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RESUMO 

 

A Baccharis dracunculifolia, popularmente conhecida como alecrim do campo, merece 

destaque por apresentar promissor potencial terapêutico. Os extratos de folhas desta planta são 

utilizados para tratar distúrbios do fígado e digestivo, dentre outros. Este estudo teve como 

objetivo avaliar os efeitos tóxicos do extrato alcoólico de B. dracunculifolia em órgãos de 

peixes. Dos 60 indivíduos (Prochilodus lineatus), 32 foram utilizados em dois grupos 

experimentais em duplicatas Controle (ração sem aditivo-alecrim) e Grupo alecrim (ração com 

aditivo-alecrim). Após o tratamento (21 dias) realizou-se 2 coletas com 14 e 21 dias. As 

alterações histológicas e histoquímicas foram avaliadas pelo Valor Médio de Alteração (VMA), 

Índice de Alteração Histológica (IAH) e software ImageJ®. IAH e o VMA mostraram que o 

extrato causa danos leves no fígado e brânquias, entretanto significativos somente no fígado. A 

análise histoquímica nas brânquias e rastros branquiais demonstraram o aumento de diferentes 

tipos de muco substâncias produzidas pelas células mucosas. As análises de muco e 

histomorfométrica do estômago e da porção mediana do intestino posterior demonstraram um 

aumento na altura, altura total e largura das vilosidades da porção mediana do intestino posterior 

e altura total e espessura da camada muscular do estômago. Os resultados evidenciam que a 

ingestão do extrato da B. dracunculifolia pode promover alterações significativas nas brânquias, 

fígado, intestino e estômago da espécie estudada. 

 

Palavra chaves: Asteraceae; teleósteo; fígado; brânquias; intestino; histologia; histoquímica. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ABSTRACT 

Baccharis dracunculifolia, popularly known as field rosemary, deserves to be highlighted 

because it presents promising therapeutic potential. The leaf extracts of this plant are used to 

treat liver and digestive disorders, among others. This study aimed to evaluate the toxic effects 

of alcoholic extract of B. dracunculifolia on fish organs. Of the 60 individuals (Prochilodus 

lineatus), 32 were used in two experimental groups in duplicates Control (ration without 

additive-rosemary) and Group rosemary (ration with additive-rosemary). After the treatment 

(21 days) 2 collections were performed with 14 and 21 days. Histological and histochemical 

changes were evaluated by the Mean Value of Alteration (MVA), Histological Alteration Index 

(HAI) and ImageJ® software. HAI and MVA have shown that the extract causes mild damage 

to the liver and gills, however significant only in the liver. Histochemical analysis in the gills 

and gill tracts demonstrated the increase of different types of mucus substances by mucosal 

cells. The analysis of mucus and histomorphometric of the stomach and the medial portion of 

the posterior intestine demonstrated an increase in height, total height and width of the villi of 

the mid portion of the posterior intestine and total height and thickness of the muscular layer of 

the stomach. The results evidenced that the ingestion of the extract of B. dracunculifolia can 

promote significant alterations in the gills, liver, intestine and stomach of the studied species. 

 

Key words: Asteraceae; teleost; liver; gills; intestine; histology; histochemistry. 
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1. INTRODUÇÃO GERAL 

1.1 Baccharis dracunculifolia (Asteraceae) 

 A família Asteraceae compreende espécies arbóreas, arbustivas, herbáceas e lianas que 

estão amplamente distribuídas em regiões tropicais, subtropicais e temperadas, particularmente 

na América do Sul. Expressiva em número de espécies, Asteraceae é a maior família dentre as 

Angiospermas, constituída por cerca de 1.540 gêneros e 23.000 espécies. Em sua quase 

totalidade, os gêneros são constituídos por plantas de pequeno porte, as quais são encontradas 

em todos os tipos de habitats, principalmente nas regiões tropicais montanhosas na América do 

Sul (CANCELLI et al., 2007). 

 O gênero Baccharis está representado por mais de 500 espécies distribuídas 

principalmente no Brasil, Argentina, Colômbia, Chile e México, ocupando as regiões mais 

elevadas (FERRONATTO et al., 2006), e a alta concentração de espécies no Brasil e nos Andes 

o que indica que uma dessas áreas é o provável centro de origem desse gênero (VERDI et al., 

2005). 

 Em geral são consumidas especialmente na forma de chás com indicações para males 

do estômago, fígado, anemias, inflamações, diabetes, doenças na próstata, sendo também 

descritas para o processo de desintoxicação do organismo (TREVISAN et al., 2007). Uma visão 

mais detalhada cita que no Brasil e Argentina, por exemplo, a B. crispa e a B. notosergila são 

usadas para curar feridas e inflamações. Em relação à B. genistelloides, no Brasil, cita-se seu 

uso para o tratamento de variadas patologias, sintomas e sinais, tais como desordens digestivas 

e do fígado, malária, úlceras, diabetes, anemia, diarreia, inflamações urinárias, amigdalite, 

verminoses, mal de Hansen, entre outras (VERDI et al., 2005). 

A espécie B. dracunculifolia (Figura 1), é amplamente utilizada na medicina caseira. 

Estudos na literatura relatam o uso medicinal e religioso do “alecrim-do-campo” 

comercializado em mercados e feiras livres no Rio de Janeiro, (AZEVEDO & SILVA, 2006), 

assim como a utilização das folhas para feridas (FENNER et al., 2006) e o uso dos ramos, em 

decocto, como antifebril (RODRIGUES & CARVALHO, 2001). 

É uma planta dióica com as inflorescências masculinas e femininas, cujo arbusto cresce 

em quase todo o Brasil, é a principal fonte botânica da própolis no sudeste do Brasil. Com 

relação à própolis brasileira, a mais popular e bem estudada é chamada própolis verde, que tem 

origem da B. dracunculifolia, amplamente distribuída nas Regiões Sudeste e Sul do Brasil 

(PARK et al., 2002; SALATINO et al., 2005). 

Dentre os principais metabólitos secundários já identificados na espécie, podem 

destacar-se terpenoides, flavonoides e compostos fenólicos prenilados derivados de ácido 
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cumárico (VERDI et al., 2005). O extrato de B. dracunculifolia mostrou a presença de 

germacreno-D, biciclogermacreno, assim como derivados prenilados do ácido cumarínico. 

Germacreno-D e o biciclogermacreno (14%) estão entre os principais compostos do óleo 

essencial de B. dracunculifolia em conjunto com o delta-cadineno (13%) e germacrona (5%) 

(LOAYZA, 1995). 

 

Figura 1. B. dracunculifolia. Fonte elaborada pelo autor. 

 

O óleo essencial da B. dracunculifolia é composto principalmente por mono e 

sesquiterpeno dentre eles destacam-se como componente majoritário o nerolidol, que também 

apresentou resultados satisfatórios, frente a vários modelos de úlceras induzidas em ratos, 

corroborando assim na indicação do óleo essencial de B. dracunculifolia frente a processos de 

úlceras estomacais (KLOPELL et al., 2007; QUEIROGA et al., 1990). Parreira et al., 2010 

identificaram 14 compostos oxigenados do óleo essencial de B. dracunculifolia, sendo os 

principais o nerolidol (33,51%) e espatulenol (16,24%). 

Na literatura também podem ser encontrados  estudos que têm demonstrado que o óleo 

essencial dessa planta possui atividade antiulcerogênica (MASSIGNANI et al., 2009), 

antimicrobiana, (FERRONATTO et al., 2007), além de propriedades analgésica, 

antiespasmódica, calmante, sedativa, citostática (LORENZI & MATOS, 2002), antifúngica, 

antibacteriana e inseticida, (CARRERA, 2007; GELINSKI et al., 2007), sendo objeto de 

numerosos estudos entomológicos devido à riqueza de insetos herbívoros e galhadores, 

destacando-se, principalmente, por sua relação peculiar com as abelhas (Apis mellifera L.) 
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(BASTOS, 2001). 

 

1.2  Biologia de Prochilodus lineatus (Prochilodontidae). 

As espécies da família Prochilodontidae possuem como características comuns corpo 

de porte médio a grande, iliofagia (alimenta-se de detritos nos fundos lamacentos), reofílicas 

(dependem da correnteza do ambiente natural fluvial) e capacidade migratória durante o período 

de piracema (SILVA, 2006). 

O gênero Prochilodus destaca-se por sua ampla distribuição na região neotropical e 

possui 13 espécies descritas até o momento. Quanto à morfologia, os representantes desse 

gênero possuem lábios grossos, móveis e providos de dentículos (MAGALHÃES, 1931), 

escamas ctenóides (CASTRO, 1990), formando o anel etário durante a época de desova 

(GODOY, 1975). 

Espécies de Prochilodus são conhecidas no Brasil pelos nomes populares de curimbatá, 

curimba, curimatã, curimatã-pioa, curimatã-pacu, papa-terra e corimbatá (SILVA, 2006). A 

espécie P. lineatus, encontra-se amplamente distribuída em toda a bacia dos rios Paraná-

Paraguai e no Rio Paraíba do Sul (na costa sudeste do Brasil). Entre as características 

diagnósticas de P. lineatus estão: nadadeira caudal sem manchas negras, presença de linha 

lateral completa com 44 a 50 escamas e presença de 42 a 44 vértebras (CASTRO, 1990). 

Segundo a classificação de Valenciennes (1836), a espécie ocupa a seguinte classificação 

sistemática:  

Classe: Osteicthyes  

      Subclasse: Actinopterigii 

          Divisão: Teleostei  

              Superordem: Acanthopteygii  

                  Ordem: Characiformes 

                      Subordem: Characoidei  

                         Família: Prochilodontidae 

                                          Gênero: Prochilodus 

                                               Espécie: Prochilodus lineatus 

 

É uma espécie economicamente importante, principalmente como fonte de subsistência 

de populações ribeirinhas como a pesca comercial (CAZENAVE et al., 2009) e tem sido 

reproduzida em larga escala em pisciculturas, pois suas larvas servem de alimentos a espécies 

carnívoras como o dourado (Salminus maxillosus) (ÓRFÃO, 2006). Devido a sua importância 
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econômica, por ter sua biologia bem conhecida e ser sensível a poluentes, esta espécie é 

apropriada para testes de toxicidade (MADUENHO et al., 2008). 

 

1.3  Órgãos alvos em peixes 

1.3.1 Brânquias 

As brânquias são órgãos multifuncionais que estão diretamente envolvidos nas trocas 

gasosas (O2/CO2), regulação iônica e osmótica, no equilíbrio ácido-base, na excreção de 

produtos nitrogenados e metabolismo de xenobióticos (FERNANDES; MORON, 2014). Na 

maioria dos peixes teleósteos as brânquias são constituídas por quatro arcos branquiais em cada 

lado da faringe, de onde estendem-se duas fileiras de filamentos branquiais ou lamelas 

primárias, e acima e abaixo destes filamentos, regularmente distribuídas, elevam-se as lamelas 

secundárias que são sítios de trocas gasosas (TAKASHIMA; HIBIYA, 1995). 

O epitélio branquial é constituído por diferentes tipos celulares: as células pavimentosas, 

as células ricas em mitocôndrias, as células mucosas, células indiferenciadas e células 

neuroepiteliais, sendo que o epitélio do filamento é estratificado, formado principalmente por 

células pavimentosas e células indiferenciadas (EVANS et al., 2005). As lamelas secundárias 

são constituídas basicamente pelas células pavimentosas apoiadas na membrana basal e pelas 

células pilares cujas projeções da membrana celular em contato com os prolongamentos das 

células pilares adjacentes formam espaços por onde circula o sangue (TAKASHIMA; HIBIYA, 

1995; FERNANDES; MAZON, 2003). 

O fato desse órgão funcionar como uma barreira entre o meio externo e interno faz com 

que a morfologia branquial passe por constantes modificações durante a adaptação do peixe às 

alterações ambientais, logo, as brânquias atuam como órgão alvo para os contaminantes, por 

estarem em contato permanente com o ambiente aquático e apresentarem uma extensa área 

superficial (FLORES-LOPES; THOMAZ, 2011). O grau de alteração em órgãos como as 

brânquias estão relacionados a diferentes contaminantes, suas concentrações e rotas de 

incorporação (ARELLANO et al., 2001) e por este motivo as alterações histopatológicas são 

amplamente utilizadas como biomarcadores ambientais em peixes, tanto em estudos de 

laboratório quanto in situ (PAULINO, 2011; REDDY & RAWAT, 2013). 

