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Resumo

O peixe-palhaco Amphiprion ocellaris muitas vezes € criado em as altas densidades
de estocagem que, somadas aos altos niveis proteicos dos alimentos utilizados,
elevam as concentracdes de amonia e nitrito, que sdo compostos toxicos e podem
ocasionar a mortalidade dos peixes. No presente estudo, juvenis (1,20 £ 0,34 g) de A.
ocellaris foram expostos a seis concentracdes de amoénia (0,23; 0,57; 0,97; 1,05; 1,22
e 1,63 mg/L NHs-N) e oito concentracdes de nitrito (26,28; 53,26; 72,48; 111,27,
132,38; 157,42; 178,37 e 202,18 mg/L NO,-N). Foram estimadas as concentragdes
letais medianas (CLsp) para 24, 48, 72, e 96 horas de exposicdo a estes compostos,
sendo 1,06; 0,83; 0,75 e 0,75 mg/L NHs-N e 188,29; 151,01; 124,06 e 108,79 mg/L
NO;-N, respectivamente. As analises histologicas das branquias revelaram lesdes
como hiperplasia do epitélio das lamelas primarias, hiperplasia e hipertrofia das
células de cloreto e elevacdo epitelial. Contudo, as frequéncias das lesbes
aumentaram de acordo com o aumento nos niveis de amdnia e nitrito da agua. Os
peixes expostos a 0,57 mg/L NH3-N ou 100 mg/L NO,-N também apresentaram
fusdo lamelar. As histopatologias foram significativamente maiores nos peixes
expostos a 0.57 mg/L NHs-N ou 25 mg/L NO,-N comparados com 0s peixes
controle. Desta forma recomeda-se atencdo especial para os niveis de aménia e de

nitrito nos sistemas de cultivo de A. ocellaris.
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Abstract

The clownfish Amphiprion ocellaris is often raised in high stocking densities and
high protein levels fed to maximize the ocellaris production. This increase the
concern about ammonia and nitrite once this compounds are toxics and may lead fish
to death. In this work, A. ocellaris juveniles (1.20 = 0.34 g) were exposed to six
concentrations of ammonia (0.23, 0.57, 0.97, 1.05, 1.22 and 1.63 mg.L™* NH3-N) and
eight nitrite concentrations (26.28, 53.26, 72.48, 111.27, 132.38, 157.42, 178.37 and
202.18 mg.L™* NO,-N). The median lethal concentration (LCso) of ammonia and
nitrite to A. ocellaris clownfish were determined in 1.06, 0.83, 0.75 and 0.75 mg.L™
NHs-N and 188.29, 151.01, 124.06 and 108.79 mg.L™* NO,-N for 24, 48, 72 and 96
hours of exposure respectively. Histological analysis showed that both nitrogenous
compounds induces gill lesions such as hyperplasia of epithelium cells, hypertrophy
of chloride cells and lamellar lifting, and the frequency of levels increasing
accordingly the increase of ammonia or nitrite. Fish exposed to 0.57 mg.L™* NHs-N
and 100 mg.L™> NO,-N also presented lamellar fusion, and the histopathologies were
significantly higher in fish exposed to 0.57 mg.L™ NHs-N or 25 mg.L™ NO,-N
compared to control fish. Therefore special attention should be given to ammonia and

nitrite levels at A. ocellaris culture systems.
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Introducéo Geral

O mercado da aquariofilia cresceu significativamente a partir de 1980
(Delbeek 2001) e em 1992 ja apontava como um dos ramos mais lucrativos da
aquicultura norte americana (Chapman et al. 1997). Entre 1997 e 2002 a aquariofilia
marinha movimentou entre 200 a 330 milhdes de dolares e comercializou cerca de
1470 espécies de peixes. Apesar da grande diversidade de peixes comercializados,
apenas 10 espécies concentraram 36% de todo comércio mundial. Entre essas
espécies o peixe-palhaco Amphiprion ocellaris, foi a espécie marinha mais exportada
no mundo nesse periodo (Wabnitz et al. 2003). Dados mais recentes mostram que
entre maio de 2004 e maio de 2005 A. ocellaris junto com Amphiprion percula foram
0 quinto grupo de peixes mais importados pelos Estados Unidos da América (Rhyne
et al. 2012).

