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RESUMO
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Fundagéo Universidade Federal do Pampa
MIRTILO (Vaccinium ashei Reade) MELHORA O DANO OVARIANO
INDUZIDO PELA EXPOSIQAO SUB-CRONICA AO CADMIO EM
CAMUNDONGOS
AUTOR: Aryele Pinto lzaguirry
ORIENTADORA: Francielli Weber Santos Cibin
Data e Local da Defesa: Uruguaiana, 03 de Agosto de 2013

O cadmio é um dos poluentes mais toxicos, amplamente distribuido no meio
ambiente. A exposi¢do humana ndo-ocupacional ao cadmio resulta predominantemente da
fumaca do cigarro, da poluicdo do ar e do consumo de alimentos e agua contaminados por
cadmio. Este metal apresenta uma baixa taxa de excre¢do no organismo e um elevado
tempo de meia-vida bioldgico e por esta razdo, o cadmio se acumula no sangue, rins e
figado, bem como nos 6rgdos reprodutivos, incluindo placenta, testiculos e ovarios. A
exposicdo ao cadmio esta fortemente associada com toxicidade reprodutiva em animais e
humanos, culminando em infertilidade e cancer nos tecidos reprodutivos. A patogénese do
dano ovariano e a reducdo da viabilidade folicular apds exposicdo ao cadmio tem sido
associada a danos oxidativos. Assim, compostos antioxidantes poderiam ser uma terapia
alternativa frente a toxicidade do cadmio. Estudos tem sugerido que a ingestdo de frutas e
vegetais com propriedades antioxidantes podem ajudar na prevencdo de vérias doencas. A
fruta mirtilo (Vaccinium ashei Reade) é uma das fontes mais ricas de antioxidantes
fitoquimicos, entre frutas e legumes. Sendo assim, verificou-se o potencial antioxidante do
extrato de mirtilo in vitro, o qual demonstrou atividade scavenger de espécies de reativas
(ER) e radical DPPH. Este extrato apresentou elevado conteido de polifendis (558,27 pg
EAG/mL). Posteriormente, avaliou-se o efeito do extrato hidro-alcodlico de mirtilo sobre o
dano ovariano induzido por exposi¢do sub-cronica de camundongas ao cadmio. Os animais
receberam CdCl; (2,5 mg/Kg) por via subcuténea e extrato de mirtilo (2,5mg/Kg) por via
oral por 3 semanas (5 dias por semana). Os animais foram eutanasiados 24 horas apds a
altima administracdo, e os ovarios foram removidos para determinar atividade das enzimas
glutationa peroxidase (GPx), glutationa-S-transferase (GST), 6-aminolevulinato-desidratase
d-(ALA-D), 17 B-hidroxiesterdide desidrogenase (17p-HSD), determinagdo dos niveis de
espécies reativas, quantificacdo de cadmio e avaliagdo da viabilidade folicular. Os
resultados demonstraram que os animais que receberam cadmio apresentaram um aumento
de 2 vezes nos niveis de espécies reativas, redu¢do na atividade das enzimas 5-ALA-D e
17B-HSD (30 e 39% de reducéo, respectivamente) e uma reducdo de 69% da viabilidade
folicular em comparacao ao grupo controle. Nenhuma alteracdo foi observada na atividade
das enzimas GPx e GST ovarianas. A terapia foi eficaz em restaurar os niveis de ER, a
atividade da 6-ALA-D e melhorou parcialmente a viabilidade folicular alterada pela
exposicdo sub-crénica ao cddmio. No entanto, esta terapia ndo foi capaz de restaurar a
atividade 17B-HSD, o que sugere que o efeito protetor do mirtilo ndo esté relacionado com
a atividade hormonal. Desta forma, verificou-se que o cadmio se acumula em ovarios de
camundongas ap0s exposicdo subcronica causando dano neste tecido e 0 extrato
hidroalcodlico de mirtilo apresenta propriedades antioxidantes que poderiam proteger, ao
menos em parte, o tecido ovariano dos efeitos toxicos do cadmio.

