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RESUMO

O combate a infestacBes parasitarias € um ponto importante na cadeia da producéo
de peixes. Diversos produtos podem ser utilizados no combate a essas infestacdes, o
formol se destaca nesse contexto sendo o0 seu uso regulamentado pelo Food and Drug
Administration (FDA) americano. O uso do formol se da por meio de banhos
terapéuticos. O presente estudo avaliou a toxicidade aguda do formol em juvenis de
“‘pacam@” Lophiosilurus alexandri e sua recuperacao (ambiente sem formol) por 24
horas, apos exposicéo a formol (24 h). Juvenis de Pacama (n = 100) com peso meédio
de 126,2 + 41,4 g foram expostos a 108,0, 270,0, 680,0, 1.674,0 mg L* de formalina.
O teste teve 24 h de exposicdo e 24 h de recuperagdo. As concentracdes letais
medianas de 2h (CLso-2h) foram estimadas em 988,82 mg L' de formalina. A
exposicdo a formol causou um aumento no cortisol, glicose, lactato, aspartato
aminotransferase (AST) e alanina aminotransferase (ALT). Apds 24 h de recuperacao,
o cortisol ndo atingiu os niveis do tratamento controle. Foram observadas Alteracdes
histolégicas branquiais em todos os tratamentos como hiperplasia epitelial
descolamento e aneurisma em todos 0s tratamentos, a maior taxa de lesdo branquial
foi observada no tratamento Tie74a. A maior taxa de lesdo hepatica foi observada no
tratamento T270, neste tratamento predominaram lesdes nucleares e vasculares no
figado. Concluimos que L. alexandri pode ser exposto com seguranca a 98,9 mg L
de formol por um periodo méaximo de 2 h sem danos significativos ao organismo. Os
parametros hematoldgicos e bioquimicos somados a andlise histopatolégica séo boas

ferramentas para avaliar a resposta do organismo ao estresse agudo do formol.

Palavras chave: hematologia, histopatologia, toxicidade, aquacultura



ABSTRACT

Combating parasitic infestations is an important point in the fish production chain.
Several products can be used to combat these infestations, formaldehyde stands out
in this context, and its use is regulated by the American Food and Drug Administration
(FDA). The use of formaldehyde occurs through therapeutic baths. This study
evaluated the acute toxicity of formalin in juveniles of “pacama” Lophiosilurus alexandri
and its recovery (environment without formalin) for 24 hours, after acute exposure to
formalin (24 h). Pacama sub-adults (n = 100) with an average weight of 126.2 + 41.4
g were exposed to 108.0, 270.0, 680.0, 1,674.0 mg L formalin. The test had 24 h of
exposure and 24 h of recovery. The median lethal concentrations of 2 h (LCso-2h) were
estimated at 988.82 mg L of formalin. Exposure to formalin caused an increase in
cortisol, glucose, lactate, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT). After 24 h of recovery, cortisol did not reach the levels of the
control treatment. Gill histological changes in all treatments such as hyperplasia
epithelial detachment and aneurysm in all treatments and the highest rate of gill injury
were observed in treatment Tis74. The highest rate of liver injury was observed in the
T270 treatment, in this treatment, nuclear and vascular lesions in the liver predominated.
We concluded that L. alexandri can be safely exposed to 98.9 mg L* of formalin for a
maximum period of 2 h without significant damage to the organism. Hematology and
biochemical parameters added to histopathology analysis are good tools to evaluate

the body’s response to formalin acute stress.

Keywords: hematology, histopathology, toxicity, aquaculture
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INTRODUGCAO

Segundo dados da Associacdo Brasileira de Piscicultura (Peixe BR, 2020), em
2019, a producéo nacional de peixes apresentou crescimento do total produzido de
aproximadamente 5% em comparacdo ao ano anterior, totalizando 35% de
crescimento acumulado de 2014 até 2019. A espécie mais produzida foi a tilapia
Oreochromis niloticus, representando 57% da producdo nacional. Ja a producdo de
peixes nativos nao apresentou crescimento ente 2018 e 2019 e representou 38% do

total produzido.

Espécies nativas tém o beneficio da adaptacdo as condi¢des climaticas de
producdo. Apesar desse potencial, esses animais, muitas vezes sdo cultivados em
sistemas de producdo menos eficientes, o que dificulta a adocdo de cultivos em
grande escala, refletindo nos custos de producao (Sousa, 2017). Para o cultivo de
uma determinada espécie, o desenvolvimento e o dominio do pacote tecnoldgico sao
fundamentais para o sucesso comercial. Esse pacote deve abranger diversas areas
da producéo, tais como reproducdo e larvicultura, nutricdo, técnicas de manejo,

sistemas de producao, sanidade, entre outras.

No que diz respeito a area de sanidade, varios produtos quimicos podem ser
utilizados na piscicultura (e.g. controle de ectoparasitas, de endoparasitas etc.) e para
que esse USO Seja seguro € necessaria a realizacdo de diversos estudos. Dentre
esses, os testes de toxicidade (agudos e cronicos) sao importantes para determinar a
tolerancia dos animais aos futuros tratamentos sanitarios ou condicées de cultivo.
Algumas ferramentas, como biomarcadores, podem estar associadas aos efeitos
observados nos testes de toxicidade. A tolerdncia dos animais a um agente
estressante pode ser refletida pela resposta do organismo por meio da analise de
parametros hematoldgicos, estudo da integridade tecidual de alguns 6rgdos e a

composicdo bioquimica do plasma.
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REVISAO BIBLIOGRAFICA

Espécie estudada: Pacama

O Pacama Lophiosilurus alexandri € um peixe de agua doce, nativo da bacia
do Rio S&o Francisco e pertencente a ordem dos Siluriformes. Possui habito benténico
e carnivoro e é descrita como uma espécie de interesse da pesca extrativista e com
aceitacéo do mercado consumidor, se destacando pelo alto rendimento de carcaga de
até 84% (Meurer et al., 2010). Devido a pressao da atividade pesqueira, associada as
alteracdes antrépicas no seu habitat, 0 pacama é considerado uma espécie vulneravel
a extincdo, de acordo com o Instituto Chico Mendes de Conservacdo da
Biodiversidade (ICMbio, 2018).

Diferentemente de outras espécies de interesse comercial da bacia do Rio Sao
Francisco, o pacama ndo € um peixe reofilico, possuindo desova parcelada (Sato et
al., 2007) e seu manejo reprodutivo em cativeiro propicia programas de
repovoamento. Na natureza, seu periodo reprodutivo se concentra entre 0s meses de
agosto e marco. Por outro lado, esse periodo pode ser estendido por meio do controle
da temperatura da agua de cultivo em cativeiro (Santos et al., 2012). Atualmente, os
processos de reproducao (Costa et al., 2015) e larvicultura (Cordeiro et al., 2016) em
laboratério sdo dominados, o que possibilita uma disponibilidade constante de formas
jovens, passo imprescindivel para o desenvolvimento da producédo comercial de uma

espécie (Andrade e Yasui, 2003).

Em paralelo ja foram realizados estudos que colaboram para a elaboracéo de
um pacote tecnoldgico para o cultivo da espécie, entre as areas exploradas podemos
destacar, fisiologia (Favero et al., 2019; Mello et al, 2017), qualidade de agua (dos
Santos-Silva et al., 2017), nutricdo (Figueiredo et al., 2014; Oliveira et al., 2020), entre
outras. O desenvolvimento destes e de novos estudos é de fundamental importancia

para viabilizar o cultivo comercial de L. alexandri.