O género Amphiprion foi um dos primeiros a se obter sucesso na reproducéao
e larvicultura de peixes ornamentais marinhos (Hoff 1996). A producdo comercial
dos peixes-palhacos vem sendo realizada desde os anos 50 (Wittenrich 2007), e
diversos estudos foram realizados com foco na reproducdo, larvicultura e
intensificacdo das cores (Ajith Kumar & Balasubramanian 2009; Parmentier et al.
2009; Yasir & Qin 2009; Ho et al. 2013). Casais desse género se adaptam bem ao
cativeiro e, em condi¢des ideais, podem desovar até duas vezes ao més, produzindo
aproximadamente 24 mil ovos por ano (Madhu et al. 2006). Como outras espécies do
género Amphiprion, o A. ocellaris possui elevado valor de mercado e pacote
tecnoldgico ja estabelecido (Hoff 1996). Atualmente a demanda por A. ocellaris

produzidos em cativeiro continua grande devido a maior popularidade dos aquéarios
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marinhos, as restricdes impostas a coleta destes animais no ambiente natural, e a
crescente procura dos aquariofilistas por animais produzidos em cativeiro. Dessa
forma, para suprir a demanda e otimizar a produtividade, 0s peixes ornamentais
marinhos frequentemente sdo criados em altas densidades de estocagem em sistemas
de recirculacdo de 4gua (Watson & Hill 2006).

Sistemas de recirculacdo de agua suportam maior densidade de peixes que
sistemas estaticos convencionais, pois nestes sistemas a agua circula constantemente
entre os tanques e uma sequéncia de filtros mecéanicos e bildgicos, retornando tratada
aos tanques. Os filtros bioldgicos possuem substratos com grande area de superficie
para colonizacdo de bactérias nitrificantes, principalmente o género Nitrossomonas
que oxida amonia em nitrito, e 0 género Nitrobacter que oxida o nitrito em nitrato
(Gutierrez-Wing & Malone 2006).

Processo de nitrificacdo:

NH," + 1',0; — NO; +2H" + H,0

NO, + '/, 0 — NOs3

A amonia e o nitrito sdo tdxicos para os peixes. Contudo, a toxicidade de
ambos € muito variavel para peixes, dependendo da espécie, do tamanho e nivel de
atividade dos peixes e também de pardmetros fisico quimicos da agua como
temperatura, oxigénio dissolvido, salinidade, pH, dureza e composi¢do ibnica da
agua. O pH é um dos fatores mais importantes que interferem na toxicidade da
amoOnia, isso por que o pH é o principal fator a alterar o equilibrio entre amdnia
gasosa, ndo ionizada (NHs), e amonia ionizada (NH4") (Thurston et al. 1981). A NH3

é mais toxica que o NH;" pois esta é uma molécula lipofilica com capacidade de

4



135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

atravessar passivamente as membranas celulares, que sdo lipoproteicas, entrando
facilmente na corrente sanguinea. Para a entrada do ion NH,4", que é lipofobico, no
sangue sdo necessarios transportadores ativos (Randall & Tsui 2002; Ip & Chew
2010). Em relacdo a toxicidade do nitrito, a concentracdo de cloreto na agua € o
parametro que mais interfere na toxicidade, pois o nitrito entra no sangue
principalmente pelo trocador de banda 3 (CI'/HCOj3") substituindo os ions de cloreto,
nas branguias em peixes de agua doce e no intestino em peixes marinhos. Portanto
aguas com salinidade e concentracfes de cloreto mais elevadas podem dificultar a
entrada do nitrito no sangue e minimizar sua toxicidade (Sampaio et al. 2002,
Weirich & Riche 2006a).

A amoénia é o primeiro composto nitrogenado a surgir em um sistema de
criacdo de peixes, pois € a principal forma de excrecdo desses organismos. As
principais formas de excre¢do da amonia pelos peixes ocorrem nas branguias com a
saida de NHs por difusdo e pelas proteinas Rh e a saida de NH," por transportadores
ativos (H'/Na") (Ip & Chew 2010). Outra fonte de amodnia é a decomposicido de
matéria organica como restos de alimento presentes nos sistemas aquicolas. Além de
ser a primeira a surgir, a aménia € o composto nitrogenado mais tdxico para 0s peixes
levando a mortalidade em concentrages relativamente baixas (Tomasso 1994,
Weirich & Riche 2006b). Portanto, problemas com toxicidade de aménia sdo mais
comuns durante o transporte de peixes, onde a densidade de peixes é muito elevada e
ndo existe tratamento, nem renovacdo da dgua (Lim et al. 2003), assim como em

sistemas de producdo com elevada densidade de estocagem sem a devida renovacéao
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de agua ou em caso de sistemas de recirculacéo biofiltros imaturos ou com perda de
eficiéncia.

