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RESUMO

Resultados finais de tese de Doutorado
Programa de Pos-Graduacao em Farmacologia

Universidade Federal de Santa Maria

PRODUTOS APICOLAS COMO ANTIOXIDANTES EM PEIXES FREN TE A
DESAFIOS OXIDANTES PROVOCADOS POR TEBUCONAZOLE.

Autor: Daiane Ferreira

Orientador: Leonardo José Gil Barcellos

Este trabalho apresenta novas alternativas pargamiefeitos deletérios causados por
agroquimicos provenientes de lavouras, que contamagudes e corpos de agua, localizados
muito préximos as areas de cultivo. Esta proximedadontaminacdo causa danos oxidativos
em peixes. A alternativa sugerida é o uso de posdapicolas, que geram residuos de baixo
impacto para 0 meio ambiente. Uma vez que estaiagdo de culturas s6 vem crescendo.
Foram testadas trés concentracdes diferentes de0pd@isg LY 0,075g LY 0,125g LY,
pélen apicola (0,01gt 0,03g L% 0,05¢ 1Y), geleia real (0,005gt 0,015g L+ 0,025g [}) e
prépolis (0,01g ¥ 0,059 L% 0,1g L'!) associadas e ou ndo ao fungicida tebuconazole
(0,088mg [*) Os produtos apicolas apresentaram efeito progetsrpeixes, principalmente
por inibir/reverter a peroxidacao lipidica, carbdagfio proteica e aumentar a atividade das
enzimas catalase, superoxido dismutase e glutaBemnansferase, contribuindo para o estado
redox da célula. Os dados apresentados sugereternci@ do mel, pélen apicola, propolis e
geleia real adicionados a agua como substancidetgras contra 0 estresse oxidativo

causado por agroquimicos, em especial o tebucanazol

Palavras chave:estresse oxidativo, potencial antioxidante, mefpplis, pélen apicola,

geleia real, agroquimicos.



ABSTRACT

The final results of the thesis Doctoral Programadbiate Pharmacology
Universidade Federal de Santa Maria

BEE PRODUCTS AS ANTIOXIDANTS IN FISH FACE TO OXIDIZ ING
CHALLENGES CAUSED BY TEBUCONAZOL.

Author: Daiane Ferreira

Advisor: Leonardo José Gil Barcellos

This paper present alternatives to mitigate thetdabus effects caused by pesticides from
crops that contaminate ponds and water bodiestddagery close to the growing areas. This
proximity causes oxidative damage in fish. The sstgd alternative is the use of bee
products, which generate lower amounts of wasteerenvironment and has low cost. Since
this organization has been growing crops only. \@&ted three different concentrations of
honey (0,025g I; 0,075g [*; 0,125¢g [%), bee pollen (0,01gt 0,03g L% 0,059 L'}, royal
jelly (0,005g L'* 0,015g [* 0,025g [*) and propolis (0,01gt 0,05g L*; 0,1g L) and
associated or not with fungicide tebuconazol (88 L), apiculture products showed
protective effect on fish, mainly inhibit / reverggid peroxidation, protein carbonylation and
increase the activity of catalase, superoxide diasau and glutathione S-transferase,
contributing to the redox state of the cell. Outadsuggest the antioxidant potential of honey,
bee pollen, propolis and royal jelly added to wa®mrotective substances against oxidative

stress caused by agrochemicals, especially tebmota

Keywords: oxidative stress, antioxidant, honey, ppts, bee pollen, royal jelly,

agrichemicals.
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1. INTRODUCAO

O Brasil € o Pais que apresenta o maior potencandndo para a producdo de
pescado através da aquicultura, tendo em vistatad§ia de seu territério, com mais de 2/3
ocupando a regido tropical, bacias hidrograficaslegiadas e ricas, onde se destaca a bacia
amazonica responsavel por 20% da agua doce do miMetece ainda destacar os cinco
milhdes de hectares de aguas represadas em acodesnfe no Nordeste) e reservatorios
construidos para a geracao de energia hidroelé@uigaara abastecimento urbano e, também,
a imensidade de seus mais de oito mil quildmetegabta que possibilita uma enorme e
variada atividade de aquicultura de espécies masi(hnualpec, 2002).

O ambiente aquatico recebe, continuamente, conmgogtomicos exdgenos ou
xenobidticos, liberados pelas comunidades urbarapriedades rurais e industrias. A partir
do século XX, além das cargas organicas convensiomaitos outros poluentes, tais como
pesticidas organoclorados, hidrocarbonetos afoosatpoliciclicos (polycyclic aromatic
hydrocarbons - PAHS), bifenilas policloradas (pblgrinated biphenyls - PCBs), dioxinas e
furanos, vém sendo produzidos e, em parte, liberadoambiente (Van Der Oost al,
2003).

O uso do conjunto de praticas agricolas e piscilvém crescendo de forma
significativa em todo pais, principalmente no #d.atividades de origem agricola oferecem
riscos a qualidade das aguas subterraneas e sigsefipois muitas lagoas utilizadas para a
cultura de peixe estéo localizadas muito pertordasaagricolas. Como resultado, pequenas
guantidades de tais produtos podem atingir os &mngtilizados para a cultura de peixe (Van
der Ooskt al, 2003).

Os ecossistemas aquaticos tropicais estdo entreaigsameacados pelas atividades
humanas e pela degradacdo ambiental, mas a&&dapoucas as pesquisas realizadas
para avaliar e monitorar o impacto de contamies nesses ecossistemas tropicais e
em sua biota aquatica (Lacher & Goldstein9719Bozzetti & Schulz, 2004).

No Brasil, a mais recente resolucdo do ConselhoioNac do Meio Ambiente
(Conama) que dispde sobre a classificacdo dos satp@gua e diretrizes ambientais para o
seu enquadramento (Brasil, 2005), proibe o lanctm#ws produtos organicos persistentes
(POPs) nos efluentes e determina que, quando #ulopra qualidade dos ambientes
aquaticos podera ser avaliada por indicadores digmé utilizando-se organismos e/ou

comunidades aquaticas.
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Em um sistema biologico, a ordem sequencial dasraglbes promovidas pela
presenca de poluentes ocorre em niveis crescent@ganizacado bioldgica, estendendo-se do
nivel molecular ou bioquimico para o nivel fisidlkig ou individual, até os niveis da
populacdo e ecossistema (Stegeman al, 1992). Assim, de acordo com o nivel de
organizacéo bioldgica a que se referem, os difesgoérametros utilizados como indicadores
biolégicos para sinalizar as mudancas associada®senca de contaminantes podem ser
agrupados como biomarcadores, bioindicadores acaddres ecologicos.

A pesquisa cientifica da ultima década mostrou mprovou uma série de efeitos
oxidativos dos defensivos agricolas nos peixest®®wrganismos aquaticos (San&sal,
2003).

Nos ultimos anos tem-se observado uma intensa isesgobre as propriedades
antioxidantes de produtos naturais a fim de buslbamativas economicamente viaveis e com
menor impacto ambiental, para reversdo ou atenwdggiolanos causados por agroquimicos.
O conhecimento das importantes funcdes que osxatdittes desempenham na inibicdo dos
radicais livres (RL) resultantes do metabolismaleg]tem motivado o interesse pela analise
destes compostos em diversos produtos e tambénuandosmain natura (Gheldof &
Engeseth, 2002).

A poluicdo dos ecossistemas aquéticos pode provwgeerda da biodiversidade. A
poluicdo em nivel de populagdo tem degradado etessis fundamentais por meio de
alteracbes moleculares nos peixes, refletindo méndicdo da qualidade e da sustentabilidade
destes ecossistemas. A contaminacao dos recurgéscag no nivel de organismo € alvo de
preocupa¢des humanas, tendo em vista que o condineto e indireto de peixes e agua
contaminada pode causar sérios danos ao organiganas@lorf, 2007).

O presente trabalho estd embasado na apresenta;&sdltados obtidos sob a forma
de artigos publicados, para fins de defesa de des®outorado, dispondo das seguintes
secdes: revisdo bibliografica, objetivos, artigobligados, discusséo geral e perspectivas para
trabalhoduturos.

A secédo de Revisao Bibliogréfica abordara uma bedweidacdo sobre o crescente uso da
producdo combinada agricultura/piscicultura. Estu@p citados na literatura sobre espécies
animais envolvidas nesta producdo combinada, ostegyexenobioticos (agroquimicos) que
causam alteracdes nos organismos que entram eat@aotn 0os mesmos. Os tipos de danos que
podem ser causados, bem como um entendimento tieaprgue podem ser abordadas como
alternativas para reduzir tais danos ou até meswerter tais efeitos deletérios causados por

agroquimicos.
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Na secdo de Artigo Publicado e Artigo aceito paublipacdo, serdo apresentados
resultados finais que compdem esta pesquisa. Nessmas secdes encontram-se 0s demais itens
como materiais e métodos, analise estatisticaaal@lioos dados obtidos, resultados e discussao e
referéncias bibliograficas para ambos os trabalhos.

A secédo de Discusséao Geral apresenta resultadoleo®lat sua correlagéo entre si e com
dados ja apresentados na literatura. Finalmenté,ad®rdado na secéo “Perspectivas Futuras”,
demais estudos que poderdo ser realizados paratee wna maior elucidacdo dos dados ja

encontrados. E futuros trabalhos para aplicac&aardo que se estudou neste trabalho.

2. REVISAO BIBLIOGRAFICA

2.1 JUNDIA (Rhamdia quelen)

O Jundia,Rhamdia quelerda familia Heptapteridade, ordem Siluriformes, egén
Rhamdia e classe Osteichthyes, € uma espécie pamipara cultivo de peixes sendo
encontrado desde o centro da Argentina até o shlélaco, no Brasil esta presente na regiao
da Depressdo Central do Rio Grande do Sul (Guekf)). Aspectos de sua fisiologia
reprodutiva (Barcellost al, 2001b, 2002), resposta ao estresse (Barcedlak 2004, 2006 a,
b.), toxicologia (Soset al 2007; Kreutzt al, 2008) e fisiologia geral (Bellet al., 2000) tém
sido estudados. E uma espécie capaz de suporatedrio do inverno dos paises do sul da
América do Sul e crescer rapidamente no verdo. Quanltivado a uma densidade de 2 a 4
peixes/M pode alcancar 600-800 g de peso corporal em aéses (Barcellost al, 2003).

E um peixe de agua doce, omnivoro com tendéncidvpig preferindo crustaceos, insetos,
restos vegetais e detritos organicos. Apresentdlbdes localizados junto a boca, que provavelmente
possuem receptores de gosto para ajudar na lag&dizip alimento e na percepgéo da agua (Geines
al., 2000). Possui habito noturno e vive em lago®@@g fundos dos rios, preferindo ambientes de

aguas mais calmas com fundo de areia e lama, fismoargens e vegetacao (Goriesl, 2000).

Devido a sua prolificidade, robustez e bom ganhopdso, a espécie tem sido
intensivamente pesquisada por varios grupos deupsasqtanto em pesquisa aplicada

(alternativa de producéo de peixes), quanto emyisstpasica (Barcellas al, 2003).
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2.2 FUNGICIDA TEBUCONAZOLE

O tebuconazole (TEB) (Figura 1) € um fungicidaizdilo em lavouras de cereais. Seu
potencial de periculosidade ambiental enquadrasselasse I, muito perigoso ao meio
ambiente e altamente tdxico para organismos a@satsegundo o IBAMA. Possui acdo
sistémica e persisténcia de 20-25 dias no ambigntlarmulacdo comercial Folicur® é
classificada como substancia toxica para organisampsticos e pode causar estresse
oxidativo (Ferreiraet al, 2010, Tonket al, 2011) , disrupcdo enddcrina (Cericatal, 2008)
com efeitos diretos nas células adrenais (Cereatd, 2009) em peixes como o jundia. Este
fungicida é caracterizado pelo mecanismo de acéondi@ado IBE (inibidor da biossintese

de ergosterol).
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Figura 1: Estrutura quimica do tebuconazole. Obanda, 2008.