Formalina

Problemas sanitarios, decorrentes de infestacbes parasitarias, provocam
frequentemente perdas econémicas significativas na aquicultura. Animais acometidos

sofrem com reducdo da imunidade e sao porta de entrada para outras enfermidades
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como infecc¢des bacterianas. A importancia das infestacdes subsidia diversos estudos
sobre sua profilaxia e tratamento, esse Ultimo quase na sua totalidade constitui na
utilizacdo de agentes quimicos na forma de banhos de imersdo. Uma das substancias
mais utilizadas para esses fins € a formalina, sua obtencdo ocorre por meio da
dissolugédo de formaldeido gasoso (H2CO) em agua, dando origem ao hidrato
H2CO(OH)2, o ponto de equilibrio desta reacdo € proximo de 40%. Dessa forma, a
apresentacdo comercial da formalina geralmente esta entre 37 a 40% de peso do
formaldeido em agua (Leal et al., 2018). Trata-se de uma substancia eletrofilica com
alta reatividade quimica a compostos biologicos, sua fungcéo antiparasitaria se deve a
sua forma de atuacdo sobre os microrganismos, agindo por meio da alquilacdo de
radicais proteicos e nos &cidos nucleicos, induzindo ligacdes cruzadas (DNA-
proteinas), impedindo que essas estruturas realizem suas fungcfes (Casanova-Smitch
e Heck, 1983).

7

Na aquicultura, a fomalina jA& € amplamente utilizada principalmente no
tratamento a infec¢gBes parasitarias nas branquias e na pele dos peixes, a principal
forma de utilizacdo da formalina é por meio de banhos de imersdo. Como o objetivo
da utilizac&o da formalina € o tratamento de ectoparasitas, sua forma de utilizacdo se
da por meio de banhos terapéuticos, fazendo com que a formalina entre em contato
com os ectoparasitas. O tratamento pode ser de curta duragéo, entre 30 minutos e 2
horas, ou banhos de longa duracédo (de até 12 h), sendo que quanto maior o tempo
de exposicdo menor sao as concentragdes utilizadas (Schalch et al., 2009). A eficacia
de banhos terapéuticos de curta duracdo de formalina ja foi comprovada frente a
monogénias (Pahor-Filho et al., 2012; Paixao et al., 2013) e protozoarios (Rowland et
al., 2009; Leal et al., 2018). Apesar de ser um composto de alta toxicidade, os banhos
terapéuticos contribuem para sua ado¢cdo como método de tratamento em
pisciculturas em fungéo da sua alta eficacia de tratamento, do baixo custo e também
por ser um produto que possui autorizacdo pelo 6rgdo regulador dos Estados Unidos
da América, a FDA (Food and Drug Administration). Sdo autorizados o uso de trés
parasiticidas formulados com formalina, sendo eles, FORMALIN-F (Natchez Animal
Supply, Natchez, MS, USA), PARACIDE-F (Argent Chemical Laboratories, Redmond,
WA, USA) e PARASITE-S (Western Chemical Inc., WA, USA) (Hung et al., 2019).

Da mesma forma que a formalina age afetando o ectoparasita, ela também age

sobre o hospedeiro. Portanto, as concentracdes e o tempo de exposicao devem ser
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avaliados de acordo com a espécie e com a fase de vida, de forma que elas sejam
efetivas ao combate dos ectoparasitas e minimizem o estresse gerado ao animal em
tratamento (Leal et al., 2018; Neves et al., 2020). Esse conhecimento pode ser obtido
através da realizacdo de testes de toxicidade (agudos e/ou crdnicos).

Os testes agudos submetem 0s organismos as concentracdes crescentes de
determinada substancia por periodos curtos, de no maximo 96 h. Neste periodo de
exposicdo sdo avaliados os possiveis efeitos deletérios causados pela exposicao a
substéancia testada (CETESB, 1999). A entrada da formalina do meio ambiente para a
corrente sanguinea se da principalmente através do tecido branquial e epitelial,
entretanto, a rota metabolica dessa substancia em organismos aquaticos ainda nao é

totalmente esclarecida (Leal et al., 2018).

Por isso, os testes agudos sdo considerados o ponto de partida para se ter
conhecimento do efeito de determinada substancia em um organismo especifico
(Randall e Tsui, 2002). Os resultados dos testes de toxicidade aguda sdo expressos
como concentracdo letal mediana (CLso), ou seja, a concentracdo de substancia
necessaria para causar a morte de metade da populacdo dentro de determinado
periodo (Bertolleti, 2001). A eficiéncia dos testes toxicol6gicos pode ser elevada
gquando sdo associados ao acompanhamento de bioindicadores da condicdo

fisiol6gica dos animais (dos Santos-Silva et al., 2018).

A toxicidade da formalina ja foi estudada em diversas espécies de agua doce e
salgada com interesse na aquicultura, tais como o bagre Ictalurus punctatus, a truta
arco-iris Oncorhynchus mykiss (Bills et al.,, 1977), “bullseye puffer” Sphoeroides
annulatus (Fajer-Avila et al., 2003), o robalo Morone saxatilis (FDA, 2002), a tainha
Mugil lisa (Pahor-Filho et al., 2012), o pacama L. alexandri (Neves et al., 2020), entre
outras. Ja se tem conhecimento dos efeitos deletérios da formalina em varias espécies
de peixes, dentre os quais podemos destacar, danos ao tecido branquial (Neves et al.,
2020), alteracdo nos parametros hematologicos (Leal et al., 2018) e dos parametros
bioquimicos do plasma sanguineo (Andrade e Porto et al., 2017). Esses dados
reforgam a importancia do conhecimento dos efeitos da formalina no organismo a ser

tratado, visando o combate a ectoparasitas de peixes.
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Resposta ao estresse em peixes

A resposta dos peixes frente a agentes estressores pode ser dividida de forma
simplificada em trés respostas, primaria, secundaria e terciaria. As duas primeiras séo
substancialmente respostas fisiolégicas, enquanto a terceira engloba o organismo do
animal como um todo (Barton, 2002), sendo também conhecida como de efeito
duradouro. De maneira simplificada, os mecanismos desencadeados nas respostas
primaria e secundaria buscam e disponibilizam a energia demandada em situaces

de luta, enfrentamento e fuga (Barcellos et al., 2012).

A resposta primaria se inicia com a identificacdo do agente estressor pelo
sistema nervoso central, em seguida, o hipotdlamo envia, por meio do sistema
nervoso simpatico, estimulos para as células cromafins, localizadas na regido anterior
dos rins (Oba, 2009). As catecolaminas, em peixes &sseos principalmente a
epinefrina, sdo armazenadas nessas ceélulas que quando estimuladas, liberam
rapidamente seu contelddo aumentando a concentragcdo na corrente sanguinea
(Barton, 2002; Schreck e Tort, 2016). As concentragOes elevadas de catecolaminas
provocam alteracfes nos sistemas circulatorio e cardiovascular dos peixes, realizando
alteracdes que culminam na maior capacidade de captacéo e transporte de oxigénio
no sangue (Oba, 2009).