O aumento da aménia no ambiente pode levar a perda da eficiéncia na
excrecdo da amoénia e com isso 0s peixes podem diminuir ou cessar a alimentacéo
para diminuir a producdo de aménia metabdlica, causando reducédo de crescimento ou
até perda de peso. Outro fator que pode acarretar em diminuicdo do crescimento € que
0 excesso de amonia a nivel celular afeta a producdo de ATP reduzindo a energia
disponivel para o peixe (Russo & Thurston 1977). Foss et al. (2004) relataram
diminuicdo das taxas de crescimento e de alimentacdo no bacalhau do Atlantico,
Gadus morhua, exposto a concentracdes maiores que 0,06 mg/L NHs-N. A amdnia
no sangue, que possui pH entre 7,6 e 8,4 (Cameron 1978), encontra-se principalmente
na forma ionizada NH,4", sendo capaz de entrar nas células neuronais e de musculo
branco através dos canais de potassio. Isto leva a um desbalanco nas cargas elétricas
das células e atrapalha a atividade e comunicacdo celular (Randall & Tsui 2002;
Baldisserotto 2013). Com o excesso de amdnia também ocorre alteracdo no pH
sanguineo desestabilizando reacdes enzimaticas e as membranas celulares, e levando
a alteracBes histologicas em diversos 6rgdos. O peixe-palhaco maroon, Premnas
biaculeatus apresentou histopatologias nos rins, figado, cérebro, e branquias quando
expostos por 96 h a 0,75 mg/L NH3-N (Rodrigues et al. 2012). A alteracdo no pH
sanguineo também acarreta na diminuicdo da capacidade de carrear o oxigénio que
somada aos danos histolégicos das branquias, acabam exigindo maior frequéncia
respiratoria e consequentemente maior gasto energético (Vinatea Arana 2004). A

amonia também pode levar a mortalidades e a concentracédo letal mediana (CLsg) 96 h
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em peixes marinhos varia de 0,54 mg/L NH3-N para o robalo negro, Centropristis
striata (Weirich & Riche 2006a) até 2,6 mg/L NH3-N para o linguado Scophthalmus
maximus (Person-Le Ruyet et al. 1995). O Unico estudo de toxicidade aguda da
amonia em peixes-palhacos utilizou o maroon Premnas biaculeatus, e relatou CLsp
96 h de 0,89 mg/L NH3-N (Rodrigues et al. 2012) (Tabelal).
Tabela 1. Concentracdo letal mediana de amoénia ndo ionizada para diversas espéecies
de peixes.
Espécie Peso Temperatura pH Salinidade CLso-96h Referéncia
(9 (°C) mg/L NH5-N
Centropristis 9,9 22,2 8,29 9,9 0,46 Weirich & Riche
striata 22,3 8,21 20,0 0,52 2006a
22,3 8,23 30,1 0,54
Premnas 0,34 24,5 7,9 21,5 0,89 Rodrigues et al.
biaculeatus 2012
Trachinotus 8,1 27,8 8,36 5,8 0,95 Weirich & Riche
carolinus 21,7 8,36 11,6 1,01 2006b
27,9 8,33 25 0,97
Rachycentron 1,74 25,9 7,8 22,2 1,13 Rodrigues et al.
canadum 2007
Trachinotus 0,86 24,3 7,3 5 0,66 Costa et al. 2008
marginatus 24,2 1,7 10 1,87
24,3 8,1 30 1,06
Scophthalmus 6a163 17al18 8,15 34,5 2,6 Person-Le Ruyet

maximus

et al. 1995

187



188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

O nitrito (NOy) encontra-se na agua em equilibrio com o acido nitrico
(HNO,) dependendo do pH, sendo que pHs acima de 5,5 apresentam somente 0
nitrito (Baldisseroto 2013). O nitrito é o intermediario no processo de nitrificacdo
surgindo da oxidacdo da amonia realizada principalmente pelas bactérias
Nitrossomonas. Picos de nitrito sdo mais frequentes em sistemas de producdo e em
aquarios durante os primeiros meses apés a estocagem dos peixes quando a eficiéncia
das bactérias nitrito oxidantes, Nitrobacter, do biofiltro ainda ndo estd em equilibrio
com a producdo de nitrito do sistema (Svobodova et al. 2005; Gutierrez-Wing &
Malone 2006). Porém, mesmo em um sistema maturo pode ocorrer perda de
eficiéncia na oxidacdo do nitrito pelo biofiltro levando ao acimulo desse composto
no sistema de producdo. Emparanza (2009) sugere gue grande variabilidade diaria na
quantidade de racdo ofertada e/ou na quantidade de agua renovada no sistema séo 0s
principais fatores que ocasionam perda da eficiéncia do biofiltro causando aumento
do nitrito.