Embora as novas formas de cultura, como os tramsggrfacam uso de uma menor
quantidade de agroquimicos, o uso dos mesmos é freguente. Uma vez que a maioria das
inovacdes ndo impede a proliferacdo de ervas dasiehpragas que prejudicam o bom
desenvolvimento das lavouras. Tebuconazole é unobkético bastante utilizado nos
sistemas agricolas no controle de fungos que atasalavouras de cebola, batata, cevada,
feijdo, maca, uva e mais recentemente, em laval@asja, sendo o mais eficaz contra fungos

em culturas de soja transgénica (Fortes Netd, 2007).

Nas industrias produtoras de tebuconazole, o d¢uggrado apresenta alta toxicidade
aos organismos aquéticos, impedindo que o mesraalsgyadado em esta¢cfes de tratamento

de efluentes. Seus impactos sobre a microbiotaottp e dos processos biolégicos séo
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dificilmente determinados com precisdo, devido &uneza, heterogeneidade, dinamica e
respostas adaptativas da comunidade microbianse@getoet al, 2007).

A transformacdo ou degradacdo dos pesticidas moogmrrem em funcdo de vérias
reacdes biodticas e abidticas que compreendem egudmarias (oxidacdo, reducdo e
hidrolise) e secundarias (conjugacdes e reacdescoastituintes do solo). O pesticida ideal
seria aquele que cumpre seu objetivo e seja datpadpidamente a compostos secundarios e
mineralizado formando CX) agua, produtos organicos e inorganicos mais senfiortes
Netoet al, 2007).

Quanto aos mecanismos de acao, bioacumulacao e;agctebuconazole tem efeitos
toxicos sobre figado, sangue e adrenais. E rapitt@mabsorvido a partir do trato
gastrointestinal, atingindo concentracdes plasmstie pico dentro de poucas horas. O seu
metabolismo no corpo é efetuada principalmenteogatacdo. A excrecao do tebuconazole
ocorre principalmente pelas vias fecal e urindviawg.agricultura.pr.gov.br). O fator de
bioacumulacao do tebuconazole foi de 65 (médig)eikee inteiro (medido em varias espécies

de peixes) (www.selectis.pt / Fichas_seg / Riz.pdf

Os peixes sdo particularmente sensiveis a inflaédei pesticidas, pois eles séo
capazes de absorver e reter xenobioticos dissalvidcdgua, por meio de transporte ativo ou
passivo (Sanchet al., 2010).

2.3 ESTRESSE OXIDATIVO

Nas ultimas décadas, foram realizadas inUmerasuisesgpara esclarecer o papel dos
radicais livres em processos patologicos. A oxidaggarte fundamental da vida aerébica e
do metabolismo de organismos vivos, assim os radigees sdo produzidos naturalmente ou
por alguma disfuncéo bioldgica. O excesso de radloaes no organismo é combatido por
antioxidantes produzidos pelo corpo ou absorvidoslidta (Barreirogt al, 2006). Radical
livre refere-se ao a&tomo ou molécula altamenteivesat que contém nuamero impar de
elétrons em sua Gltima camada eletronica. E esteem@arelhamento de elétrons da dGltima
camada que confere alta reatividade a esses atomomléculas (Halliwell & Gutteridge,
1990).
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O estresse oxidativo (Figura2) € um processo pgitmdelacionado ao desequilibrio
entre a producdo de espécies reativas de oxigER@g%) e sua detoxificacdo pelos sistemas

antioxidantes enzimaticos e ndo enzimaticos. Aléssogd esse processo € considerado um

importante mecanismo toxicologico para muitos xédtatos lipofilicos.
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Figura 2: Formagcéo de radicais livres (espécies reativasigémio) e mecanismos antioxidantes

biolégicos. Adaptado de Nordberger & Arnér, 2001.

EROs (Figura 3) sdo espécies quimicas presentemimgia dos sistemas bioldgicos.
Ocorrem naturalmente em grande parte das céluleariéticas devido ao metabolismo
energético dependente do uso de oxigénio. Na cadeisportadora de elétrons, localizada na
membrana interna da mitocondria, r€cebe quatro elétrons e quatro protons resultaado
formacao de duas moléculas de agua. A reducacapdrcioxigénio por adicdo de um elétron
de cada vez, gera intermediarios reativos, commaisais superoxido (9, hidroperdxido
(HOy), hidroxila (OH) e o peroxido de hidrogénio,(b3).

A reacdo de recuperagdo de dano a célula ocorrartae do momento que uma
molécula de oxigénio, parcialmente oxidada (agonaradical livre), entra na célula e gera
EROS como anion radical superéxido, radical hidrexiperéxido de hidrogénio. Ao ser
percebida dentro da célula, a molécula eletronicéeneesemparelhada é imediatamente
neutralizada pela acdo da enzima superdxido dismutque catalisa a dismutacdo do

perdxido em oxigénio e peroxido de hidrogénio (He&kWinterbourn, 2000) .
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O peroéxido de hidrogénio por si s6, ndo é altamexgvo, mas por ser uma molécula
instavel, pode-se ligar a outras moléculas inssaweigerar EROs. Niveis elevados de
H.O, podem liberar ions de ferro de heme proteinaspdmmoglobina e citocromo. O ferro
(1) reduz HO; a radical hidroxila (HQ (reacdo de Fenton) e catalisa a formacao depdi@a
reagdo de Haber-Weiss. O H®o radical mais reativo encontradovivo. Para deter a acéo
do peroxido de hidrogénio, a enzima catalase, qudecompor o peréxido de hidrogénio em
duas moléculas de agua e uma de oxigénio (Cheltai, 2004). Quando esta interacao de
enzimas ndo acontece de maneira satisfatoria owyédida de acontecer, as EROs podem

gerar danos aos lipidios, leséo proteica e lesdaNdd (Halliwell & Gutteridge, 200p.
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Figura 3: reducéo tetravalente do oxigénio molecular na réitdda até a formag&o de agua. Varias EROs s&o
formadas no processo (Adaptado de Cohen 2000).

Estresse oxidativo seria como citado em Ahratdl. (2000), Mararet al. (2009) e
Modesto & Martinez (2010), que dizem: “0 estressigativo ocorre em situacdes em que ha
um desequilibrio entre os niveis de antioxidantgsdéeoxidantes levando a uma producgéo
excessiva de EROs”. Pode também ser definido camdasequilibrio entre pré-oxidantes e
antioxidantes, onde a quantidade gerada do prinéimaior, ocorrendo assim possiveis

danos oxidativos (Uneat al, 2005; Almrothet al, 2008). Diversos estudos ja evidenciaram
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estresse oxidativo em peixes expostos a difereatgsquimicos (Sayeedt al, 2003;
Bagnyukovaet al, 2005; Zhanget al, 2005; Peixotoet al, 2006; Moraeset al, 2007,
Ferreiraet al, 2010; Tonket al, 2011).

As células possuem sistemas de defesa enzimatinds-enzimaticos para proteger
seus constituintes e manter seu estado redox. @ubcoes fisiologicas normais, os efeitos
nocivos das EROs sé&o efetivamente neutralizadasspgbema celular de defesa antioxidante,
gue geralmente consiste de enzimas e de pequehésutas antioxidantes (Dandapat, 2000).

Substancias toxicas sdo geradas durante o traegpmelétrons, reacdes enzimaticas,
reacbes de auto-oxidacdo, ou ainda, pelo grupo héengroteinas, e sdo comumente
chamadas de espécies reativas de oxigénio (EROB)p ® anion superoxido (), o
peroxido de hidrogénio @D,) e o radical hidroxil (OH) (Halliwel & Gutteridge2007).
Podem reagir com macromoléculas biolégicas e pipdyzeroxidacao lipidica (LPO), danos
ao DNA e oxidacdo de proteinas, resultando no sssirexidativo (Barat&t al, 2005;
Monteiroet al.,2006).

O H;O, é o principal EROs que pode atuar como 2° mensggporque ele é
relativamente estavel. Muitas EROs contribuem pareoliferacédo, migracéo e sobrevivéncia
celular. O HO, em baixas concentragcbes é capaz de reverter gédailoie muitas enzimas,

incluindo as fosofatases Halliwell & Gutteridge2p02

Os sistemas bioldgicos oferecem condi¢cbes favasgyaia ocorréncia de reacdes de
carater oxidativo, devido a existéncia de lipiditsaturados nas membranas celulares, e pela
abundéancia de reacOes oxidativas que ocorrem @urantmetabolismo normal. A
susceptibilidade de uma célula ou de um tecidostresse oxidativo depende de um grande
namero de fatores que incluem a disponibilidade addoxidantes e a capacidade de
inativacdo ou eliminacao dos produtos oxidativemBdos (Jorddo Juniet al, 1998).

2.4 INDICADORES PRO-OXIDANTES

Os peroxidos produzidos podem ser quantificadogetainente por um ensaio de
TBARS (substancias reativas ao acido tiobarbitjificque € utilizado para refletir a
intensidade da peroxidacgéo lipidica por meio dantifigacdo de um seus principais produtos
finais — malondialdeido (MDA) (Lushchait al 2009).
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Um dos mais conhecidos produtos da lipoperoxidd¢®®D) € o malondialdeido
(MDA), que é o produto final da degradacdo ndoreatica de &cidos graxos poli-insaturados
e € ensaiado com o acido tiobarbitarico (TBA) eregpo em substancias reativas ao TBA
(Lushchak & Bagnyukova, 2006; Oropest al, 2009). Altos niveis de MDA elevam a
formacao de lipoperoxidos e indicam um aumentof® (Lushchak & Bagnyukova, 2006).

As EROs podem também causar prejuizo as proteSiasdt al, 1993). O dano a
estrutura proteica pode ocasionar diversas moddeEs nos residuos dos aminoacidos bem
como a formacdo de proteina carbonil (Stadtman0X08lguns autores sugerem que a
dosagem de carbonilacdo de proteinas em peixes pedeusada como biomarcador
complementar de estresse oxidativo (Parvez & Rdisu2005).

2.5 DEFESAS ANTIOXIDANTES

As células possuem sistemas de defesa enzimatin@e enzimaticos para proteger
seus constituintes e manter seu estado redox. @ubcbes fisiologicas normais, os efeitos
nocivos das EROs séo efetivamente neutralizadossstema celular de defesa antioxidante,
gue geralmente consiste de enzimas e de pequetd@sutas antioxidantes (Dandapat, 2000).
Uma substancia antioxidante, por definicdo, é aguapaz de inibir a oxidacdo ou, entéo,
qualquer substancia que, mesmo presente em baikartoacdo, comparada ao seu substrato
oxidavel, diminui ou inibe a oxidacdo daquele stabst Podem teoricamente prolongar a fase
de iniciacdo ou inibir a fase de propagacédo, mas patdem prevenir completamente a
oxidagdo (Jorddo Juniat al, 1998). Um dos mecanismos das substancias afdioes €
agir contra os danos provocados pelos efeitos deepso fisioldgico de oxidacdo no tecido
animal. Alguns exemplos de antioxidantes sdo miggvitaminas e minerais, e enzimas-

proteinas enddgenas que ajudam nas reacfes quimicas

Dentro dos componentes do sistema antioxidantetachsn-se neste trabalho a
superéxido desmutase SOD, que é a primeira enzimdinha de defesa antioxidante,
responsavel por catalisar a conversdo do anionr&ige em peroxido de hidrogénio.
Catalase (CAT) que catalisa a reducédo dotem HO e Q e, por isso, é considerada um

dos maiores componentes da defesa antioxidant@pairfGaetanet al, 1989).
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A glutationa-S-transferase (GST) é considerada emzima de detoxificagdo de
xenobioticos por metabolizar uma grande varieda&dsutbstratos hidrofébicos e eletrofilicos,
por meio da conjugacdo destes com a glutationazidal(GSH), formando conjugados
sollveis em agua, reduzindo sua toxicidade e facdo sua excrecao (Wilce & Parker, 1994;
Van Der Oostt al, 2003).