Alguns minutos ap0s a liberagéo das catecolaminas se ativa o eixo hipotalamo-
hipdéfise-interrenal, que culmina com a liberacdo do horménio corticosteroide, o cortisol
(Barton et al., 1998). O eixo se inicia com a liberacdo pelo hipotalamo de fatores
liberadores de corticortrofinas (CRFs), esses estimulam a producédo e secrec¢ao pela
hipofise do horménio adrenocorticotréfico (ACTH), que induz a sintese de cortisol
(Barton, 2002). Todo o processo de controle de liberacdo do cortisol é feito por
“feedback”, alta concentracéo e cortisol no sangue inibe a producéo e liberacdo de
ACTH na glandula hipofise (Oba, 2009). O pico das concentracdes de cortisol
geralmente é atingido entre 30 e 60 minutos apos a exposicao (Barton e lwama, 1991),
e assim podem permanecer por até seis horas. Caso 0 agente estressor persista por
tempo prolongado, as concentracdes de cortisol reduzem, entretanto, se mantém em

niveis superiores ao considerado basal (Pickering e Pottinger, 1989).

Os atores principais da resposta primaria, cortisol e as catecolaminas, sao

também os precursores da resposta secundaria e essa é composta por respostas



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

metabadlicas, celulares, hematoldgicas, distirbios osmorregulatorios e imunes (Barton,
2002). Tanto as catecolaminas quanto o cortisol atuam nos hepatdcitos
potencializando o processo de gliconeogénese (Zhang et al., 2015), aumentando os
niveis de glicose na corrente sanguinea, tornando-a facilmente disponivel para
utilizacao dos tecidos demandados (Schreck e Tort, 2016). Em algumas situacoes, a
demanda energética pode ser tdo alta que somente a obtencdo de energia por via
aerdbica ndo é suficiente, nesses casos 0 organismo lanca mao da via anaerobica
para suprir essa demanda, o principal metabdlito dessa via é o lactato (Brandéo et al.,
2006; Barbosa et al., 2007).

Além da gliconeogénese, as catecolaminas também induzem mudancas
cardiorrespiratérias, alteracdes que buscam aumentar a capacidade de captacdo e o
transporte de oxigénio. Ja a elevacdo das taxas ventilatorias aumenta o fluxo de
oxigénio dissolvido através das branquias (Rodnick e Planas, 2016). As catecolaminas
também agem reduzindo a resisténcia vascular nas branquias permitindo maior fluxo
sanguineo nas branquias, o que aumenta capacidade do organismo de captar
oxigénio (Nilsson e Sundin, 1998). Para elevar a capacidade de distribuicdo do
oxigénio captado nas branquias, as catecolaminas induzem a producao de células
vermelhas do sangue, sendo observadas aumento nas concentracdes de eritrocitos e
hemoglobina (Oba, 2009).

Biomarcadores

No inicio da década de 1990 se intensificaram estudos sobre os efeitos de
poluentes presentes por acdo antropica no ambiente aquatico. Os peixes
particularmente estdo expostos a uma grande diversidade de poluentes provenientes
de diversas fontes. Esses poluentes provocam diversas alteracdes bioquimicas,
celulares e comportamentais, foi nessa época que o acompanhamento de
biomarcadores que demonstram essas alteracées ganhou for¢ca. Sdo considerados
biomarcadores analises bioquimicas, fisiologicas, histologicas que demonstram a
acdo desses agentes toxicos no organismo (Al-Khashali e Al-Shawi, 2013; Bernet et
al., 1999).
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Andlises hematologicas e bioguimicas

Um dos biomarcadores mais utilizadas para o acompanhamento da resposta
ao estresse dos peixes € a utilizacdo de andlises hematoldgicas e de composi¢ao
bioquimica do plasma (Peres et al., 2015). As concentracdes de cortisol e glicose sao
tidas como os principais indicadores de estresse em peixes (Fazio, 2019). O cortisol
é tido como o melhor indicador da resposta primaria ao estresse, uma vez que 0 pico
das catecolaminas ocorre de maneira quase que imediata a exposicado ao estresse,
isso inviabiliza tecnicamente a identificacdo desse pico em andlises plasmaticas
(Fabbri et al., 1998). As concentra¢cdes plasmaticas de glicose sdo os biomarcadores
mais utilizados para identificacdo do desencadeamento da resposta secundaria em
peixes (Schreck e Tort, 2016).

A literatura ja mostra que a exposicdo aguda a formalina altera os parametros
hematoldgicos e a composi¢ao bioquimica do plasma, incluindo alteragdes nos niveis
de cortisol e glicose (Sandoval-Gio, 2019), hemoglobina e hematdécrito (Jung et al.,
2003). Além da resposta ao estresse, analises da composicéo bioquimica do plasma
podem ser utilizadas como indicadores de outros processos fisioldgicos, como por
exemplo, a funcdo hepatica. Nesse caso, podemos destacar as enzimas
intracelulares, alanina aminotransferase (ALT) e aspartato aminotransferase (AST). A
identificacdo de elevadas concentracdes dessas enzimas no plasma sanguineo € uma
indicacdo de danos teciduais e como essas enzimas se localizam predominantemente
em células hepaticas, elas sdo consideradas indicadoras de danos no figado (Kori-
Siakpere et al., 2011). A literatura que relata efeitos deletérios da formalina sobre o
figado de peixes é escassa, sendo descritas somente alteragbes nos niveis

plasmaticos de AST apos a exposicao a formalina (Jung et al., 2003).

Histopatologia

A histopatologia € o método que nos permite avaliar o efeito de determinada
substancia em um organismo nos niveis, tecidual e celular. A Histopatologia vem
sendo amplamente utilizada em estudos sobre a acdo de contaminantes em peixes
(Camargo e Martinez, 2007). As anélises se baseiam na determinacgéo e quantificagéo

de alteracdes na morfologia, distribuicdo, atividade e atributos de funcéo celular.
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Muitas das vezes as andlises histopatolégicas séo utilizadas com base na
descricdo das lesdes observadas, isso dificulta a comparacdo do grau de
comprometimento do tecido ou 6rgdo. Para isso existem algumas metodologias que
permitem a criagdo de indices de lesdes para cada 6rgdo, essas metodologias levam
em consideracao os tipos de lesdes, a intensidade da leséo e a distribuicdo delas no
orgao, esses indices nos permitem avaliar o grau de acometimento de cada 6rgéo e

até comparé-los (Bernet et al., 1999).

Em ensaios toxicoldgicos, os principais alvos de estudos histopatolégicos em
peixes a compostos toxicos sdo o figado e as branquias. Ambos estdo diretamente
associados aos processos de entradas no organismo, metabolizacéo,
biotransformacdo e excrecdo de compostos toxicos (Wolf et al.,, 2015). Nesse
contexto, as branquias por estarem em contato direto com o ambiente externo, sao

mais vulneraveis as agressoes fisicas, quimicas e bioldgicas (Santos et al., 2021).

Nos peixes, as branquias séo responsaveis pelo processo de trocas gasosas,
ionorregulagéo, osmorregulacéo e excrecdo de compostos toxicos. Para ser eficiente
nessas funcdes, as branquias possuem uma ampla area de superficie para efetuar
trocas com o meio circundante (Wolf et al., 2015), essa caracteristica que facilita a
execucdo de suas funcbes, a tornam mais vulneraveis a qualquer alteracdo no
ambiente aquatico (Shiogiri et al., 2012). O que garante maior area de contato € sua
estrutura, basicamente as branquias sédo formadas por rastros branquiais que contém
os filamentos branquiais e destes derivam um conjunto de lamelas branquiais. A parte
funcional da branquia, onde sao realizadas as trocas gasosas se encontra nas lamelas
branquiais, o sangue chega as lamelas através de duas artérias presente no filamento
branquial, um vaso aferente parte da base a regido apical do filamento e um vaso

eferente em sentido contrario (Pough et al., 2008; Park et al., 2014).