Em estudos de toxicidade as alterações morfológicas comumente observadas são: 

edemas, hiperplasia epitelial das lamelas secundárias, infiltração de células epiteliais, fusão 

lamelar, proliferação e hipersecreção de células mucosas e de células ricas em mitocôndria 

(LEONARDO et al., 2001; MACHADO, 1999; MALLATT, 1985; TAKASHIMA & HIBIYA, 

1995). 
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1.3.2 Fígado 

Em geral, o fígado dos teleósteos não apresenta hepatócitos arranjados em cordões como 

nos mamíferos, mas dispostos em placas circundadas por capilares sinusóides e canalículos 

biliares (VICENTINI et al., 2005), ausência de lóbulos e espaços portais clássicos (FLORES - 

LOPES & MALABARBA, 2007). Esse órgão é composto por 12 a 15% de sangue, porém 

apesar de haver uma grande quantidade de sangue no fígado, a taxa de fluxo através do tecido 

dos peixes é pequena em comparação com mamíferos. 

Nos peixes, os nutrientes, drogas e xenobióticos absorvidos são direcionados para o 

fígado por meio do sangue venoso que vem do intestino (HEATH, 1995). Por ser o principal 

órgão responsável pelo processo de desintoxicação de xenobióticos, o fígado está sujeito a 

alterações, uma vez que este normalmente acumula concentrações mais elevadas de substâncias 

tóxicas (MADUENHO & MARTINEZ, 2008). 

De forma geral, os hepatócitos realizam a metabolização de substâncias endógenas e 

exógenas, produção de bile, que posteriormente é direcionada para a vesícula biliar, produção 

de proteínas essenciais do plasma e fatores de coagulação e armazenamento de substâncias 

como aminoácidos, lipídios, glicogênio e ferro (MENKE et al., 2011). 

Além disso, outro importante papel do fígado é que ele serve como indicador do estado 

nutricional e fisiológico dos peixes (BOMBONATO et al., 2007). Na presença de poluentes o 

fígado pode desenvolver alterações histológicas nos hepatócitos que podem ser usadas para o 

monitoramento de efeitos de contaminantes. 

Segundo Maduenho et al., (2007) peixes da espécie P. lineatus quando expostos à 

substâncias tóxicas, apresentaram uma série de alterações histológicas no fígado como: 

aumento do volume nuclear e celular, degeneração citoplasmática, degeneração nuclear, 

vacuolização nuclear e estagnação biliar. Simonato et al., (2006), sugere que peixes expostos a 

poluentes como petróleo, por exemplo, podem apresentar modificações como hipertrofia do 

núcleo, núcleo em posição lateral, vacuolização do citoplasma, degeneração do citoplasma, 

entre outras. Estudos evidenciaram alterações teciduais em fígado de Oreochromis niloticus, P. 

mesopotamicus e C. macropomum, que incluem: congestão, necrose de hepatócitos, necrose do 

tecido pancreático, esteatose, infiltrado inflamatório mononuclear no hepatopâncreas, 

hepatócitos contendo bilirrubina, hialinização, hemorragia e pigmentos (SANTOS, 2009).  

 

1.3.3 Lipofuscina 

Os grânulos de lipofuscina foram observados pela primeira vez em 1842 juntamente 

com possibilidade de uma relação entre o seu acúmulo e o envelhecimento, e desde então, 
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numerosos estudos foram realizados em busca de compreender os mecanismos responsáveis 

pela formação destes grânulos a fim de esclarecer seu papel no processo de senescência 

(ARKING, 2008). 

A lipofuscina, é um produto da peroxidação lipídica e uma evidência de lesão oxidativa. 

Ela é o resultante da glicosilação não-enzimática-celular e por degradação incompleta de 

mitocôndrias danificadas, que não podem ser degradados pelas hidrolases lisossomais nem ser 

exocitadas. Acumulando-se ao longo do tempo nas células pós-mitóticas, estes resíduos não são 

degradados durante a divisão celular e podem resultar no aparecimento de doenças (SILVA & 

SILVA, 2005; SCBUTT et al., 2003; KISHI et al., 2008). 

Segundo Radu et al., (2005), um dos principais componentes da lipofuscina é a 

bisretinoide N-retinolidina-retinoletanolamina (A2E), que confere à lipofuscina sua 

autofluorescência. As propriedades biológicas da A2E têm sido extensivamente estudadas, 

demonstrando possuir várias propriedades citotóxicas, como por exemplo, a inibição das 

funções degradativas dos lisossomos, a indução de apoptose e pode agir como um detergente 

catiônico, dissolvendo as membranas celulares. 

O principal gene relacionado à formação da lipofuscina é o gene ABCA4, cuja baixa 

expressão gera o acúmulo deste pigmento, o que pode ocorrer não só com o envelhecimento, 

mas também com o estresse oxidativo. Em peixes, a proteína que exerce esta função é CH211-

195I6.3 expressa pelo gene 555506 (RADU et al. 2005). Segundo Arking (2008), a lipofuscina 

não parece ser muito reativa quimicamente e provavelmente não interfere no funcionamento 

adequado da célula no nível químico; entretanto, a obstrução mecânica e/ou a interferência com 

outros processos celulares é certamente uma possibilidade. 

Grande parte dos poluentes despejados em ambientes aquáticos são comprovadamente 

formadores de radicais livres nas células. Estes radicais são geralmente combatidos e 

eliminados por elementos antioxidantes produzidos pela própria célula. De acordo com 

Cajaraville et al., (2003) diversos estudos confirmam que peixes e moluscos são sensíveis a 

contaminantes, como relatado por Valim (2016), que observa o aumento de lipofuscina em 

fígado de P. lineatus expostos ao LAS. Pereira (2014), também evidencia um aumento de 

lipofuscina em brânquias e fígado da mesma espécie quando exposta a ambientes poluídos. 

Estudos realizados por Au et al. (2004), demonstraram que a exposição de peixes ao 

benzopireno eleva a concentração de lipofuscina nos hepatócitos.  

Vaschenco et al., (2011) demonstraram que moluscos quando expostos a poluentes e 

ambientes anóxicos, ocorre uma variação no acúmulo de lipofuscina. De acordo com Banni et 

al. (2009), em moluscos a lipofuscina acumula-se com a idade, mas este processo pode ser 
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acelerado, quando em contato com poluentes. 

De acordo com Au et al., (2004) a reversibilidade do acúmulo de lipopigmentos, ainda 

não está bem compreendida e comprovada, entretanto estudos recentes demonstraram que em 

peixes até 45% do quadro de acúmulo de lipopigmentos pode ser revertido devido a recuperação 

da estabilidade lisossomal, sendo que quanto mais poluída a área, mais eficiente é a regeneração 

tecidual. 

 

1.3.4 Intestino  

Os peixes apresentam variações na estrutura básica do tubo digestório, as quais estão 

geralmente relacionadas ao hábito alimentar, tipo de alimento ingerido, idade, comprimento, 

peso do corpo e ao ambiente, que podem influenciar na presença, posição, formato e tamanho 

de um órgão em particular. Entretanto, diferenças morfológicas ocorrem mesmo em espécies 

com hábitos alimentares semelhantes (MURRAY et al., 1994; BALDISSEROTTO, 2009; 

MORAES & ALMEIDA, 2014).  

Vários autores dividem o aparelho digestório dos peixes em: intestino cefálico (cavidade 

bucofaringeana), intestino anterior (esôfago e estômago), intestino médio (intestino 

propriamente dito) e intestino posterior (reto ou valva ileorretal) (RODRIGUES & MENIN, 

2008; RODRIGUES et al., 2008). O pâncreas, vesícula biliar e fígado são órgãos acessórios ao 

tubo digestório (RUST, 2002). 

No intestino, encontram-se as vilosidades ou vilos intestinais, que são evaginações da 

mucosa intestinal compostas pelo epitélio e lâmina própria, que se projetam na luz do intestino 

aumentando significativamente a área de superfície intestinal (JUNQUEIRA & CARNEIRO, 

2013). São constituídos pelos enterócitos, células caliciformes, e células enteroendócrinas 

(BOLELI et al., 2002). A maioria dos peixes não apresenta criptas como nos vertebrados e a 

proliferação celular do epitélio das vilosidades ocorre pela multiplicação mitótica de células 

indiferenciadas na base das vilosidades (JOBLING, 1995).  

O conhecimento da mucosa intestinal dos peixes é importante para fornecer informações 

aos estudos de nutrição pelo fato das vilosidades intestinais estarem relacionadas com a 

capacidade de absorção de nutrientes pelo animal (JUNQUEIRA & CARNEIRO, 2012; 

CECHIM, 2013). De maneira geral, o número de enterócitos presentes nas vilosidades, a 

densidade das vilosidades, o tamanho das vilosidades, assim como a manutenção destas através 

da renovação celular do epitélio intestinal, também influenciam diretamente na digestão, 

absorção de nutrientes e consequentemente no ganho de peso dos animais (BOLELI et al. 2002). 
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2. JUSTIFICATIVA 

A utilização de medicamentos naturais sem respaldo médico pela população tem 

impulsionado diversas pesquisas com plantas medicinais, dentre as quais destaca-se o alecrim 

do campo (B. dracunculifolia). Na medicina popular, ele é utilizado contra males do fígado, 

rins, intestino e processos de desintoxicação, além do que estudos já têm demonstrado potencial 

terapêutico em várias atividades, inclusive associadas a mecanismos cicatrizantes. Devido a 

esta aplicação na medicina popular e à falta de pesquisa que aponte seus efeitos tóxicos, o 

presente trabalho teve como objetivo avaliar os efeitos tóxicos do extrato da B. dracunculifolia, 

nas brânquias, fígado, intestino e estômago cárdico de peixes P. lineatus. 

A escolha da espécie P. lineatus (Curimbatá) foi devido a sua importância econômica 

para a piscicultura brasileira e, sobretudo, por possuir uma biologia bem conhecida, 

apresentando alta suscetibilidade a poluentes e, portanto, sendo apropriada para testes de 

toxicidade. 

 

3. OBJETIVOS 

3.1. Objetivo geral 

▪ Avaliar os efeitos tóxicos do extrato alcoólico de B. dracunculifolia, utilizando órgãos 

de peixes. 

3.2. Objetivos específicos 

▪ Analisar a morfologia hepática, branquial e intestinal após exposição ao extrato vegetal; 

▪ Analisar as muco substâncias nas brânquias, intestino e estômago cárdico;  

▪ Quantificar a área ocupada pelos pigmentos de lipofuscina hepática; 

▪ Avaliar os níveis de glicogênio hepático; 

▪ Avaliar níveis de proteínas totais no intestino e estômago cárdico. 

 

4. METODOLOGIA GERAL 

O projeto foi desenvolvido no Laboratório de Histologia do Departamento de Biologia 

da Universidade Estadual Paulista “Júlio de Mesquita Filho” (UNESP) campus de Rio Claro, 

SP, Brasil. 

 

4.1. Material 

Foram obtidos 60 espécimes de P. lineatus (Figura 2), com cerca de 6 a 8 cm de 

comprimento, na Piscicultura Polletini do município de Mogi Mirim – SP, Brasil. Em 

laboratório, os animais foram previamente aclimatados em tanques de polietileno (500 litros) 
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com aeração constante e oferta de ração comercial apropriada para a espécie (35% de proteína 

bruta) uma vez ao dia. Durante um período de 14 dias, os animais ficaram em observação para 

determinar possíveis doenças ou danos físicos e recuperação ao estresse da captura e transporte. 

 

 

Figura 2. Espécime juvenil de P. lineatus. Fonte: Elaborada pelo autor. 

 

Os tanques de polietileno tinham capacidade de 500 litros cada (Figura 3), todos estavam 

equipados com filtro ultravioleta (UV) para prevenir eventuais contaminações, filtro 

convencional, aquecedores para manter a temperatura e fundo composto de areia para adequar 

ao ambiente, visto que os peixes são de fundo e raspadores. As caixas foram aeradas 

constantemente por bombas de água individuais localizadas em caixas de polietileno com 150 

litros de capacidade. 

 
 

 

Figura 3. Tanques de polietileno abertos e com fundo de areia. Filtro UV (círculo), filtro convencional 

(seta) e aquecedor (seta). Fonte: elaborada pelo autor. 
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Após período de aclimatação, os animais foram transferidos para aquários de vidro 

individualizados com capacidade para de 70 litros, estes também foram equipados com filtros 

convencionais, bombas para aeração, cooling e aquecedores, todos com a mesma capacidade e 

mesmo fabricante. Os aquários foram revestidos com material isolante de radiação UV, para 

evitar exposição dos peixes ao ambiente externo e estresse e não tiveram o fundo arenoso para 

que não houvesse interferência nas medidas de taxa alimentar (Figura 4). 

 

Figura 4. Aquário revestido com material isolante de radiação, aquecedor e cooling. Fonte: elaborada 

pelo autor. 