Da mesma forma, o sistema de defesa antioxidamteenZimatico atua impedindo
reacdes de auto-oxidacao e tem sido vinculado caedwgcao de radicais livres (Sayesdl,
2003). Os tidis nao-proteicos tém uma importantedio na defesa contra EROs, ligando-se
aos radicais livres e os transformando em formadgda (Massel&t al., 2005; Parvez &
Raisuddin, 2005).

O acido ascorbico (vitamina C), € um importanteaiélito celular que desempenha
papel de fundamental importancia na detoxificacéas EROs, funcionando como
antioxidante (Parvez & Raisuddin, 2005). E um eutie hidrossollvel indispenséavel para
manter os processos fisiolégicos de certos aninraikjindo a maioria dos peixes (Waat
al., 2003). Age diretamente sobre as EROs e estaduithwana regeneracédo da Vitamina E
(Chan, 1993). O acido ascérbico interage com asER@es que possam agir oxidativamente
sobre lipidios e proteinas (Nordberg & Arner, 2001)

A exposicao e os efeitos de agroquimicos em ongerss/ivos podem ser estudados
através dos biomarcadores. Atualmente, 0s orgasismgoaticos estdo continuamente sendo
expostos a diversos contaminantes quimicos e porateitos adversos podem surgir como

resposta aos diferentes mecanismos de toxicidadesdgrodutos (Baratd al, 2005).

2.6 PRODUTOS DE ORIGEM APICOLA

A apicultura caracteriza-se pela exploragao ecocédmiracional da abelha do género
Apis e espécieApis mellifera Sua introdu¢do no Brasil data de 1939 (Camar§@2)L
Estudos recentes vém demonstrando as propriedatiegidantes de produtos produzidos
pelas abelhaspis mellifera que podem ser atribuidos ao alto teor de suhbatgfendlicas
encontrados nestes compostos que podem atuar cotioxidantes. Estes produtos séo
considerados importantes fontes de polifendis, casidlavonoides e outros. Substancias
essas que agem como antioxidantes e removedoraslidais livres. A poténcia antioxidante
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destes produtos pode variar de acordo com a prépale cada substancia ativa que por sua
vez pode variar de acordo com a regido onde o gdéleroletado (Morse, 1990; Angelo &
George, 2007; Carpet al, 2008; Viuda-Martogt al, 2008; Nakajimaet al, 2009; Nevegt

al. 2009).

Os compostos fendlicos vegetais enquadram-se eensdis/ categorias, como fendis
simples, &cidos fendlicos, cumarinas, flavondidestilbenos, taninos condensados e
hidrolisaveis, lignanas e ligninas. Dentre essaerdas classes, os compostos fendlicos tém
recebido maior atencéo por inibirem a peroxidagéidita(Souseet al, 2007)

As substancias fendlicas ou polifendis sdo um dess nmportantes grupos de
substancias que ocorre nas plantas e que contrilpaeganas propriedades antioxidantes e
sensoriais (cor, aroma, adstringéncia) de frutas, Inebidas e vegetais. Essas substancias sao
fruto do metabolismo secundario das plantas, ispraglutos que ndo apresentam uma funcao
direta nas atividades bioquimicas primarias, res@egis pelo crescimento, desenvolvimento
e reproducdo, mas estao envolvidos na adaptac@ndicGes de estresse ambientais, seja

contra a radiacao ultravioleta ou agressao pogeatis (Moureet al, 2001).

2.6.1 MEL

Na legislacéo brasileira (Instrucdo Normativa n°2(.10.2000), “entende-se por mel
o produto alimenticio produzido pelas abelhas mef a partir do néctar das flores ou das
secrecdes procedentes de partes vivas das plansgas@cdes de insetos sugadores de plantas
gue ficam sobre partes vivas de plantas, que dhamsbeecolhem, transformam, combinam
com substancias especificas proprias, armazenaeixand maturar nos favos da colmeia”
(Ministério da Agricultura, Pecuaria e AbastecineentMAPA). Juntamente com o mel, as

abelhas produzem outros importantes produtos copnépmlis e o pdlen apicola.

O mel tem sido reportado por conter cerca de 208t&ncias (mistura complexa de
acucares, mas também pequenas quantidades de oatrsiituintes tais como minerais,
proteinas, vitaminas, acidos organicos, flavongidesdos fendlicos, enzimas e outros
fitoquimicos), e é considerado uma importante paatenedicina tradicional (White, 1979).
Serve também como fonte de antioxidantes, o quactwa um importante papel na

preservacdo dos alimentos e na saude humana combaie danos causados pelos agentes
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oxidantes, por exemplo, oxigénio e diferentes msae inflamatdérios, reduzindo o declinio
do sistema de imunizacao, diferentes processasmatiorios, etc. (The national honey board,
2003). Quanto ao estado fisico os meéis podem assifitados em liquido, semi-granulado,

granulado (cristalizado) e em favos.

2.6.2 PROPOLIS

Prépolis € o nome genérico dado a uma substansiiaosa coletada das abelhas, e
usada na medicina popular com varios objetivos.sHe composicado existem mais de 300
substancias, incluindo polifenéis e amino&cidos.pdssivel atividade antioxidante esta
relacionada ao efeito de remocéo de radicais livkgzropolis é utilizada pelas abelhas para
duas finalidades principais: vedar a colmeia deaimara ndo entrar agua, vento ou outro
animal; e serve também para mumificar outros issefoe penetrem na colmeia e séo

eventualmente mortos (Soustaal, 2007).

Vérias substancias presentes na propolis provéflords, ramos, brotos, exsudatos e
de outras partes do tecido vegetal. Estas subatipodem ainda ser modificadas na colmeia
pela adicdo de secrecdes salivares (Sagtt@d, 2003). Além disso, este produto apicola,

possuiu propriedades bactericidas (Muébal., 2007).

A prépolis possui enorme importancia medicinal enéenica, sendo comercializada
em varias preparacbes farmacéuticas e cosmeétiass,como: comprimidos, pastilhas,

dentifricios, lo¢cbes, cremes faciais, tinturas, pdas, etc. (Bankowt al., 2000).

2.6.3 POLEN APICOLA

Segundo a Normativa n.° 03 de 19 de Janeiro de @0MMinistério de Agricultura e
do Abastecimento (Brasil, 2001), pdlen apicola esultado da aglutinacdo do pélen das
flores, efetuada pelas abelhas operarias, medigéatar e suas substancias salivares. No final
da coleta encontram-se reunidas as bolotas de gialoracdo variavel, indicando as

diversas comunidades botanicas colecionadas pet#tsag, formando uma mistura conhecida
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por “mix” polinico, sendo esse material removiddopapicultor para o beneficiamento,

comercializacdo e consumo animal e humano.

Sua composi¢do nutricional consiste de proteinpslids, acucares, fibras, sais
minerais (célcio, cloro, cobre, ferro, magnésialoiomolibdénio, selénio, estroncio, estanho,
boro, fluor, vanadio, cromo, fosforo, potassio, @n, aluminio, ferro, manganés, e zinco),
aminoacidos e vitaminas (A, B, C, D,E) (Wesh & Mans 1983; Marchinet al, 2006).

Além disso, o pdllen também contém altos teores west&ncias polifendlicas,
principalmente flavonoides com atividade antioxieaCamposet al, 2003; Kroyer &
Hegedus, 2001) e antimicrobiana (Bagihal, 2006; Garciat al, 2001).

2.6.4 GELEIA REAL

Geleia Real é uma substancia gelatinosa de corecresm reflexos nacarados,
segregada pelas glandulas hipofaringeas das almgdbedrias jovens, de sabauf-generis”,
mas ndo ruim. E a Unica substancia de alimentoobfaeta, inclusive da abelha rainha por
todo seu ciclo de vida. A fertilidade e o longoipdo de vida da rainha, que é alimentada
exclusivamente com geleia real, tém sido alvo derésse acreditando-se que a geleia real

produza efeitos similares em seres humanos (Puttlesy©1994).

E constituido por vitaminas do complexo B, comasitad (B7), biotina (B8), acido
folico (B9), alta concentracdo de acido pantoté(B®), piridoxina (B6), também sais
minerais como calcio, cobre, ferro, potassio edi@sfbem como outros elementos vitais
indispensaveis ao organismo humano. Apresenta vigsndo complexo B, com destaque a
vitamina B5, apresentando propriedades antioxidargee retardam 0s processos de

envelhecimento celular (Puttkammer,1994).

A acdo conjugal de todos os elementos encontradogeleia real combate outros
fatores secundarios no processo de envelhecimmont radicais livres e o stress (Ferreira
al., 2012), regenerando as células e contribuinda pabom funcionamento de todos os

orgaos do corpo e para um perfeito equilibrio oiggin
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2.7 PRODUTOS DE ORIGEM APICOLA E SUA IMPORTANCIA N
PARAMETROS DE ESTRESSE OXIDATIVO

Varios estudos tém demonstrado as propriedadesatantes de produtos produzidos
pelas abelhagpis mellifera que podem ser atribuidos ao alto teor de subatfendlicas
encontrados nestes compostos que podem atuar cdiogidantes. O potencial antioxidante
destes produtos pode variar de acordo com a pré@pale cada substancia ativa, que por sua
vez pode variar de acordo com a regiao onde o gélezoletado (Angelo & George, 2007;
Carpest al, 2008; Viuda-Martosgt al, 2008; Nakajimat al, 2009; Nevest al 2009).

O Censo Agropecuario de 1995/96 apontou a existé&leil72.488 estabelecimentos
agropecuarios que desenvolvem a atividade apicBrasil, com 1,6 milhdo de colmeias e
producao de 18.450 toneladas de mel. Segundo sstestima-se que a apicultura brasileira
conte com 300 mil apicultores, manejando 2,5 miéhde colmeias e produzindo de 30 a 40
mil toneladas de mel (Sommer, 2002).

O Brasil tem um grande potencial apicola devidoa&fra ser bastante diversificada, por
sua extensao territorial e pela variabilidade dicaaexistente, possibilitando assim produzir
mel o ano todo, o que o diferencia dos demais pajige, normalmente, colnem mel uma vez
por ano. Atualmente o interesse no estudo dos cstopdendlicos tem aumentado muito,
devido principalmente a habilidade antioxidantetaesubstancias em sequestrar radicais

livres, os quais séo prejudiciais a saude humaoenfBnet al, 2003).