Palavras-chave: Cadmio, Ovario, viabilidade folicular, 17 B-hidroxiesterdide
desidrogenase, 6-aminolevulinato-desidratase, Mirtilo.
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Cadmium is one of the most toxic pollutants which is widely distributed in the
environment. Non-occupational human exposure to cadmium predominantly results from
cigarette smoke, air pollution and consumption of cadmium contaminated foods and water.
This metal presents a low rate of excretion from the body and a long biological half-life and
for this reason cadmium accumulates over time in blood, kidney, and liver as well as in the
reproductive organs, including the placenta, testis, and ovaries. Cadmium exposure is
strongly associated with reproductive toxicity in both animal and human populations
culminating in infertility and cancers in reproductive tissues. The pathogenesis of ovarian
damage and reduction of follicle viability following cadmium exposure is generally
ascribed to oxidative damage. Thus, antioxidant compounds could be an alternative therapy
against cadmium toxicity. Emergent evidences suggest that eating more fruits and
vegetables with antioxidant properties could help in preventing of several diseases. The
blueberry (Vaccinium ashei Reade) fruit is one of the richest sources of antioxidant
phytochemicals among fruits and vegetables. This way, we verified the in vitro antioxidant
potential of the blueberry extract, which demonstrated a significant DPPH radical and
reactive species (RS) scavenger activities. This extract showed high total polyphenol
content (558.27 ug GAE/mL). After, this study evaluated the protective role of hydro-
alcoholic extract of blueberry on the follicular viability and ovarian oxidative damage
induced by sub-chronic cadmium exposure in mice. Mice received CdCl;, (2.5 mg / kg)
subcutaneously and blueberry extract (2.5 mg/ kg) orally for 3 weeks (5 days weekly).
Animals were euthanized after 24 hours the last administration, and ovaries were removed
to determinate the glutathione peroxidase (GPx), glutathione-S-transferase (GST), o-
aminolevulinate dehydratase (6-ALA-D) and 17 B-dehydrogenase hydroxysteroide (17-
HSD) enzymatic activities, RS levels, cadmium content and the follicles viability. The
results demonstrated that animals cadmium-exposed presented a enhance of 2-folds on
reactive species levels, reduction in 6-ALA-D and 17B3-HSD activities (30 and 39% of
reduction, respectively) as well as a decrease around 69% on follicular viability when
compared with control group. No alteration was observed on ovarian GPx and GST
activities. The therapy was effective in restoring RS levels, 6-ALA-D activity and partially
improves the follicles viability altered by sub-chronic cadmium exposure. However, this
therapy was not able to restore 17B-HSD activity, which suggest that the protective effect of
blueberry is not related to hormonal activity. Thus, we verified that cadmium accumulates
in mice ovary after sub-chronic exposure causing damage on this tissue and blueberry
hydro-alcoholic extract presents antioxidant properties that could protect, at least in part,
ovarian tissue from cadmium toxic effect.

Key-words: Cadmium, Ovary, Follicular Viability, 17 B-hydroxysteroide desydrogenase, o-
aminolevulinate dehydratase, Blueberry.
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1 INTRODUCAO

O aumento da poluigdo ambiental mundial tem elevado a exposi¢do dos seres
vivos a diversos contaminates toxicos. As intoxicacbes por metais pesados,
especialmente por chumbo, cadmio, arsénio e mercurio, constituem uma séria ameaca
para a saude humana (WENNEBERG, 1994; HU, 2000; JARUP et al., 1998). O cadmio
é uma das substancias mais toxicas no meio ambiente, ocorrendo na natureza em baixas
concentracdes, principalmente em associacdo com os minérios de sulfeto de zinco,
chumbo e cobre (THOMPSON e BANNIGAN, 2008).

As atividades humanas contribuem para o aumento da quantidade de cadmio no
ambiente, devido a utilizacdo deste metal industrialmente na fabricagdo de baterias
niquel-cadmio, galvanizacao, pigmentos plasticos e fertilizantes fosfatados (STOHS et
al., 1995; WHO, 2010). Outras formas de dispersdo de cadmio incluem a queima de
combustiveis fosseis e incineracdo de residuos urbanos (WHO, 2010). Alem disto, a
exposi¢cdo ndo ocupacional ao cadmio se da atraves da ingestdo de agua ou alimentos
contaminados ou ainda pela exposicdo a fumaca do cigarro, a qual apresenta
quantidades significativas deste metal (ATSDR, 2008; JARUP et al., 2009).

A emissdo de cadmio na atmosfera tem sido um problema de sadde mundial
devido ao seu elevado tempo de meia-vida biolégica em muitos seres vivos, incluindo
os seres humanos (10-35 anos) (WHO, 2011). Este metal pode se acumular em Varios
orgdos, tais como figado, rins (JIHEN et al., 2008), pulmbes (KLIMISCH, 1993),
testiculos (HAOUEM et al, 2008) e ovarios (NAMPOOTHIRI e GUPTA, 2006).

Muitos estudos indicam que o efeito toxico do cadmio esta relacionado
principalmente com o estresse oxidativo. Ognjanovi’c e colaboradores (2010)
demonstraram que, a exposicdo a este metal leva a uma reducdo na atividade de enzimas
antioxidantes como superdxido dismutase (SOD), catalase (CAT), glutationa peroxidase
(GPx), glutationa redutase (GR) e glutationa-S-transferase (GST) em testiculo de
camundongos. A diminuicdo destas defesas antioxidantes contribui para 0 aumento na
quantidade de espécies reativas, que, por sua vez, reagem com proteinas, lipidios e
DNA, provocando deterioracdo oxidativa (KRYSTON et al., 2011). Desta maneira,
compostos com propriedades antioxidantes poderiam ser uma alternativa na protecéo ou

tratamento do dano oxidativo induzido pela exposicdo ao cadmio.

13



Nutracéuticos séo alimentos ou fragdes de alimentos que possuem atividades
benéficas na prevengdo e tratamento de doencas (MORAES e COLLA, 2006). Um
exemplo de nutracéutico que se encontra em evidéncia é o Blueberry (Vaccinium ssp),
popularmente conhecido como mirtilo, uma planta de espécie frutifera originaria da
Europa e América do Norte (SILVA et al., 2008).

Os trabalhos com mirtilo no Brasil iniciaram em 1983, na Embrapa Clima
Temperado (Pelotas-RS), com a introducdo de cultivares de baixa exigéncia em frio do
grupo ‘rabbiteye’ (olho- de-coelho), oriundas da Universidade da Flérida (Estados
Unidos). Os frutos do mirtilo apresentam significativo valor de mercado, devido ao
sabor exético, seu valor econbmico e suas propriedades medicinais. (RASEIRA e
ANTUNES, 2004). Este nutracéutico tém demonstrado propriedades antioxidantes in
vitro (CASTREJON, et al. 2008) e in vivo (DULEBOHN et al., 2008; MOLAN, 2008),
as quais tem sido atribuidas a elevada quantidade de compostos fendlicos contidos nesta
fruta, sendo antocianinas a substdncia majoritaria (BORNSEK et al., 2012;
KAHKAONEN et al., 2003).