 

Para o processamento do material e para as análises histoquímicas e histológicas, foram 

utilizadas as instalações do Laboratório de Histologia, do Departamento de Biologia da UNESP 

de Rio Claro, SP. Microscópio de luz Leica DM 2000 provido de câmera DFC280 para captura 

de imagens e também microscópio de fluorescência Olympus – BX5. 

 

4.2. Métodos 

4.2.1. Obtenção do extrato alcoólico total 

As folhas B. dracunculifolia foram coletadas em Rio Claro – SP, 22°22'30.0"S 

47°28'31.5"W e transferidas para o Laboratório de Histologia da UNESP. Estas ficaram em 

ambiente escuro até que estivessem totalmente secas. Para extração dos componentes das 

folhas, foi utilizado o protocolo da ANVISA - (Agência Nacional de Vigilância Sanitária) para 
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Preparação de Tinturas-mãe a partir de plantas secas por maceração. Destas, foram separadas 

33,3 gramas de folhas secas que foram colocadas para maceração em 333, 3 mL de álcool de 

cereal a 30%, por 8 dias, e posteriormente filtrados em papel de filtro e armazenados em vidro 

âmbar para proteção da luz. O outro lote seguiu o mesmo processo, porém ficou em álcool de 

cereal a 70%. A etapa seguinte consistiu na retirada do material retido no papel filtro resultante 

da maceração em álcool a 30% e foi colocado em um vidro contendo o líquido do macerado em 

álcool 70% por mais 9 dias, enquanto que o material retido no papel de filtro resultante da 

maceração em álcool 70% foi colocado em um vidro contendo o líquido do macerado em 30% 

por mais 9 dias. Ao fim deste processo obteve-se todos os compostos presentes das folhas, 

aqueles solúveis em álcool 70% e os solúveis em álcool 30%. Assim totalizando 666,6 mL de 

extrato total. A água utilizada na preparação do álcool 70% e 30%, foi comercial mineral 

produzida no estado de São Paulo – Brasil, com  a seguinte COMPOSIÇÃO QUÍMICA (mg/L): 

Bário 0,059; Estrôncio 0,038; Cálcio 5,600; Magnésio 2,950; Potássio 2,800; Sódio 4,090; 

Fosfato 0,45; Sulfato 0,38; Bicarbonato 38,00; Fluoreto 0,19; Nitrato 3,86; Cloreto 0,90; 

Brometo 0,01. Características FÍSICO-QUÍMICAS: pH 6,49; temperatura da água na fonte 23,5 

ºC; Condutividade elétrica a 25°C 73,6 uS/cm; Resíduo de evaporação a 180°C, calculado 94,01 

mg/L; Gás Sulfidrico na fonte 0,015 mg/L. Após a obtenção do extrato, 1,5 mL foram 

adicionados em 1,2 g de ração e colocados em estufa a 37°C, para que o álcool fosse evaporado 

restando somente o princípio ativo na ração, e assim evitando possíveis danos aos órgãos dos 

peixes pelo álcool, após a evaporação, as porções de ração foram guardadas em vidro âmbar, 

até sua utilização no experimento. 

 

4.2.2. Amostragem e tratamentos 

Foram utilizados 32 animais distribuídos em dois grupos experimentais em duplicatas 

(Controle e Grupo alecrim), que foram distribuídos aleatoriamente em 4 aquários estocados 

com  70 litros de água, tendo sido cada um deles equipado com bomba para aeração, cooling, 

termostato (para manter a temperatura constante) e coberto com material isolante de radiação 

UV para reduzir o estresse. Ambos os grupos foram alimentados com ração durante o período 

de 21 dias, diferindo somente no tratamento com a ração, Controle (ração sem aditivo-alecrim) 

e Grupo alecrim (ração com aditivo-alecrim), após o tratamento, realizou-se 2 coletas com 14 

e 21 dias. A cada tempo 6 animais por tratamento foram coletados e anestesiados em solução 

de benzocaína (0.1 g de benzocaína em 1 mL de álcool etílico, para cada 100 mL de água 

deionizada) e eutanasiados conforme aprovado pela Comissão de Ética no Uso Animal (CEUA) 

da Unesp, Rio Claro, processo nº 10/2017. Os animais mantiveram-se em um sistema de 
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condução semi-estático. A cada coleta averiguou-se os parâmetros físico-químicas da água (pH, 

amônia, dureza e temperatura). 

Alguns componentes da água podem afetar a morfologia celular e outros parâmetros 

biológicos. Para avaliação de toxicidade foram realizadas análises das águas, segundo as 

normas do Standard Methods for the Examination of Water and Wastewater, no Laboratório de 

Análise de Águas do Departamento de Geologia Aplicada do Instituto de Geociências e 

Ciências Exatas da UNESP de Rio Claro – SP. Com isto foi possível identificar quais 

compostos químicos estavam presentes na água utilizada e, através da comparação com 

trabalhos realizados na área, identificar quais alterações seriam geradas pelos contaminantes 

previamente estudados ou pela interação com outros elementos eventualmente presentes na 

água. A determinação de metais se deu por ICP-AES (Inductively Coupled Plasma - Atomic 

Emission Spectrometry - Espectrometria de Emissão Atômica por Plasma Acoplado 

Indutivamente) para os seguintes elementos: Mg, Ca, Sr, Ba, Cr(t), Mn, Fe, Co, Ni, Cu, Zn, Cd, 

Si, P(t) e Pb. Os ânions F-, Cl-, NO2, NO3, PO4, SO4, ClO2-, acetato e oxalato, e os cátions 

Li, Na, NH4 e K, foram determinados por cromatografia iônica. Por fim, foram realizadas as 

análises de pH, condutividade, alcalinidade total e carbonatos por titulação potenciométrica. 

 

4.2.3. Protocolo para processamento: 

Para as análises, fragmentos das brânquias, fígado, intestino e estômago foram fixados 

em formalina 10%. O material foi desidratado em soluções de álcool 70%, 80%, 90% e 95% 

durante 40 minutos cada banho. Posteriormente, o material foi transferido para uma solução de 

resina de embebição Leica®, por 24 horas e mantido em geladeira. O material foi então 

colocado em moldes preenchidos com resina contendo catalisador. Após o endurecimento da 

resina, o material foi seccionado com auxílio do micrótomo Leica RM2245; as secções foram 

hidratadas e recolhidas em lâminas e consecutivamente coradas em hematoxilina e eosina (HE), 

azul de toluidina (AT), ácido periódico e Schiff (PAS), picrosirius red (PR), xylidine Ponceau 

(XP), Von Kossa (VK) e Gomori. Para então serem montadas em Entellan, observadas, 

analisadas e fotografadas com auxílio de microscópio de luz Leica DM 2000 com câmera Leica 

DFC280 acoplada. 

Para a análise da lipofuscina, fragmentos do fígado foram fixados em formalina 10%, 

segundo Junqueira & Junqueira (1983) e seguiram os mesmos passos de desidratação, 

embebição, montagem dos blocos e cortes da mesma forma descrita acima. Entretanto, depois 

de secas, as lâminas foram montadas em Entellan sem coloração, pois segundo Peixoto et al., 

(2002) a lipofuscina possui propriedade de autofluorescência, razão pela qual secções sem 



22 

 

 

coloração foram analisadas sob microscópio de fluorescência Olympus – BX51 e fotografadas 

no software DP – Controller, sob o filtro de luz de 450 – 490 nm, segundo Peixoto et al., (2002).  

As metodologias específicas para cada órgão estão descritas nos artigos correspondentes. O 

protocolo das técnicas já referidas está descrevido em anexos.  
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ARTIGO 1 

 

Effects of ingested Baccharis dracunculifolia D.C. (Asteraceae) extract 

in the liver of Prochilodus lineatus fish 
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Effects of ingested Baccharis dracunculifolia D.C. (Asteraceae) extract in the liver of 

Prochilodus lineatus fish 

 

Jeffesson de Oliveira-Limaa*, Bruno Fiorelini Pereirab, João Rodolfo Tuckumantel Valim, 

Thiago Gazonia, Dimitrius Leonardo Pitolc, Flavio Henrique Caetanoa.  

 

a São Paulo State University “Júlio de Mesquita Filho” - UNESP Campus Rio Claro, Sao Paulo, 

Brazil; 

b Federal University of Western Bahia – UFOB Campus Barreiras, Bahia, Brazil; 

c University of Sao Paulo – USP Campus Ribeirão Preto, Ribeirão Preto, Brazil. 

 

Abstract 

Baccharis dracunculifolia, popularly known in Brazil as "alecrim-do-campo”, is widely 

recognized for its therapeutic potential. The extract of its leaves is used for liver problems, 

stomach disorders and others. The objective of the present study was to perform a histochemical 

analysis of curimbata fish livers to evaluate the potential effects and risks of the ingestion of B. 

dracunculifolia. Thirty-two animals were divided into two experimental groups in duplicate: 

Control group (regular food) and B. dracunculifolia Treated group (food added with B. 

dracunculifolia). The fishes were collected on the 14th and 21st days after the treatment period 

of 21 days. The histological alterations were evaluated using the semiquantitative methods 

Mean Value of Alterations (MVA), Histopathological Alteration Index (HAI) and ImageJ®. 

HAI and MAV showed that the extract caused slight but statistically significant damages, 

widely distributed throughout the organ. The results showed significant hepatic alterations 

caused by the ingestion of B. dracunculifolia extract. 

 

Key words: Baccharis dracunculifolia, hepatotoxicity, lipofuscin, macrophages, Prochilodus 

lineatus. 
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1. Introduction 

 Asteraceae is one of the largest angiosperm families, with more than 1535 genera, 

23000 species and 17 tribes distributed throughout the world. Among them, the genus 

Baccharis comprises about 500 known species (Abreu and Onofre, 2010) distributed 

throughout the Americas, from Southern United States to Southern Argentina, and Brazil, with 

the greatest number of species – approximately 120 (Barroso, 1976). 

 The species Baccharis dracunculifolia (popularly known in Brazil as "alecrim-do-

campo”) has been intensively studied due to its therapeutic uses and potentialities. It has been 

used by the pharmaceutical industry in the production of green propolis – produced by Apis 

mellifera L. bees - (Park et al., 2004; Alencar et al., 2005),  and in food industry, as a functional 

food product (Ackermann, 1991). B. dracunculifolia and B. trimera  have been widely used in 

popular medicine to treat stomach, liver and kidneys dysfunction, diabetes, prostate conditions, 

inflammations and detoxificationsin general  (Verdi et al., 2005). 

 Studies have demonstrated that the essential oil of B. dracunculifolia is mainly 

constituted of mono and sesquiterpene, such as nerolidol (33.51%) and spathulenol (16.24%) 

(Parreira et al., 2010). Nerolidol has presented satisfactory results in several treatment models 

analyzing rats with induced ulcer, which confirms the indication of B. dracunculifolia essential 

oil to control the disease (Klopell et al., 2007). The main secondary metabolites identified in 

this species are the terpenoids, flavonoids and prenylated phenolic compounds derived from 

coumaric acid (Verdi et al., 2005).  

 Studies have demonstrated that the essential oil of B. dracunculifolia has 

antiulcerogenic (Massignani et al., 2009), antimicrobial (Ferronatto et al., 2007), analgesic, 

antispasmodic, sedative, cytostatic (Lorenzi and Matos, 2002) properties. Moreover, according 

to Caetano (2012), the species B. dracunculifolia has anti-inflammatory, anti-protozoal, 

anthelmintic, antioxidant, anticancer, anticariogenic, cytotoxic, mutagenic (in high 

concentrations) and cicatrizing potential.  

 Most medicinal plants have not had their toxic and mutagenic potentials thoroughly 

investigated (Costa et al., 2008; Grance et al., 2008; Horn and Vargas, 2008); however, it is 

known that  Baccharis plants present high toxicity levels (Varaschin and Alessi, 2003; Monks 

et al., 2008). Therefore, this study performed the histochemistry of the livers of fish treated with 

B. dracunculifolia to evaluate the possible risks of the ingestion of this medicinal plant. 

 

2. Material and Methods 

2.1. Specimens   
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 The Prochilodus lineatus juveniles used in this experiment (60.7 ± 1.3 g and 8.0 ± 1.5 

cm) were purchased from Piscicultura Polettini, Mogi Mirim - SP, Brazil and transported to the 

Histology Laboratory of UNESP, Campus Rio Claro, Sao Paulo, Brazil. The animals were 

previously climatized in polyethylene boxes (500 liters) with constant aeration and fed with 

appropriate commercial food (325 g of crude protein) once a day.  

 

2.2. B. dracunculifolia leaves  

 The B. dracunculifolia leaves used in this experiment were collected in Rio Claro – SP, 

Brazil (22°22'30.0“S 47°28'31.5” W) and, after identification, exsiccates of the vegetal material 

were deposited and registered in the herbarium “Herbário Rioclarense”, Botany Department, 

UNESP, Campus Rio Claro (number 58140). 