As repostas do tecido branquial as agressdes quimicas sdo marcadas por um
namero reduzido de alteracfes celulares e teciduais, a mais comum é a hiperplasia
de células epiteliais. A branquia é o 6rgao mais analisado em estudos histopatolégicos
realizados com organismos aquaticos expostos aos compostos quimicos, como o
formol. Como descrito anteriormente, os banhos de formol sdo capazes de provocar
histopatologias, quais sejam, fusdo lamelar, descolamento epitelial e telangiectasia

em formas juvenis de pirarucu Arapaimas gigas (Andrade-Porto et al.,, 2018a),
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hiperplasia e descolamento epitelial em tainhas Mugil lisa (Pahor-Filho et al., 2015a),
fusdo lamelar, descolamento epitelial e telangiectasia em formas jovens de pacama L.

alexandri (Neves et al., 2020).

A hiperplasia e o desprendimento epitelial s&o mecanismos de defesa do
organismo, buscando proteger as lamelas reduzindo o contato com o agente
estressor, entretanto, como consequéncia, acaba reduzindo o espaco entre as
lamelas e dependendo do nivel das alteracdes pode até impedir o funcionamento das
branquias (Wolf et al., 2015).

O figado em peixes é o 6rgdo responsavel pela assimilagdo de nutrientes,
producao de bile, desintoxicacdo e manutencdo da homeostase metabdlica do corpo
além de atuar também na sintese de proteinas plasmaticas (Genten, 2009). Devido
ao seu papel no metabolismo de poluentes organicos e inorganicos, o figado
frequentemente é escolhido como alvo de estudos histopatologicos (Camargo e
Martinez, 2007).

A estrutura do tecido hepatico € composta pelas células do parénquima
hepético, os hepatdcitos e um conjunto de fibras responsavel por dar estrutura aos
hepatdcitos (Wolf et al., 2015). Estes possuem formato poligonal, nicleo centralizado
e em evidéncia. E no citoplasma dos hepatdcitos que se encontram, o lipideo e o
glicogénio, armazenados no figado. Em cortes histolégicos ambos se apresentam em

formas vacuolizadas devido ao processo de preparacao das laminas (Genten,2009).

O figado recebe o fluxo sanguineo de duas fontes diferentes. A primeira seria
por meio da artéria hepética, se originando nas branquias e por isso, sendo um sangue
rico em oxigénio. A segunda chega ao figado através da veia porta, esta entrega ao
figado um sangue rico em nutrientes oriundo do estébmago (Wolf et al., 2015). Ao
chegar ao figado, tanto a veia porta quanto a artéria hepatica se ramificam em vasos
de menor calibre, os sinuséides, estes estdo em contato direto com 0s hepatdcitos e

sao responsaveis pela troca de metabdlitos e nutrientes (Camargo e Martinez, 2007).
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OBJETIVOS

Geral

Avaliar a tolerancia e as respostas fisiolégicas dos pacamas submetidos ao
teste de toxicidade aguda com formalina.

Especificos

Determinar a tolerancia por meio da concentracdo letal mediana (CLso) de

formol para sub-adultos de pacama;

Realizar avaliacbes das patologias teciduais, assim como avaliacdes
hematoldgicas e bioquimicas do sangue de pacamds submetidos aos testes de

toxicidade aguda com formalina.
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Abstract

This study evaluated the acute toxicity of formalin in juveniles of “pacama”
Lophiosilurus alexandri and its recovery (environment without formalin) for 24 hours,
after acute exposure to formalin (24 h). Pacama sub-adults (n = 100) with an average
weight of 126.2 + 41.4 g were exposed to 108.0, 270.0, 680.0, 1,674.0 mg L formalin.
The test had 24 h of exposure and 24 h of recovery. The median lethal concentrations
of 2 h (LCso0-2h) were estimated at 988.82 mg L of formalin. Exposure to formalin
caused an increase in cortisol, glucose, lactate, aspartate aminotransferase (AST),
and alanine aminotransferase (ALT). After 24 h of recovery, cortisol did not reach the
levels of the control treatment. Gill histological changes in all treatments such as
hyperplasia, epithelial detachment, and aneurysm in all treatments, and the highest
rate of gill injury was observed in treatment Tie74. The highest rate of liver injury was
observed in the T270 treatment. In this treatment, nuclear and vascular lesions in the
liver predominated. After calculating the security level, we concluded that L. alexandri
can be safely exposed to 98.9 mg L of formalin for a maximum period of 2 h without
significant damage to the organism. Hematology and biochemical parameters added
to histopathology analysis are good tools to evaluate the body’s response to acute

formalin stress.

Keywords: hematology, siluriform, therapeutic baths, toxicity test.
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1. Introduction

The pacama Lophiosilurus alexandri is a fish native to the Sdo Francisco River
basin (Brazil) and has highly prized meat with high commercial value. This siluriform
has been studied in several areas for the development of its productive chain in
captivity. (Figueiredo et al., 2014; dos Santos-Silva et al., 2017; Mello et al., 2017,
Favero et al., 2019).

In agquaculture activities, health problems are often responsible for economic
losses. In most cases, sanitary treatment involves the use of chemical products for
prophylaxis and treatment. Among the chemical compounds used in aquaculture,
formalin stands out for being used to treat parasitic infections (Rowland et al., 2009;
Pahor-Filho et al., 2012). According to Hung et al. (2019), four formalin-formulated
parasiticides (FORMALIN-F - Natchez Animal Supply, Natchez, MS, USA; PARACIDE-
F - Argent Chemical Laboratories, Redmond, WA, USA; and PARASITE-S - Western
Chemical Inc., WA, USA) are authorized for use by the FDA (Food and Drug
Administration).

For the control of ectoparasites in farmed fish, it is necessary to carry out
tolerance tests with the host species, before the animals are treated by employing
therapeutic baths with formalin. In addition to acute and chronic toxicity tests,
histopathology, hematological studies, and blood biochemistry are often used as stress
biomarkers (dos Santos-Silva et al., 2018). The information obtained through these
tools is essential to identifying the functioning of the physiological mechanisms and the
health status of the animals (Satheeshkumar et al., 2012).

It has already been demonstrated that exposure to formalin can cause changes
in blood hematological and biochemical parameters, both in the short-term (Andrade-

Porto et al., 2017) and in the long-term exposure (Omoregie et al., 1994).
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Histopathological studies are important to help understand the effect that
substances cause in the fish organism, two organs receive greater attention in these
studies, the liver, and gill. These organs are constantly the target of these studies due
to their high metabolism, role in biotransformation, and excretion of toxic substances
(Wolf et al., 2015).

The present study aims to evaluate the tolerance of L. alexandri juveniles to
acute exposure to formalin and to observe the responses of these animals to stress,

as well as their recovery, in a formalin-free environment, after the exposure period.

2. Material and methods

The experiments were carried out at the Aquaculture Laboratory of
Universidade Federal de Minas Gerais — UFMG and followed the ethics committee on
the use of animals, CEUA 49/2017.

2.1 Biological material

The exemplars de L. alexandri used in this experimental test were obtained from
captive breeding, carried out with our breeders, following the protocol described by
Costa et al. (2015). The larviculture process and the conditioning food process
occurred according to the one described by Cordeiro et al. (2016).