Tendo em vista que intoxicacbes por cadmio induzem dano oxidativo em
diversos orgaos, incluindo os do sistema reprodutivo, a busca de terapias com
propriedades antioxidantes poderiam ser uma alternativa frente ao dano provocado por
este metal. Desta forma, este trabalho avaliou o efeito da exposi¢do sub-crénica ao
cadmio sobre o tecido ovariano, bem como o papel protetor do extrato hidroalcoolico de
mirtilo (Vaccinium ashei Reade) frente a toxicidade induzida pelo metal em ovérios de

camundongas.
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2 REVISAO BIBLIOGRAFICA

2.1 Cadmio

Devido ao aumento da polui¢do industrial e atividade de combustdo natural, a
populacdo estd voluntariamente e involuntariamente exposta a alguns poluentes
ambientais como hidrocarbonos organicos, pesticidas e metais pesados (SALEH et al.,
2011). A exposic¢do humana a uma variedade de metais pesados, especialmente chumbo,
mercurio, arsénico e cadmio tem sido um problema de sadde publica (WENNEBERG,
1994; Hu, 2000; JARUP et al., 1998).

O cadmio é uma das substancias mais toxicas no meio ambiente, ocorrendo na
natureza em baixas concentragcfes, principalmente em associagdo com 0s minérios de
sulfeto de zinco, chumbo e cobre (THOMPSON e BANNIGAN, 2008). Este metal foi
descoberto como um elemento em 1817, pelo quimico aleméo Friedrich Strohmeyer.
Um século depois, Stephens (1920) relatou intoxicacdes de trabalhadores por cadmio e
as primeiras contribuicdes toxicologicas sobre a farmacologia deste metal foram
descritas por Schwartze e Alsberg (1923).

Em torno de 1930, a doenca de Itai-itai foi notada pela primeira vez na regido da
bacia do rio Junzu em Toyama na regido central do Japdo. No entanto, somente nos
anos 60 foi identificada como um doenca provocada por intoxicacdo com cadmio. Um
médico local, com a colaboracdo de especialistas externos, confirmou que o doenca foi
causada pela poluicdo de uma mina de cobre (Kamioka), localizada proxima ao rio
(KAJI, 2012). A doenca de Itai-itai € a forma mais severa de intoxicacdo cronica por
cadmio causada por ingestdo prolongada deste metal, sendo a principal caracteristica
clinica da doenca o dano renal manifestado por disfuncdo tubular e glomerular
combinados com osteomalécia e osteoporose (INABA et al., 2005).

Atualmente o cadmio estd em 7° lugar na lista prioritaria de substancias
perigosas da Agéncia de Substancias Toxicas e Registro de Doencas (ATSDR), que
classifica os compostos conforme a ameaca significativa que esses apresentam a satde
humana devido a sua toxicidade conhecida ou suspeita, e a potencial exposicdo humana
a essas substancias (ATSDR, 2011). Além disso, o cadmio também é classificado como
carcinogénico pela Agéncia Internacional para Pesquisa sobre o Cancer (IARC) (IARC,
1993).
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O cadmio encontra-se relativamente disperso no ambiente, principalmente pela
poluicdo causada por industrias de baterias, pigmentos, plasticos, fertilizantes e
galvanoplastia (ATSDR, 2008). Outras fontes de liberacdo de cadmio para o ambiente
sdo mineracdo, fundicdo, queima de combustiveis fdosseis, eliminacdo de residuos
(WHO, 2010) e fumaca de cigarro, a qual apresenta quantidades significativas deste
metal (STOHS et al.,1997).

Devido a sua distribuicdo generalizada, o cddmio pode ser encontrado em
quantidades mensuraveis em quase tudo o que comemos, bebemos e respiramos (WHO,
1992). Porém, este metal é uma das substancias mais toxicas aos seres vivos possuindo
um elevado tempo de meia vida para eliminacdo (10-35 anos) (WHO, 2011). Para
prevenir o dano celular, as células respondem a exposi¢do ao cadmio aumentando a
expressdo de metalotioneinas (MT), uma proteina que se liga a metais (essenciais e nao
essenciais) em nivel transicional, a fim de torna-los menos reativos e diminuir sua
toxicidade (KLAASSEN, et al., 1999; TRINCHELLA et al., 2006)

O organismo possui uma capacidade limitada para responder a exposicdo ao
cadmio, como o metal ndo pode sofrer degradacdo metabdlica para espécies menos
toxicas e € apenas fracamente excretado, 0 armazenamento em longo prazo é uma op¢éo
viavel para lidar com este elemento toxico (WAALKES, 2003). Desta forma, o cadmio
acumula-se em diversos orgdos como figado, rins (JIHEN et al., 2008), pulmdes
(KLIMISCH, 1993), testiculos (HAOUEM et al., 2008) e ovarios (NAMPOOTHIRI e
GUPTA, 2006) causando toxicidade.