Dentro do sangue, o principal efeito do nitrito é a oxidacdo do Fe* da
hemoglobina para Fe** transformando-a em meta-hemoglobina e reduzindo
capacidade de transporte de oxigénio pelo sangue podendo levar a mortalidade os
peixes por hipdxia (Kroupova et al. 2005). O nitrito também estimula a saida de K*
das hemacias para o plasma o que leva uma saida de dgua das hemacias por osmose
diminuindo o hematocrito por reducdo do volume das hemécias e também afetando a
capacidade de transporte de oxigénio dos peixes (Baldisserotto 2013). No bijupira,
Rachycentron canadum, foi observado interrupgéo da alimentacdo e problemas na

natacdo quando expostos a 76,1 e 88,8 mg/L NO,-N respectivamente (Rodrigues et

8
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al. 2007). O nitrito também pode causar mortalidades, e em geral as CLsp do nitrito
sdo mais elevadas que as CLso da amonia. A CLsp 96 h de nitrtio para a tainha Mugil
liza é de 1,51 mg/L NO,-N em salinidade zero e de 35,89 mg/L NO,-N em
salinidade 30 (Sampaio et al. 2002), resultado semelhante ao do pampo Trachinotus
carolinus com CLsp 96 h de 16,7 mg/L NO,'-N em salinidade 6,3 e 34,2 mg/L NO; -
N em salinidade 25 (Weirich & Riche 2006b). Ja a CLsy 96 h para Centropristis
striata na salinidade 30 € de 216,4 mg/L NO,-N (Weirich & Riche 2006a),
demonstrando a grande variabilidade na toxicidade desse composto entre as espécies.
Outro peixe resistente ao nitrito € o bijupira Rachycentron canadum, que apresentou
somente 30% de mortalidade quando exposto a 210 mg/L NO,-N durante 96 h
(Rodrigues et al. 2007) (Tabela 2).

Como visto anteriormente, a avaliacdo da CLsy e avaliagdes das lesdes
teciduais realizadas através da histologia sdo duas metodologias amplamente
utilizadas em estudos de toxicidade. A CLso€ 0 método mais utilizado para avaliacdo
de toxicidade aguda e sua padronizacdo torna possivel realizar comparagdes, com
ressalvas, entre diferentes tempos, compostos e espécies. Por outro lado, a histologia
é uma ferramenta eficaz para avaliar efeitos de concentracbes subletais dos
contaminantes na agua. Através da histologia é possivel avaliar a ocorréncia de leses
nos tecidos e 6rgdos, sendoa branquia o primeiro 6rgdo a sofrer alteracGes quando as
condi¢cBes ambientais ndo sdo favoraveis devido a sua membrana permeavel e em

constante contato com a agua (Bernet et al. 1999; Benli et al. 2008).



233  Tabela 2. Concentracéo letal mediana do nitrito para diversas espécies de peixes.
Espécie Peso (Q) Temperatura pH Salinidade = CLgg-96h Referéncia
(°C) mg/L NO,-N
Mugil liza 0,19 25 7,34 0 151 Sampaio et al.
7,76 30 35,89 2002
Trachinotus 8,1 28 8,35 6,7 16,7 Weirich &
carolinus 28 8,33 13,3 26,0 Riche 2006b
27,9 8,23 26,4 34,2
Trachinotus 0,86 23,6 7,4 51 39,94 Costa et al.
marginatus 24,5 7,8 10 116,68 2008
24,5 8,1 30,1 37,55
Centropristis 9,9 22,2 8,33 10,1 190,0 Weirich &
striata 22,1 8,27 20,1 2419 Riche 2006a
22,3 8,30 30,3 216,4
234
235 Enfim, existem diversos estudos sobre a toxicidade dos compostos
236  nitrogenados em diversas espécies de peixes. Porém, em peixes ornamentais
237  marinhos, ainda existe uma grande caréncia de informacdo nessa area. Entre os
238  poucos estudos realizados foram relatados a reducdo do crescimento e perda de cor
239 em A. ocellaris expostos a 100 mg/L NO3-N (Frakes & Hoff 1982), e alteracdes
240  histopatoldgicas nas branquias e outros orgdos do peixe-palhago maroon P.
241  biaculeatus, devido a exposicdo a amonia (Rodrigues et al. 2012). Buscando
242  aumentar o conhecimento sobre os efeitos dos compostos nitrogenados nos peixes-

10



243  palhacos o presente estudo estimou as CLso 96 h de amdnia e nitrito e avaliou 0s
244  efeitos histopatologicos destes contaminantes nas branquias de juvenis de A.
245  ocellaris.
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Abstract