 

2.3. Ethanolic extract preparation  

 The leaf compound extraction followed the protocol established by ANVISA - 

(Brazilian Health Surveillance Agency) for the Preparation mother tinctures from dry plants 

through maceration. The leaves were macerated with grain alcohol, 30% and 70% for nine 

days. The product of the 30% maceration was mixed to the 70% and vice-versa. After nine 

days, all the leaf compounds were obtained, those soluble in alcohol 70% and 30%. For each 

treatment group, 1.5 mL (amount ingested in treatment in folk medicine) of the extract was 

added to 1.2 g of commercial food (http://www.poytara.com.br/tropicais_diaadia.html). The 

material was kept in microbiological incubator at 37 °C for alcohol evaporation and stored in 

amber jars. 

 

2.4. Control and treatment groups 

 Sixty individuals were used, from which 32 were divided into two experimental groups 

in duplicate: Control group (Ctrl) and B. dracunculifolia Treated group (BdT). The animals 

were randomly distributed into four 70-liter tanks (8 animals each) with air pumps, cooling, 

thermostat (to maintain constant temperature) and covered with UV blocking material to reduce 

stress. Both groups were fed for a maximum of 21 days: Control group with regular commercial 

food and B. dracunculifolia Treated group with the food added with B. dracunculifolia extract. 

The animals were collected 14 and 21 days after the experiment (21-day feeding period), 6 

individuals per treatment were collected and anesthetized with benzocaine solution (0.1 g of 

benzocaine in 1 mL of ethanol for each 100 mL of deionized water) and euthanized according 

to the procedures established by the Ethics Committee on Animal Use (CEUA) – UNESP, Rio 
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Claro, process 10/2017. The fish were kept in semi-static system (every day about 20% of the 

water was renewed) and the water physical and chemical parameters (pH, ammonia, hardness 

and temperature) were measured at each collection.  

 

2.5. Histological processing  

 Fragments of the liver were fixed in formalin 10%, transferred to sodium phosphate pH 

= 7.4, dehydrated in crescent ethanol series, included in Leica historesin and sectioned (6 µm 

thickness) using microtome Leica RM2245. The sections were subjected to specific reactions 

and mounted on slides. For lipofuscin, the slides were mounted using Entellan, without the need 

of specific reactions, once lipofuscin is fluorescent (Peixoto et al., 2002). The material was 

analyzed using fluorescence microscope Olympus – BX51 and photographed using software 

DP – Controller, light filter 450 – 490 nm. 

 

2.6. Hepatic morphology analysis  

 The morphological alterations were evaluated through semi-quantitative methods: 

Mean Value of Alterations (MVA) and Histopathological Alteration Index (HAI). The MVA 

was calculated based on the incidence of lesions, according to Schwaiger et al. (1997) where a 

numeric value is attributed to each animal according to the scale: 1 (absence of 

histopathological alterations), 2 (localized lesions), and 3 (widely distributed lesions) and the 

HAI was based on the severity of each lesion. (Poleksic and Mitrovic- Tutundžic, 1994). 

 

2.7. Hepatic collagen quantification  

 For collagen quantification, six liver sections of each individual were analyzed after 

Picrosirius red reaction, according to Pearse (1985). The collagen was isolated using software 

ImageJ® version 1.51p and the collagen total area was quantified. 

 

2.8. Glycogen and bile stagnation quantification  

 For the glycogen and bile stagnation quantification, six sections of each individual were 

analyzed following PAS reaction, according to the protocol stablished by Paulete & Beçak 

(1976). Ten fields from each section were photographed, five for bile stagnation and five for 

glycogen. Glycogen was semi-quantitatively evaluated and bile stagnation was analyzed using 

software ImageJ®. The total bile stagnation area was quantified according to Campos et al. 

(2017). 
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2.9. Lipofuscin quantification 

To analyze the amount of lipofuscin in the tissues, ten photographs of six liver fragments 

of each individual were taken, according to Pereira et al. (2014). The images were analyzed using 

program ImageJ®, the lipofuscin granules were isolated and the total area was quantified.  

 

 2.10. Total proteins and macrophages 

 Total proteins detection was performed using six sections of each animal, which were 

subjected to Xylidine Ponceau reaction according to Melo and Vidal, (1980). Macrophages 

detection was carried out subjecting the same number of sections to Gomori reaction (Gomori, 

1949). Total proteins were analized using semi-quantitative method, and machophages were 

quantified using the software ImageJ® following Pereira et al. (2014). 

 

2.11. Statistical analysis 

 The data obtained through the analyses were submitted to Shapiro-Wilk to verify 

normality and to ANOVA/Tukey test to obtain parametric results. The groups that did not 

satisfy normality assumptions were submitted to Kruskal-Wallis/Dunn, with significance level 

p < 0.05. Statistic test were performed using software Bioestat 5.0® and GraphPad Prism 5.0®. 

 

3. Results  

3.1.  Hepatic morphology 

 The water parameters remained within the acceptable levels described by Pereira et al. 

(2014). The liver of the specimens presented the following alterations: cytoplasmic vacuolation, 

nuclear hypertrophy, sinusoid capillary dilatation and congestion, and the relative frequency in 

which they occurred are displayed in Table 1. The most frequent alterations are displayed in 

Figure 3. 

Table 1 – Frequency of histological alterations in the livers of P. lineatus. 0 = no alterations 0+ = rare alterations 

+ = frequent ++ = very frequent +++ = extremely frequent. 

Liver             Stage      Ctrl 14 d     Ctrl 21 d BdT 14 d     BdT 21 d 

Cytoplasmic vacuolation             

Nuclear hypertrophy                           

Sinusoidal capillary dilatation 

Glycogen  

Total proteins  

Congestion  

I 

I 

I 

I 

I 

II  

+ 

0+ 

0+ 

+ 

+ 

0+ 

+ 

0+ 

0+ 

+ 
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Figure 2 – Mean MAV and HAI values of P. lineatus liver. Data expressed in mean ± standard error. Significant 

difference at p<0.05. (*) significant difference in comparison with the control group. 
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Figure 3 – Most frequent alterations in the liver of P. lineatus. (a) Ctrl group 14 days: regular hepatic tissue, 

without significant alterations – central vein (arrow), hepatocyte (circle). (b)  BdT group 14 days:  nuclear 

hypertrophy (arrows). (c) BdT group 21 days: sinusoid capillary dilatation, congestion, bile stagnation (black 

arrow), cytoplasmic vacuolation (white arrow) and blood vessel (bv).  HE technique. (d) Ctrl group 21 days: bile 

stagnation (arrow). (e) BdT group 14 days: bile stagnation (arrow). (f) BdT group 21 days: bile stagnation (black 

arrow) and melanomacrophage centers (white arrow) – note the increase in bile stagnation.  PAS technique.  

 

The MVA and HAI obtained for the hepatic alterations were significantly higher in 

comparison with the control in the 21-day feeding period - ANOVA/Tukey test (Figure 2). 

 

3.2. Hepatic collagen  
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 Some collagen staining was observed in vessel walls, in insufficient amounts for 

quantification. 

 

3.3. Bile stagnation  

 The animals fed for 21 days presented significant increase in bile stagnation in 

comparison with the control group, with p<0.05 for Kruskal-Wallis/Dunn test (Table 2). 

 

3.4. Total proteins and macrophages 

The animals fed during both treatment periods presented significant difference of 

macrophage number, as well as of total proteins in comparison with the control group, with 

p<0.05 for ANOVA/Tukey test. 

 

3.5. Lipofuscin 

 Lipofuscin granules were identified as red punctuate cytoplasmic fluorescence. The 

number of granules in the liver increased in both treatments; however, not significantly in 

comparison with the control group (Figure 3), with p < 0.05 (Kruskal-Wallis/Dunn) (Table 2). 

 

                         LIPOFUSCIN                                                      BILE STAGNATION                  

                Ctrl Group                     BdT Group                   Ctrl Group                       BdT Group                    

              Mean           S±            Mean          S±                Mean           S±                Mean          S± 

14 days 914041.2   472324.5     1066679.8   642860.6   3868.1482    2321.4600     4589.1319   1145.6950 

21 days 953439.2   402236.3      988093.9   530541.0    4834.8480   1158.5428     6479.3136*   2205.9563 

 

Table 2 – Means in μm2 of the area occupied by lipofuscin and bile stagnation. Means, standard deviation (S±) and 

significance (*). Note the increased levels of lipofuscin and bile stagnation in the BdT group. 
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Figure 4 – (a) and (b) Ctrl group liver 14 days after treatment – lipofuscin granule (arrow). (c) Liver of the Ctrl 

group on the 21st day after the experiment. (d) and (e) Liver of the BdT group, on the 14th day after the experiment. 

(f) Liver of the BdT group, on the 21st day after the experiment. Note the increase in lipofuscin in the BdT group. 

Fluorescence microscopy technique. 
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Figure 5 – Alterations in the liver of P. lineatus. (a) Ctrl group 14 days: regular hepatic tissue. (b)  BdT group 14 

days. (c) BdT group 21 days. Note increased total proteins in the treated groups. Xylidine Ponceau technique. (d) 

Ctrl group 21 days: regular hepatic tissue. (e) BdT group 14 days. (f) BdT group 21 days – note the increase in 

number of macrophages in the treated groups.  Gomori technique.  

 

4. Discussion   

 Histopathological analyses are important to verify the sensitivity of the organs to toxic 

substances. Lesion severity is associated with the pathologic potential; therefore, how the lesion 

affects the organ functions and the survival of the animal is taken into consideration to analyze 

the importance of the lesion (Bernet et al., 1999). The present study analyzed alterations stages 

I and II, cytoplasmic vacuolation, nuclear hypertrophy, sinusoid dilatation and congestion, the 

HAI revealed that the extract caused slight not statistically significant damages to the organ. 
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The results suggest that B. dracunculifolia has toxic components, once some alterations were 

observed in more advanced stages, making the tissue recovery slower. 

Several studies have reported an increase in the amount lipofuscin (Au, 2004; Radwan 

et al., 2010; Vaschenko et al., 2012; Pereira et al., 2014). Despite not statistically significant, 

the increase in the levels of lipofuscin observed in the present study can be associated with liver 

damages, once the lipofuscin is a product of lipid peroxidation and indicates oxidative lesion 

(Kishi et al., 2008). 

Alterations as nuclear hypertrophy and sinusoid dilatation, more frequent in the animals 

fed for 21 days, indicate an increase in the metabolic activity of the hepatocytes, probably 

representing a response to the presence of stressing agents. The presence of vessel congestion 

suggested that blood flow was obstructed, consequently causing blood to accumulate in the 

venous circulation. According to Jones et al., (2000), this can be caused by physical obstruction 

of small or large vessels or by a failure in the regular flow. 

 One of the consequences of the exposure to toxic products is bile stagnation, 

characterized by the presence of brownish-yellow granules in the cytoplasm of the hepatocytes 

(Pacheco, 2002). This alteration consists in the manifestation of a physiopathological condition 

caused by a lack of bile metabolism and excretion (Fanta et al., 2003). In the present study, the 

bile stagnation observed in the P. lineatus indicates that the animals were in contact with B. 

dracunculifolia metabolic products, which acted as toxic agents. Furthermore, the presence of 

melanomacrophage centers – which play a role in elimination of particles – may indicate 

inflammation Balamurugan et al., (2012),  health problems and conditions of environmental 

stress (Hinton et al., 2008). 

Alterations in number of macrophages were also observed in the liver of P. lineatus 

exposed to LAS (Pereira et al., 2014). Alterations in total proteins levels in this study could be 

occurred due to the health conditions of the animals (Ranzani-Paiva and Silva-Sousa, 2004). 

According to these authors, when total proteins are at high levels, it may represent a chronic 

liver disease, and when at low levels, it could be a result of liver failure and kidney disease.  

The results of the present study are corroborated by Rodrigues et al., (2009), who 

submitted rats to high concentrations of B. dracunculifolia. Three days following exposure the 

animals presented behavioral alterations and the toxicity of the extract was confirmed by the 

decrease in polychromatic and monochromatic erythrocytes. Grance et al., (2008) reported that 

the hydroethanolic extract of Baccharis trimera administered to pregnant rats at 8.4 mg/kg was 

toxic to maternal kidney and liver cells, although such alterations are reversible once 

administration is discontinued. 
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  Studies have demonstrated that plant flavonoids, such as quercetin and rutin (Da Silva 

et al., 2002) can produce genotoxic effects in high concentrations (Ferguson, 2001; Da Silva et 

al., 2002; Pereira et al., 2006) . The caffeic acid, a phenolic acid found in B. dracunculifolia 

extracts (Resende et al., 2007; Munari et al., 2008), induced damage to the DNA of rats at 8 

mg/kg (Pereira et al., 2006). The  molecular mechanisms of mutagenicity caused by flavonoids 

have not been clarified; however, several studies have demonstrated that they can act as pro-

oxidants, overcoming  nuclear antioxidant defenses and leading the DNA to oxidative damage 

(Sahu et al., 1996; Da Silva et al., 2002). Therefore, the liver alterations observed in the present 

study may have occurred due to the action of similar components present in the B. 

dracunculifolia extract. 