2.2 Efeito do cadmio sobre o sistema reprodutor

O efeito do cadmio sobre o sistema reprodutor feminino tem sido bem
evidenciado. Varga e colaboradores (1993) demonstraram que o0 cddmio acumula-se em
ovarios humanos entre os 30 e 0s 65 anos de idade. O cddmio tem o potencial de afetar
a reproducdo e o desenvolvimento em todos os estdgios do processo reprodutivo
(THOMPSON & BANNIGAN, 2008). Em relacdo aos estudos sobre os efeitos tdxicos
do cadmio sobre o sistema reprodutivo feminino experimentalmente em roedores
devemos considerar gque o cadmio pode levar a alteracdes histopatoldgicas em ovario e
Utero (PAKSY et al., 1997; MASSANY!I et al., 2007) e alterar a morfogénese ovariana
(ZHANG et al., 2007; PIASEK E LASKEY, 1999)
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Piasek (2002) demonstrou alteracdo na esteroidogénese de ovério e placenta
apos exposicdo ao cadmio in vitro e in vivo. Zhang et al. (2007) verificou que apés
incubacdo de células da granulosa de ovarios com CdCl, (10, 20 ou 40 uM) in vitro,
houve diminuicdo dos niveis de progesterona dose-dependente. Posteriormente foi
demonstrado que o cadmio pode inibir a liberagdo de progesterona e estrogénio nos
ovarios, um importante mecanismo de desregulagdo enddcrina, que pode ter
influenciado na diminuicdo do crescimento folicular e aumento de foliculos atrésicos
encontrados ( ZHANG, et al., 2008).

O estradiol é 0 mais potente esterdide do sexo feminino e um dos responsaveis
pela acdo estrogénica em mulheres (VIHKO et al., 2001). A familia das 17p-
hidroxiesteréide desidrogenases afeta a disponibilidade de estrégenos e andrdgenos
biologicamente ativos. Paksy et al. (1992) relataram que o cadmio entra nas celulas da
granulosa e provoca uma diminui¢do dose-dependente na producdo de estradiol, o que
poderia ser mediada por um efeito de interferéncia do metal.

Os mecanismos de toxidade do cadmio ainda ndo estéo totalmente elucidados.
Tém-se demonstrado que o cddmio tem uma elevada afinidade por sitios de ligacdo de
zinco e de célcio e pode deslocar esses metais de complexos preexistentes (PREDKI e
SARKAR, 1994,. ARAMINI et al., 1995). Ognjanovi’c e colaboradores (2010)
demonstrou que cadmio reduziu a atividade de enzimas antioxidantes (SOD, CAT, GPx,
GR e GST) de testiculo apds exposicdo aguda ao metal. Recentemente, nosso grupo
demonstrou que a exposi¢do a uma Unica dose de cadmio (2,5 mg/kg) inibe a atividade
da enzima &-aminolevulinato desidratase (3-ALA-D) de ovario de camundongas
(SOARES et al., 2013; VARGAS et al., 2013). Esta enzima é considerada um marcador
de intoxicacdo por metais bem como a reducdo de sua atividade estd relacionada a
situacOes pro-oxidantes (ROCHA et al., 2012). Além disto, o dano intracelular causado
pela exposicdo ao cddmio inclui a diminuicdo dos niveis de glutationa (GSH), ligacdo a
grupos sulfidrila, desnaturacdo de proteinas (LIU et al., 2009), peroxidacdo lipidica e
ruptura dos filamentos de DNA ( HENGSTLER et al., 2003; LOPEZ et al., 2006).

Sendo assim, o dano provocado pelo cddmio ao sistema reprodutivo tem sido
associado ao estresse oxidativo por muitos autores, tanto por formacao de radicais livres
quanto pela inibicdo de defesas celulares enzimaticas e ndo-enzimaticas (SANTOS, et
al., 2004; ACHARYA, et al., 2008; OGNJANOVIC, et al., 2010).
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2.2 Estresse oxidativo

Espécies que contenham um ou mais elétrons desemparelhados em sua camada
de valéncia sdo chamadas de radicais livres e sdo altamente reativas (HALLIWELL, et
al., 1990). Nos organismos aerobios isso geralmente ocorre com a reducdo de uma
molécula de oxigénio (O) a anion superdxido (O,e-). Visto que esta é uma reacdo de
Oxido-reducdo, € importante ressaltar que a formacdo do anion superéxido e outros
radicais livres em seres vivos podem ser formados por processos de oxidacdo
proveniente do metabolismo aerdbico, sendo portanto produzidos naturalmente ou por
uma disfuncéo biolégica (HALLIWELL, 1991; BARREIROS et al., 2006).

Entretanto, o termo radical livre ndo é ideal para designar todos os agentes
reativos, pois alguns destes ndo possuem elétrons desemparelhados, como € o caso do
peréxido de hidrogénio (H20,). Apesar do peroxido de hidrogénio ndo ser um radical
livre, ele pode ser bastante danoso as células, principalmente devido a reacdo entre ele e
o anion superoxido, mediado por ions de ferro ou cobre, formando o radical OHe que ¢
altamente reativo (HALLIWELL, 1991).