False clownfish is one of the most commercialized fish in the world and several
companies are producing this specie to supply the aquarium market. The high stocking
densities used to maximize fish production can increase ammonia and nitrite to toxic levels.
In this work, A. ocellaris juveniles (1.20 + 0.34 g) were exposed to six concentrations of
ammonia (0.23, 0.57, 0.97, 1.05, 1.22 and 1.63 mg.L™ NHs-N) and eight concentrations of
nitrite (26.28, 53.26, 72.48, 111.27, 132.38, 157.42, 178.37 and 202.18 mg.L'1 NO;-N). So
the LCsp 24, 48, 72 and 96 hours of NH3 and of NO," we calculated being 1.06, 0.83, 0.75
and 0.75 mg.L™ NHs-N and 188.29, 151.01, 124.06 and 108.79 mg.L™ NO,-N. Analysis of
the gill lesions caused by sub-lethal concentrations of these nitrogenous compounds
showed that both nitrogenous compounds induced tissue lesions such as hyperplasia of
epithelium cells, hypertrophy of chloride cells and lamellar lifting to all concentrations
tested. However histopathological alterations were more compiscuos accordingly the
increase of ammonia or nitrite with fish exposed to 0.57 mg.L™ NH3-N or 100 mg.L™* NO, -

N presenting lamellar fusion of secondary lamella.

Introduction

The false clownfish, Amphiprion ocellaris, is one of the most commercialized
marine ornamental fish in the world being the most exported fish between 1997 and 2002
(Walbnitz, Taylor, Green & Razak 2003). The genus Amphiprion was one of the first
marine ornamental species successfully cultured (Hoff 1996). These fish have been raised

commercially since early 50's and currently the reproduction and juvenile production has
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well established protocols with high larval survival (Hoff 1996; Wittenrich 2007).
Nowadays, with the popularity of marine aquariums, strongest restrictions to wild fish
capture, and the preference of some aquarists for captive bred fish, the demand for these
fish has enhanced. Between May 2004 and May 2005, the A. ocellaris and the very similar
clownfish Amphiprion percula, ranked fifth among imported ornamental marine fish to the
USA (Rhyne, Tlusty, Schofield, Kaufman, Morris & Bruckner 2012) and probably it is not
the first due to the many fish farms producing clownfish in the USA. In order to supply the
demand, clownfish are often raised in recirculating aquaculture systems (RAS), which
allow high stocking densities and production maximization (Watson & Hill 2006).

The high fish densities, added to the high protein levels of fish diets, increase the
content of nitrogenous compounds dissolved in the water (Ellis, North, Scott, Bromage,
Porter & Gadd 2002). Ammonia is the main nitrogenous compound excreted by fish and it
occurs in two forms: un-ionized (NHa) or ionized (NH,"). The NHa/NH,4" ratio depends on
the water pH, temperature, and salinity (Thurston, Russo & Vinogradov 1981). Nitrite
(NOy) is the intermediate product of nitrification, which ends with the formation of nitrate
(Rijn 1996). Ammonia and nitrite can reach toxic levels to fish within a few days, leading
to physiological impairment and eventually death of the exposed animals (Randall & Tsui,
2002; Kroupova, Machova & Svobodova, 2005).

The acute toxicity of ammonia and nitrite has been studied in several fish species
(Sampaio, Wasielesky & Miranda-Filho 2002; Weirich & Riche 2006; Rodrigues, Schwarz,
Delbos & Sampaio 2007) using the traditional median lethal concentration test (LCso). The
nitrogenous compounds, although not always reach lethal concentrations, however may

cause tissue damage, which does not appear visible (Lease, Hansen, Bergman & Meyer,
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2003). In this sense, histological techniques are a good and usual procedure to evaluate and
demonstrate tissue lesions caused by sublethal concentrations of aquatic pollution in fish
(Bernet, Schmidt, Meier, Burkhardt-Holm & Wahli 1999; Benli, Koksal & Ozkul 2008).
Even though several studies have been done combining both techniques (LCso and
histology) to determine safe levels of nitrogenous compounds to fish culture (Rodrigues,
Schwarz, Delbos, Carvalho, Romano & Sampaio 2011; Rodrigues, Romano, Schwarz,
Delbos & Sampaio 2012), there is little information about the toxicity of nitrogenous
compounds on clownfish.

Therefore, the present study aims to expand the knowledge on culture of A.
ocellaris, determining the LCs, of ammonia and nitrite, and evaluating gill lesions caused

by sub-lethal concentrations of both toxics.

Materials and Methods
Experimental fish

Fish were produced from natural spawning of clownfish broodstock maintained in
recirculating aquaculture systems at the experimental hatchery of the Universidade Federal
do Rio Grande - FURG (Brazil). Juveniles were fed a commercial diet (55% protein, 9%
lipids - Inve aquaculture, NRD, Belgium) ad libitum three times a day. At the time of the

experiments, the mean body mass was 1.20 £+ 0.34 g.