 

5. Conclusion  

 In conclusion, the extract of B. dracunculifolia caused significant hepatic alterations in 

the species; moreover, the HAI and MAV demonstrated that the ingestion of the extract caused 

widely distributed damage to the liver. 
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The leaves of Baccharis dracunculifolia are used to treat gastric disorders and 

febrile conditions, besides their use in the treatment of wounds and inflammatory 

processes, among others. The objective of this study was to evaluate the toxic effects 

of the alcoholic extract of B. dracunculifolia by means of morphological analyzes of 

the gills and gill rakers of Prochilodus lineatus fish. Of the 60 subjects, 32 were used 

in two experimental groups in duplicates: Control group and treated group. After the 

treatment (21 days), 2 collections were done at 14 and 21 days. The histological and 

histochemical changes were evaluated by the Mean Value of Change (MVC), 

Histological Alteration Index (HAI) and ImageJ®. HAI and MVC indicated normal 

functioning, with changes localized in the organ. The results showed that the 

ingestion of the extract of B. dracunculifolia can affect the branchial epithelium and 

gill rakers, causing morphological alterations and an increase of mucous substances, 

as well as the number of lysosomes in the species studied. 

 

Key words: Asteraceae; mucus; lysosomes; P. lineatus, gill. 

 

 
 

INTRODUCTION 
 

The Asteraceae family is the most numerous group within 

the Angiosperms, comprising about 1,100 genera and 

25,000 species. About 98% of the genera are small plants 

and are found in several habitat types, but mainly in the 

tropical mountainous regions of South America (Joly, 

1987). 

Species of this genus are economically important to man as 

they help in the fight against erosion and can be used as 

ornamental plants. Although, they may also present as pests 

that are difficult to combat in pastures. However, they are 

majorly use in medicine, where several species are known 

(Simões-Pires et al., 2005). 

B. dracunculifolia, native to Brazil, is considered an 

invasive pasture plant and has been eradicated from many 

regions. Its leaves have tectorial and glandular trichomes 

that, besides acting as a protective barrier to attack by 

predators, help in the interaction of this species with the 

bees that collect their resinous material (Sforcin et al., 

2012). In addition, it has been shown to be the most 

important botanical source for the production of green 

propolis (Park et al., 2002). 

In medicine, the use of the branches and leaves of B. 

dracunculifolia to combat gastric disorders, febrile 

conditions and inflammatory processes has been reported 

(dos Santos et al., 2010). In its phytochemistry, there is an 

existence of flavonoid compounds, lipid diterpenes and 

clerodane (Verdi et al., 2005). 

Recent studies have shown several biological activities, 

such as antiulcerogenic, immunomodulatory (Missima et 

al., 2007), cytotoxic, and anticariogenic effects (Leitão et al., 

2004). Both green propolis and B. dracunculifolia, in the 

forms of ethanolic extract, were able to inhibit the oxidative 

metabolism of stimulated neutrophils, a concentration- 

dependent inhibition not related to toxic events (Simões- 

Ambrosio et al., 2010; Figueiredo-Rinhel et al., 2013) . 

However, it should be noted that species of the genus 

Baccharis have toxicity (Grance et al., 2008; Costa et al., 

2008). Due to contact with water, it is possible that the 

mailto:jeffessonbiologia@mail.uft.edu.br
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components of B. dracunculifolia present in the extract 

dissociate and affect the gills, since they have a large  surface 

area and are in direct and permanent contact with agents 

diluted in water (Bernet et al., 1999). The aim of this study 

was to evaluate the toxic effects of the alcohol extract of B. 

dracunculifolia, by means of morphological analyzes of the 

gills and gill rakers of the fish (curimbatá). 

 
 

MATERIALS AND METHODS 
 

Specimens 
 

The Prochilodus lineatus juveniles used in this experiment 

(60.7 ± 1.3 g and 8.0 ± 1.5 cm) were purchased from 

Piscicultura Polettini, Mogi Mirim/SP, Brazil and transported 

to the Histology Laboratory of UNESP, Campus Rio Claro, 

Sao Paulo, Brazil. The animals were previously climatized in 

polyethylene boxes (500 L) with constant aeration and fed 

with appropriate commercial  food (325 g of crude protein) 

once a day. 

 
 

B. dracunculifolia leaves 
 

The B. dracunculifolia leaves used in this experiment were 

collected in Rio Claro – SP, Brazil (22°22'30.0“S 47°28'31.5” 

W) and identified by Ms. Daniela de Oliveira, technician of 

“Herbário Rioclarense”. Exsiccates of the vegetal material 

was deposited and registered in the herbarium under  number 

58140. The nomenclature used herein is according to Joly 

(1987) and Dr. Marco Antonio Assis of the Botany 

Department of UNESP, campus Rio Claro. 

 
 

Ethanolic extract preparation 
 

The leaf compound extraction followed the protocol 

established by ANVISA - (Brazilian Health Surveillance 

Agency) for the preparation of mother tinctures from dry 

plants through maceration 

(http://www.anvisa.gov.br/hotsite/farmacopeiabrasileira/arqu

ivos/cp38_2010/x_metodos_preparacao_tintura.pdf). The 

leaves were macerated with grain alcohol, 30 and 70%, for 

nine days. The product of the 30% maceration was mixed to 

the 70% and vice-versa. After nine days, all the leaf 

compounds were obtained, those soluble in alcohol of 

70 and 30%. For each treatment group, 1.5 mL of the 

extract was added to 1.2 g of commercial food 

(http://www.poytara.com.br/tropicais_diaadia.html).    The 

material was kept in microbiological incubator at 37C for 

alcohol evaporation and stored in amber jars. 

 
 

Control and treatment groups 
 

Sixty individuals were used, of which 32 were divided into 

two experimental groups in duplicate: Control group and 

B. dracunculifolia treated group. The animals were randomly 

distributed into four 70-L tanks (8 animals each) with air 

pumps, cooling, thermostat (to maintain a constant 

temperature) and covered with UV blocking material to 

reduce stress. Both groups were fed for a maximum of 21 

days: Control group with regular commercial food and B. 

dracunculifolia treated group with the food comprising B. 

dracunculifolia extract. The animals were collected 14 and 21 

days after the experiment (21-day feeding period), 6 

individuals per treatment were collected and anesthetized 

with benzocaine solution (0.1 g of benzocaine in 1 mL of 

ethanol for each 100 mL of deionized water) and  euthanized 

according to the procedures established by the Ethics 

Committee on Animal Use (CEUA) – UNESP, Rio Claro, 

process 10/2017. The fish were kept in the semi- static system 

and the water physical and chemical parameters (ph, 

ammonia,  hardness  and  temperature)  were measured at 

each collection. 

 

 
Histological processing 

 
After treatment, fragments of the gills and gill rakers were 

fixed in 10% formalin. Subsequently, the material was 

buffered in sodium phosphate solution with pH = 7.4, 

dehydrated in increasing concentrations of alcohols, included 

in Leica historesin and sectioned in the Leica RM2245 

microtome. The sections with 6 μm thickness were subjected 

to the specific reactions and  consecutivelyproduce the 

assembly of the slides. 

 

 
Gill morphology analysis 

 
Morphological changes were evaluated semi-quantitatively 

by the Calculation of the Mean Value of Change (VMC), 

based on the incidence of lesions, according to Schwaiger et 

al. (1997), in which a numerical value for each animal is 

assigned according to the scale: grade 1 (absence of 

histopathological alteration), grade 2 (occurrence of localized 

lesions) and grade 3 (lesions  widely  distributed by the organ) 

and Histological Alteration Index (HAI), based on the 

severity of each lesion. Stage I alterations (do not 

compromise the functioning of the organ), stage II (more 

severe and impair the normal functioning of the organ), and 

stage III, (very severe and irreversible) (Poleksic and 

Mitrovic-Tutundzic, 1994). For each animal, the AHI was 

calculated using the formula: IAH = (1 × ΣI) + (10 × ΣII) + 

(100 × ΣIII), where I, II and III equal the number of stages I, 

II and III changes, respectively. 

The mean AHI was divided into 5 categories according to 

Poleksic and Mitrovic-Tutundzic (1994): 0-10 = normal 

tissue functioning; 11-20 = slight to moderate tissue damage; 

21-50 = moderate to severe modification of tissue; 51-100 = 

severe tissue modification; greater than 100 irreparable tissue 

damages. 

http://www.anvisa.gov.br/hotsite/farmacopeiabrasileira/
http://www.poytara.com.br/tropicais_diaadia.html)
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Table 1: Frequency of histological changes found in the gills of P. lineatus. 

 

Gill Stage Control 14 days Control 21 days Treated 14 days Treated 21 days 

Lamellar hyperplasia I + + + ++ 

Epithelial detachment I 0+ 0+ + + 

Vascular congestion I 0+ 0+ + + 

Secundary lamellae fusion I 0+ 0+ + + 
Lamellae aneurysm II 0+ 0 0+ 0+ 

0 = no change 0+ = rarely frequent + = frequent ++ = very frequent +++ = extremely frequent. 

 

 

Quantification of mucous substances 

 

For the analysis of the mucus substances, five fields of six 

cuts in each animal were analyzed. In each field were counted 

the markings of mucus  substances  between regions of 10 

secondary lamellae. The cuts were submitted to Alcian Blue 

pH 1.0 + PAS reaction for the identification of mucus sulfated 

substances, hexoses, and sialic acids. Mucus neutral 

substances were evidenced by the periodic acid method 

Schiff (PAS) (Gustavo et al., 2014). The mucus substances in 

the gill rakers were quantified with the aid of ImageJ® 

software, with the plugins -Threshold Color. 

 

 

Quantification of lysosomes 

 

For this analysis, 6 cuts of 6 μm were obtained from each 

individual and subjected to the technique adapted from 

Gomori (1950). Of these six cuts, five fields were 

photographed and the lysosome markings present were 

counted with the aid of ImageJ®. 

 

 

Statistical analyzes 

 

The data obtained in the analyzes were subjected to 

Shapiro-Wilk test to verify the normality of the groups and 

later to the ANOVA / Tukey test, for parametric data and 

those that did not present Kruskal-Wallis / Dunn normality, 

considering the significance of p <0.05. Statistical tests 

were performed with Bioestat 5.0® software and GraphPad 

Prism 5.0® software. 

 

 

RESULTS 
 

Gill morphology 
 

The gills of the specimens presented the following changes: 

lamellar hyperplasia, epithelial detachment, vascular 

congestion, lamellar aneurysm and partial fusion of 

secondary lamellae. The frequency of histological changes in 

the gills is shown in Table 1. 

The VMC and AHI obtained in the gill analyzed were not 

significantly higher than the control in the ANOVA / Tukey 

test (Figure 1). 

Mucus 

 

In the gills, the mucus sulfated substances, hexoses, and 

sialic acids did not present significant differences during 

treatment and a reduction was observed during 21 days of 

treatment. However, the mucus sulfate, hexoses, sialic and 

neutral acids presented significant elevation with p <0.05 

for the Kruskal-Wallis / Dunn test (Figures 2 and 3, and 

Table 2). 

 

 

Lysosomes 

 

The animals treated for 21 days showed a significant increase 

in the number of lysosomes as compared with the control 

group with p <0.05 for the ANOVA / Tukey test (Table 2). 

 

 

Morphology of gill rakers and mitochondrial rich cells 

 

The gill rakers of P. lineatus fed with ration enriched with B. 

dracunculifolia extract showed blood cell infiltration 

(congestion) and epithelial decharacterization (Figure 4-B 

and C). Cells rich in mitochondria were not observed in using 

Von Kossa's technique, however, the presence of calcium in 

the light brown mucous cells along the epithelium was 

observed (Figure 4-E and F). 

In the gill races, the mucus sulfate substances, hexoses and 

sialic acids presented significant differences with only 14 

days of treatment. The mucus sulfated acidic substances, 

hexoses, sialic acids and neutrally presented significant 

differences for the ANOVA / Tukey test, during 14 and 21 

days of treatment (Table 3) (Figure 5). 