Como a maioria desses agentes sdo derivados do metabolismo do oxigénio, eles
sdo usualmente chamados de espécies reativas de oxigénio (EROs) (FERREIRA e
MATSUBARA, 1997), mas hd também espécies reativas de nitrogénio e cloro
(HALLIWELL e WHITEMAN, 2004). As EROs mais estudadas sdo o radical anion
superéxido (Oze-), radical hidroxila (OH¢) e o peroxido de hidrogénio (H,0,), mas ha
também aquelas provenientes de moléculas organicas como os radicais peroxila (RO2¢)
e alcoxila (RO¢), e perdxidos organicos (ROOH) (SIES, 1991).

As EROs possuem um papel importante em seres vivos. Um exemplo de suas
funcbes no organismo € a participacdo destas na resposta imune a infeccdes. Os
fagocitos em geral possuem um mecanismo de defesa contra corpos estranhos onde
ocorre um alto consumo de oxigénio. Nesse processo, 0 oxigénio consumido é
convertido em anion superdxido através do complexo da NADPH oxidase, que é usado
para eliminar bactérias e particulas englobadas pelos fagdcitos, no processo chamado de
fagocitose (HALLIWELL, 1991; HALLIWELL e GUTTERIDGE, 1999). Ha
evidéncias de que as EROs também desempenham um papel importante na sinalizacao
celular (RAY, et al., 2012).

Todavia, os radicais podem reagir com néo-radicais de diversas maneiras. Ele

pode doar o seu elétron desemparelhado para uma molécula ndo-radical reduzindo-a,
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pode extrair um elétron de outra molécula, por sua vez oxidando-a, ou pode unir-se a
um ndo-radical. Qualquer que seja a reacdo que ocorra, dentro dessas trés
possibilidades, a espécie que até entdo era ndo-radical acaba por tornar-se um radical
(HALLIWELL, 1991).

A producédo continua de radicais livres durante os processos metabdlicos levou
ao desenvolvimento de muitos mecanismos de defesa antioxidante para limitar os niveis
intracelulares e impedir a indugédo de danos (SIES, 1993). Os antioxidantes sdo agentes
responsaveis pela inibicdo e reducdo das lesGes causadas pelos radicais livres nas
células. Esses agentes que protegem as células contra os efeitos dos radicais livres
podem ser classificados em antioxidantes enziméaticos ou ndo-enzimaticos (BIANCHI et
al., 1999).

Os antioxidantes produzidos pelo organismo agem enzimaticamente, a exemplo
da GPx, CAT e SOD ou, ndo enzimaticamente a exemplo de glutationa reduzida,
peptideos de histidina, proteinas ligadas ao ferro (transferrina e ferritina) e &cido
diidrolipdico. Além dos antioxidantes produzidos pelo corpo, o organismo utiliza
aqueles provenientes da dieta como o a-tocoferol (vitamina-E), p-caroteno (pro-
vitamina-A), acido ascorbico (vitamina-C), minerais antioxidantes (selénio e zinco) e
compostos fenolicos onde se destacam os flavonoides e poliflavondides (BIANCHI et
al., 1999; BARREIROS et al., 2006; PUTAROV, 2010).

Quando ocorre um desequilibrio entre a formacdo de EROs e as defesas
antioxidantes celulares, acontece o que chamamos de estresse oxidativo. As EROs estdo
relacionadas com a patogénese de diversas condi¢gbes que afetam praticamente todos 0s
sistemas do corpo humano, entre elas esta aterosclerose, cancer, diabetes, dano hepatico,
artrite reumatoide, catarata, doenca inflamatoria intestinal, desordens do sistema
nervoso, doenca de Parkinson, doencas neuromotoras, e condi¢cGes associadas com o
nascimento prematuro (AGARWAL, et al., 2004). Além disso, o estresse oxidativo tem
sido bastante associado com a infertilidade (MAKKER, et al., 2009; BANSAL, et al.,
2011).

As evidéncias abundantes sugerindo o envolvimento do estresse oxidativo na
patogénese de varias doencas tem atraido a atencdo dos cientistas e publico em geral
para o papel dos antioxidantes na manutencdo da saude e prevencdo e tratamento de
doencas (NIKI et al., 2010). Nutracéuticos sdo alimentos ou partes de alimentos que
possuem propriedades benéficas a saude, na prevengdo ou cura de doencas (MORAES e

COLLA, 2006). Estes alimentos ou compostos isolados de alimentos tem sido foco de
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pesquisas a fim de utiliza-los como terapia ou na prevencdo de patologias, através da
dieta. Desta forma, a utilizacdo de nutracéuticos poderia ser uma terapia alternativa

frente a diversos disturbios.

2.3 Mirtilo

O mirtilo é uma planta frutifera que pertence a familia Ericaceae, e € classificado
dentro da subfamilia Vaccinioideae, na qual se encontra o género Vaccinium
(TREHANE, 2004). Os frutos com diametro entre 8 e 22 mm, de sabor agridoce
(CHILDERS e LYRENE, 2006), apresentam propriedades nutracéuticas e alto potencial
antioxidante (KALT et al., 2007). No mundo, existem trés grupos principais de mirtilo
cultivados comercialmente: os de arbustos baixos (lowbush), os de arbustos altos
(highbush) e os do tipo olho-de-coelho (rabbiteye) (CHILDERS e LYRENE, 2006;
STRIK, 2007). O cultivo comercial do mirtilo estd em franca expansdo em paises da
América do Sul como Chile, Argentina, Uruguai e Brasil (STRIK, 2005; BANADOS,
2006).