Acute toxicity assays
Juvenile clownfish were exposed to six concentrations of ammonia (0.23, 0.57,

0.97, 1.05, 1.22 and 1.63 mg.L™* NHs-N) obtained adding ammonium chloride to the water
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and eight concentrations of nitrite (26.28, 53.26, 72.48, 111.27, 132.38, 157.42, 178.37 and
202.18 mg.L™* NO,-N) with addition of sodium nitrite to the water, plus a control, all in
triplicates. Mean concentration achieved in each treatment is presented Table 1.

Tests were carried out into 15 L cylindrical tanks in static system. All tanks were
held in a water bath for temperature control, and were aerated by blower connected by air
stones during all tests. Photoperiod was maintained at 12/12 light/dark. lons chloride,
calcium and magnesium were measured before the start of the trials and were, 15.41 + 0.32,
0.320 + 0.011 and 1.004 + 0.011 g.L™ respectively. Chloride were determined accordingly
methodology proposed by Clesceri, Greenbergh & Trussell (1989) and Calcium and
magnesium according to Basset, Denney, Jeffery & Mendham (1981) respectively. During
the trial, water quality parameters were measured once a day. Salinity was measured with
refractometer (Atago, S/Mill-E, Japan) and was maintained at 27 g.L™. Dissolved oxygen
concentration and temperature were measured with an oximeter (YSI, 550A, United States)
and were always above 6 mg.L™* O, and 27 °C respectively. The pH was measured with a
digital pHmeter (Mettler Toledo, FiveEasy FE20, Switzerland) and was 8.15 + 0.02
respectively. The alkalinity was measured by titrimetry (Rocha, Kersanach & Baumgarten
2010) and was 180.00 + 5 mg.L™ CaCOs. Total ammonia nitrogen (TA-N) and nitrite were
measured according to Grasshoff, Ehrhardt & Kremling (1999) and Aminot & Chaussepied
(1983). Un-ionized ammonia (NH3) concentrations were calculated following TA-N,
temperature, salinity and pH values accordingly the equations of Ostrensky et al. (1992)
adapted from Whitfield (1974) and Bower & Bidwell (1978).

Fish were starved 24 h before and throughout the trials to minimize the nitrogenous

compounds excretion during the test. At the start of the experiment, five fish were
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distributed in each tank. Mortality and swimming behavior, like erratic swimming, letargic
behavior and loss of equilibrium, were checked every 12 hours. Immobile individuals, with
no opercular movement, and not responding to mechanical stimuli were considered dead
and removed from the tanks. This work was approved by the ethic committee of

Universidade Federal do Rio Grande - FURG (process number 23116.006275/2013-88).

Histopathological analyses

At the end of the trials, three fish per tank were randomly sampled and euthanized
in a benzocaine solution (300 ppm) for histopathology analyses. The samples were fixed in
Bouin liquid and dehydrated for Paraplast inclusion with an automatically processor
(LUPETEC, PT 05, Brazil). Sections (width 3 um) were prepared with a microtome
(LUPETEC, MRPO03, Brazil), stained with haematoxylin and eosin, and slides were
analyzed using optical microscope (NIKON, Eclipse E200, Japan). Quantitative analyses of
tissue lesions were based on at least 200 gill secondary lamellae of each fish. The organ
lesion index were carried out according to methodology proposed by Bernet et al. (1999),
where the organ index (lorg) is calculated as: log = Zip Zar(a.w), were "rp" is the reaction
pattern, "alt" is the alteration, "a" is a score value related to the alteration frequency, and

(w) is the importance factor related to the relevance of the alteration (Tab. 2).

Statistical analyses
Median lethal concentrations (LCso) were calculated for 24, 48, 72 and 96 h using
the Trimmed Spearman Karber Method (Hamilton, Russo & Thurston 1977). Comparisons

among LCsp, and histopathological index were done using ANOVA one-way followed by
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Newman-Keuls post-hoc test on software STATISTICA 7.0. Data of LCs, are presented as

mean = 95% confidence interval and the others data are mean + standard error.

Results

Median lethal concentrations to 24, 48, 72, and 96 hours and their confidence
intervals are shown in Table 3. The LCsy 96h for un-ionized ammonia and nitrite were 0.75
mg.L™ NH3-N and 108.79 mg.L™* NO,-N, respectively. No mortality was observed at
concentrations equal to or lower than 0.57 mg.L™* NHs-N or 50 mg.L™* NO,™-N.

Fish exposed to 0.23 or 0.57 mg.L™ NH3-N did not show any behavioral changes.
All fish died at concentrations equal or higher than 1.22 mg.L™ NHs-N, and just one fish
survived at 0.97 and 1.05 mg.L™* NHs-N, with no behavior impairment. Throughout the
nitrite exposure trial, the swimming performance of fish exposed to 25 mg.L™ NO,-N was
not affected. Nevertheless, fish exposed to concentrations equal to or higher than 50 mg.L™
NO;-N presented lethargic behavior, erratic swimming and hyperventilation. At the end of
96 h, all fish exposed to concentrations equal to or higher than 125 mg.L™ NO,-N were
dead.

