 2
(b)]. Furthermore, according to the generated curve, the higher the concentration, the
shorter the response time. However, for the stages S3a, S3b and S4, curves were
obtained with a similar pattern between them. However, at concentrations of 50 mg L™
(log = 1.69) and 100 mg L™ (log = 2.00) the curves are constant, showing a decrease in
time for response in the case of higher concentrations. However, although apparently
the concentration of 300 mg L™ (log = 2.47) is the best as a function of time to
response, the recovery curve shows an increase in time at this concentration, that is,
there is an increase in the recovery time as the concentration increases. Thus, the most
suitable AOOI concentrations for use in silver catfish are 50 mg L™ (log = 1.69) or 100

mg L™ (log = 2.00) and only for for sedation.

3.4.2 Aloysia hastschbachii leaves essential oil (AHOI)

The concentration-response curves for AHOI with regard to the induction of
CNS depression show a very similar pattern [Figure 2 (c)]. Furthermore, the lower
concentrations showed a pattern of stability between them, such as the concentration of
50 mg L™ (log = 1.69) and 100 mg L™ (log = 2.00), with a decrease in induction time
for the highest concentration (300 mg L™), that is, there was a decrease in the time to
reach the stages at the concentration of 300 mg L™ (log = 2.47). However, the recovery
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time of this concentration increased and, in addition, the animals showed marked loss of
mucus. Thus, among the concentrations applied, the lowest can be indicated for juvenile
silver catfish, as they have a shorter recovery time and a similar pattern in time to reach

the stages of anesthetic induction as 100 mg.L™.

3.4.3 Prunus myrtifolia essential oils (PMOi e PMOI)

At 100 mg L? (log =2.0), PMOi was able to induce only S2 stage. At a
concentration of 30 mg L™ (log = 1.47) it did not induce any of the stages and,
therefore, was neither sedative nor anesthetic [Figure 2 (d)]. The concentration of 300
mg L™ (log = 2.47) was the only one capable of inducing all stages. It was also observed
that the S2 stage presented a pattern of constancy in time between the concentrations of
100 mg L™ (log = 2.0) and 300 mg L™ (log = 2.47), that is, the responses were similar.
Thus, it is necessary to analyze the recovery curve to indicate the best concentration to
be applied to silver catfish juveniles, since there is a pattern of increase in time as a
function of the increase in concentration. Thus, the results allow indicating the
concentration of 100 mg L™ (log = 2.0), and only for sedation of R. quelen juveniles.
PMOI induced all stages [Figure 2 (e)]. In the graph it is possible to observe that S2
presented a curve indicating constant responses for all concentrations evaluated, that is,
the time to induce sedation was constant. Even though the highest concentration showed
an intermediate time between the previous concentrations for the S3a stage, it showed
an increasing curve pattern and after the concentration of 200 mg L™ (log = 2.3), we
observed a decrease in the time for induction to the stage. This also happened for stage
S3b.

In S4 stage, it was observed that there is a pattern in which the higher the
concentration, the longer the time for the stage to be reached, that is, a greater efficiency
can be verified in lower concentrations. The recovery shows a constancy of time
between the concentrations of 100 mg L™ (log = 2.0) and 200 mg L™ (log = 2.3) and
subsequently an increase in time is observed. Thus, if in addition to the time to reach the
induction stage, the recovery time is considered, the best concentrations to be applied
for the induction of S2 in silver catfish juvenile would be the lowest ones, 100 mg L™
(log = 2.0) and 200 mg L™ (log = 2.3). However, for the induction of stage S4, the
concentration of 200 mg L™ (log = 2.3) would be indicated, since the concentration of
100 mg L™ (log = 2.0) did not induce S4.
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3.4.4 Pilocarpus pennatifolius leaves essential oil (PPOI)

For PPOI, stages S3a, S3b and S4 were only induced by the highest
concentration (300 mg L™ (log = 2.47)). Although the time to reach the stages was not
extremely long, the recovery time for this concentration almost reached the stipulated
maximum time, that is, 1800 seconds [Figure 2 (f)]. However, this EO proved to be
effective to induce S2, a stage that was reached in the shortest time at the concentration
of 50 mg L™ (log = 1.69), which also had the shortest recovery time. Thus, the curve
pattern for the S2 stage showed a growth after the concentration of 50 mg L™ (log =
1.69) and stability in the sequence. Recovery showed a pattern of increasing time as a

function of increasing concentrations.
3.4.5. Casearia sylvestris leaves essential oils (CSOI; e CSOy)