After the larviculture period, the animals were grown in a recirculation
aquaculture system (RAS), where fish were fed using a commercial diet extruded with
45% total protein (minimum), 4% fiber (maximum), 10% mineral matter (maximum),
7% lipids, 2% calcium and 1% phosphorus, until the beginning of the experimental

period.
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2.3 Acute toxicity tests with formalin

The definitive test lasted 24 h and was carried out in duplicate, in a static system
without a water change, and the fish were deprived of food, as determined by the
American Society for Testing and Materials (ASTM) (Griffin et al., 2002). A preliminary
test of acute toxicity was carried out to determine the range of concentrations to be
used in the definitive tests.

The experimental design was randomized with five treatments in duplicate
based on the preliminary tests. Four formalin concentrations 108.0 mg L (T1o0s), 270.0
mg L (T270), 680.0 mg L (Teso), 1,674.0 mg L (T1674) were adopted along with a
control group without addition of formalin. All concentrations tested were obtained by

diluting formalin to 37% Merck®.

In brief, 100 healthy “pacaméas” (126.2 + 41.4 g; 20.7 + 2.7 cm) were used, with
20 animals per treatment. They were distributed in 10 polyethylene tanks with a volume
of 250 L, maintaining a density of one fish per 25 L of medium. The tanks were provided
with individual aeration and temperature control. At the beginning and end of the
experiment, dissolved oxygen (6.55 + 0.20 mg L), temperature (26.7 + 0.49°C), pH

(8.12 £ 0.17), and total ammonia (0.15 + 0.08 mg L") were measured.

Table 1 - Water quality parameters during the acute and recovery test.

Dissolved oxygen 6.55+0.20 mg L?
Temperature 26.7 £ 0.49°C

pH 8.12 + 0.17

Total ammonia 0.15+0.08 mg L*

To verify mortality, in the first four hours, observation of the experimental units

was performed every five minutes. After this period, mortality was checked every hour.
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At this time lethargic animals were removed and quantified for the estimation of LCso
and taken as a blood samples. Lethargic fish were considered those with an evident
reduction in their respiration (opercular movements and ventilatory frequency), loss of
balance, and not responding to mechanical stimuli as described by dos Santos-Silva

et al. (2018).

After 24 h, at the end of the experiment, the survivals of each treatment were
divided equally into two groups, in the first group (n=10), a blood sample was collected,

and the second group was carried to a recovery test.

2.4 Recovery test

To assess the fish recovery after 24 hours of definitive tests, the surviving
animals (n=10) were transferred to other experimental units, with the same
characteristics as the definitive acute tests, but with formalin-free water. After the
transfer, mortality was observed for 24 h, the same period of exposure to formalin, at
the end, blood samples were collected again for hematological and biochemical

studies.

2.5 Hematological and biochemistry studies

Blood samples were analyzed in the Clinical Pathology Laboratory of the
Department of Veterinary Clinic and Surgery (DCCV) UFMG.

Blood collection was performed by caudal puncture, and an aliquot of at least
400 uL of blood was added to sodium heparin (10%/mL blood). Hematocrit was
determined using capillary tubes centrifuged at 10,000 rpm for 10 minutes (Microline-
Laborline®) (Goldenfarb et al., 1971). Hemoglobin concentration was obtained

according to the technique established by Tonks (1983) using a commercial Bioclin®
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hemoglobin kit and reading in a Termo Plate Analyzer Basic spectrophotometer (540

nm).

Biochemical analyses were performed after double centrifugation in Spinlab SL-
5AM centrifuge for one minute at 10,000 rpm followed by four minutes at 30,000 rpm
for plasma separation, as suggested by Mattioli et al. (2017). The obtained plasma was
used to determine the biochemical profile in automatic equipment (Cobas-Mira Plus).
The variables analyzed were albumin, total protein, glucose, lactate, cortisol, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase

(ALP).

2.6 Histopathology

For histological analysis, samples of gills and liver were collected. The samples
were fixed in Bouin’s solution for 12 hours, after which they were washed and stored
in 70% alcohol until histological processing (Wolf et al., 2015). For the preparation of
the histological slides, the samples went through the process of dehydration,
diaphanization, and embedding in paraffin. They were then submitted to microtomy,
resulting in 4 um-thick histological sections, mounted on glass slides, and stained with
hematoxylin and eosin. The slides were analyzed using a Nikon Eclipse 50i optical
microscope. The images were captured using the Moticam 2300 camera and the Motic

Image Plus 3.0 software.

2.6 Histopathological index

The lesions observed in the gills and livers were classified following the
methodology proposed by Bernet et al. (1999). For classification, 3 factors were used
according to the histopathological importance of the lesion, (1) reversible damage at
the end of exposure; (2) damage that can be reversible after the end of exposure; and

(3) irreversible damage even with the end of exposure, cause partial or total loss of



620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

26

organ and tissue function. In addition to the factor, the scale of lesions was evaluated,
ranging from 0 to 6, where (0) no changes; (2) mild occurrence; (4) moderate

occurrence; and (6) diffuse occurrence. Intermediate values were allowed.

With these data, the gill and liver injury indices were obtained, which were

calculated according to the following formula:

IOTg = erzalt(a X W)

Where rp = reaction pattern; alt = change; a = score; w = importance factor.

2.7 Scanning electron microscopy (SEM)

For scanning electron microscopy (SEM), the gill filaments were fixed in
Karnovsky's solution and preserved in 0.1 M phosphate buffer. Then they were refixed
in 1% reduced osmium tetroxide with distilled water for one hour and washed twice
with distilled water to remove the osmium tetroxide after being dehydrated in an
increasing series of alcohol, dried at a critical point of CO2, and mounted in stubs, they
underwent the metallization process and then were observed in a Scanning Electron

Microscope (Zeiss, model DSM 950).

2.8 Statistical analysis

The LCso and the confidence intervals (95%) were obtained using the Trimmed
Spearman Karber method (Hamilton et al., 1977), and the safety level was estimated
as described by Sprague (1971).

All analyses were submitted for the evaluation of the normality and
homoscedasticity of the variances. Once the prerequisites were fulfilled, the data were

subjected to analysis of variance (ANOVA), and if a significant difference was detected,
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the Tukey test (5% probability) was used. The analyses were performed using the

RStudio Version 1.2.5033 statistical program.

3. Results
3.1 Median lethal concentration - LCsg

The control and Tios treatments were observed with 100% survival. In the other
treatments, 100% mortality was observed, after 24 h of exposure to formalin. The LCso

for the periods of 2, 3, and 12 h, as well as the safety levels, are shown in table 1.

Table 2. Median lethal concentrations (LCso) and safety levels for Lophiosilurus
alexandri sub-adults for 2, 3, and 12 hours of exposure to formalin.
Time (hours)

2 3 12
LCso (Mg L) 988.82 412.37 206.84
Confidence interval 892.10 - 1096.02 382.52 - 444,51 177.58 - 240.92
Security level (mg L) 98.9 41.2 20.7

3.2 Hematological and biochemistry studies

Results of cortisol, glucose, and lactate concentration are shown in figures 1A,
1B, and 1C, respectively. The highest values of plasmatic cortisol were observed on
treatments with formalin concentrations = T27o, Teso, and Tie74. Only Tios did not differ
in the plasmatic glucose and lactate levels from the control group. The highest

plasmatic concentrations of glucose and lactate were observed in treatment Tzvo.