Histopathological analyses of the gills of fish exposed to different ammonia and
nitrite concentrations revealed alterations, and the frequency of abnormalities were more
severe accordingly increased the ammonia or nitrite concentrations (Fig. 1; Fig. 2). Fish
exposed to ammonia and nitrite presented lamellar lifting (Fig. 2B), hyperplasia and
hypertrophy of chloride cells and hyperplasia of the epithelial cells (Fig. 2C), but the
frequency of alterations rose according to the increase in the ammonia and nitrite levels.

Fish exposed to 0.57 mg.L™* NH3-N or 100 mg.L™ NO,-N also presented lamellar fusion of
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the secondary lamella (Fig, 2D). Significant differences (P<0.05) in the Bernet's lesion
index were found between the control and 0.57 mg.L™ NHs-N or the control and 25 or more

mg.L NO,-N (Fig. 1A and B).

Discussion

The results of the present study show that juvenile A. ocellaris is sensitive to
ammonia (LCsy 96 h 0.75 mg.L'1 NH3-N). It is more sensitive than maroon clownfish,
Premnas biaculeatus (LCs, 96 h 0.89 mg.L™* NHs-N) (Rodrigues et al. 2012), and some
table fish such as the Florida pompano, Trachinotus carolinus (LCso 96 h 1.01 mg.L™ NH-
N) and the cobia, Rachycentron canadum (LCsp 96 h 1.13 mg.L™ NHs-N) (Weirich &
Riche 2006; Rodrigues et al. 2007). Special attention should be given to this compound,
since the concentration of ammonia is the first, among nitrogenous compounds, to rise in
aquariums or production systems, and even at low concentrations it may cause gill lesions.
Daily basis measure of ammonia in the first month after fish stocking and until the
complete biofilter maturation and water renovation when the ammonia increases may avoid
mortalities.

Despite the sensitivity to ammonia, juvenile false clownfish is relatively resistant to
nitrite (LCso 96 h 108.79 mg.L™ NO,-N) comparing with other species. It is more resistant
than Paralichthys orbignyanus (LCso 96 h 30.57 mg.L™* NO,-N) and Trachinotus carolinus
(LCs096 h 34.2 mg.L™* NO,-N) (Bianchini, Wasielesky & Miranda-Filho 1996; Weirich &
Riche 2006). The main nitrite toxicity occurs when nitrite oxidizes hemoglobin to
metahemoglobin, causing hypoxia (Kroupova et al. 2005). By contrast, in this reaction to

form metahemoglobin the nitrite is transformed to nitrate, in a way that the same reaction
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that reduces oxygen carrying capacity also reduce the toxic agent concentration in the blood
(Kosaka & Tyuma 1987). Also, the metahemoglobin redutase present in fish can turn
metahemoglobin to hemoglobin, restoring the oxygen carrying capacity (Scott &
Harrington 1985). This mechanism could contribute to the survival of the fish exposed to
75 mg.L™t NO,-N or less, after the end of nitrite the trial.

Gill alterations due to ammonia or nitrite toxicity observed in the present study were
also reported in maroon clownfish exposed to 0.75 mg.L™ NHs-N (Rodrigues et al. 2012),
in rainbow trout exposed to 0.25 mg.L™ NHs-N (Smart 1976) and in various other fish
species exposed to ammonia such as Nile tilapia Oreochromis niloticus (Benli et al. 2008),
and silver catfish Rhamdia quelen (Miron, Moraes, Becker, Crestani, Spanevello, Loro &
Baldisserotto 2008). The frequency of the lesions rose accordingly with the increasing
levels of ammonia or nitrite, similar to the results presented by Lease, Hansen, Bergman &
Meyer (2003); Rodrigues et al. (2012) and Wuertz, Schulze, Eberhardt, Schulz &
Schroeder (2013). The gill is very susceptible to toxics due to its direct and constant contact
with the water (Bernet et al. 1999).