In the presence of EO from fresh Casearia sylvestris leaf (CSOI1) none of the
stages was reached at a concentration of 50 mg L™ (log = 1.69) [figure 2 (g)]. S3a was
only reached at the concentration of 300 mg L™ (log = 2.47), while S3b and S4 were not
reached at any of the applied concentrations. Thus, regarding the behavior of the
concentration-response curve for S2 and recovery, both showed a pattern of stability
from the concentration of 100 mg L™ (log = 2.0). Therefore, this is the only
concentration that can be recommended, and only for sedation of silver catfish
juveniles.

None of the CSOI; evaluated concentrations reached the stages S3a, S3b and S4
[Figure 2 (h)]. Thus, the concentration-response curve for S2 shows that the time for
this stage to be induced is less than 300 seconds, being very similar between
concentrations above 50 mg L™, since this one in particular did not induce any of the
stages of anesthesia. Furthermore, the concentration of 300 mg L™ (log= 2.47) presented
an average time of 29.85 seconds to induce S2. However, although both curves present
a continuity pattern regardless of the applied concentration, it can be observed that, for
the highest concentration (300 mg L™), the times were shorter.

3.4.6 Cordia verbenacea leaves essential oil (CVOI)
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In the induction of S2, CVOI presented a pattern of decrease in its curve, in
which it is possible to see that the concentration of 400 mg L™ (log = 2.6) induces this
stage with an average time of 7.72 seconds. S3a was not reached at concentrations of 50
mg L™ (log = 1.69) and 80 mg L™ (log = 1.9). However, at higher concentrations it
showed a pattern of decreasing time as a function of increasing concentrations. But the
estimated curve for this stage generated a constant line, from the concentration of 100
mg L™ (log = 2.0) to 400 mg L™ (log = 2.6) [Figure 2 (i)]. The S3b stage was very
similar to the previous one, also not being reached at concentrations of 50 mg L™ (log =
1.69) and 80 mg L™ (log = 1.9). In this sense, a constant straight pattern was maintained
even with a pattern of smooth fall in time, due to the increase in concentration. On the
other hand, S4 was reached only from the concentration of 100 mg L™ (log = 2.0), even
with a reduction in time due to the increase in concentrations. This pattern was not
strong enough to change the pattern of the generated concentration-response curve.
Thus, even though it seems that the higher the applied concentration, the better and
faster the response will be, the recovery concentration-response curve shows that the
higher the applied concentration, the longer the time for fish recovery to take place.
Thus, at the concentration of 200 mg L™ (log = 2.3) the maximum time acceptable for
the study is reached.

Discussion

4.1  Acmella oleracea essential oils (AOOi and AOQI)

Long-exposure tests with AOOi, at concentrations of 10, 25 and 30 mg L™,
brought all animals tested to S5. Thus, despite the results regarding the induction time
for stages S2 and S4 being very satisfactory, these concentrations tested showed that
they could cause more problems than benefits to juveniles. Therefore, its use for
transport in the concentrations tested to long exposure over a long period must be totally
discarded. Thus, with significant adverse effects (excitability, spasms and convulsions),
the alternative would be to test even lower concentrations of this EO. However, this
alternative could not be considered due to the extremely low yield of AOOi. As results

obtained with EOs from other species, in principle, indicate that they are better suited to
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transport experiments, we believe that the mortality of all fish suggests the exclusion of
AOOi from future transport studies at the concentrations studied.

However, the observation of adverse effects in long-exposure experiments alone
does not justify the exclusion of an essential oil/extract from research. To assess this
issue, we also have to consider that synthetic drugs, such as MS-222, have also showed
negative physiological effects on silver catfish (GRESSLER et al., 2014) and even so it
is an anesthetic reference for aquatic organisms (WILLIAMS et al., 2009). Furthermore,
benzocaine, when tested as an anesthetic in tambaquis, caused agitation in these fish
(GOMES et al., 2001). Similarly, Barbas et al (2016) described a degree of agitation in
tambaquis after using the waxy extract of A. oleracea inflorescence by immersion. This
work is the first to establish sedative and anesthetic activity for the EO of A. oleracea
inflorescences in tests with fish, especially silver catfish. Thus, studies with the EO
should be in-depth, since the results could be promising for other aquatic species and
even for silver catfish. However, the limiting fact in this case is the very low EO yield
of this plant organ.