No Brasil, os principais cultivares pertencem ao grupo rabitteye (V. ashei Reade)
(ANTUNES e RASEIRA, 2006), com plantas que podem atingir até 10 metros de altura
e originarias mais especificamente do norte da Florida e sul de Alabama e Gedrgia. Esta
espécie é considerada pelos produtores como a que oferece as maiores possibilidades
para a adaptacdo, pois € tolerante a uma variacdo maior de pH do solo e a altas
temperaturas, além disso apresenta certa resisténcia a seca e baixa necessidade em frio
(ECK et al., 1990). Apresentam como caracteristicas: elevado vigor, plantas longevas,
alta produtividade, tolerdncia ao calor e a seca, baixa exigéncia na estacdo fria, floracdo
precoce, longo periodo entre floracdo e maturacdo (EHLENFELDT et al., 2007) e frutos
firmes, com longa vida pos-colheita se conservados adequadamente (ANTUNES,
2008).

Os trabalhos com mirtilo no Brasil iniciaram em 1983, na Embrapa Clima
Temperado (Pelotas-RS), com a introducéo da colecdo de cultivares de baixa exigéncia
em frio do grupo rabbiteye, oriundas da Universidade da Flérida (Estados Unidos). O
plantio comercial iniciou em 1990, na cidade de Vacaria (RS). Estima-se a producéao de
mirtilo em cerca de 60 toneladas, concentradas nas cidades de Vacaria e Caxias do Sul

(RS), Barbacena (MG) e Campos do Jorddo (SP), totalizando uma area de
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aproximadamente 35 hectares. A regido de Vacaria foi pioneira no cultivo dessa espécie
e é a grande referéncia em termos de producdo (RASEIRA e ANTUNES, 2004).

Os frutos do mirtilo apresentam significativo valor de mercado, devido ao sabor
exatico, seu valor econémico e suas propriedades medicinais (RASEIRA e ANTUNES,
2004). Muitos trabalhos tém sugerido que as frutas de mirtilo possuem atividades
bioldgicas, incluindo a prevencdo de infeccdes do trato urinario (JEPSON e CRAIG,
2007), atividade antiinflamatoria e antitumoral (NETO, 2007; Y, et al., 2005; PRIOR,
et al., 2003). Além disto, este nutracéutico tém demonstrado propriedades antioxidantes
in vitro (CASTREJON, et al. 2008) e in vivo (DULEBOHN et al., 2008; MOLAN,
2008). Grande parte da natureza protetora do mirtilo pode ser atribuida aos elevados
niveis de compostos fendlicos encontrados na fruta (BORNSEK et al., 2012;
KAHKAONEN et al., 2003). Polifendis, como os flavonoides, podem reduzir o estresse
oxidativo por neutralizar diretamente radicais livres e quelar metais de transicédo
(PRIOR, 2003; DUTHIE, 2007). Os frutos de mirtilo s&o ricos em flavondides,
principalmente em antocianinas e proantocianidinas, substancias as quais tém se
atribuido os efeitos benéficos desta planta. (GU et al., 2002; PRIOR, et al., 2001).

As antocianinas sdo pigmentos que conferem as cores vermelho e azul
observados em muitos frutos e flores (MARKIDES, 1982). Existe um interesse
crescente na utilizacdo de alimentos funcionais e nutracéutico ricos em antocianinas
devido aos seus potenciais benéficos a saude (ZHANG, et al., 2004), que incluem a
reducdo do risco de doenca cardiaca corondria (RENAUD e LORGERIL, 1992),
melhora da visdo (MATSUMOTO, et al., 2003), e efeitos anti-cancerigenos (BOMSER,
et al.,, 1996; KAMEI et al, 1995), anti-mutagénicos (TATE, et al., 2003), anti-
inflamatdrios (HU, et al., 2003; WANG e MAZZA, 2002) e hipoglicemiantes (GRACE,
2009).

Desta forma, a associacdo de dietas ricas em frutas e vegetais e a reducdo do
risco de doencas cronicas estd bem estabelecida. Os antioxidantes dietéticos
encontrados em frutas e vegetais, como os polifendis, podem contribuir para os seus

efeitos benéficos de salde, bem como atuar na prevencdo e terapia de doencas.
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3 OBJETIVOS

3.1. Objetivo geral

Esse trabalho teve como objetivo geral avaliar o tecido ovariano apds a
exposigao sub-cronica ao cadmio bem como verificar o efeito do extrato hidroalcodlico

de mirtilo (Vaccinium ashei Reade) frente a toxicidade deste metal em camundongas.

3.2. Objetivos especificos

R

% Avaliar o potencial antioxidante do extrato hidroalcoolico de mirtilo in vitro,
atraves da determinacdo da atividade scavenger do radical DPPH e de
especies reativas.

% Verificar o efeito da exposicdo sub-crénica (3 semanas) ao cadmio em
ovarios de camundongas, bem como o papel protetor do extrato de mirtilo,
avaliando os seguintes parametros:

A atividade das enzimas 6-ALA-D, GPx, GST e 17 B-HSD

Os niveis de Espécies Reativas nos ovarios apds a exposicdo ao
cadmio

O acumulo de cadmio no tecido ovariano.

A viabilidade folicular dos ovarios.