 

 

DISCUSSION 
 

Histopathological analyzes are important for  assessing organ 

sensitivity to xenobiotics. The degree of the lesions is directly 

related to their pathological potential, thus, the way the lesion 

affects the function of the organ and the survival capacity of 

the animal is taken into account when it comes to the 

importance of the lesions (Bernet et al., 1999). In this study, 

the occurrence of localized lesions such as lamellar 

hyperplasia, epithelial detachment, vascular congestion, 
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Figure 1: Mean values of VMC and AHI in the gills of P. lineatus. A significant difference was considered at p <0.05. 

(*) significant difference in relation to the control group. 

 

 
 

(a) (b) 

  
(c) (d) 

 

Figure 2: Changes in the gills of P. lineatus. (A) Control group 14 days. (B) Group treated 14 days. (C) Control 

group 21 days. (D) Group treated 21 days. PAS technique. Note the higher amounts of neutral polysaccharides  in 

the group treated with B. dracunculifolia. 

 

 

 
lamellar aneurysm and partial fusion of secondary lamellae 

(AHI) showed the normal functioning of the organ. With 

localized lesions, all of these changes are reversible 

characteristics. 

 
Lamellar epithelial detachment, hyperplasia and partial 

or total fusion of the secondary lamellae, observed in the 

gills of P. lineatus, are alterations that decrease the surface 

area of the gills and increase the diffusion barrier to the 
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Figure 3: Most frequent histological changes in the gills of P. lineatus. (A) control 14 days: gill filament 

without significant changes - secondary lamella (arrow). (B) B. dracunculifolia 14 days: lamellar 

hyperplasia and fusion of secondary lamellae, (tc) cartilaginous tissue. (C) B. dracunculifolia 14 days: 

aneurysm (asterisk). (D) control 21 days: gill filament without significant changes - secondary lamella 

(arrow). (E) B. dracunculifolia 21 days: congestion (circle), lamellar hyperplasia and fusion of secondary 

lamellae. (F) B. dracunculifolia 21 days: epithelial detachment (asterisk). Blue toluidine technique. 
 

 

 
Table 2: Mean in μm2 of the area occupied by the mucous substances and lysosomes of the gills of P. lineatus. 

 

Gill Control 14 days Treated 14 days Control 21 days Treated 21 days 

AB pH 1.0 + PAS 4.684± 0.6355 7.474± 1.678 7.000± 1.591 5.316± 1.087 

AB pH 2.5 + PAS 8.000± 1.051 17.26± 2.733* 5.632± 1.269 20.37± 3.112* 

PAS 8.300± 4.772 12.83 ± 5.879* 5.867± 4.718 12.27 ± 3.591* 

Lysosomes 184.5 ± 13.49 216.5 ± 15.44 144.6± 12.44 201.0 ± 18.30* 

Averages, standard deviation (±) and significance (*). Note the higher presence of mucous substances, lysosomes in the group treated 

with B. dracunculifolia. 

tc 

* 
* 
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(a) (d) 

  
(b) (e) 

  
(c) (f) 

 

Figure 4: Changes in gill rakers of P. lineatus. (A) Control group 14 days without changes: mucosal cell (arrow). 

(B) Treated group 14 days: Blood cell infiltrates or congestion (asterisk). (C) Decomposition of the gill raker 

structure (circle): Treated group 21 days. Toluidine blue technique. (D) Control group 21 days: no change. (E) 

Treated group 14 days: mucus cells with the positive reaction to calcium (asterisk). (E) Treated group 21 days: 

mucus cells with the positive reaction to calcium (asterisk). Von Kossa Technique. 
 

 

 
 

Table 3: Means in μm2 of the area occupied by mucous. 

 

Gill rakers Control 14 days Treated 14 days Control 21 days Treated 21 days 

Alcian Blue pH 1.0 + PAS 206.8± 25.27 485.3± 128.7* 262.0± 26.48 368.3± 54.39 

Alcian Blue pH 2.5 + PAS 188.2± 31.82 374.2± 45.08* 262.4± 36.16 435.1± 55.60* 

PAS 754500±76370 1431000±17840* 617100±73420 1427000± 192900* 

Means, standard deviation (±) and significance (*). Note the higher presence of mucus in the treated group B. dracunculifolia. 
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(a) (b) 

  
(c) (d) 

 

Figure 5: Changes in gill ratios of P. lineatus. (A) Control group  14 days. (B) Treated group  14  days. (C)  Control 

group 21 days. (D) Treated group 21 days. Alcian Blue pH 2.5 + PAS technique. Note  the  highest amounts of 

sulfated acidic mucus in the group treated with B. dracunculifolia. 

 

 
 

pollutant; however, it hinders the process of exchange of 

gases, showing that animals are exposed to substances that 

compromise their health (Fernandes and Mazon, 2003). 

An aneurysm on the gill lamellae are lesions resulting 

from ruptures of the pillar cells caused by contaminants 

(Winkaler et al., 2007). This can cause the 

interruption/reduction of the gas exchange capacity and 

consequently the weakening of the fish. 

Studies on the effects of plants on fish have been carried 

out by several researchers. Taiwo et al. (2008) tested the 

effect of the aqueous extract of Aloe vera leaves on various 

organs of the fish, including the gills, and concluded that this 

plant contains substances toxic to these animals. In gills of 

Nilotic tilapia exposed to the aqueous extract of Carica 

papaya filament and lamella degeneration, vacuolization of 

the gill arches and total removal of the lamellae were 

observed (Ayotunde and Ofem, 2008). 

In rats, the toxicity of B. dracunculifolia has been 

confirmed through behavioral alterations and a decrease in 

polychromatic and monochromatic  erythrocytes  (Rodrigues 

et al., 2009). 

Our study also confirms the toxicity of B. dracunculifolia, 

with a significant increase in the number of mucus cells and 

lysosomes. Exposure to pollutants can influence the 

proliferation of mucus cells with different types of mucus 

substances that proliferated after fish exposure to stressors 

(Alberto et al., 2005). Studies in Germany' rivers have found 

a fusion of secondary lamellae, the proliferation of mucus 

cells and mitochondria-rich cells and lysosomal 

proliferation in gills (Gernhöfere et al., 2001). According to 

Bernet et al. (1999), the neutral polysaccharides play 

important roles, acting as a barrier in the protection against 

particles, pathogens, and compounds toxic to fish. 

The acidic mucus presents a higher viscosity and plays  the 

role of fixing the organic and inorganic material of small size, 

besides defending the organ, against lesions and proliferation 

of pathogens. The increase of the acid mucus  in the gill and 

branchial rakers indicates the  possible defense response 

against toxic compounds present in B. dracunculifolia, as 

well as the number of lysosomes, possibly due to the need to 

combat the toxic agents present the extract. Pereira et al. 

(2017) observed a reduction in 
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the number of lysosomes, which it was associated with severe 

metabolic dysfunction because it  prevents  organelles and 

defective structures from being recycled. 

In addition to changes in the number of mucous 

substances in the mucosal cells, there were also changes in 

the morphology of the gill rakers. This is in agreement with 

the finding of Valim (2017), who observed the loss of the 

integrity of the gill rakers, indicating that it is characterized 

by the detachment of superficial cells. 

It should be noted that flavonoids found in plants 

demonstrated genotoxic effect at high concentrations 

(Ferguson, 2001; Pereira et al., 2006). The caffeic acid 

found in extracts of B. dracunculifolia (Resende et al., 2007; 

Munari et al., 2008) induced DNA damage in rats (Pereira et 

al., 2006). In this regard, we believe that the parameters 

affected in curimbatás may have occurred by components 

that are the same or similar to those previously mentioned. 

 

 

CONCLUSIONS 

 

During feeding with the extract of B. dracunculifolia, ration 

compounds dissociated and after reaching the gills and the 

gill rakers, alters their morphology, causing mucus and 

morphological changes. Therefore, the gill and gill rakers of 

P. lineatus are sensitive indicator in determining the toxic effects 

of B. dracunculifolia extract. 
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The leaves extract of Baccharis dracunculifolia is used in the treatment of diverse 

disorders, mainly digestive problems. This study aimed to use the histochemistry 

and morphometry of cardiac stomach and posterior intestine of Prochilodus 

lineatus to evaluate the effects of ingestion of the alcoholic extract of B. 

dracunculifolia. Sixty individuals were used, of which 32 were divided into two 

experimental groups in duplicate. These were randomly distributed in four 70-L 

aquariums (eight animals each). Both groups were fed for a maximum period of 21 

days: control group (fed with regular commercial feed) and B. dracunculifolia 

group (fed with the feed enriched with extract of B. dracunculifolia). After 

treatment, 6 animals per aquarium were collected at 14 and 21 days and submitted 

to routine laboratory procedures. Histochemical and histomorphometric changes 

were evaluated with ImageJ® software. The results showed that the extract of B. 

dracunculifolia, added in the diet of curimbatás, can affect the morphometry of 

the villi of the middle portion of posterior gut and cardiac stomach, as well as 

increase the secretion by the caliciform cells of the studied regions. 

 

Key words: Asteraceae; Prochilodus lineatus, cardiac stomach, posterior intestine, 

histochemistry; morphometric. 

 
 

 
 

INTRODUCTION 
 

Phytotherapy is a common form of treatment of a variety of 

health conditions across the globe (Lewith, 2000). Some of 

these compounds have potentially harmful side effects: 

recent examples include the use of ephedra linked to 

cardiovascular problems (Andraws et al., 2005). 

Medicinal plant according to ANVISA is any plant or parts 

of it that contain substances or classes of substances 

responsible for therapeutic action (Resolução – RDC nº 10, 

de 09 de março, Brasília, 2018). According to WHO (World 

Health Organization), 65 to 80% of the world's population, 

especially in developing countries, rely on herbal products 

to treat their diseases (Rahman and Singhal, 2002). The use 

of these herbs is most often done by adults to supplement 

the treatment of a chronic disease 

(bvsms.saude.gov.br/bvs/publicacoes/ResumoExecutivoM 

edNatPratCompl1402052.pdf, 2018). 

At present, we can find the commercialization of medicinal 

plants in free markets, popular markets, and other 

establishments in large and small Brazilian cities (Maciel and 

Constantin, 2002). 

The uses of indiscriminate teas in children with hepatic, 

renal, or other diseases can pose serious consequences to 

their health without medical follow-up (Rang et al., 2007). 

The indiscriminate use of medicines and drug combinations 

increases the risk of mortality caused by the adverse effects 

and toxicity of these products (Wong, 2003). 

The genus Baccharis includes more than 500 species, 

distributed from the United States to Argentina, with 

predominance in South America (Budel et al., 2005). B. 

dracunculifolia is traditionally used in the form of teas, to 

mailto:brunofp22@hotmail.com
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combat gastric disorders and febrile conditions, besides being 

used in the treatment of wounds and inflammatory processes 

(Carvalho et al, 2011). 

B. dracunculifolia is considered the main botanical source 

of green propolis, a product highly valued and 

commercialized in various pharmaceutical and cosmetic 

preparations, such as tablets, lozenges, dentifrices, lotions, 

facial creams, dyes, ointments, etc. (Bankova et al., 2000, 

Park et al., 2002). 

Bacteriology, antimicrobial (Ferronatto et al., 2007), 

analgesic, antispasmodic, sedative, and cytostatic (Lorenzi 

and Matos, 2002) properties have been found in the  essential 

oils of B. dracunculifolia. Moreover, according to Caetano 

(2012), the species B. dracunculifolia has anti- inflammatory, 

anti-protozoal, anthelmintic, antioxidant, anticancer, 

anticariogenic, cytotoxic, mutagenic (in high concentrations) 

and cicatrizing potentials.The  intestine  is an organ involved 

in important physiological functions, being the place of food 

digestion and absorption of  nutrients (Caballero et al., 2003). 

The intestinal mucosa is fundamental in the digestive, 

absorptive and metabolic processes in teleostean fish and the 

increase in villus length implies an increase of the surface 

area for greater  absorption of available nutrients (Caspary, 

1992). This  study aims to describe the effects of the extract 

of B. dracunculifolia on the cardiac stomach and medial 

portion of the posterior intestine of Prochilodus lineatus 

using histological approaches, as well as possible effects on 

fish in case of industrial dumps from B. dracunculifolia. 

 

 
MATERIALS AND METHODS 

 
Specimens 

 

The P. lineatus juveniles used in this experiment (60.7 ± 1.3 

g and 8.0 ± 1.5 cm) were purchased from Piscicultura 

Polettini, Mogi Mirim/SP, Brazil and transported to the 

Histology Laboratory of UNESP, Campus Rio Claro, Sao 

Paulo, Brazil. The animals were previously acclimatized in 

polyethylene boxes (500 liters) with constant aeration and fed 

with appropriate commercial food (325 g of crude protein) 

once a day. 