The presence of N-alkylamides such as spilanthol in this plant implies good
results in the time to obtain anesthesia. However, it should be remembered that several
factors are linked to the good results in anesthetic induction, such as the presence of
constituents with anesthetic and analgesic potential in the collected plant, the fish
species and size under study, the concentration that will be used and also the water
quality parameters (GOMES et al., 2011; BOWKER et al., 2015). In addition, factors
such as the part of the plant used to extract the EO, the composition of the EO, the
method and even the time taken to carry out the extraction can influence the levels of
toxicity of the essential oil (LEE et al., 2001). In this context, the extraction patterns
were followed as recommended.

Thus, spilanthol (N-Isobutyl-2E, 6Z, 8E-decatrienamide) was found in the AOOQi
in 2.57%. DIAS et al. (2012) described that this compound is found mainly in
inflorescences, which is in agreement with the results of this work, because in AOOI
spilanthol was not detected. This compound has several proven beneficial activities,
such as analgesic, anti-inflammatory and did not show significant cytotoxicity activities
(WU et al., 2008; RIOS et al., 2007) when isolated from A. oleracea extract and tested
in mice. Spilanthol is considered to have high anesthetic and analgesic potential
(NOMURA et al., 2013). In this context, the time for induction of anesthesia in silver

catfish was very encouraging, even though this compound was in low concentration in
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AOOi. However, often the effects observed for an EO result from the collaborative
action of several components. The major compounds found in this EO were E-p-
ocimene (40.12%), Z-B-caryophyllene (36.52%) and B-phellandrene (11.25%).

Acmella oleracea leaves EO at a concentration of 300 mg L™ caused adverse
effects on fish, but much weaker than the effects detected for AOOI, and with AOOI at
this concentration, only high fish excitability was visualized. However, from the
concentrations used in the long-exposure protocols (10, 25 and 70 mg L™), the first one
only sedated and did not cause any visible adverse effect on the fish, which, when
subjected to 10 mg L™, were all recovered at the end of the protocol. However, at
concentrations of 25 and 70 mg L™, 12.5% of the animals reached the S5 stage. Thus,
we believe that the absence of marked adverse effects, as seen in AOOi, may be due to
the absence of spilanthol in the composition of AOOI. Spilanthol is also recognized for
having insecticidal properties (PANDEY et al., 2011; BARBOSA et al., 2016). Thus,
the toxic effects that were observed could be linked to this compound. However, we

cannot rule out the possibility that other compounds are causing the adverse effects.

4.2  Aloysia hastschbachii leaves essential oil (AHOI)

Although AHOI caused a marked loss of mucus in induction protocols and long
exposure at higher concentrations, at 20 and 50 mg L™ no adverse effects and no
mortality were observed. Thus, the use of concentrations above 50 mg L™ is not
recommended for silver catfish juveniles, since mucus is one of the most important
protective substances associated with fish skin (SERIANI et al., 2015; ADORIAN et al.,
2020).). In addition, the EO of this plant, described as a new occurrence in the State of
Rio Grande do Sul (ARAUJO et al., 2020), led all the animals exposed to immersion in
100 mg L™ to stage S5, in the long-exposure protocol.

The genus Aloysia has species of high importance for animal production, such as
Aloysia triphylla, whose EO has anesthetic and growth stimulant activity when added to
the diet (DANIEL et al., 2014; ZEPPENFELD et al., 2014; 2016; 2017). ), in addition to
antibacterial and antispasmodic activities (MERETIKA et al., 2010). Another important
fact is the chemical composition of AHOI, since one of the major compounds is
eucalyptol (42.78%), which is present in oils from other species with well-established
importance for aquaculture, such as Lippia alba, which has anesthetic effect in several
aquatic species (BECKER et al., 2012; DA CUNHA et al., 2010). Other components
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were also detected in percentages above 5%, such as B-guayene (8.71%) and elemene
(6.94%). Thus, this study demonstrated that low concentrations may be promising for

use as a sedative and anesthetic in animal production.