3. OBJETIVOS

OBJETIVO GERAL

O presente projeto tem por objetivo geratificar se produtos apicolas com potencial
antioxidante relatado na literatura cientifica eeen estes efeitos antioxidantes quando
administrados na agua de cultivo de peixes exp@astebuconazole, gerando uma tecnologia

de protecdo destes frente aos efeitos pré-oxiddetss defensivo
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OBJETIVOS ESPECIFICOS

1. Verificar o potencial antioxidante do mel em difges concentracfes
adicionadas a agua de cultivo frente aos efeitostetboiconazole em

jundiés, determinando a menor concentracao efetiva;

2. Verificar o potencial antioxidante do pélen apicaen diferentes
concentracdes adicionadas a agua de cultivo freogeefeitos do tebuconazole em

jundias, determinando a menor concentracao efetiva;

3. Verificar o potencial antioxidante do extrato aquale prépolis em
diferentes concentracfes adicionadas a agua devocuitente aos efeitos do

tebuconazole em jundias, determinando a menor otnag@o efetiva;

4. Verificar o potencial antioxidante do extrato aquake geleia real em
diferentes concentracfes adicionadas a agua devocuitente aos efeitos do

tebuconazole em jundias, determinando a menor otnag@o efetiva;

5. Determinar se a adicdo de produtos apicolas a dgueultivo tem
potencial para tornar-se uma tecnologia de protagd@eixes frente aos desafios pro-

oxidantes provocados pela exposi¢ao a tebuconazole.

4. ASPECTOS AMBIENTAIS

Uma vez que o trabalho foi desenvolvido fazendo des@agroquimico, tomou-se o
cuidado com o descarte da agua experimentalmentaromada, que conforme descrito por
Kreutzet al (2008) permanecera por um periodo de, pelo m&dodias em tanques externos
de fibra de vidro e depois percolada em sumidoDe.mesma forma, todo o cuidado foi
tomado com o descarte dos peixes mortos e abalidasite o presente projeto, que foram

congelados e descartados em coletores de lixodgoldque sdo recolhidos por empresa
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especializada juntamente ao lixo hospitalar preamei do Hospital Veterinario da
Universidade de Passo Fundo.

4.1 TEMPO DE EXPOSICAO

No presente projeto o foco se deu através da codéde e aprofundamento das
pesquisas em exposi¢des agudas aos defensivoaniid teonsiderado como “exposi¢cao
aguda” foi de 96 horas conforme recomenda a norma da acaderasileira de normas
técnicas (ABNT), NBR 15088:2004, para testes decidxde aguda com peixes.

4.2 PRODUTOS TESTADOS

Com base nos resultados prévios de nosso grupestpiipa (Ferreirat al, 2010)
utilizou-se o fungicida tebuconazole que demonstfoute potencial oxidativo na

concentracdo de 0,88mg/L, o que equivale a 16,6@%& (comercialmente adquirido).

Os produtos apicolas, mel, propolis, pélen, galetd e pdlen apicola foram obtidos
do setor de apicultura do Centro em Pesquisas Agrmas da Universidade de Passo Fundo
(CEPAGRO).

5. PRINCIPAIS CONTRIBUICOES CIENTIFICAS, TECNOLOGIC ASE
DE INOVACAO.

As contribui¢es cientificas geradas no preseatsatho relacionam-se a capacidade
antioxidante de produtos apicolas, a fim de ewtareverter os efeitos oxidativos causados
pela exposicdo de peixes a diferentes agroquimi@zendo uso de uma alternativa de baixo
custo e com pouca geragdo de residuos no meio @iebRodendo gerar uma tecnologia de
cultivo de peixes importante para regides / areaalttd grau de contaminacéo agricola. Esta
possivel tecnologia se caracteriza numa importameacdo para a piscicultura associada a

agricultura, modelo muito comum na regido sul dasiBy em especial no Rio Grande do Sul.
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6. RESULTADOS

6.1 Antioxidant activity of bee products added tatev in tebuconazole-exposed
fish.

Daiane Ferreira, Tais Cristina Unfer, Hélio CafRmcha, Luiz Carlos Kreutz,
Gessi Koakoski and Leonardo José Gil Barcellos

Artigo publicado na revistaNeotropical Ichthyology, 10(1): 215-220, 2012
Copyright © 2012 Sociedade Brasileira de Ictiologia



Neotropical Ichthyology, 10(1): 215-220, 2012
Copyright © 2012 Sociedade Brasileira de Ictiologia

Antioxidant activity of bee products added to water in

tebuconazole-exposed fish

Daiane Ferreiral, Tais Cristina Unfer!, Hélio Carlos Rocha®, Luiz Carlos Kreutz?, Gessi
Koakoski! and Leonardo José Gil Barcellos?

An experiment was conducted to evaluate the potential of honey, propolis, and bee pollen for the reversal of lipid peroxidation
induced by tebuconazole (TEB) in South American catfish (Rhamdia quelen), in which the concentration of thiobarbituric
acid reactive substances (TBARS), the activity of the antioxidant enzyme glutathione-S-transferase (GST) and the
concentrations of non-enzymatic antioxidants, reduced glutathione (GSH), ascorbic acid, and non-protein thiols were
assessed. Honey (0.125 g L") and bee pollen (0.05 g L") added to the water reverse the production of TBARS induced by TEB,
while propolis demonstrated a pro-oxidant effect, inducing an increase in TBARS production. The data presented herein suggest
that the addition of water to honey and bee pollen potentially protects against the oxidative stress caused by agrichemicals.

Um experimento foi conduzido objetivando avaliar o potencial do mel, da prépolis e do pdlen apicola na reversdo da peroxidacio
lipidica causada pelo fungicida tebuconazole (TEB) na espécie de peixe tropical Rhamdia quelen, avaliando a concentragio
das substdncias reativas ao dcido tiobarbitirico (TBARS), a atividade da enzima glutationa-S-transferase (GST) e das
concentracdes dos antioxidantes glutationa reduzida (GSH), dcido ascorbico e dos tiois ndo proteicos. O mel adicionado a
dgua na concentracdo de 0,125g L' e o pélen apicola na concentragdo de 0.05 g L-'reverteram a geracio das TBARS causada
pela exposicdo ao TEB, enquanto a prépolis demonstrou efeito pré-oxidante, induzindo um aumento na geragiio das TBARS.
Os dados apresentados neste trabalho sugerem o potencial do mel e do pélen apicola adicionados a dgua como substancias
protetoras contra o estresse oxidativo causado por agroquimicos.

Key words: Antioxidants, Bee pollen, Honey, Lipid peroxidation, Propolis, Tebuconazole.

Introduction

Because of the close proximity of agricultural crops to
fish farms, some pesticides can reach fish facilities and cause
lipid peroxidation with consequent cell damage and loss of
function (Ferreira e al., 2010). In this respect, the search for
natural antioxidants is justified.

Tebuconazole (TEB) 1s a potent fungicide that induces
oxidative stress in Rhamdia quelen (Ferreira er al., 2010), and
its use in agriculture is a source of contaminants to the water
used in fish farms. This molecule is an active ingredient used
in plant cultures or as wood preservative (Lebokowskaetal.,
2003), which degrades with short persistence in the
environment, and is not bioaccumulative (Milenia®, Brazil).

Oxidative stress occurs when the balance between pro-
oxidants and antioxidants is disrupted in favor of the former.

The antioxidant system comprises a group of low molecular
weight compounds such as ascorbic acid and reduced
glutathione (GSH), one of the most important components
in the antioxidant defense of cells (Storey, 1996).
Glutathione-S-transferase (GST) is a phase I detoxification
enzyme, which catalyzes the conjugation of GSH with a
variety of electrophilic compounds. Besides its role as a
substrate, GSH acts with a mild reactive oxygen species
(ROS), contributing directly to the control of the redox
state (Ferreira eral., 2010).

Recent studies have shown intensive research on bee
by-products (e.g., honey, bee pollen, and propolis), whose
antioxidant properties can be attributed to their content of
phenolic substances such as flavonoids (Morse, 1990; Angelo
& George, 2007; Viuda-Martos er al., 2008; Nakajima et al.,
2009).Thus, the aim of the present study was to determine the
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antioxidant potential of these bee products, as a
counterbalance to the oxidant effect of TEB on R. quelen.

Material and Methods

The experiment was conducted from November to
December 2009 in the facilities of Universidade de Passo
Fundo, Brazil. Six-month-old juvenile male and female South
American catfish , weighing, onaverage, 115.7+23.3 g(SEM)
were used. The fish were distributed in the experimental tanks,
exposed to natural photoperiod, and fed twice daily (at 10:00
a.m. and 4:00 p.m.) with commercial extruded feed, 5% of their
body weight, prior to the beginning of the experimental period.
The water temperature (26 + 1°C) and dissolved oxygen
concentrations (5.6 to 7.5mg L") were measured with a YSI
model 550 oxygen meter (Yellow Spring Instruments, USA).
The pH values (6.6 to 7.0) (Bernauer pH meter), total ammonia,
N (= 0.5mg L"), total alkalinity (60mg L"), and hardness (65mg
L") were also measured (all using colorimetric tests).

Experimental design. The experiment was conducted in 24
tanks with 200 L of water (eight experimental groups with
three replicates each). The first group was the control, without
any contamination. The second group consisted of artificial
contamination with 0.88 mg L'of TEB (CETM Folicur 200).
The third group was characterized by the addition of 0.125 g
L' of honey (H); the fourth group consisted of TEB
contamination plus honey. The fifth group received bee pollen
(BP) at a concentration of 0.05 g L. The sixth group consisted
of TEB contamination plus bee pollen. The seventh group
was given 0.01 g L' of propolis (PP) and the eighth group was
submitted to TEB contamination plus propolis.

The TEB concentration was established based on previous
works (Cericato et al., 2008; Kreutz et al., 2008). Because studies
using honey, bee pollen, or propolis directly added to water
were not found, the concentrations of bee products used in
these experiments were arbitrarily determined.

Fish (10 per tank) were kept under these conditions for 96
hours, being fed daily at a rate of 0.75% of their biomass. At
the end of'this period, samples (kidney, liver, and brain) were
collected for specific measurements.

Chemicals and honeybee by-product. The agrichemical used
(tebuconazole) was obtained commercially. 5.5°-dithiobis-(2-
nitrobenzoic acid) (DTNB), bovine serum albumin, Triton X100,
hydrogen peroxide (H,0,), malondialdehyde (MDA), 2-
thiobarbituric acid (TBA), and sodium dodecyl sulfate (SDS)
were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Honey, propolis, and bee pollen used in this experiment were
produced at Centro de Pesquisa Agropecuaria (CEPAGRO) at
Universidade de Passo Fundo, Brazil.

Sampling. The fish were anesthetized by the addition of buffer
(NaH,CO,) MS222 (300 mg/l) in the tanks. After loss of
orientation and complete immobilization, the fish were caught,
killed by decapitation and spinal section, and immediately

dissected for the collection of tissue samples. The liver, kidney,
and brain were immediately frozen in liquid nitrogen and
stored for further analyses.

Parameters evaluated

Protein determination. The protein levels were estimated
spectrophotometrically by the method of Bradford (1976)
using bovine serum albumin as standard.

Oxidative stress parameters. Thiobarbituric acid reactive
substance (TBARS) levels: The peroxides produced can be
indirectly quantified by a TBARS assay, which is believed to
reflect the intensity of lipid peroxidation by quantifying one
of its main end products - malondialdehyde (Lushchak ef al..
2009). This is performed by a malondialdehyde (MDA)
reaction with 2-thiobarbituric acid (TBA), which is optically
measured. Tissue samples were homogenized with 10%
trichloroacetic acid (TCA) using a motor-driven Teflon pestle
and centrifuged at 1,000g for 10 min. Liver homogenates (100
400 pL) were added to 8.1% sodium dodecyl sulfate (SDS),
2.5 M acetic acid (pH 3.4), and 0.8% thiobarbituric acid: the
final volume was adjusted to 2.0 mL. The reaction mixture was
placed in a microcentrifuge tube and incubated for 90 min at
95 °C. After cooling, it was centrifuged at 5,000g for 10 min,
and optical density was determined at 532 nm. TBARS levels
were expressed as nmol MDA per mg of protein, according to
Ohkawa et al. (1979). Butylated hydroxytoluene (BHT) was
added to the samples before storage to control for further
artifactual lipid peroxidation.