%+ Determinar os niveis de compostos fendlicos totais presentes no extrato
hidroalcodlico de Vaccinium ashei Reade a fim de verificar a relacdo destes

com os possiveis efeitos benéficos da terapia utilizada.
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4 MANUSCRITO DO ARTIGO CIENTIFICO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma
de artigo cientifico. As secdes Materiais e Métodos, Resultados, Discussdo dos
Resultados e Referéncias Bibliograficas encontram-se no préprio manuscrito. O
manuscrito esta apresentado da mesma forma que foi submetido ao periédico Food and

Chemical Toxicology.
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Abstract

Cadmium is one of the most toxic pollutants that disrupt both male and female
reproductive system. This study was carried out to verify the effect of sub-chronic
cadmium exposure (2.5 mg/kg during 3 weeks) on ovarian tissue in mice. Furthermore,
we tested blueberry therapy as a protector against cadmium toxicity. We verified that
cadmium exposure damaged the female reproductive system, evidenced by a significant
enhance in reactive species (RS) levels, reduction in d-aminolevulic acid dehydratase
(6-ALA-D) and 17 B-hydroxysteroid dehydrogenase (17p-HSD) activities as well as by
the reduction on follicles viability in ovarian tissue. No alteration was observed on
ovary glutathione peroxidase (GPx) and glutathione-S-transferase (GST) activities.
Blueberry was effective in restoring RS levels, 5-ALA-D activity and it partially
improves the follicles viability altered by sub-chronic cadmium exposure. However, this
therapy was not able to restore 17B-HSD activity. In addition, blueberry extract
demonstrated antioxidant potential in vitro as verified by DPPH radical and RS
scavenging activities as well as by the high total polyphenols content. Thus, we verified
that cadmium accumulates in mice ovary after sub-chronic exposure causing damage on
this tissue and blueberry presents antioxidant properties that could protect, at least in

part, ovarian tissue from cadmium toxic effect.

Key-words: Cadmium; ovary; follicles viability; blueberry; 6-ALA-D; 173-HSD
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1. Introduction

Cadmium is one of the most toxic pollutants which is widely distributed in the
environment. Non-occupational human exposure to cadmium predominantly results
from smoking, air pollution and consumption of cadmium contaminated foods and
water (Jarup and Akesson, 2009). This metal presents a low rate of excretion from the
body and a long biological half-life. For this reason, cadmium accumulates over time in
blood, kidney, and liver (ATSDR, 2008) as well as in the reproductive organs, including
the placenta, testis, and ovaries (Piasek et al., 2001).

Studies demonstrates that women have higher cadmium body burden than men,
presenting higher concentrations of cadmium in blood, urine and kidney cortex (Vahter
et al., 2007). The main reason for the higher body burden in women may be related to
increased intestinal absorption of dietary cadmium at low iron stores (Kippler et al.,
2007). Varga and collaborators (1993) demonstrated that cadmium accumulates in the
human ovary between 30 and 65 years old. This metal has been shown to alter ovarian
cell morphology and act as an ovarian endocrine disruptor (Zhang et al., 2008).

A variety of experiments have suggested that cadmium causes oxidative damage
to cells. This metal has been demonstrated to stimulate free radical production, resulting
in oxidative deterioration of lipids, proteins and DNA, and initiating various
pathological conditions in humans and animals (Nordberg, 2009). Estradiol is the most
potent female sex steroid and the one responsible for estrogen action in women (Vihko
et al., 2001). The family of 17p-hydroxysteroid dehydrogenases (17B-HSDs) affects the
availability of biologically active estrogens and androgens. Paksy et al. (1992) reported
that cadmium enters the granulosa cells and causes a dose dependent decrease in
estradiol production, which could be an effect mediated by interference of metal with
the aromatase system.

Even though chelating agents have been tested to reduce the cadmium toxicity
(Sompamit et al., 2010), some of them are burdened with undesirable side effects. For
this reason, natural substances that present pharmacological benefits have been studied
as a new approach to treat cadmium intoxication (Wang et al., 2012).

Emergent evidences suggest that eating more fruits and vegetables with
antioxidant properties could help in preventing of several diseases. Blueberries
(Vaccinium spp.) are one of the richest sources of antioxidant phytochemicals among
fruits and vegetables. The blueberries fruit anthocyanins and proanthocyanidins are

believed to be responsible for the beneficial biological activities (Bornsek et al., 2002),
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such as prevention of urinary tract infections (Jepson & Craig, 2007), anticancer
(Seeram, 2008) and antioxidant activities (Castrejon et al., 2008). In fact, blueberry fruit
extracts shows antioxidant activity in vitro and in vivo (Molan et al., 2008; Wang et al.,
2012). It is well known that wide differences in antioxidant activities exist among
cultivars and between species. Brazil has recently become a blueberry producer with a
small production concentrated in the south and southeastern regions of the country
(Rodrigues et al., 2011).

In this way, this study was carried out to verify the effect of sub-chronic
cadmium exposure on ovarian tissue in mice. In addition, we evaluated the protective
role of the fruits hydro-alcoholic extract of rabbiteye blueberry (Vaccinium ashei Reade,
bluegem cultivar) against cadmium toxicity. Antioxidant potential of this extract in vitro

as well as the polyphenols content was also verified.