4.3  Prunus myrtifolia essential oils (PMQi and PMOI)

The genus Prunus is well known for its species having a worldwide distribution
(ZHAO et al., 2018), food importance and being studied against the possible risks of
metabolic syndrome (ULLAH et al., 2020). However, EOs from this species showed
adverse effects on fish, although there is still no description of toxic effects in the
literature for the EOs of Prunus myrtifolia and its constituents. The described toxic
effects resulting from the presence of cyanogenic glycosides (eg amygdalin) in leaves
and fruits, when ingested in the raw state and in large amounts (PANTER, 2018).
However, these compounds are not present in the EO.

The EOs under study caused head hyperemia in juvenile silver catfish, which
also showed high excitability, with an increase in the rhythm of opercular movements.
In addition, the animals swam quickly in circles and tried to escape from the aquarium
at the highest concentration of PMOi tested for induction (300). In addition, these
effects were also observed during recovery from anesthesia. In the exposures to 100 mg
L, the fish showed also head hyperemia in the long-exposure protocol. As the analysis
of the chemical composition of PMOi indicated the presence of a single component,
benzaldehyde (100%), it can be stated that the toxic effects are caused by this
component. However, since some adverse effects were also observed during recovery, it
is likely that one or more benzaldehyde metabolites are also toxic (SILVA et al., 2013).
In the case of PMOI, two constituents are present, benzaldehyde (98.870%) and 2-E-
hexenal, (1.13%). Thus, its chemical composition differed minimally from PMOi.
However, it also had adverse effects at concentrations of 200 and 300 mg L™ and in
long-exposure tests with 100 mg L™ the adverse effects already described for iPMO

were repeated.

4.4 Pilocarpus pennatifolius leaves essential oil (PPOI)

PPOI showed promising results in terms of sedation. However, there are still few

studies with this EO, and one of the first reports of its chemical composition was
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performed by Santos et al. (2004). Thus, even though the genus has species widely used
in folk medicine, some of them have few studies. Thus, studies with this species in
animal production need to be expanded, mainly as a sedative, also in other fish species,
considering that the results of this work show that in silver catfish juveniles, PPOI
proved to be safe as a sedative. Regarding its chemical composition, this EO presented
three major constituents, which were 2-undecanone (57.22%), 2-tridecanone (28.39%)
and Germacrene D (10.40%). Therefore, it is worth mentioning here that no adverse
effects were observed in the anesthetic induction or in the long-exposure tests.
However, this EO showed no anesthetic effect at its lowest concentrations, such as 50
and 100 mg L. Thus, the results indicate that PPOI would be an excellent sedative for

use in the transport of juveniles of the species under study.

45  Casearia sylvestris essential oils (CSOI; and CSOly,)

The major constituents in CSOIl; were kaur-16-ene (17.35%), germacrene D
(13.72%) and y-himachalene (9.67%). Furthermore, CSOIl; did not present adverse
effects during anesthetic induction, being a good indication for its use in aquaculture
and in agreement with most studies regarding its good properties (ITOKAWA et al.,
1990). Germacrene D (51.00%), himachala-2,4-diene (16.53%) and E-muurola-3,5-
diene (6.43%) were the major constituents found in CSOI,. This also showed no adverse
effects on anesthetic induction, but at higher concentrations, in long-exposure protocols,
most animals reached S5. Thus, it is recommended to use at lower concentrations, for
example, for biometrics. This plant has not yet been described as a sedative or
anesthetic in fish, but its properties have already been established as a topical anesthetic
in the treatment of skin and mucosal lesions and as an antiseptic (MATTOS, 2007). In
addition, there are reports of its effect against tumor cells (OBERLIES et al., 2002;
MAISTRO et al., 2004), as antioxidant (BORGES et al., 2000; BORGES et al., 2001),
anti-inflammatory and anti-ulcer. (ESTEVES et al., 2005).

4.6 Cordia verbenacea leaves essential oil (CVOI)
This plant species is well known and used in folk medicine, mainly due to the

properties of its leaves. In this sense, the anti-inflammatory, anti-ulcer and anti-
rheumatic actions are already known (SERTIE et al., 1988; ROLDAO et al., 2008). In
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addition, in Brazil there is already a well-known herbal medicine for topical use (anti-
inflammatory action) produced from the EO of this plant (N1Z1O et al., 2015).