Enzymatic defense against xenobiotics. Caralase assay:
Catalase (CAT; EC 1.11.1.6) activity was assayed by ultraviolet
spectrophotometry (Nelson & Kiesow, 1972). Liver samples
were homogenized in a Potter-Elvehjem glass/Teflon
homogenizer with 20 mM potassium phosphate buffer, pH 7.4
(with 0.1% Triton X-100 and 150 mM NaCl) (1:20 dilution),
centrifuged at 10 000g for 10 min at 4°C. Briefly, the assay
mixture consisted of 2.0 mL potassium phosphate buffer (50
mM, pH 7.0), 0.05 mL H,O, (0.3 M), and 0.05 mL homogenate.
Changes in H,0, absorbance in 60 s were measured at 240
nm. Catalase acii_vily was caleulated in terms of pmol mg™! of
protein min’'.

Glutathione-S-transferase: The glutathione S-transferase
(GST) activity was determined using the method of Habig ef
al. (1974). The reaction mixture consisted of 33 mM Hepes
buffer (pH 7.5), 1.5 mM GSH. 1.5 mM 1-chloro-2,4-
dinitrobenzene (CDNB), and water in a total volume of 1 mL.
The conjugation of GSH with CDNB via GST activity was
recorded spectrophotometrically at 340 nm during 3 min. The
activity was expressed as nmol of CDNB conjugate formed
min"' mg™! protein,

Non-enzymatic antioxidants. Ascorbic acid. Ascorbic acid
in the brain and liver was determined at 524 nm. Briefly, brain
and liver samples were homogenized (1:10 w/v) in 20% TCA
and centrifuged at 11 300g for 3 min. Samples (250 pL) of the
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supernatant were mixed with 250 pL of water plus 25 pL of
0.02% 2,6-dichlorophenolindophenol and incubated for 1 h
at room temperature. A fter that, 250 uL of 2% thiourea and 5%
metaphosphoric acid solution plus 250 pL of 0.2%
dinitrophenylhydrazine in 12 M sulfuric acid were added. The
reaction tubes were incubated in a water bath at 60°C for 3 h.
Following the incubation, 500 pL of 18 M sulfuric acid was
added, and the tubes were centrifuged at 500g for 10 min. The
absorbance was read, compared to a standard containing 100
nmol of ascorbic acid, and expressed in pmol g' of tissue
(Carretal., 1983).

Non-protein thiols: Non-protein thiol levels were
determined in the liver by the method of Ellman ef al. (1961)
Tissue (100 mg) was precipitated with Tris HCI 50 mM (pH 7.5),
followed by centrifugation at 3,000g for 10 min. An aliquot of
the supernatants (1.0 mL) mixed with 10% TCA was centrifuged
and then a new aliquot of this supernatant (400 pL) was used
for determination with 10 mM of 5,5 -Dithiobis(2-nitrobenzoic
acid) (DTNB), 0.5 mM phosphate buffer (pH 6.8), 0.5 mM
cysteine ,and the reaction was followed at 412 nm. Non-protein
thiol levels were expressed as pmol SH g™ of liver.

Reduced glutathione (GSH): GSH levels were determined
by the method of Ellman (1959). Supernatants (0.25 mL) were
used for determination with 5,50-dithio-bis(2-nitrobenzoic
acid) 10 mM (DTNB) (0.05 mL) and phosphate buffer 0.5 mM
(pH 6.8) (0.7 mL). The optical density of reaction product was
read at 412 nm on a spectrophotometer, and results were
expressed as umol GSH g' of wet tissue.

Statistics. The mean + SEM of each group was calculated, and
ANOVA followed by Dunnet’s test was used to compare each
value against the control value using the GraphPad InStat 3.00
statistical package (GraphPad Software, San Diego, California,
USA). Statistical significance was accepted at p < 0.05. Hartley's
test was carried out to verify the homogeneity of variance, and
normality was tested using the Kolmogorov-Smirnov test.

Results and Discussion

The determination of TBARS levels has often been used
as a biomarker of toxic pollutants in fish (Livingstone, 2001;
Crestani et al., 2007; Glusczak et al., 2007). In the present
study, we observed that the exposure of South American
catfish (Rhamdia quelen) to TEB caused oxidative damage
to lipids, characterized by an increase in the lipid peroxidation
of'the analyzed tissues (Fig. 1). Earlier studies demonstrated
that there was an increase in the oxidative stress in South
American catfish (Ferreira et al. 2010) and carp (Cyprinus
carpio) (Toniet al., 2011) exposed to TEB for 96 h. Ahmad et
al. (2004) reported that lipid peroxidation is one of the major
processes induced by oxidative stress, observed in several
fish species, resulting from exposure to xenobiotics such as
pesticides, fungicides, and herbicides.

Glutathione is a tripeptide that is actively present in cells
in its reduced form (GSH). One of the roles of GSH is the
removal of free radicals, and this process acts as defense

against potentially harmful oxidant and xenobiotic molecules
(Lee & Anderson, 2005). In TEB-exposed fish, we noticed an
increase in GSH levels in all tissues (Fig.1). Non-protein thiol
(NPSH) levels increased only in the kidneys and brains of
exposed animals (Table 1). Itis widely known that most of the
NPSH content is made up of GSH (Cnubben er al., 2001).
However, GSH and NPSH were measured separately in order
to improve the reliability of the responses to TEB. As a matter
of fact, we noted that GSH levels seemed to be more
representative than antioxidant effects. Moreover, GSH
undergoes oxidation after being conjugated in a redox process
and is converted again to its reduced form in adaptive
responses (Lee & Anderson, 2005). In addition, NPSH levels
may be suppressed for being compromised in adaptive
mechanisms of the redox system as a whole (Torres er al.,
2004; Lee & Anderson, 2005).

Glutathione-S-transferase (GST) activity increased
significantly in the liver of R. quelen exposed to TEB (Table
1). This probably occurs because the liver is the metabolic
center for detoxification and because GST catalyzes the GSH
conjugation with xenobiotics to facilitate excretion, thus
contributing to antioxidant defenses (Torres er al., 2004),

Interestingly, we perceived that ascorbic acid (vitamin C)
levels increased in the kidney and decreased in the brain of R.
guelen in the presence of TEB (Table 1). Ascorbic acid turns
reactive oxygen species (ROS) into harmless species, acting
as an in vivo antioxidant and thus preventing chain auto-
oxidation reactions (Toni ef al., 2011).

Honey is one of the most largely consumed bee products
and is known for its curative properties. In our study, the
exposure of R. gquelen to honey did not alter TBARS levels in
any of the analyzed tissues (Fig.1). When honey was added
to the water exposed to TEB, we observed that lipid
peroxidation decreased in the liver and kidney, showing the
capacity of honey to reverse the oxidative damage of TEB to
lipids. Furthermore, GSH levels were high in South American
catfish exposed to honey (Fig.1). In TEB+H exposure, GSH
levels dropped in all analyzed tissues. Our assumption is based
on the likely participation of glutathione in the reversal of
oxidative damage of the lipid peroxidative cascade (Lee &
Anderson, 2005).

GST and ascorbic acid levels were inconclusive in our
study, with no clear tendency, but the data indicate that bee
products have an effect on these parameters. The liver is the
metabolic center for detoxification and some authors suggest
that changes are essential for the metabolism and excretion
oftoxic substances in fish (Hinton et al., 2001; Crestani et al.,
2007; Cattaneo et al., 2008; Melo et al., 2008). Therefore, the
presence of bee product extracts, despite the antioxidant
potential observed in this study, could affect the same
metabolic processes in the liver.

Bee pollen (BP), another bee product assessed in this
study, did not change TBARS levels in the tissues of R. quelen
when singly added to the water (Fig.1). Nonetheless, when
combined with TEB, BP reversed lipid peroxidation in the
brain and kidney. GSH levels were low in all tissues of R.
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Table 1. Glutathione-S-transferase, non protein thiols and ascorbic acid in Rhamdia quelen exposed to tebuconazole, honey,
propolis or bee pollen and the combination of bee products and the fungicide. Different small letter after the means indicates
significant difference, ANOVA followed by Tukey’s multiple range test, £<0.05, n=10. Units: glutathione S-transferase, pmol
GS-DNB min' mg protein™; reduced glutathione, pmol GSH g of wet tissue; non protein thiols, pmol SH g of tissue; ascorbic
acid, pmol g' of tissue. Different small letters indicates statistical differences between the means (ANOVA followed by

Tukey’s multiple range test)

CONTROL TEB H TEB+H BP TEB+BP PP TEB+PP
Kidney

GST 052+0.06" 068+008  0.58£009  052+0.101"  025£004°  004+001° 053014 020003

Non protein thiols 043 £0.07° 092+0.08 048£005% 0802013  059+£0.15° 038+0.06" 085+0.15" 041006

Ascorbic Acid 1.75£0.22"  0.71£0.06°  2.12+0309" 180+028"  855+047" 297=+0.13" 1.02+£007° 069+007°
Brain

GST 0.62=0.12" 068=0.09% LI16=0.11" 099023 061006 0.55+009° 033+005" 1.00=0.10°

Non protein thiols 0.71+0.03" 1.02+005 065+008° 051011  040+006° 051+009™ 078013 0.57=0.09™

Ascorbic Acid 059 £0.07°  2.14+0.19 051010 190027 147+£036" 2.70+0.50° 0.65+005" 1.55+0.16"
Liver

GST 039 £0.05° 1.65+029° 1.00=021% 223:045 0.65:007° 047+£0.13° 2050217 054=0.11°

Non protein thiols 094013  098£006" 1.07+0.13*  065£0.11F  098£0.19°  048+006" 1.13£006° 0.89+0.12°

Ascorbic Acid LOB+£0.07°  224+0.14°  092+0.16° 176020  834+036 2.64+0.16" 238+024" 0.76+0.03°

quelen exposed to TEB+BP, probably because GSH was used
again for reversal of oxidative damage to lipids (Fig.1).
Apparently, exposure to contaminants leads to rapid thiol
depletion in several processes, such as peroxidation,
conjugation, glutathiolation, and neutralization, and later,
through adaptive responses, the exposure increases the levels
of these compounds (Lee & Anderson, 2005).

We noted that ascorbic acid levels exposed to BP were
higher than in controls, mainly in the liver and kidneys,
probably indicating high metabolism of both organs compared
to the relatively low kinetic parameters of the brain.

304 30 4

The higher antioxidant activity of BP isrelated to phenolic
compounds, even though proteins and vitamins also can
contribute to such activity (Leja, 2007). PP added to the water
did not change TBARS levels in the analyzed tissues (Fig.1).
Nevertheless, in the presence of TEB+PP, there was an
increase in lipid peroxidation in the brain and liver. GSH levels
were elevated in the kidneys and liver of R. quelen exposed
to PP (Fig.1). However, we observed a decline in thiol levels
when we added TEB+PP, which indicates oxidative stress
induced by PP+TEB in these tissues, given that oxidative
damage increased while antioxidant defenses lowered.

Kidney Brain Liver
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Fig. 1. Levels of TBARS (nmol MDA mg™! protein) and GSH (umol GSH g of wet tissue) in Rhamdia quelen after exposure to
16.6% of LCjﬂ of tebuconazole, to bee product, and to tebuconazole + bee product for 96 h. Different small letters indicates
statistical differences between the means (ANOVA followed by Tukey’s multiple range test). Mean+ SEM; n=10.* P <0.05.
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Phenolic substances are the active compounds most
commonly found in natural products (Rhodes, 1996). As natural
antioxidants, they can play a crucial physiological role by
minimizing oxidative damage to animal tissues (Sant’Ana &
Mancini Filho, 1999; Melo & Guerra, 2002). Honey, as a source
of antioxidants, has been reported to be efficient against
oxidative processes (Chen et al., 2000; McKibben & Engeseth,
2002). In addition to polyphenols, propolis contains a wide
range of other compounds that are able to remove excess free
radicals (Marquele et al., 2005). The biological activity ofhoney
and of its by-products is also related to its floral origin (Barth,
2004). Another important remark concerns the doses of bee
products used. As we used a single dose, lower concentrations
could produce similar effects.