Figures 1D, 1E, and 1F are shown the concentrations of total proteins, albumin,
and globulins, respectively. All these parameters were higher in treatment Tz7o, which
together with Teso in albumin and globulin was the only treatment that differed from the
control group. The highest (T1s74) and lowest concentration (Tio0s) did not differ from

the control group in any of these three parameters.
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The hepatic enzymes ALP, ALT, and AST are shown in figures 1G, 1H, and 11,
respectively. Among the three enzymes, only ALP was not affected by formalin
concentrations. The highest value of AST and ALT was observed in treatment T27o,
while all concentrations of formalin tested affect AST levels in blood plasma, only T27o0

e Teso affected plasmatic levels of ALT.

The only treatment that altered the levels of hematocrit (Fig. 1J) in the blood
was T270, the other formalin concentrations did not differ from the control group. Any

concentrations used in this experiment had altered hemoglobin (Fig. 1K).
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Figure 1 - Mean values (+ standard deviation) of (A) cortisol, (B) glucose, (C) lactate, (D)
total protein, (E) albumin, (F) globulin, (G) alkaline phosphatase - ALP, (H) alanine
aminotransferase - ALT, (l) aspartate aminotransferase - AST, (J) hematocrit, and (K)
hemoglobin of sub-adults of Lophiosilurus alexandri after acute exposure to different
concentration of formalin (24h). Means followed by different letters in the same figure

indicate significant differences (p<0.05).

3.3 Recovery

30

Table 2 shows the hematological and biochemical data obtained after the

recovery period. Hematocrit, total protein, ALP, AST, Alb e Hb showed no statistical

difference. After 24 hours of recovery, lactate and glucose returned to normal levels

compared to the control group, although the cortisol concentration showed a reduction

after recovery, which was still higher than that of the control group.

Table 3. Mean values (+ sd) of blood parameters of Lophiosilurus alexandri sub-
adults after 24 h of detoxification against exposure to formalin.

Parameter Control (0 mg L?) T108 (108 mg L?)
Hematocrit (%) 26.60+5.68 26.44+1.67
Total Protein (g-dL™?) 3.36+0.64 3.77+0.25
Lactate (mmol-L™") 7.63+1.58 8.86+1.30
ALP(UI-dL™") 32.00+7.50 32.54+2.47
ALT(UI-dL™) 6.69+1.89 7.48+5.79
AST (Ul-dL™) 129.30£56.97 139.27+£89.12
Glu (mg-dL™") 10.09+4.35 7.49+2.1
Alb (g-dL™") 0.57+0.08 0.630.07
Hb (g-dL™") 2.93+3.11 1.88+1.83
Cortisol (ng dL?) 5.59+2.20° 12.84+8.29°

Means followed by different letters on the horizontal line represent a significant
difference (p<0.05). Note: ALP = alkaline phosphatase; ALT = Alanine
aminotransferase; ALT = Aspartate aminotransferase; Glu = Glucose; Alb =
Albumin; Hb = Hemoglobin.
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3.4 Histopathology

The main histopathological alterations found in the gills of L. alexandri exposed
to formalin are shown in figure 2. Except for the control group (Fig. 2A and 2B),
alterations were observed in all concentrations of formalin tested. In the formalin
treatment Tios (Fig. 2C), telangiectasia was observed focally in the apical portion of the
secondary lamellae. At this concentration, moderate edema, in the secondary
lamellae, and moderate (but diffuse) hyperplasia were observed. The gills evaluated
at Tzro (Fig. 2D) showed severe hyperplasia, reducing the space between the
secondary lamellae. Edema and epithelial detachment were observed at the base and

apical region of the secondary lamellae.

The formalin concentration Teso (Fig. 2E) showed hyperplasia and epithelial
detachment as well as lower concentrations but also showed disruption of the epithelial
tissue of the secondary lamellae that caused hemorrhages in this region. In the highest
concentration tested Tie74 (Fig. 2F), fusions of secondary lamellae, telangiectasias,
and epithelial detachment were observed, and the distribution of the lesions was more
diffuse than in the other treatments.

After 24 hours of detoxification, the control group (Fig. 2G) presented moderate
and focal hyperplasia, the secondary lamellae of Tios did not present more
telangiectasias, but hyperplasia and epithelial detachment were still observed (Fig.

2H).

Based on the histopathological changes observed and illustrated in figure 2,
the gill injury index was calculated (Table 3). All the concentrations of formalin tested
altered the gill injury index, and a tendency for the injury index to increase from the
lowest to the highest concentration was observed. After 24 h of detoxification, despite

a reduction in the gill index of Taos, it remained higher than the control (Table 3).
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726  Figure 2. Photomicrograph (400x optical magnification) of gills of Lophiosilurus alexandri
727  submitted to acute exposure (24 h) to formalin. (A) and (B) control group with intact gills without
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histopathological alterations of importance for its functioning. (C) Concentration Tios - gills
showing telangiectasia (star), edema (arrow), and moderate hyperplasia (arrowhead) of the
secondary lamellae. (D) Concentration T.7o - secondary lamellae showing edema (star),
epithelial detachment (arrow), and severe hyperplasia (arrowhead). (E) Concentration Teso -
gills showing epithelial detachment (star), epithelial disruption (arrow) with hemorrhage
between the secondary lamellae, and mucus cell hyperplasia (arrowhead). (F) Concentration
Tie74 - severely affected gills showing lamellar telangiectasia (arrow) fusion of secondary
lamellae (arrowhead) and epithelial detachment (star). (G) Control group - gills after 24 h of
detoxification, showing moderate secondary lamella hyperplasia. (H) Concentration T1os - after
24 h of detoxification, showing moderate hypertrophy (arrows) and epithelial detachment
(arrowhead).

Figure 3 shows the electron micrographs of the gills of the control group (Fig. 3A
to 3D) and the two highest concentrations, Teso (Fig. 3E to 3H) and Tie74 (Fig. 31 to 3L)
Changes in the surface villi of the secondary lamellae were observed due to the action
of formalin, the control group presented digitiform villi. In the concentration Teso, the
microvilli were in transition from digitiform to punctiform, while in Tis74 the microvilli

observed were almost entirely punctiform.

Table 4. Indices of lesions (IG) in Lophiosilurus alexandri sub-adults after acute

exposure (24 h) to formalin and after the detoxification period (24 h).

Treatment  Gill Index (lc) Liver Index (IL)
Control 6.33 £ 4.23° 3.50 + 1.97¢
Tio0s8 26.33 + 5.54P 9.50 + 4.59¢
Ta70 38.33 + 14.39b2 36.50 + 5.962
Teso 43.00 + 10.26" 19.67 + 1.97°
T1674 56.67 + 17.422 21.33+2.07°
Detoxification
Gill Index (Ic) Liver Index (IL)

Control 6.33 £ 2.072 3.33+1.292
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T1o0s8 18.67 £ 5.16° 7.25 + 4,352

Figure 3. Scanning electron micrographs showing the structure of the gills of Lophiosilurus
alexandri exposed to different concentrations of formalin. A-D: Control group: A: Gill filaments
formed by the primary lamella (Ip) and secondary lamellae (Is). 300X; Bar 60 um. B: Details of
the surface of the primary lamella (Ip), showing hydrochloric cells (cc) (arrow). 1000X; Bar 18
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pum. C: Close-up photo showing hydrochloric cells (cc) 2000X; Bar 9 um. D: Close-up photo
showing hydrochloric cells (cc) and digitiform microvilli 5000X; Bar 3.6 um. E-H: Treatment Teso:
E: Gill filaments formed by the primary lamella (Ip) and secondary lamellae (Is). 200X; Bar 90
pum. F: Details of primary lamella (Ip) and secondary lamellae (Is) 1000X; Bar 18 um. G: Close-
up photo showing surface details of primary lamella (Ip) and secondary lamellae (Is) 2000X; Bar
9 um. H: Microvilli undergoing alterations, changing from digitiform (arrows) to punctate
(arrowhead). 3000X; Bar 6 um. I-L: Treatment T1e74: |: Details of the primary (Ip) and secondary
(Is) coverslips 500X; Bar 36 um. J: Close-up photo showing surface details of primary lamella
(Ip) and secondary lamella (Is) 1000X; Bar 18 uym. K: Apparent punctate microvilli (arrow).
2000X; Bar 9 ym. L: Punctate microvilli in detail. 5000X; Bar 3.6 pm.