Another important factor is that no toxic activities have been described by the
use of extracts or isolated substances from the plant when applied orally or topically so
far (SERTIE et al, 2005; BAYEUX et al., 2002; BASILE et al., 1989; CARVALHO et
al., 1989; CARVALHO et al. al., 2004; OLIVEIRA et al., 1998; PASSOS et al., 2007;
ROLDAO et al., 2008). In this study, no adverse effects were observed for CVOI, both
in induction experiments and in long-term exposure in silver catfish juveniles.
Regarding the chemical constituents, the EO under study presented as major
constituents a-pinene (34.8%), followed by alloaromadendrene (9.8%) and -
caryophyllene (8.3%). According to previous studies, the compounds responsible for the
anti-inflammatory activity of the essential oil of C. verbenacea are alpha-humulene and
the levorotatory isomer of caryophyllene, for which different mechanisms of action in
rodents have been described (FERNANDES et al., 2007). In CVOI these two
compounds were also detected, with a-humulene participating in percentage of 3.8%
and caryophyllene in 8.3% of the oil composition. Since CVOI showed sedative effects
and no toxicity at 50 mg.L™, this concentration recommended for transport could also

have additional anti-inflammatory effect.

Conclusion

Considering the efficacy and toxicity data obtained in this work, all the essential
oils tested showed some level compatible of CNS depression in jundia juveniles,
considering the behavioral evaluation, but some samples showed adverse effects and/or
mortality. In this context, further assessments are needed, considering other
concentrations and also the implementation of protocols for the determination of
cortisol and/or additional secondary stress response markers, among other assessments,
such as how much the EOs can affect the cardiovascular system and the long-term
juveniles’ development, for example. Thus, it is worth highlighting the sedative effects
of PPOI, which can be considered promising for sedation in juvenile silver catfish
(Rhamdia quelen), especially at the lowest concentrations tested, such as 50 mg L™. At
this concentration, sedation and recovery were fast and stable, that is, within the

expected ideal for fish. In addition, the concentrations (25, 50 and 100 mg L™) used for
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the long-exposure protocols did not induce stage S4, not causing other adverse effects
and mortality. The CVOI at a concentration of 50 mg L™ was sedative and did not
present adverse effects, the CSOIl; and CSOl, can be used as a sedative at a
concentration of 100 mg L, since they did not caused adverse effects or mortality in
the evaluation of anesthetic induction/recovery. In addition, PMOI can be recommended
for sedation (100 mg L™) and anesthesia (200 mg L), and PMOi for sedation at a
concentration of 100 mg L™. The AOOI can be used at concentrations of 50 and 100 mg
L for sedation and/or anesthesia, and that of AOOi at a concentration of 20 mg L™ as
well, without adverse effects. Finelly, AHOI can be used at a concentration of 50 mg L™
for sedation and/or anesthesia.
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1045  Table 1.
1046 Native plant species used to obtain essential oils.
Species Plant organ Tested
used sample
common name Famil Locations for obtaining plants
( ) y abbreviation ap
Acmella oleracea Asteraceae Leaves AOOI Cultivated (ex situ)
Inflorescenc
(jambu) o AOOQi S&o Jodo do Polésine*
(S29°40° 53”; W 53°31° 327)°
Aloysia Verbenaceae Leaves AHOI Cultivated (ex situ)
hatschbachii
Frederico Westphalen*
(unknown)
(S27°23”26”; W 53°25° 43”)3
Prunus myrtifolia Rosaceae Leaves PMOI Collected (in situ)
(pessegueiro-do- Inflorescen PMOi Santa Maria*
mato) ces
(S29°71° 98”; W 53° 717 937)3
Pilocarpus Rutaceae Leaves PPOI Collected (in situ)
pennatifolius
Santa Maria*
(jaborandi)
(S29°11°52”;, W 53°16,8° 56”)3
Casearia sylvestris Salicaceae Leaves Collected (in situ)
(erva-de-bugre) fresh CSOl, Santa Maria*
dried CSOl, (S29°71° 90”; W 53° 57° 027)°
Cordia verbenacea  Boraginaceae Leaves Cvol Laszlo Aromatologia Eireli
(erva-balegira) (Brazil)*
1047 * RS cities 4 Supplier company; "Oil extracted from fresh leaves; “Oil extracted from dried leaves; °I
1048  geographic locations of collection/harvest; “Supplier company
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1049  Table 2.
1050  Concentrations used in long-term exposure protocols.
OEs — Sample abbreviations Concentrations (mg L™)
AOOQi 10,25e 30
AOOI 10,25e 70
AHOI 20, 50 e 100
PMOi 30 e 100
PMOI 100
PPOI 25,50 e 100
CSOl, and CSOlI, 80, 90 e 100