In conclusion, the data clearly suggest the potential of
honey and bee pollen as protective agents against the
oxidative damage induced by tebuconazole. Our main
assumption is that the major antioxidant mechanism of bee
products, reducing the lipid peroxidation induced by TEB, is
associated with the recycling of glutathione. Future studies
should focus on some issues such as the differences between
bee products of different botanical and climatic regions and
the validation for the use of bee products as protective agents
on a commercial scale, mainly in agricultural regions where
pesticide contamination is common.
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Abstract

In southern South America and other parts of the world, aguaculture is an activity that complements agriculture. Small
amounts of agrichemicals can reach aquaculture ponds, which results in numerous problems caused by oxidative stress in
non-target organisms. Substances that can prevent or reverse agrichemical-induced oxidative damage may be used to
combat these effects. This study includes four experiments. In each experiment, 96 mixed-sex, 6-month-old Rhamdia quelen
(118=15 g) were distributed into eight experimental groups: a control group that was not exposed to contaminated water,
three groups that were exposed to various concentrations of bee products, three groups that were exposed to various
concentrations of bee products plus tebuconazole (TEB; Folicur 200 CE™) and a group that was exposed to 0.88 mg L' of
TEB alone (corresponding to 16.6% of the 96-h LCsp). We show that waterborne bee products, including royal jelly (RJ),
honey (H), bee pollen (BP) and propolis (P), reversed the oxidative damage caused by exposure to TEB. These effects were
likely caused by the high polyphenol contents of these bee-derived compounds. The most likely mechanism of action for
the protective effects of bee products against tissue oxidation and the resultant damage is that the enzymatic activities of
superoxide dismutase (SOD), catalase (CAT) and glutathione-S-transferase (GST) are increased.
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Introduction

In southern South America and other parts of the world,
aquaculture is still considered a complementary activity o
agriculture. In agricultural, fish cultures are often located in close
proximity to agricultural areas and are fed by water from springs
that run through cultivated soil. Consequently, small amounts of
agrichemicals can reach aquaculture ponds [1], leading to the
exposure of non-target organisms to numerous problems, such as
oxidative stress.

Oxidative stress refers to a disturbance in the balance
between oxidants and antioxidants, which favors an abundance
of oxidants [2]. To maintain oxidative balance, organisms
utilize an  enzymatic antoxidant defense system  that is
comprised of enzymes, such as superoxide dismutase (SOD),
catalase (CAT) and gluathione-S-transferase (GST), as well as a
nonenzymatic defense system comprised of ascorbic acid (AsA),
total thiols (TT) and other components [2.3]. When these
systems fail to maintain the oxidative balance, pro-oxidants may
induce higher lipid peroxidation (LPO) ratios and cause damage
to tissues and cells [4].

Most agricultural models utilize agrichemicals intensely during
crop production; therefore, substances that can prevent or reverse
agrichemical-induced oxidative damage are beneficial. Bee prod-

PLOS ONE | www.plosone.org

ucts are a good option because they are important sources of
polyphenols [5=9]. which are known to be antioxidants and free
radical scavengers.

Recently, the antioxidant properties of natural products have
been intensively researched 1o find economically viable substances
with low environmental impact. Antioxidants inhibit the reactive
oxygen species (ROS) generated by cellular metabolism, which has
fueled the analysis of various antioxidant compounds as isolated
products and in natura [10].

In a previous study, we found that honey (H) and bee pollen
(BP) reversed agrichemical-induced oxidative stress, whereas the
aleoholic extract of propolis (P) induced a protracted oxidative
reaction [11]. In that study, we used bee products at a unique
arbitrary concentration and did not test royal jelly (R]).

In this study, we investigated different waterborne concentra-
tions of H, BP, water extract of P and RJ as protectants against the
damaging effects cansed by exposing fish to the fungicide
tebuconazole (TEB),

Materials and Methods

In the following experiments, which were repeated for each bee
product, we assayed three concentrations of each product to
determine the lowest active concentration, The experiments were
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Figure 1. Levels of TBARS (nmol MDA mg™~' protein) and protein carbonyls (nmol carbonyl mg~
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exposed to tebuconazole (TEB), royal jelly (RJ) or a combination of RJ and TEB. Contaminant-free (C). The different small letters indicate
significant differences between the means (ANOVA followed by Tukey's multiple range test). The values represent the means * SEM; n=12. p<0.05.

doi:10.137 1/journal pone.0074499.g001

conducted in February of 2012 in the facilities of the University of
Passo Fundo (28°15'S/52°24"W, 687 m above sea level).

Ethical Note

This study was approved by the Ethics Commission for Animal
Use (CEUA) of the Universidade de Passo Fundo, UPF, Passo
Fundo, RS, Brazil (Protocol#3/201 1-CEUA, July 2009) and has
met the guidelines of the Brazilian College for Animal Experi-
mentation (COBEA: hupe//www.cobea.org.br).

Fish and housing conditions

We used the South American catfish jundia (Rhamdia quelen,
Heptapteridae, Teleosted) as a model fish, which are usually
cultured in ponds near crop production fields. This species is
endemic to southern South America and suitable for cultivation in

PLOS ONE | www.plosone.org

any region with a temperate or subtropical climate. The
toxicological responses of this species have been extensively
researched [12=16].

Three hundred eighty four (96 fish per experiment) mixed-sex, 6-
manth-old K. guelen weighing 118£15 g were bred and maintained
at the Universidade de Passo Fundo. The fish inhabited a 6200-L
plastic tank before being transferred to the experimental tanks
where they were maintained under a natural photoperiod. The fish
were fed wwice daily (10:00 and 16:00 h) with commercially
extruded foo(i at 5% ol their body weight (42% crude protein,
3400 keal l-.g of digestive energy (DE)). The water Lempe:atum
(25£1°C) and dissolved oxygen concentrations (3.9 mg L™ ) were
measured with a YSI model 550A oxygen meter (Yellow Spring
Instruments, Yellow Spring, USA). The pH values (6.4-7.2)
(Bernauer pH meter), total ammonia-N (<0.6 mg L™, total

October 2013 | Volume 8 | Issue 10 | e74499
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Figure 2. Levels of Glutathione-S-transferase (GST, pmol GS5-DNB min™

RIOISHTER
RIOISHTER

and superoxide dismutase (SOD, IU SOD mg protein™

RIOOSHTER
RIO.S+HTER
RIO25-TER

' mg protein™'), catalase (CAT, pmol min~" mg protein™")

') activities in Rhamdia guelen exposed to tebuconazole (TEB), royal jelly (RJ)

or a combination of RJ and TEB. Contaminant-free (C). The differant small letters after the means indicate significant differences (ANOVA followed

by Tukey's multiple range test); p<0.05, n=12
doi:10.1371/journal.pone.0074499.g002

alkalinity (55 mg L™ CaCOy4) and hardness (60 mg L™ CaCO4)
of the water were measured using colorimetric tests.

Experimental design

For each experiment, the fish were distributed into eight
experimental groups (24 1000-L fiberglass tanks, three tanks per
treatment group) after acclimation. Each treatment group was
divided into three tanks containing 200 L of chlorine-free, well-
aerated tap water; no water changes or agrichemical replacement
methods were enacted. Similar sex ratios were maintained
between the replicates of the treatment groups. The fish housed
in tanks 1 to 3 {the C group) were not exposed to any contaminants
or bee products, when‘as the fish housed in tanks 13 to 15 were
exposed to (0L88 mg L (corresponding to 16.6% of the 96-h
LCsq, [13]) of TEB (Folicur 200 CE™),

TEB is a fungicide that i widely applied to cereal crops; this
compound is a class I environmental hazard (dangerous o the
environment and highly toxic to aguatic organisms) according to
the Instituto Brasileiro do Meio Ambiente ¢ dos Recursos Naturais
Renovaveis (IBAMA) and the Environmental Protection Agency
(EPA). TEB exhibits systemic action and persists in the environ-
ment for 20=25 days. Folicur 200 CE, which is a commercial TEB
formulation, is toxic to aquatic organisms and causes oxidative
stress [16,17] as well as endocrine disruption in fish [14].

PLOS ONE | www.plosone.org

TEB exhibits toxic effects on the liver, blood and adrenal
glands. It is rapidly absorbed from the gastrointestinal tract and
reaches peak plasma concentrations within hours, TEB metabo-
lism in the body is affected mostly by oxidation and is eliminated
from organs and tissues rapidly through fecal and urinary routes
[18]. This compound demonstrates low bioaccumulation and the
bisaccumulation factor is 63 (average) for intact fish (measured in
several species of fish) [19]. Fish are particularly sensitive to the
influence of pesticides because they absorb and retain dissolved
xenobiotics in the water by active or passive transport [20].

In the R] experiment, the fish housed in tanks 4 to 12 were
exposed to waterborne RJ ar three concentrations (three tanks per
concentration): 0.003, 0.015 and 0.025 g L™", The fish housed in
tanks 16 1o 24 were exposed to the same R] concemtrations in
combination with TEB (RJ+TEB). In the second set of experi-
ments, the fish were exposed to 0.025, 0.075 or 0.125 g L' of H
as well as the same H concentrations in combination with TEB
(H+TEB). In the third set of experiments, BP was added to the
water at concentrations of 0.01, 0.03 and 0.05 g L' either alone
(tanks 4 1o 12) or in combination with TEB (BP+TEB; tanks 16 to
24). In the fourth set of experiments, we added 0.01, 0.05 and
0.l g L7! of aqueous extract of P to tanks 4 to 12. These three
concentrations  were  administered  In combination  with
0.88 mg L™" of TEB (P+TEB) in tanks 16 w0 24.

October 2013 | Volume 8 | Issue 10 | 74499
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In all experiments, the conditions (ireatments) were applied for
96 hours (acute exposure) and all fish were subsequenty sampled.
The study followed the same protocol that is commonly used for
acute toxicity studies resulting from a single exposure [13].

Sampling

The fsh were anesthetized with MS-222 in NaHCO,
(300 mg L™Y) buffer, capured and killed by spinal section/
decapitation betore being dissected for tissue collection. The liver,
kidney and brain tssues were immediately frozen in liquid
nitrogen and stored for analysis.

After sampling, all of the dead fish were frozen and shipped to a
biological waste facility. Afier each experiment, the contaminated
water was retained in fiberglass tanks for a minimum of 30 days
before being percolated in septic ponds. The tanks were cleaned
with running water and rinsed with ethanol.

PLOS ONE | www.plosone.org

Chemicals and honeybee products

TEB was obrained commercially. Bovine serum albumin, 3.5'-
dithiobis-(2-nitrobenzoic acid) (I'TNB), Triton X-100, hydrogen
peroxide (Ha0g), malondialdehyde (MDA), 2-thiobarbituric acid
(TBA) and sodium dodecyl sulfate (SDS) were purchased from
Sigma Chemical Co. (5t. Louis, MO, USA). The H, P, R] and BP
used in this study were produced at the Cenwro de Pesquisa
Agropecuiria (CEPAGRO) at the Universidade de Passo Fundo,
Brazil.