 

 

B. dracunculifolia leaves 

 

The B. dracunculifolia leaves used in this experiment were 

collected from Rio Claro – SP, Brazil (22°22'30.0“S 

47°28'31.5” W) and identified by Ms. Daniela de Oliveira, 

technician of “Herbário Rioclarense”. Exsiccates of the 

vegetal material was deposited and registered in the 

herbarium under number 58140. The nomenclature used 

herein is according to Joly (1987) and Dr. Marco Antonio 

Assis of the Botany Department of UNESP, campus Rio 

Claro. 

Ethanolic extract preparation 

 

The leaf compound extraction followed the protocol 

established by ANVISA - (Brazilian Health Surveillance 

Agency) for the Preparation mother tinctures from dry 

plants  through maceration 

(http://www.anvisa.gov.br/hotsite/farmacopeiabrasileira/ 

arquivos/cp38_2010/x_metodos_preparacao_tintura.pdf/). 

For each treatment group, 1.5 mL (amount ingested in 

treatment in folk medicine) of the extract was added to 1.2 

g of  commercial  food 

(http://www.poytara.com.br/tropicais_diaadia.html).    The 

material was kept in microbiological incubator at 37C for 

alcohol evaporation and stored in amber jars. 

 

 

Control and treatment groups 

 

Sixty individuals were used, of which 32 were divided into 

two experimental groups in duplicate: Control group and B. 

dracunculifolia Treated group. The animals were randomly 

distributed into four 70-L aquarium (8 animals each) with air 

pumps, cooled with thermostat and covered with UV 

blocking material to reduce stress. Both groups were fed for 

a maximum of 21 days: Control group treated (with regular 

commercial food) and treated group (food added with B. 

dracunculifolia extract). The animals were collected 14 and 

21 days after the experiment (21-day feeding period), 6 

individuals per treatment were collected and anesthetized 

with benzocaine solution (0.1 g of benzocaine in 1 mL of 

ethanol for each 100 mL of deionized water) and  euthanized 

according to the procedures established by the Ethics 

Committee on Animal Use (CEUA) – UNESP, Rio Claro, 

process 10/2017. The fish were kept in the semi- static system 

and the water physical and chemical parameters (ph, 

ammonia,  hardness,  and  temperature) were measured at 

each collection. 

 

 

Histological processing 
 

After treatment, fragments of the cardiac stomach and medial 

portion of the posterior intestine were fixed in  bouin. 

Subsequently, the material was buffered in sodium phosphate 

solution pH = 7.4, dehydrated in increasing concentrations of 

alcohols, included in Leica historesin and sectioned in the 

Leica RM2245 microtome. The sections with 5 μm thickness, 

cross-section, were subjected to the specific reactions and 

consecutively form the assembly of the slides. 

 

Histomorphometric analysis of intestinal villi and 

portions of the cardiac stomach 

For histomorphometric analysis, the slides of the cardiac 

stomach and the medial portion of the posterior intestine 

http://www.anvisa.gov.br/hotsite/farmacopeiabrasileira/
http://www.poytara.com.br/tropicais_diaadia.html)
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were stained with hematoxylin-eosin (HE) reaction. For the 

medial portion of the posterior intestine, 10 villi were 

measured per animal, totaling 120 villi per treatment, from 

which the height and total height of the villi were measured 

, corresponding to the distance from the apex of the villi to 

the beginning of the muscular layer and apex of the villi to 

the end of the serosa, respectively. The width of the villi and 

the thickness of their epithelium were also measured. For 

the cardiac stomach, there were also 10 regions in each 

analysis totaling 120 regions in each treatment, which 

included the total height of the apex of the mucosa up to the 

beginning of the muscular layer, respectively. The thickness 

of the muscular layer and mucosa were analyzed using the 

program ImageJ®. 

 
 

Mucus quantification 

 

For analysis of mucosal cells, eight sections from each 

individual were subjected to Alcian Blue pH 1.0 reaction for 

the identification of mucus sulfated acid substances; Alcian 

Blue pH 2.5 was used for the identification of sulfated and 

carboxylated acidic mucus and mucus neutral substances, 

evidenced by the periodic acid method Schiff (PAS) 

according to Paulete and Beçak (1976). From each cross 

section, 5 images (area corresponding to every fraction of the 

cut) and mucus present were isolated using ImageJ® 

software. 

 

 

Quantification of total proteins and macrophages 

 

For detection of total proteins, eight sections, in cross- 

section, of the cardiac stomach and medial portion of the 

posterior intestine of each animal were submitted to 

Xylidine Ponceau reaction according to Mello and Vidal 

(1980). For detection of macrophages, the same amount of 

cut was submitted to reaction (Gomori, 1949). For the 

analysis of total proteins of the medial portion of the 

posterior intestine, from each cross-section, 5 images were 

obtained (area corresponding to each fraction of the total 

cut) and the total proteins present were isolated using 

ImageJ ® software. The macrophages of the cardiac 

stomach and the medial portion of the posterior intestine 

were analyzed qualitatively and as the total proteins of the 

cardiac stomach. 

 

 

Statistical analyzes 

 

The data for analyzes were submitted to the Shapiro-Wilk 

test to verify the normality of the data and later to the 

ANOVA / Tukey test, while the parametric and non- 

parametric data to the Kruskal-Wallis / Dunn test, 

considering the significance of p <0, 05. Statistical tests 

were performed with Biostat 5.0® software and GraphPad 

Prism 5.0® software. 

RESULTS 
 

Intestinal histomorphometry 
 

The water quality parameters (pH, ammonia, hardness, and 

temperature) were kept within acceptable levels by the 

species as described by Pereira et al. (2014). No behavioral 

change was observed between the control and treated groups. 

The histomorphometric analysis of the cardiac stomach 

and medial portion of the posterior intestine demonstrated 

that at the 14 day, there was a significant increase in total 

villus height, villus height and villus width of the medial 

portion of the posterior intestine, and total height and 

thickness of the cardiac stomach muscle layer (Figure 1). 

After 21 days, a significant reduction in the height and 

width of the villi in the medial portion of the posterior 

intestine was observed (Table 1). 

 

 

Mucus 

 

It was observed a variation in the intensity secretion of mucus 

by caliciform cells (Figure 2). In the animals fed for 14 days, 

there was a significant increase of it in the medial portion of 

the posterior intestine (Figure  2a  and  b), whereas the cardiac 

stomach showed an increase, but not significant (Figure 3). 

At 21 day, there was a significant reduction in the medial 

portion of the posterior intestine (Figure 2c and d) and for the 

cardiac stomach, the increase was not significant with p <0.05 

for the ANOVA / Tukey test. No secretory labeling of acid 

mucus (AB pH 1.0; 2.5) was found in the cardiac stomach 

(Table 2). 

 
 

Total proteins and macrophages 
 

Total proteins in the medial portion of the posterior gut 

reduced (p <0.05) after 21 days (ANOVA / Tukey test). In 

the cardiac stomach, there was an increase in both times. 

The results of the number of macrophages in the medial 

portion of the posterior intestine were not significant. In 

the cardiac stomach, there was an increase in the number of 

macrophages during 14 and 21 days of treatment (Figure 

4). Lymphocytes were also observed in the villi of the mid 

portion of the posterior intestine. 

 
 

DISCUSSION 

Histomorphometric results was explained by Junqueira and 

Carneiro (2005), who postulate that the larger the 

intestinal villus size, the greater the nutrients absorption 

capacity. This confirms the results obtained the present 

study since the reduction of villi was observed during 21 

days. This can be attributed to the decrease in the area of 

nutrient absorption, resulting from the addition of B. 

dracunculifolia. 
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Figure 1: Changes in the levels of neutral mucus is morphometry of the cardiac stomach of P. lineatus. (A) Control 14 days. (B) 

Treated 14 days. (C) Control 21 days. (D) Treated 21 days. PAS technique. (E) Control 14 days. (F) Treated 14 days. Note the 

increase in mucus during 14 and 21 days of treatment and increase of the muscular layer in 14 days of treatment. HE technique.  

 

 

 
Caliciform cells proliferate to increase mucus production 

when aggression due to pathogens occurs (Schwarz et al, 

 
2011). This study demonstrated the increase in the area 

occupied by the mucus after 14 days of feeding. This 
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Table 1: Means in μm of the morphometry of the medial portion of the posterior intestine and cardiac stomach. Averages, 

standard deviation (S ±) and significance (*). 

 

Histomorphometric Control 14 days Treated 14 days Control 21 days Treated 21 days 

   Posterior intestine      

Total villus height 601.4± 24.80 731.4 ± 21.77* 720.9± 27.14 635.8± 17.79 

Height of villi 500.7± 20.94 611.2± 20.85* 615.0± 26.61 512.6± 15.59* 

Width of villi 132.0± 6.509 157.0± 6.360* 158.4± 7.843 120.9± 4.019* 

Thickness of villus epithelium 65.24± 3.999 69.37± 2.687 67.06± 3.619 56.71± 1.874 

     

   Cardiac stomach      

Thickness of the mucosa 333.8±39.56 329.9± 36.90 270.3± 26.07 313.7± 20.18 

Thickness of muscle layer 348.6± 16.92 592.2± 47.11* 360.9± 11.97 441.3± 42.93 

Total height 687.5± 37.00 888.9± 38.20* 659.5± 32.83 768.0± 48.86 

 

 

 
Table 2: Mean in μm of the area occupied by glycoproteins and total proteins of the medial portion of the posterior intestine and cardiac 

stomach of P. lineatus. Averages, standard deviation (±) and significance (*). 

 

Histochemistry Control 14 days Treated 14 days Control 21 days Treated 21 days 

   Posterior intestine      

Acid 9.120 ± 0.9153 18.48 ± 2.458* 13.28 ± 1,452 7.640 ± 1.923 

Sulphated acid 8.320 ± 1.092 23.16 ± 3.065* 14.20 ± 1,998 8.320 ± 1.876 

Neutral 798000± 86810 1257000± 157900* 1021000± 105200 583600± 59330* 

Total Proteins 2576000± 256900 2910000± 346300 3019000± 370200 1816000± 309200* 

Cardiac stomach 
    

Neutral 4714000± 564300 5225000± 802700 4298000±796400 4817000± 688500 

Acid - - - - 

Sulphated acid - - - - 

 

 

 
suggests that the increasing mucus secretion avoid the 

absorption of toxic substances present in B. dracunculifolia 

extract. The glycoproteins secreted by caliciform cells have 

important functions in protection against infections, 

because it prevents the contact of microorganisms with 

epithelial cells and has a bactericidal effect due to the 

presence of lysozyme and low molecular weight fatty acids 

(Noga, 1996). 

However, when fed for 21 days, a significant secretion 

reduction was observed, suggesting that B. dracunculifolia 

may compromise the intestinal epithelium, since the release 

of these polysaccharides protects fish health, by acting on the 

immune system and preventing colonization of pathogenic 

bacteria in the gastrointestinal tract (Spring, 2001; Refstie et 

al., 2010). 

The Xylidine Ponceau technique demonstrated the 

reduction in total protein levels. This reduction must have 

occurred due to the action of B. dracunculifolia on 

glycoproteins in the gut, confirming its toxicity. According to 

Kopoor et al. (2005), intestinal digestion depends on the 

secretion of glycoprotein substances from goblet cells, the 

 
proteolytic action of pancreatic secretion and also on 

intracellular digestion which is associated with the 

presence of gastric glands. 

Other researchers also reported intestinal damage in fish 

fed with ingredients of plant origin, in rainbow trout, as soy 

consumption caused changes in the posterior intestine, 

with a decrease in height of the simple fold (Sørensen et al., 

2011). Bureau et al. (1998) reported irregularities in the 

form of enterocytes, the presence of large vacuoles in the 

apical cytoplasm of enterocytes, among other changes in 

the intestinal epithelium of rainbow trout (Oncorhynchus 

mykiss and Oncorhynchus tshawytscha), after the 

consumption of diets containing soybean meal and quinoa 

saponin. 

When Corydoras paleatus was exposed to 

organophosphorus, the occurrence of alterations in the 

intestinal mucosa with disorganized villi, an inflammatory 

process and lipid vacuolization of enterocytes, were ob- 

served. In addition, epithelial cell necrosis, desquamation, 

lymphocyte infiltration and enterocyte hyperplasia were 

also observed. Such modifications were only described 
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(a) 

 

(c) 

 

(e) 

(b) 

 

(d) 

 

(f) 

 

Figure 2: Changes in the neutral polysaccharide levels of the villi of the medial portion of the posterior gut of P. lineatus. (A) Control 14 days. 