CvOl 50, 80, 90 e 100

1051  AOOi (Acmella oleracea inflorescences EO), AOOI (Acmella oleracea leaves EO), AHOI (Aloysia
1052  hastschbachii leaves EQ), PMOi (Prunus myrtifolia inflorescences EQ), PMOI (Prunus myrtifolia leaves
1053  EO), PPOI (Pilocarpus pennatifolius leaves EQ), CSOI, (Casearia sylvestris fresh leaves EQ), CSOl,
1054  (Casearia sylvestris dried leaves EO), and CVOI (Cordia verbenacea leaves EO). (n=8)
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1057
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Chemical composition of the essential oils of Acmella oleracea, Prunus myrtifolia, Aloysia hastschbachii,

Pilocarpus pennatifolius, Casearia sylvestris and Cordia verbenacea.

% composition

RIFE® RIPL® Compound AO AO AH PM PM PP CS CS CV
i o o oi o o ol ol ol
851 850 2-Hexenal, (E)- - - - - 11 - - - -
929 939 a-pinene - - 1.3 - - - - - 34.8
960 960 Benzaldehyde - - - 100 98.9 - - - -
970 969 Sabinene, (2)- 0.7 - 1.4 - - - - - -
974 975 B-Pinene 1.2 - - - - - - - -
989 988 B-Myrcene 3.1 - - - - - - - -
1027 1028 Limonene - - 1.3 - - - - - 1.3
1028 1026 B-Phellandrene 11.2 - - - - - - - -
1029 1031 Eucalyptol - - 427 - - - - - -
1036 1037 B-Ocimene 40.1 05 - - - - - - -
1098 1098 Sabinene hydrate - - 0.5 - - - - - -
1193 1190 a-Terpineol - - 1.7 - - - - - -
1292 1291 2-Undecanone - - - - - 57.2 - - -
1301 1303 2-Undecanol - - - - - 15 - - -
1348 1348  Silphiperfol-5-ene - - - - - - 0.5 - -
1348 1349 a-Cubebene - - - - - - 08 19 -
1374 1372 a-Copaene - - - - - - 15 10 -
1388 1392 Elemene - - 6.9 - - - - - 2.7
1388 1387 Damascone - - - - - 13 - -
1417 1417 B-Caryophyllene 365 69.0 4.1 - - - 51 238 -
1422 1429 Himachala-2,4- - - - - - - 58 16.5 -
diene
1447 1453  Muurola-3,5-diene, - - - - - - 86 6.4 -
-
1453 1452 a-Humulene 08 1.7 - - - - 0.8 - 3.8
1461 1471 Dehydro- - - 0.7 - - - - - -
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1484

1489

1489

1492

1493

1494

1504

1504

1504

1513

1516

1519

1530

1539

1556

1561

1568

1574

1592

1640

1643

1653

1655

1480

1483

1494

1482

1491

1491

1494

1504

1505

1506

1515

1515

1522

1534

1531

1561

1560

1575

1571

1590

1641

1649

1644

1654

sesquicineole
Germacrene D
y-Himachalene

Muurola-4(14),5-
diene, (E)-

Himachalene

o -Farnesene

B-Guaiene
2-Tridecanone
Undecenol acetate
a-Bisabolene, (2)-
a-Farnesene, (E,E)-
Cubebol

Naphtalene,1,2,3,5,
6,8a-hexa-hydro-
4,7-dimethyl-1-(1-
methylethyl)-, (Z)-

Calamenene

Cadina-1,4-diene,
(B)-

y-Bisabolene, (E)-
Germacrene B
Eremophila ketone
Cedrene epoxide
Spathulenol

Isoaromadendrene
epoxide

Cedrenal
Methyl jasmonate

Selin-3,11-dien-6-
a-ol

Cadinol

2.2

8.7

4.7

6.2

2.6

1.6

11

0.9

1.6

0.6

10.4

28.3

0.5

0.6

13.7 509
96 -
15 -
- 10
23 -
37 42
28 21
23 16
23 09
21 11
55 22
19 14
74 41
07 -
06 -