The liver photomicrographs are shown in figure 4. The main histopathological
changes can be observed from the Tz7o treatment (Fig. 4C), where it is possible to
identify nuclear alterations, glycogenic vacuolization in addition to congestion in blood
vessels, and agglomeration in the sinusoids. The concentrations Teso (Fig. 4D) and
Tie74 (Fig. 4E) presented the same lesions as T270 but with lower frequency and
intensity. The treatment Tio0s after 24 hours of recovery (Fig. 4G) showed congestion
of blood vessels and discrete agglomeration of sinusoids.

Table 3 shows the calculated values for the liver index (IL). Only concentrations
greater than T27o differed from the control. Differently from what was observed in the
values calculated for the gill index, the highest values of I. were observed in the
treatments T27o, Teso, and T1e674, and they were higher than the control not differing from

each other. After the detoxification period, Ti0s remained the same as the control

group.
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Figure 4. Photomicrograph (400x optical magnification) of the liver of Lophiosilurus alexandri
submitted to acute exposure (24 h) to formalin. (A) control group presenting hepatocytes with
normal morphology, intact, and with the chordal distribution. (B) Tis discrete proliferation of
Kupffer cells (arrow), focal nuclear degeneration (star). (C) T2z vessel congestion (arrow),
diffuse agglomeration of sinusoids (arrowhead), diffuse nuclear degeneration (star), and
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glycogenic vacuolization of hepatocytes. (D) Tsso liver with congested blood vessels, clustering
in sinusoids (arrow), nuclear degeneration (star). (E) Tieza With congested blood vessels
(arrow), clustering in sinusoids (arrowhead), nuclear degeneration (star). (F) control group after
24 hours of detoxification, hepatocytes without vacuolization, with the chordal distribution. (G)
Ti0s after 24 hours of detoxification, showing congestion of blood vessels (arrow), and
moderate agglomeration in the sinusoids (arrowhead).

4 Discussion

Comparisons of the LCso obtained by different studies with those found in the
literature should be made with warnings. There are a variety of factors inherent to the
animal, such as species and stage of life, or related to water quality, such as alkalinity,
salinity, temperature, and pH, in addition to the exposure time, which influence the

tolerance to the toxic effects of formalin (Leal, 2018).

Francis-Floyd (1996) recommended concentrations between 150 and 250 mg
L1 of formalin in short baths (depending on temperature). These concentrations are
close to those recommended by the FDA (1998), between 170 and 250 mg L. In our
study, the safety levels for two hours of exposure for “pacaméas” (126.2 + 41.4 g) were
below these values, 98.9 mg L1. However, it is important to emphasize that in the first
hour of the definitive test, no mortality was observed in the concentration of 680.0 mg

|_—1

Blood tests are a valuable tool to identify the primary and secondary reactions
of fish to situations that involve stress (Fazio, 2019). In this study, several changes in
blood parameters were observed. The primary response to stress in fish consists of
the release of cortisol and catecholamines into the bloodstream, these compounds act
in the release of energy to the organism through hepatic gluconeogenesis, preparing

the organism to face the stressor (Wagner and Congleton, 2004; Schreck and Tort,
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2016). All concentrations tested caused an increase in plasma cortisol levels, which is
the main indication of activation of the body's first physiological response mechanisms

to stress.

The available literature already demonstrates that formalin causes changes in
plasma cortisol levels in fish, this increase was also observed in juveniles of tilapia
Oreochromis niloticus (12 + 2 g) subjected to a concentration of 1,620 mg L formalin
for 40 min (Sandoval-Gio, 2019). However, Andrade and Porto (2017) did not observe
changes in cortisol levels in “pirarucu”, and Arapaima gigas, with 38.9 + 9.3 g exposed
to concentrations of up to 550 mg L for one hour. By the way, the primary response
to stress in “pacamas” was described by Mattioli et al. (2018), they submitted the
animals to sodium chloride in an acute salinity test and observed elevation in plasma
cortisol concentrations.

The cortisol and catecholamines are also precursors of the secondary response
to stress situations, composed of several physiological mechanisms such as
hematological, respiratory, cellular, and immunological changes (Barton, 2002;
Schreck and Tort, 2016). Responses to stress situations are usually high energy
demanding, like a predator escape situation, which needs a natatory burst. Two factors
that are part of the secondary response and can be measured are glucose and lactate
both are directly involved in the release of energy to cells. So, monitoring their plasma
concentrations is widely used as an indirect indicator of stress in fish (Vijayan, 2003;

Wagner and Congleton, 2004).

In the present study, the elevation of plasma glucose levels of animals exposed
to formalin was observed in concentrations higher than 270 mg L. However, the
highest concentrations of formalin tested did not show the highest plasma glucose

concentrations. All mortalities from these concentrations occurred before the 3 hours
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of testing. This time may not have been sufficient for plasma glucose concentrations
to a peak. There are no data available that demonstrate the temporal pattern of glucose
elevation for L. alexandri submitted to stress situations. However, something similar
occurs has been demonstrated rainbow trout (Oncorhynchus mykiss) submitted to

stress reached plasma glucose peak only 3 hours after stress (Jentof et al., 2005).

When comparing the effects of formalin on glucose plasma concentration in L.
alexandri with other species, we observed that tilapia juveniles submitted to a short-
term formalin bath (40 min) had higher glucose levels than the control treatment
(Sandoval-Gio et al., 2019). In contrast, olive flounder Paralichthys olivaceus (390 —
480 g) exposure to 300 mg L for three hours caused no changes in levels of glucose
(Jung et al., 2003). The elevation of plasma glucose has already been observed in
juveniles of “pacamas” of 33.87 x 3.16 g submitted to acute toxicity tests with ammonia
and nitrite (dos Santos-Silva et al., 2018) and in juveniles of 28.6 + 1.3 g in acute

salinity exposure with common salt (Mattioli et al., 2017).