(B) Treated 14 days. (C) Control 21 days. (D) Treated 21 days. Note the increase in treated animals for 14 days and a drastic   reduction after 

21 days of treatment. PAS technique. (E) Control 21 days. (F) Treated 21 days. Note the reduction in epithelial thickness (yellow dash) and 

villus width (red dash) and a decrease of caliciform cells (circle). HE technique. 
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(b) 

 

(d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(f) 

 

Figure 3: Changes in total protein levels of villi of the medial portion of the posterior gut of P. lineatus. (A) Control for 14 days. (B) 

Treated 14 days. (C) Control 21 days. (D) Treated 21 days. (E) Control 14 days: Portion of the cardiac stomach-areas with protein 

concentration (circle). (F) Traded 14 days: Portion of the cardiac stomach-areas with protein concentration (circle). Note the increase of 

protein concentration in treated animals in 14 days and a reduction after 21 days of treatment. Note the presence of lymphocytes 

(arrows). Xylidine Ponceau Technique. 



58 

 

Academia Journal of Environmental Science; Oliveira-Lima et al. 172 

 

 
 

Figure 4: Changes in the number of macrophages of the cardiac stomach and medial portion of the 

posterior intestine of P. lineatus. (A) Control for 14 days. (B) Treated 14 days -Maghage (arrow). (C) Control 

21 days. (D) Treated 21 days - macrophage (arrow) and mucus (circle). Note the increase in macrophages in 

the cardiac stomach after 21 days of treatment. Gomori technique. 

 

 

 
after administration of the insecticide through 

contaminated food. 

In this study, we observed an increase in the number of 

macrophages that is possibly due to the need to combat the 

toxic agents present in B. dracunculifolia. For Platichthys 

flesus, collected from disturbed environments, Köhler et al. 

(2002) observed that the liver had a decrease in glycogen, 

accumulation of cytoplasmic lipids, elevation in the number 

of apoptotic cells and large aggregates of macrophages. For 

lysosomes, it was found that both number increase and 

decrease due to lysosomal fusion. Pereira et al. (2014) 

evidenced that groups exposed to contaminants, presented 

mobilization of macrophages, however, the number of 

lysosomes decreased. 

In addition, among the enterocytes of P. lineatus, the 

presence of lymphocytes was observed in this study, 

indicating a possible immunological defense cell barrier. 

Intraepithelial lymphocytes (cytotoxic T cells) may be 

involved in oral immunological tolerance and also in the 

immune response of the intestinal mucosa in fish (Eto et al., 

2013). B lymphocytes appear late in the intestinal mucosa, 

 
whereas the early onset of T lymphocytes in this organ 

suggests that it may be a site of extra-thymic differentiation 

of these leukocytes (Cain et al., 2000; Rombout et al., 2010). 

 
 

Conclusions 
 

The extract of B. dracunculifolia added in the diet of P. 

lineatus can affect the histomorphometry of the villi of the 

medial portion of posterior gut and cardiac stomach, as well 

as increase the secretion by the caliciform cells of the studied 

regions. In the case of contamination of the aquatic 

environment by industrial dumps linked to by-products 

produced by B. dracunculifolia, it will possibly result in 

toxicity to the species. 
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5. CONSIDERAÇÕES FINAIS  

 
 

-  O extrato de B. dracunculifolia causou alterações hepáticas significativas na espécie. O Índice 

de Alteração Histológica (IAH) e o Valor Médio de Alteração (VMA) demonstraram que a 

ingestão do extrato causou danos amplamente distribuídos pelo fígado.  

 

- Durante a alimentação com o extrato da B. dracunculifolia, compostos da ração 

dissociaram e possivelmente ao atingirem as brânquias e rastros branquiais alteraram suas 

morfofisiologia que incluíram alterações na produção de muco e patológicas, desta forma 

as brânquias de P. lineatus mostraram-se um indicador sensível para determinar os efeitos 

tóxicos do extrato da B. dracunculifolia. 

 

- O extrato da B. dracunculifolia adicionados na alimentação de curimbatás pode afetar a 

histomorfometria das vilosidades da porção mediana do intestino posterior e estômago 

cárdico, assim como aumentar a secreção por parte das células caliciformes. 
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7. ANEXOS  

7.1. Decisão do Comitê de Ética no Uso de Animais 
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7.2. Análise química da água utilizada  
 

 

 

UNIVERSIDADE ESTADUAL PAULISTA  

“JULIO DE MESQUITA FILHO”  

 INSTITUTO DE GEOCIÊNCIAS E CIÊNCIAS 

EXATAS  
Laboratório de Hidrogeologia e Hidrogeoquímica – H2L  

    

  

RELATÓRIO DE ANÁLISES QUÍMICAS  
  

Interessado: Prof. Dr. Flavio Henrique Caetano    

Material Entregue Declarado: Água  

Natureza do Trabalho: Diversas Determinações  

Referência: 03 amostras entregues por Rebeca, abaixo identificadas  

 
  

  
RESULTADOS:  

  

  

H2L  Amostra  Temp.  Cond.  pH  
Alcalinidade  

HCO3
-           CO3

2-  
No.  Identif.  °C  µS/cm    mg/L  mg/L  

              
6594  DZ  25  339  8,15  131  ND  

6595  DI  25  399  8,38  145  15,2  

6596  Controle  25  412  8,05  103  ND  

  

  
H2L  Amostra  F-  Cl-  NO2-  NO3-  PO43-  SO42-  C2O42-  Acetato  Br -  

No.  Identif.  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  

                      
6594  DZ  0,19  13,5  0,37  41,8  2,57  6,91  < 0,10  3,13  < 0,030  

6595  DI  0,24  11,9  0,45  45,7  3,70  13,7  < 0,10  3,23  < 0,030  

6596  Controle  0,17  44,2  0,45  49,8  3,77  6,40  < 0,10  3,81  < 0,030  

  

  
H2L  Amostra  Li  Na  NH4  K  Al  Ba  Be  Ca  

No.  Identif.  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  

                    

6594  DZ  
<  

0,010  
42,8  

<  
0,050  

3,06  0,052  0,051  
<  

0,005  
24,8  

6595  DI  
<  

0,010  
52,2  

<  
0,050  

2,91  0,080  0,063  
<  

0,005  
29,1  
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6596  Controle  
<  

0,010  
58,4  

<  
0,050  

3,28  0,017  0,057  
<  

0,005  
22,2  

  

  
H2L  Amostra  Cd  Co  Cr  Cu  Fe  Mg  Mn  

No.  Identif.  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  

                  

6594  DZ  
<  

0,005  
<  

0,003  
<  

0,003  
<  

0,004  
<  

0,005  
4,05  

<  
0,001  

6595  DI  
<  

0,005  
<  

0,003  
<  

0,003  
<  

0,004  
<  

0,005  
4,68  

<  
0,001  

6596  Controle  
<  

0,005  
<  

0,003  
<  

0,003  
<  

0,004  
<  

0,005  
3,78  

<  
0,001  

    

  

  

  

H2L  Amostra  Mo  Ni  P  Pb  Si  Sn  Sr  V  Zn  

No.  Identif.  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  mg/L  

                      

6594  DZ  < 0,005  < 0,003  1,64  < 0,005  0,43  < 0,005  0,11  0,014  0,009  

6595  DI  < 0,005  < 0,003  2,07  < 0,005  0,82  < 0,005  0,13  0,016  0,007  

6596  Controle  < 0,005  < 0,003  2,24  < 0,005  0,63  < 0,005  0,098  0,016  0,010  

  
ND: valor não detectado  
  

  
- O Laboratório de Hidrogeologia e Hidrogeoquímica foi proficiente nos Programas de Ensaios 

de Proficiência PEP 005/2011 e PEP 006/2011 para os analitos Ca, Pb, Cu, Fe, Mg, Mn, Zn, Ni, Sb, Al,  
Ba, Mo, Sn, Li, Sr, Cl, F, SO4, NO3, Ptotal, NO2+NO3, Dureza Total. Os Programas de Ensaios de 

Proficiência foram organizados pelo CETIND – Centro de Tecnologia Pedro Ribeiro (FIEB-SENAI) 

Provedor de Ensaios de Proficiência Habilitado pela ANVISA.  
   
- Os cátions Na, K, Li, NH4 e os ânions acetato e oxalato foram analisados por Cromatografia 

Iônica (IC).  
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Parâmetro Analítico  Método Analítico  

Alumínio, Bário, Berílio,  Cálcio, Cádmio,  
Cobalto, Crômio, Cobre, Ferro, Magnésio,  
Manganês, Molibdênio, Níquel, Fósforo,  

Chumbo, Silício, Estanho, Estrôncio, 

Vanádio, Zinco.  

  

  
SMEWW 3120B  

Fluoreto, Cloreto, Nitrito, Nitrato, Fosfato,  
Sulfato, Brometo  

EPA 300.0 – 300.1  

pH (a 25ºC)  SMEWW 4500 H B  
Alcalinidade  SMEWW 2320B  

Dureza  SMEWW 2340B  
Cor  SMEWW 2120C  

Turbidez  SMEWW 2130B  
Condutividade  SMEWW 2510B  

  

  

  

  
    
Observações:  * Calculado como N;   VMP – valor máximo permitido;   LQ – limite de quantificação  
 

  

  
Quím. Responsável:   MSc. Mirtis I. Ariza Malagutti - CRQ: Pr. 23.478/81  
  

  
                                            Rio Claro, 11 de maio de 2014.  

  

  

  
______________________________                         MSc. Mirtis Irene Ariza Malagutti  
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7.3. Protocolo das técnicas 
 

 

▪ Hematoxilina e Eosina: segundo Paulete & Beçak (1976), a técnica é composta de dois 

reagentes principais; a hematoxilina, que possui características basófilas, cora o núcleo 

da célula de azul, e a eosina, com características acidófilas, cora o citoplasma da célula 

de rosa. Na realização da técnica, as lâminas foram deixadas em água destilada por 1 

minuto, depois reagiram com hematoxilina por 10 minutos, então reagiram com água 

por 4 minutos, foram lavadas em água corrente, imersas em eosina por 5 minutos e por 

fim, lavadas em água corrente. 

▪ Azul de toluidina: Segundo Junqueira & Junqueira (1983), o método cora estruturas 

ácidas das células (RNA, DNA e mucopolissacarídeos), formando ligações 

eletrostáticas com os radicais ácidos nos tecidos. Na realização da técnica as lâminas 

foram imersas no corante pH 3.5 pré-aquecido a 60º C por 1 hora em estufa, depois 

lavadas em água destilada e imersas em solução aquosa de molibdato de sódio ou 

potássio. 

▪ PAS (Ácido Periódico e Schiff): segundo Paulete & Beçak (1976), o ácido periódico 

quando atua nos polissacarídeos, oxida-os e dá lugar à formação de aldeídos, que podem 

ser detectados pelo reativo de Schiff. Para a realização desta técnica, as lâminas foram 

imersas em Ácido Periódico 0,4% por 10 minutos, lavadas em água destilada, colocadas 

no Reativo de Schiff por 1 hora no escuro, lavadas em 3 banhos de 1 minuto em água 

sulfurosa e em água corrente por 10 minutos. 

▪ Picrosirius red: Segundo Pearse (1985), a técnica é utilizada para diferenciar fibras 

colágenas do tipo I, daquelas do tipo III. O colágeno tipo I é marcado de vermelho, e o 

tipo III, de verde. Na realização da técnica, as lâminas são coradas com Picrosirius 

durante 1 hora em estufa a 60°C (o corante já pré-aquecido a 60°C), depois lavadas em 

água destilada, coradas com hematoxilina por 8 minutos e lavadas em água corrente. 

▪ Xylidine Ponceau: Mello e Vidal (1980), a técnica é utilizada para detectar radicais 

catiônicos totais, tais como aqueles presentes nas proteínas, possibilitando a 

identificação de corpos proteicos. A solução de Xylidine Ponceau foi preparada a 0,1% 

em ácido acético glacial a 2%, sendo o pH ajustado para 2,5. A coloração com XP foi 

realizada durante 30 minutos à temperatura ambiente, seguindo-se de lavagem em 

solução de ácido acético 3% por 1 minuto e duas lavagens rápidas em água destilada, 

secagem ao ar e montagem em Entellan. 
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▪ Von Kossa: Segundo Pereira & Caetano (2009) este método depende da presença de 

fosfato e carbonato. Em tecidos animais, entretanto fosfatos insolúveis e carbonatos 

estão sempre perto do cálcio, com isso este teste é bastante específico para este elemento. 

Para a realização desta técnica as lâminas foram coradas por 20 minutos com nitrato de 

prata, lavadas rapidamente em água, reveladas com D-72 por 1 minuto, tratadas com 

tiossulfato 5% por 30 minutos, lavadas em água destilada e contracoradas com 

hematoxilina por 2 minutos. 

 

 

 

 

 

 

 

  

  

  

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