2.8

74
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1665 1670 a-Caryophylene - - 07 - - - - - -
1678 1677 Nerolidy acetate - - 0.7 - - - - - -
1704 1703  Tridecenol acetate - - 11 - - - - - -
1721 1718 Farnesol - - 5.1 - - - - - -
1886 1844 Espilantol 256 - - - - - - - -
1957 1949 Cembrene A - 0.5 - - - - - - -
2087 2082 Kaur-16-ene - - - - - - 17.3 - -
Identified components 99.6 99.7 98.8 100 100 99.8 96.8 98.2 454
Unidentified components 04 03 12 00 00 02 32 18 546

Subtitle: °RI = Retention index; "Experimental;  Literature ADAMS (2011) and NIST (2021);
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Anesthetic induction and recovery times (s) in juveniles of Rhamdia quelen exposed to essential oils of
Acmella oleracea inflorescences (AOOi) and leaves (AOOI), Aloysia hatschbachii leaves (AHOI), Prunus
myrtifolia inflorescences (PMOi) and leaves (PMOI), Pilocarpus pennatifolius leaves (PPOI), Casearia
sylvestris fresh leaves (CSOIl;) and dried leaves (CSOI,) and Cordia verbenacea leaves (CVOI).

(@)
Stages
S2
S3a
S3b
S4
Recovery
(b)
Stages
S2
S3a
S3b
S4
Recovery
(©
Stages
S2
S3a
S3b
S4
Recovery
(d)
Stages
S2
S3a

S3b

Concentrations (mg L™)

AOOi
20 100
54.9 +20.7°2 16.1+3.6" 18.7+6.7°
123.8+41.7% 42.2 + 135" 45.7+12.4°
146.8 + 45.2° 81.4 +20.52° 58.7 + 10.4°
153.5+ 48.22 97 +24.6° 159.8 + 56.42
954.6 + 483.7° 1293 + 3762 -
AOOI
50 100 200 300
224 +95.4% 73.7 £ 493 37.4 +1952P¢ 14+7,6°
320 +218.62P 394 +142.1° 134.6 + 40.12P¢ 62.4 +19.7°¢
401.1 + 141.4° 188.8 + 55.5 aP¢ 86.6 + 26.6 ¢

263.9 + 234.7 2P

211 + 240.8 2" 414 13552 196,7 £57.22%¢  102.9 +46.5"¢
1172+394.1° 1147 + 402.5° 1525 + 233.2° 1609 + 208.5°
AHOI
50 300
91.7£72.4° 167.7 + 120° 64.5 + 15°
314.2 £140.1%° 450 + 160.5° 113.8 £32.2°¢
530.7 + 116.8 2" 679.1+ 1742 235.9 +39.2°¢

449.9 + 157.7°

596.9 + 232.4° 795.1+181.5°
813.1+169.5% 933.4 +527.9° 1599 +292°¢
PMOi
100 300
32.7+11.1° 32+ 75°
- 104.6 £ 26.3
275.3+93.9
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S4
Recovery
O
Stages
S2
S3a
S3b
S4
Recovery
(f)
Stages
S2
S3a
S3b
S4
Recovery
)
Stages
S2
S3a
S3b
S4
Recovery
(h)
Stages
S2
S3a
S3b

S4

- 350.7 + 105.3
124.6 +92.4° 359.7 +79.6°
PMOI
100 200 300
39.4+9.9° 40+20.3° 39.5 + 13.2°
- 291.8 + 220.3° 82.7 £ 21°
- 398.6 + 605.5° 175.4 +54.3
- 195.5 + 410.2° 287.5 + 35.7°
107.7 + 90.9° 116.9 + 95.35° 271.3+ 158°
PPOI
50 100 300
116.7 + 35.8° 565.1 + 283.4° 262.7 + 92.3°
- - 374.4+126.3
. ; 706.9 + 283.4
- - 965.3 + 500.6
410.6 + 579.6° 801.5 + 630.9" 1747 £ 137.2°
Csol,
100 200 300
324 + 287° 311.6 + 128.1%° 57.6+ 26.6"
- - 1384 + 559.8
655.2+ 563.7% 780.9 + 347.1° 721.1+727.1°
Csol,
100 200 300
2278 +12.7° 208.6 + 16.24%" 29.8 +16.2°
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Recovery 667.2 + 60.7° 668.8 + 77.7° 482.7+ 512.6°