Hyperplasia and hypertrophy of chloride cells, hyperplasia of the epithelial cells and
lamellar fusion are probably adaptive histopathologies of the epithelium to toxicant
exposure. The hyperplasia and hypertrophy of chloride cells may occur to increase active
excretion of these toxicants, and the others lesions may occurs to reduces the surface area
of gill in direct contact with the toxicant (Mallat 1985). Nevertheless, these
histopathologies can compromise fish respiration and ionorregulation, and impair excretion
of nitrogenous compounds (Kroupova et al. 2005), increasing the toxicity of ammonia and

nitrite.
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A possible way to help protect juvenile clownfish A. ocellaris from the toxic effect
of ammonia is maintaining a slight low pH to reduce de NHs/NH," ratio as NH3 is more
toxic due its capacity to diffuse through gill membrane while NH;" needs an active
transporter (Ip & Chew 2010). And in higher salinities, that reduce the toxicity of nitrite
once this nitrogen compound pass through gill membrane, mainly by band 3 transporter
competing with chloride. Thus, with higher chloride concentration in ambient water more
difficult is to ambient nitrite reach the fish blood (Kroupova et al. 2005).

Further, one reaction to stress is the loss of color intensity (Mazeaud, Mazeaud &
Donaldson 1977), which is an important characteristic to ornamental fish, since it reduces
its attractiveness, and consequently market value. Therefore, in the ornamental fish trade, it
is important to assure animal's health and avoid fish stress providing a good water quality
with special attention to these nitrogen compounds.

In conclusion, A. ocellaris is more sensitive to ammonia than to nitrite but both
toxics can cause mortalities (LC50 96 h = 0.75 mg.L™* NH3-N and 108.79 mg.L™ NO,-N).
And gill histology proved to be efficient to evaluate the effects of sublethal concentrations
of ammonia and nitrite showing singnificant increase of lesions at 0.57 mg.L™ NH;-N and

25 mg.L™* NO;-N.
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315  Tables
316 Table 1. Mean concentration = standard error for total ammonia nitrogen (TA-N),
317  unionized ammonia (NH3-N) and nitrite (NO,™-N) in each treatment.
Test Treatments
Ammonia Control 4 8 12 16 20 24 - -
TA-N 0.12 393 813 1333 1750 2242 26.05
+0.37 +0.15 +0.25 +0.73 +0.82 +0.25 0.54
NHs-N 0.01 023 057 097 1.05 1.22 1.63
+0.00 +0.06 +0.03 +0.05 +0.06 +0.05 +0.14
Nitrite Control 25 50 75 100 125 150 175 200
NO,-N 0.02 26.28 53.26 72.48 111.27 132.38 157.42 178.37 202.18
+0.01 #0.69 +101 +488 +1.19 +146 +094 +1.22 +3.50
318
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Table 2. Importance factor and score value used to quantify histological lesions adapted of

Bernet et al. 1999.

Importance factor (w)

Score value (2): % of lamellae
presenting alterations

1 - minimal pathological importance, the damage is
reversible

2 - moderate pathological importance, the lesions is
reversible in some cases

3- marked pathological importance, usually
irreversible and leads to loss of organ function

0 — unchanged
1-0.1t016.6

2-16.7t033.3
3-33.41t049.9
4 - 50.0 to 66.6
5-66.71t083.3
6 - 83.4 to 100
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Table 3. Median lethal concentrations (95% confidence intervals) of NH3; and NO; to

different exposure times. Different letters indicate significant differences (P<0.05) among

treatments.

LCso Time (h)

(mg.L™h) 24 48 72 96

NHs-N 1.06° 0.83° 0.75° 0.75°
(0.96 - 1.16) (0.77 - 0.88) (0.72-0.78) (0.72-0.78)

NO,-N 188.29° 151.01° 124.06 ° 108.79 €

(185.28 - 191.34) (141.74 - 160.89)

(116.45 - 132.18)

(100.15 - 118.18)
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Figures Legends
Fig 1: Gill Lesion Index: Lesion Index (mean + standard error) after 96 hours exposure to
different NH; (A) or NO, (B) concentrations. Different letters represent significant

differences in statistical test P<0.05.

Fig 2: Gill of juvenile clownfish: (A) Control group; (B) and (C) Fish exposed to 0.24
mg.L™ NH;-N showing lamellar lifting (yellow arrow) hyperplasia of first lamellae (white
arrow) and hypertrophy of chloride cells (black arrow). (D) Fish exposed to 0.57 mg.L™
NH;3-N showing lamellar fusion (red arrow), hyperplasia of first lamellae (white arrow). H-

E (400x)
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Conclusodes

O peixe-palhaco Amphiprion ocellaris é sensivel a aménia e ao nitrito sendo que a
concentracdo letal mediana de 96 horas para aménia nao ionizada e nitrito sdo 0,75 mg/L
NH3-N e 108,79 mg/L NO,-N respectivamente. No entanto, concentracdes de 0,57 mg/L
NHs3-N e 25 mg/L NO,-N sdo suficientes para gerar aumento significativo de
histopatologias nas branquias. Sendo importante a manutencao destes peixes em aguas com

baixas concentracfes desses compostos nitrogenados.
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