In stressful situations, the energy demand can be so high that obtaining energy
through aerobics is not enough. In these cases, the organism uses the anaerobic route
to supply this demand, and the metabolite of this route is lactate (Brandao et al., 2006;
Barbosa et al., 2007). Lactate is produced and released in various tissues, in situations
of stress the need for a motor response is high, so muscle tissue is responsible for a
large part of the release of this metabolite into the bloodstream (Schreck et al., 2016).
In this study, the treatment that presented the highest glucose concentration also
showed the highest plasmatic concentration of lactate, demonstrating the increased

energy demand due to exposure to formalin.
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Parallel to the increased energy demand, the need for oxygen also increases in
stressful situations. The secondary response can promote physiological changes to
increase the oxygen transport capacity of the body (Schreck and Tort, 2016). The
monitoring of hemoglobin and hematocrit levels can be used as indicators of the
oxygen transport capacity in the bloodstream. In this study, the Tz7o treatment was the
only one that had a hematocrit higher than the control. The increase in hematocrit in
fish subjected to stress is related to the higher volume of circulating red blood cells,
caused by an imbalance in the blood pH or by the release of the same by the spleen

under the action of catecholamines (Vosyliene, 1999).

Total protein consists of the concentrations of albumin and globulins, both
compose the structures of most tissues, act in osmotic control are components of the
immune system. Stress is one of the factors that can alter plasma albumin
concentrations, being reported to cause hypoalbuminemia in Labeo rohita (Ciji et al.,
2015) and blunt snout bream Megalobrama amblycephala (Zhang et al., 2015).
However, in this study, the concentrations of T270 and Teso caused an increase in
albumin concentrations, this hyperalbuminemia was also observed by dos Santos-
Silva et al. (2018) in “pacamas” exposed to nitrite. These same authors attribute this

increase to changes in the immune system of animals subjected to stress.

Globulin concentrations are used as indicators of inflammatory processes and
demonstrate the state of adaptation of the organism to the stress situation. Adapted
organisms do not show changes in globulin concentrations, while organisms not
adapted to stress conditions have higher concentrations (Caipang et al., 2009). Tz7o
and Teso showed higher concentrations of globulins in plasma, which indicates that
these animals were unable to adapt to the stress condition. Despite this, the highest

concentration of formalin tested (T1e74) showed no change in globulin levels, and we
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attribute this to the fact that mortality occurred in a short period, which was insufficient
to trigger the physiological process of adaptation to stress.

Intracellular enzymes, ALT and AST, are predominantly present in the liver but
are also found in lower concentrations in other organs, such as skeletal muscles,
kidneys, and spleen (Shahsavani et al., 2010). As they are intracellular, the increase
in the levels of these enzymes in the plasma indicates cellular and/or tissue damage,
being frequently used as markers of liver and muscle damage (Kori-Siakpere et al.,
2011). The histopathological studies of the liver confirmed this link, the treatment that
presented the highest plasma concentrations of ALT and AST was also the one that
showed the highest rate of liver injury. Among the lesions in T27o livers, nuclear
degenerations of hepatocytes were observed, alterations considered to be preceptors
of the cellular apoptosis process, a process that may be responsible for the increase
in plasma levels of both AST and ALT. Although Teso and Tie74 also presented these
lesions, plasma concentrations of AST and ALT are not directly linked to the severity
of the liver lesions but rather to the spread of these lesions in the organ (Caipang et
al., 2009). This relationship between liver damage and the levels of ALT and AST has
already been described for “pacamas” in stress conditions by dos Santos-Silva et al.
(2018). The increase in AST levels after exposure to formalin was also reported by
Jung et al. (2003). However, these same authors did not observe changes in ALT

levels.

Plasma concentrations of ALP are also used as an indicator of liver function,
although this is less efficient than AST and ALT because it has other production sites
besides the liver, such as in bone tissue. In the liver, its presence is predominant in the
tissues responsible for the production and drainage of bile fluid (Shahsavani et al.,

2010). In the present study, plasma ALP concentrations were not altered by formalin
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concentrations. These results, analyzed together with the histopathological findings,

indicate that acute exposure to formalin did not cause damage to the bile tract tissues.

The gill tissue has direct contact with the aquatic environment, so it is vulnerable
to physical, chemical, and biological aggression. In addition, it is an organ that
participates in the excretion of toxic substances from the body (Wolf et al., 2015). For
these reasons, together with the liver, it is one of the main targets in histopathological
studies of toxicity in fish. The gill response to acute exposure to formalin has a limited
repertoire, with the most frequent alterations reported in the literature being
hyperplasia, epithelial displacements, telangiectasia, and lamellar fusions (Pahor-Filho
et al., 2015b; Andrade-Porto et al., 2018b; Neves et al., 2020). Except for lamellar
fusion, which was only present in Tie74, all these other alterations were present at all
concentrations tested in this work. The increase in the concentration of formalin rises
the dispersion of these lesions by the gills, which causes an increase in the rate of
lesions. The highest rate of gill injuries was observed at the concentration Tis74. Similar

=N

behavior was corroborated by Neves et al. (2020), working with “pacama” juveniles
(3.75 £ 0.81 g) but using another method to assess the damage, the degree of tissue
change (DTC) being the highest level observed at the concentration of 1,036.8 mg L

of formalin.

="

Formalin proved to be quite aggressive with the gill tissue of “pacama” juveniles
(13 g) subjected to different concentrations of ammonia and nitrite, and the highest gill
injury index obtained was 28 (dos Santos-Silva et al., 2018), while in the present study

it was 56.67.

Only the gill lesions identified in treatments Teso and Tis74 would be enough to

cause the mortalities observed in these treatments. Alterations such as hyperplasia of
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secondary lamellae aim to prevent the entry of the toxic agent into the organism.
Hyperplasia alters the shape of the microvilli of the secondary lamellae as observed in
the electron micrographs of the gills of Tie74 and reduces the available area between
the secondary lamellae reducing the capacity of gas exchange and osmoregulation
(Wolf et al., 2015), depending on the size of the involvement, the organ loses its
function, leading the animal to death. The lower liver damage index at Teso and Tie74
may be related to the fact that the gill lesions caused the animals to die before formalin
caused greater damage to the liver tissue. Corroborating this hypothesis, the
biochemical parameters indicate that there was not enough time for all the

mechanisms of the secondary response to stress to be triggered.

Stress recovery is dynamic, and some parameters, such as cortisol, can return
to pre-stress levels hours after removal of the stressor, while others, such as
immunological parameters, may take weeks to recover (Schereck and Tort, 2016).
After 24 h of the detoxification period, only cortisol differed from the control treatments.
The 24 h period was not enough to return to stress-free conditions. Tilapia juveniles
submitted to short-term formalin baths (40 minutes) had their cortisol and glucose
levels restored three days after treatment (Sandoval-Gio et al., 2019). “Pacama”
juveniles exposed to sublethal concentrations of ammonia and nitrite still had organic
dysfunctions four days after the end of exposure to nitrogen toxicants (dos Santos-
Silva et al., 2018). The qill tissue is characterized by its high capacity for recovery after
the removal of the stressor (Wolf et al., 2015). In the present study, it was noticed that
after 24 hours of recovery, the value of the gill injury index regressed but it was still

higher than the control level.
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5. Conclusion

Lophiosilurus alexandri can be safely exposed to formalin concentrations lower
than 98.9 mg L for a maximum time of 2 h without significant damage to the organism.
The concentrations tested showed the acute stress of exposure to formalin triggers
physiological changes typical of primary and secondary responses to stress.
Additionally, at concentrations higher than 1,674 mg L of formalin, the monitoring of
blood and plasma parameters is not efficient to explain mortalities, as they occur before
all these stress response mechanisms are triggered. The 24-hour period of

detoxification is not enough for the body to fully recover.

Studies about the interaction of formalin with the pacama tegument should be

developed since this species does not have scale to protect the epithelial tissue.

Additional studies on the effectiveness of the established safe concentration of

formaldehyde against ectoparasites are recommended
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