(M) CcVvol
Stages 50 80 100 200 300 400

S2 746 +£25.9°  711x772° 785x7.7*° 23253 21329 77x14°
S3a - - 436 +£88.5°  347+44.8°  310+324° 122+ 256°
S3b - - 935+608.1° 627 +51.3° 695+78.6° 474 +101°
S4 - - - 1340 +118* 1287 +36° 711 +134°

Recovery — 968.9 +19° 1169+ 130° * - * *

1064  Mean + standard deviation. Different letters on the same line indicate a significant difference between
1065  concentrations (n=8); (-) indicates stage not reached; (-*): indicates no recovery in the maximum
1066  observation time (30 min).
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Figure captions

Figure 1. Stages of anesthesia observed over time in silver catfish (Rhamdia quelen) exposed to essential
oil from inflorescences (a) and leaves (b) of Acmella oleracea, leaves (c) of Aloysia hatscbachii,
inflorescences (d) and leaves (e) of Prunus myrtifolia, leaves (f) of Pilocarpus pennatifolius, fresh leaves
(9) and dried leaves (h) of Casearia sylvestris and leaves (i) of Cordia verbenacea. N - Normal behavior,
S2 - sedation, S3a - partial loss of balance, S3b - total loss of balance, S4 - anesthesia and S5 - bulbar
collapse. (n=8)

Figure 2. Graphic representation for the studied concentrations of AOQi (a), AOQI (b), AHOI (c), PMOi
(d), PMOI (e), PPOI (f), CSOI1 (g), CSOI2 (h) and CVOI (i). The graphs were constructed from the
equation described in item 2.6. Thus, the following results presented in the graph were obtained. The
concentrations are represented in log form, being 20 mg L™ (log = 1.3); 30 mg L™ (log = 1.47); 50 mg L™
(log = 1.69); 80 mg L™ (log = 1.9); 100 mg L™ (log = 2.00); 200 mg L™ (log = 2.3); 300 mg L™ (log =
2.47) and 400 mg L™ (log = 2.6).
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Figure 1.
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Figure 2.
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6. CONCLUSAO

Considerando os dados de eficacia e toxicidade obtidos neste trabalho, todos os
Oleos essenciais testados apresentaram algum nivel compativel a depressdo do SNC em
juvenis de jundia, considerando a avaliagdo comportamental, mas algumas amostras
apresentaram efeitos adversos e/ou mortalidade. Nesse contexto, sd0 necessarias novas
avaliacdes, considerando outras concentracbes e também a implementacdo de
protocolos para determinacdo dos niveis de cortisol e/ou marcadores secundarios de
resposta ao estresse, entre outras avaliagdes, como o quanto os OEs podem afetar o
sistema cardiovascular e o desenvolvimento dos juvenis em longo prazo, por exemplo.
Assim, vale destacar os efeitos sedativos do dleo essencial de folhas de Pilocarpus
pennatifolius, que pode ser considerado promissor para sedacdo em juvenis de jundias
(Rhamdia quelen), principalmente nas menores concentragdes testadas, como 50 mg L™.
Nessa concentracdo, a sedacao e a recuperacdo foram rapidas e estaveis, ou seja, dentro
do ideal esperado para peixes. Além disso, as concentracées de 25, 50 e 100 mg L™,
utilizadas para os protocolos de longa exposi¢do, ndo induziram o estadgio S4, ndo
causando outros efeitos adversos e mortalidade. O CVOI, na concentracéo de 50 mg L™,
foi sedativo e ndo apresentou efeitos adversos, o CSOIl; e CSOIl, podem ser usados
como sedativos na concentragdo de 100 mg L™, pois ndo apresentaram efeitos adversos
nem mortalidade na avaliacdo de inducdo anestésica/recuperacdao. Ademais, PMOI pode
ser recomendado para sedacdo (100 mg L™) e anestesia (200 mg L™) e o PMOi para
sedacdo na concentracdo de 100 mg L™. O AOOI pode ser usado nas concentracdes de
50 e 100 mg L™ para sedaco e/ ou anestesia e 0 AOOi na concentragdo de 20 mg L™
também, uma vez que ndo apresentou efeitos adversos. Finalmente, o AHOI, na

concentracdo de 50 mg L, foi adequado para sedaco e/ ou anestesia.
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