The concentration of TEB in the water was analyzed
immediately  after in addition w 48 and
96 hours after inoculation using high-pressure liquid chro-
matography (HPLC) with a TEB-specific method developed
by Zhao [21]. The concentrations of all other compounds
were analyzed using the method described by Zanella o al

[22].

inoculation

October 2013 | Volume 8 | Issue 10 | 74499
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Figure 4. Levels of Glutathione-S-transferase (GST, pmol GS-DNB min~" mg protein™'), catalase {C.M' pmol min~" mg protein™")
and superoxide dismutase (SOD, IU SOD mg protein™') activities in Rhamdia quel P dtot le (TEB), honey (H) or a
combination of H and TEB. Contaminant-free (C). The different small letters after the means indicate significant differences (ANOVA followed by
Tukey’s multiple range test); p<<0.05, n=12.

doi:10.137 1/journal.pone.0074499.g004

Parameters measured minor modifications. Briefly, the homogenates were diluted to 0.7—
The protein levels were estimated spectrophotometrically using 0.8 mg mL 'of protein, and 1 mL aliquots were mixed with
the method described by Bradford [23], and bovine serum 0.2 mL of 2 4-dinitrophenylhidrazine (10 mM DNPH) or 0.2 mL
albumin was used as the standard. of 2 M HCL After 1 h of incubation at room temperature in a
The peroxides produced by the fish can be indirectly quantified dark room, 0.5 ml of denawring buffer (150 mM  sodium
using the TBARS assay, which measures a major product of LPO phosphate buffer (pH 6.8) containing 3% SDS), 2.0 mL of
(malonic dialdehyde) [24]. This assay is performed by reacting heptanes (99.5%) and 2.0 mL of ethanol (99.8%) were added
MDA with TBA, and the results are assessed oplif_all\ The tissue sequentially, vortexed for 40 s and centrifuged for 15 min. The
samples were homogenized using 10% trichloroacetic acid (TCA) isolated protein was washed two times with 1 mL ol ethyl acetate/
with a motor-driven Teflon pestle; the homogenates were ethanol (1:1 v U_I) and suspended in 1 mL of denaturing buffer.
centrifuged at 1000x%g for 10 min. The liver homogenates (100— Each DNPH sample was read at 370 nm in a Femto Scan
400 pL) were added to 8.1% sodium dodecyl sulfate (SDS), 2.5 M spectrophotometer against a corresponding sample (blank), and
acetic acid (pH 3.4) and 0.8% thiobarbituric acid, and the {inal the total carbonylation level was calculated using a molar
volume was adjusted to 2.0 mL. The reaction mixture was placed extinction coefficient of 22000 M™" em™
in a microcentrifuge tube and incubated for 90 min at 95°C. After
cooling, the sample was centrifuged at 5000 xg for 10 min, and the Enzymatic defense antioxidant system

optical density was determined at 532 nm. The TBARS levels are Catalase (CAT: EC 1.11.1.6) activity was assayed using
expressed as nmol MDA per mg of protein, as described by ultraviolet spectrophotometry [27]. Samples of liver tissue were
Ohkawa et al. [25]. homogenized in a Potter—Elvehjem glass/Teflon homogenizer

For protein carbonyl determination, liver tissue was homoge- with 20 mM potassinm phosphate buffer (pH 7.4 with 0.1%
nized in 10 volumes (w/v) of 10 mM Tris=HCI buffer (pH 7.4) Triton X-100 and 150 mM NaCl, 1:20 dilution) and centrifuged
with a glass homogenizer. The protein carbonyl content was at 10,000 g for 10 min at 4°C. Briefly, the assay mixture consisted

determined using the method described by Yan e al. [26] with of 2.0 mL potassium phosphate buffer (30 mM ar pH 7.0),

PLOS ONE | www.plosone.org 5 October 2013 | Volume 8 | Issue 10 | e74499
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0.05 mL HyOy (0
H20O: absorbance after 60 s were measured at 240 nm.
catalase activity was caleulated as pmol mg™! protein min™"

Glutathione S-transferase (GST) activity was determined using
the method deseribed by Habig ef al. [28]. The reaction mixture
consisted of 33 mM Hepes buffer (pH 7.5), 1.5 mM GSH,
1.5 mM I-chloro-2,-dinitrobenzene (CDNB) and water in a total
volume of 1 mL. The conjugation of GSH with CDNB using GS8T
activity was recorded spectrophotometrically at 340 nm over
3 min. The activity was reported as nmol of CDNB conjugate
formed min~' mg " of protein.

Superoxide dismutase (SOD) activity was performed in liver
tissue; this method is based on the inhibition of the reaction of
radical superoxide with adrenalin, as described by McCord and
Fridovich [29]. In this method, the SOD present in the sample
competes with the detection systern for radical superoxide
molecules. A unit of SOD is the amount of enzyme that inhibits

.3 M) and 0.05 mL homogenate. Changes in the
The

PLOS ONE | www.plosone.org

12. p=0.05.

the speed of oxidation of adrenalin by 50%. The oxidation of
adrenalin generates a colored product, adrenochrome, which is
detected using a spectrophotometer. SOD activity is determined
by measuring the speed of adrenochrome formation, which is
observed at 480 nm, in a reaction medium containing glycine-
NaOH (50 mM at pH 10) and adrenalin (1 mM).

Non-enzymatic anti-oxidants

The ascorbic acid (AsA) content of the brain and liver was
determined at 524 nm. Briefly, brain and liver samples were
homogenized (1:10 w/v) in 2 TCA and cenwifuged at
11,300 %g for 3 min. Samples (250 pL) of the supernatant were
mixed with 250 pl. of water plus 25 pL. 0.02% 2 6-dichlorophe-
nolindophenol; the resultant mixture was incubated for 1 h at
room temperature. After, 250 pL. of a 2% thiourea and 5%
metaphosphoric acid solution and 250 pL. of 0.2% dinitrophe-
nylhydrazine in 12 M sulfuric acid were added to the solution.
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g to teb

le (TEB), propolis (P) ora

combination of P and TEB. Contaminant-free (C). The differant small letters after ﬂ'\e means |ndlcate significant differences (ANOVA followed by

Tukey's multiple range test); p<<0.05, n=12.
doi:10.1371/journal. pone.0074499.g006

The reaction wbes were incubated in a 60°C water bath for 3 h.
Afier the incubation, 500 pL of 18 M sulfuric acid was added, and
the tubes were centrifuged at 500 xg for 10 min. The absorbance
was read and compared to a standard containing 100 nmol of
AsA; the results were expressed in pmol g~! of tissue [30].

Statistical analysis

The means = standard error of the mean (SEM) for each group
were calculated. Hartley's and Kolmogorov=Smirnov tests were
used 1o determine the homegeneity of the variance and normality,
respectively; the log-ransformation was performed when neces-
sary. Because the premises for using parametric tests were met, we
conducted a multivariate analysis of the variance complemented
by Tukey’s multiple range test, which was used to compare all of
the means using the GraphPad InStat 5.00 statistical package
(GraphPad Software; San Diego, California, USA). Statistical
significance was accepted at p<<0.05.

Results

Immediately after inoculation, the TEB concentration mea-
sured in the water was close to 088 mg L™' (97.3%,
0.856 mg L™"), which was the nominal concentration. Forty-eight
hours after inoculation, the TEB concentration reached 79% of
the nominal concentration (0.695 mg L™"), and 96 hours after

PLOS ONE | www.plosone.org

inoculation, the TEB concentration was approximately 50% of the
nominal concentration (0.439 mg L") Exposure 1o TEB did not
cause mortality in the fish.

Royal jelly

The TEB treatment increased the TBARS generation and
protein carbonylation (Fig. 1). The lowest R] concentration
decreased TEB-induced TBARS generation in the liver and
kidneys. In the brain, all three B] concentrations reduced the
TEB-induced TBARS generation. All of the R] concentrations
blocked the TEB-induced mcreases in protein carbonyls. The
results for the enzyme activity assays are depicted in Fig. 2. The
GST activity was increased in the liver for treatments using
RJO.015+TEE and RJO.025+TEB: CAT activity was also
increased with RJ0.005+TEB and RJ0.025+TEB, whereas SOD
was augmented by RJ0.015+TEB and RJ0.025+TEB. In the
kidneys. the GST activity increased under RJ0.015+TEB and
RJ0.025+TEB treatments, whereas the CAT activity was similar to
the control values. In the brain, the GST and CAT activities were
similar to the control values at all three RJ+TEB concentrations.

Honey
Treammemt with TEB increased the TBARS generation and
protein carbonylation in all examined tissues (Fig. 3) except for the
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kidneys. In the liver and brain tissues, H completely blocked
the TEB-induced TBARS generation; only the
highest two H concentrations exhibited this effeet in the
kidneys. All of the concentrations of H blocked TEB-induced
protein carbonylation in all tssue samples. In Fig. 4, we
present the results of all enzymatic activity assays. In the liver,
the GST activity increased under HO.075+TEB treatment,
CAT increased with H0.025+TEB and H0.075+TEB and was
angmented in TEB-exposed fish and S0D  activity was
increased under all three H4TEB treatments relative to the
control values, In the kidney tissue, GST increased in the
HO0.125+TEB group, whereas all H+TEB were similar to the
control group for CAT activity during H treatments.
Regarding the brain tissue, GST activity was increased for
the three H+TEB treatments compared to the TEB-exposed
fish, whereas CAT activity was similar to the control in all
three H+TEB groups and was augmented in the TEB-exposed
fish.

however,

PLOS ONE | www.plosone.org

Propolis

TEB treatment increased TBARS generation and protein
carbonylation; however, these effects were completely blocked by
the P treatments (Fig. 5). The GST, CAT and SOD activities are
summarized in Fig. 6. In the liver, the GST and CAT activities
were increased in the three P+TEB concentrations relative to the
TEB and C fish, whereas SOD activity was higher in the three
P+TEB concentrations relative to the TEB-exposed fish. Similarly,
GST activity was higher for the three P+TEB treatments relative
to the TEB-exposed fish, whereas CAT activity was augmented in
TEB and with the PO.OSHTEB treatments. In the brain tissue,
GST activity was increased in all three P+TEB concentrations
relative to the TEB group, and CAT activity in the P+TEB groups
was similar to the isolated P groups.

Bee pollen

The TEB-induced augmentation of the TBARS generation and
protein carbonylation were prevented by BP at every tested
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doi:10.1371/journal.pone.0074499.g008

concentration (Fig. 7). The and-oxidant enzymatic activities are the previous findings regarding TEB toxicity [16,17] as well as the
depicted in Fig. 8. In the liver, GST activity was increased in the antioxidant potential of bee products [11].

TEB-exposed fish but was similar to the control values for the Several studies have previously demonstrated the antioxidant
BPO.1+TEB and BPO.3+TEB treatments. The CAT activity was properties of bee products, which can be attributed to the high
increased during the TEB and BPO.3+TEB treamments, whereas content of phenolic substances. These effects were most likely
the SOD activity increased in the three BP+TEB groups. The generated by the high levels of polyphenols in these substances
GST activity decreased in the three BP+TEB groups compared to [5=8], which can act as antioxidants and [ree radical
the TEB-wreated and C fish, whereas the CAT was increased in the scavengers.

TEB and BPO.1+TEB groups for kidney tissue. The GST activity LPO is one of the major processes activated in response to
in the brain tissue of the BPO.14+TEB and BP0.3+TEB groups was xenobiotic-induced oxidative stress. Xenobiotics, such as fungi-
similar o the TEB-exposed fish, whereas the same activity was cides, induce LPO in several fish species [31]. LPO can be

greatly decreased in the BPO.S+TEB group. The brain tissue indirectly assayed by measuring the generation of TBARS, which
exhibited increased CAT activity in TEB-exposed fish, and the reflects the intensity of LPO by quantifving malonic dialdehyde,
activity was similar o the control for BPO.1+TEB. which is one of its main products [24]. The protein carbonyl levels
are also a biomarker for xenobiotic exposure in fish. Protein
carbonylation causes conformational changes in proteins and

Plscussion reduces their catalytic activity. In addition, carbonylation initiates

In this study, we demonstrated that waterborne bee products, the degradation of proteins through protease activity [32].
including royal jelly, honey, propolis and bee pollen, reversed the All of the reatments with bee products generated an increase in
oxidative damage induced by TEB exposure. The increased levels at least one of the enzymatic antioxidant activities, Therefore, the
of TBARS and protein carbonyls observed in the TEB-exposed predominant mechanisms for the reversal of oxidative damage
fish were prevented or reversed when the TEB-inoculated water appear to be the augmentation of SOD, CAT and GST enzyme
was supplemented with various bee products, Our results confirm activities.
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S0D is the first enzyme to respond to free-radical generation,
and it exhibits the most robust response to oxidative stress [33.1].
This study demonstrated that SOD activity increased in all groups
treated for TEB exposure with R], H, P and BP compared o
TEB-exposed fish. The actions of CAT are primarily catalytic as it
promotes the decomposition of hydrogen peroxide to form water
and oxygen [34]. CAT protects living organisms [rom ROS, which
are a cause oxidative stress [35]. GST is involved in the
detoxification of many xenobiotics and protects tssues from
oxidative stress [36]. The GST activity increased in the livers of
TEB-exposed fish treated with some of the concentrations of R]
and P. In addition, GST activity was elevated in the livers, kidneys
and brains of fish exposed to P. Increased GST activity has been
previously observed when R queln and other fish species were
exposed to xenobiotics [37,38].

We observed a clear interaction between the SOD and CAT
activities during the reversal of oxidative damage. The increased
50D actvity, which is responsible for catalyzing the conversion of
the superoxide anion to HaOs, might explain the increase in CAT
activity, which catalyzes the reduction of HyO; to Hy0 and Oy, in
TEB-exposed fish, The decreased CAT activity in “TEB+ bee
products™ treatments reflects the protective action and/or reversal
of damage induced by the bee products. The combined action of
both enzymes is a major component of the primary antioxidant
defense system [39].

Increasing the enzymatic antioxidant defense network consti-
tutes the most probable mechanism for the bee product-mediated
prevention or reversal of oxidative damage caused by TEB.
Increases in the enzymatic activity after agrichemical exposure
have been previously reported by our laboratory [11,17].

The proper actions of protective enzymes are essential for the
health of a body while combating ROS because ROS are
responsible for several deleterious effects, including DNA damage,
which ultimately alters and impairs intracellular metabolism and
can occasionally cause cell death [40].

The levels of AsA were augmented by R], BP and P in all of the
studied tissues (data not shown). AsA converts ROS into harmless
species, and the derivatives of AsA are unreactive. AsA functions
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as an antioxidant in vivo [17]); therefore, amplifying the AsA levels
may also be an important role in the prevention or reversal of
oxidative damage. Previous studies [41.11] have also found that
increases in the AsA contents are an important component of the
antioxidant defense system in fish.

We used gross honevbee products instead of isolated or
synthetic polyphenols to study, and eventually offer to fish
growers, an accessible technology based on preducts commonly
found or produced on a farm. In addition, gross honeybee
products are more easily handled and applied in the ponds than
isolated and synthetic polyvphenols, which require specialized
environments and techniques for handling and quantification.
Furthermaore, the isolated/synthesized polyphenols are difficult
and expensive to obtain in the required amounts.

We rescarched the antioxidant properties of natural products
intensively to find economically viable alternatives with low
environmental impact; these studies increased the interest in the
various compounds contained in bee products as well as in natira [10].

In this study, R], H, BP and P prevented and/or reversed tissue
oxidative damage induced by TEB. Increases in the enzymatic
activities of SOD, CAT and GST are the most likely mechanism
of action for the protective effects of bee products against tissue
oxidation and damage.

Our data opens new possibilities for the usage of honeyhee
products as nutritional goods for their enhanced antioxidant
properties and in aquaculture to protect fish from oxidative
damage caused by environmental exposure to pro-oxidant
contaminants. In addition, integrated family-based agriculture,
where fish, bees and other animals are hushanded together, might
facilitate the development of honeybee products for consumption
and enhance aquaculture.
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7. DISCUSAO GERAL

Segundo Wilson e Tisdell (2001), o consumo mundéapesticidas tem chegado a 2,6
milhdes de toneladas e deste total, 85% séo wdzaa agricultura. Considerando a América
Latina, o Brasil desponta como o maior consumigoagrotoxicos, com um consumo estimado
em 50% da quantidade comercializada nesta regstes Englobam compostos quimicamente
bastante diferenciados, que podem ser agrupadosquiro categorias principais: 0s
organofosforados, os piretréides, os organocloradaxs carbamatos (Oliveira-Sihat al,
2001).

A poluicdo dos ecossistemas aquaticos pode prowgagrda da biodiversidade. A
poluicéo a nivel de populacéo tem degradado etesss fundamentais por meio de alteragfes
moleculares nos peixes, refletindo na diminuicdoqdalidade e da sustentabilidade destes
ecossistemas. A contaminacdo dos recursos aquaiosivel de organismo é alvo de
preocupacdes humanas, tendo em vista que o condusio e indireto de peixes e agua

contaminada pode causar sérios danos ao organi&anas@lorf, 2007).

Os peixes estéo frequentemente expostos ao imgastBRO porque, diferentemente
dos vertebrados terrestres, os animais aquaticosezpostos diariamente a mudancas
sazonais de temperatura e oxigénio ou a mudangasaomalicbes ambientais no seu habitat
natural, tais como poluicdo, disponibilidade degério, pH, incidéncia da radiacdo solar,
entre outros (Chow, 1991; Winston & Di Guilio, 19¥enriqueet al, 1998). Esta situacao &
facilmente exemplificada pelos peixes de dgua dpee vivem em ambientes instaveis como
as aguas tropicais (Kramer, 1987; Graham, 1990mdCos outros vertebrados, os peixes
possuem sistemas de defesas antioxidantes queanmtilmecanismos enzimaticos e nao-
enzimaticos para combater os impactos das EROdFEtax, 1996).

Os sistemas bioldgicos oferecem condi¢cbes favasgyaia ocorréncia de reacdes de
carater oxidativo, devido a existéncia de lipidicsaturados nas membranas celulares, e pela
abundéancia de reacOes oxidativas que ocorrem @urantmetabolismo normal. A
susceptibilidade de uma célula ou de um tecidosare@sse oxidativo depende de um grande
namero de fatores que incluem a disponibilidade addoxidantes e a capacidade de
inativacdo ou eliminacao dos produtos oxidativemBdos (Jorddo Juniet al, 1998).

Variacdes na atividade de enzimas antioxidantesst@mutilizadas como indicadores

de estresse oxidativo mediado por poluentes (Ahehad, 2000; Sayeeét al, 2003; Oruc,
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2009). A carbonilacdo de proteinas devido a ac&stadidas EROs pode causar perda da
atividade da enzima e alguns produtos da peroxidégilica podem reagir com residuos de
aminoacidos, alterando a funcdo da enzima. Portamigtas enzimas envolvidas nos
processos de defesa antioxidantes podem ser idasiyzelo excesso de oxidantes (Momtes
al., 2007; Modesto & Martinez, 2010).

Tem sido observado que quando as defesas antitesdanzimaticas estdo alteradas,
defesas secundarias, tais como o0 acido ascorlmdenp prevenir reacdes de auto-oxidacédo e
neutralizar diretamente as EROs (Sayeedal, 2003). Alguns autores sugerem que as
alteracdes podem resultar em mau funcionamento/@idgs sistemas organicos dos peixes
(Ortiz et al, 2003). Desaket al (1984), relataram distirbios nos corddes dos thejpas,
ruptura da membrana celular e vacuolizacdo plasematio figado deOreocarpius
mossambicugpos exposicao a inseticidas organofosforados tiucamco dias.

Por sua natureza, a apicultura é uma atividadebeaica conservadora das espécies,
devido ao baixo impacto ambiental que ocasionasipiitando a utilizagdo permanente dos
recursos naturais e a nao destruicdo do meio rissim, € uma das poucas atividades que
preenche todos os requisitos do tripé da sustdidede: o econdémico — gerador de renda
para os produtores; o social — ocupador de madodefamiliar no campo, com diminui¢cao
do éxodo rural; e o0 ecolégico — ja que ndo se diespaaa criar abelhas, necessitando elas, ao
contrério, plantas vivas para a retirada do poéletoenéctar de suas flores, suas fontes
alimentares basicas (Alcoforado Filho, 1997; 19®8do por REISt al, 2003, p. 1).

Os resultados obtidos neste trabalho demonstraividaale antioxidante dos produtos
apicolas testados. Varias fontes de antioxidangtgrais sdo conhecidas e algumas sao
amplamente encontradas no reino vegetal (Wettasinb#09). Os compostos fendlicos sao
incluidos na categoria de interruptores de radioaiss, sendo muito eficientes na prevencao
da autoxidacéo (Shahidt al, 1992).

Dentre os resultados mais expressivos encontradosnesso trabalho esta a
protecdo/reversdo da LPO fornecida pelos produpdsolas. O mecanismo de acdo dos
antioxidantes, presentes em extratos de plantasupam papel importante na reducao da
oxidacdo lipidica em tecidos, vegetal e animalspquiando incorporado na alimentacao
humana ndo conserva apenas a qualidade do alimew®,também reduz o risco de
desenvolvimento de patologias, como arterioscleeoséncer (Namiki, 1990; Ramarathnam
et al, 1995).

Uma inovacdo em nossos trabalhos é quantificacdoagmquimicos na agua. Sua

persisténcia na agua. Em muitos paises em deséneoto 0s poluentes organicos
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persistentes POPs ainda séo utilizados na agmauitu controle de vetores de doencas (Stap,
2004). Os ecossistemas aquaticos tropicais esté® @s» mais ameacados pela degradacdo
ambiental, mas ainda séo poucas as pesquisastesaipara avaliar e monitorar o impacto de
contaminantes nesses ecossistemas tropicais e &ficda aquatica (Lacher & Goldstein,

1997). A recente resolucdo do Conselho Nacionalldm Ambiente (Conama) que dispde

sobre a classificacdo dos corpos de agua e destambientais para o seu enquadramento
(Brasil, 2005), proibe o lancamento dos poluentggrocos persistentes nos efluentes e
determina que, quando apropriado, a qualidade ohiiseates aquaticos podera ser avaliada

por indicadores bioldgicos utilizando-se organismosl comunidades aquaticas.

8. CONCLUSAO

A geleia real, mel, polen de abelha e prépolisocfaevenida e / ou reverter o dano
oxidativo tecidual induzida pelo tebuconazole. @@pal candidato a ser o0 mecanismo de
acao de protecdo de produtos apicolas contra agiaddos tecidos e consequente dano agao
parece ser 0 aumento da atividade enzimatica da 88D e GST. Sendo que SOD e CAT

sao as enzimas de primeira linha de defesa naaati@xidante.

9. PERSPECTIVAS FUTURAS

A diversidade da natureza dos compostos encontram®produtos apicolas somado
aos resultados positivos encontrados em nossdhoabequer uma pesquisa mais profunda
destes compostos. Sendo nossos objetivos futuradisar e quantificar os compostos
fendlicos presentes no mel, geleia real, propol@lken apicola produzidos no apiario do
CEPAGRO da UPF. Uma vez que a separacao, idegaficaquantificacao e aplicacdo dos
compostos fenolicos tornara nosso trabalho maiplime elucidara possiveis lacunas ainda

nao elucidadas na pesquisa com estes compostos omdo geral.
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