2. Materials and methods
2.1. Chemicals

Cadmium chloride, 2,2-diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid,
glutathione reductase from baker’s yeast, 2°,7’-dihydrodichlorofluorescein diacetate
(DCHF-DA), B-nicotinamide adenine dinucleotide phosphate reduced tetrasodium salt
(NADPH), 5,5’-dithio-bis(2-nitrobenzoic acid) (DTNB), reduced glutathione (GSH)
and oxidized glutathione (GSSG), 17p-Estradiol, B-Nicotinamide adenine dinucleotide
hydrate (NAD") were purchased from Sigma (St. Louis, MO, USA). 1-Chloro-2,4-
dinitrobenzene (CDNB) was purchased from Aldrich Chemical Co (USA). All the other
reagents used in this study were of analytical grade and obtained from standard

commercial suppliers.

2.2. Preparation of extract

In order to match a domestic preparation an extraction type beverage was used.
Crude hydro-alcoholic extract from one rabbiteye blueberry (Vaccinium asheii)
cultivars (‘Bluegem’) was prepared by weighing fresh fruits (250 mg), macerated using
a porcelain grail and pistil, in the dark, to preserve the antioxidant properties of its
constituents and then mixed with 100 ml of hydro-alcoholic solution (4:1, distilled
water:alcohol). The crushed berries in solution were put in centrifuge tubes. Tubes were
centrifuged (3000xg, 15 min) and the supernatant fluid was collected and used either

within 1 h of collection or stored at -20 °C for further work. The fruits were generously
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provided by Maria do Carmo Bassols Raseira (Centro de Pesquisa Agropecuéria de
Clima Temperado, EMBRAPA, Pelotas, RS, Brazil).

2.3. Evaluation of antioxidant potential from blueberry extract in vitro

In order to determine the antioxidant potential of this obtained blueberry extract
we evaluated the scavenging activity of 2,2’-diphenyl-1-picrylhydrazyl (DPPH) radical,
the ability to prevent reactive species (RS) production induced by sodium azide as well
as we quantified the total polyphenols content. These experiments are important to
justify the use of this extract in the prevention of ovary damage cadmium-induced.

2.3.1. DPPH radical scavenging activity

The DPPH stable radical was performed in accordance with Choi et al. (2002).
Briefly, 85 uM DPPH was added to a medium containing blueberry extract at different
concentrations (2.5-25 pg/mL). The medium was incubated for 30 min at room
temperature. The decrease in absorbance was measured at 518 nm, which depicted the
scavenging activity of blueberry extract against DPPH. Ascorbic acid (2.5-25 pg/mL)
was used as a positive control to determine the maximal decrease in DPPH absorbance.
The values were expressed in percentage of inhibition of DPPH absorbance in relation

to the control values without blueberry extract.

2.3.2. RS measurement

RS production in mice liver was induced by sodium azide, which causes
mitochondrial dysfunction by inhibiting cytochrome oxidase activity (Chen et al.,
2003). To estimate the level of liver homogenate RS production an aliquot of S1 (10 pul)
was incubated with 10 pl of dichlorofluorescein (DCF; 1mM) in the presence or the
absence of a pro-oxidant (10mM sodium azide), and blueberry extract (2.5-25 pg/mL).
The reactive species levels were determined by a spectrofluorimetric method, using
2’,7’-dichlorofluorescein diacetate (DCHF-DA) assay. The oxidation of DCHF-DA to
fluorescent dichlorofluorescein is measured for the detection of intracellular RS. The
DCF fluorescence intensity emission was recorded at 520 nm (with 480 nm excitation)
30 min after the addition of DCHF-DA to the medium.
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2.3.3 Determination of total polyphenols content

Total polyphenols content (TP) of the blueberry extract was measured by
spectrophotometry using the Folin-Ciocalteu method, with modifications (Singleton et
al., 1999). Briefly, 1 mL of 1 N Folin-Ciocalteu reagent was added to a 1 mL of sample,
and this mixture was allowed to stand for 2-5 min before the addition of 2 mL of 20%
Na,COs. The solution was then allowed to stand for 10 minutes before reading at 750
nm Lambda 35 UV/Vis Spectrophotometer Perkin Elmer (Norwalk, CT, USA) using 1
cm quartz cells. The total polyphenol content was expressed as milligram of gallic acid
equivalent per milliliter (ng GAE mL™).

2.4. Protective role of blueberry extract on mice ovary sub-chronically exposed to
cadmium
2.4.1. Animals

Female adult Swiss albino mice (30-35 g) were used for this experiment. The
animals were kept in appropriate animal cabinet with forced air ventilation, in a 12
hours light/dark cycle, at a controlled room temperature of 22 °C, with food (Puro Trato,
RS, Brazil) and water ad libitum. The animals were used according to the guidelines of
the Committee on Care and Use of Experimental Animal Resources (Federal University
of Santa Maria, Santa Maria, Brazil) and all efforts were made to reduce the number of
animals used and their suffering. This study was approved by the Ethics Committee on
the Use of Animals of Federal University of Pampa (Protocol n° 045/2012).

2.4.2. Exposure

A group of six mice was usually tested in each experiment. The mice were
injected subcutaneously (s.c.) with CdCl, (2.5 mg/kg) (dissolved in saline at 0.25
mg/mL) and 30 min later they received orally (via gavage) 2.5 mg/kg blueberry extract
five times weekly for a test period of 3 weeks. Animals were euthanized 24 h after the
last cadmium treatment and then the ovaries were rapidly dissected, placed on ice and
weighed. Tissues were immediately homogenized in cold 50mM Tris-HCI, pH 7.5
(1/10, wiv). The homogenate was centrifuged for 10min at 3000xg to yield a pellet, that
was discarded, and a low-speed supernatant (S1) obtained was used to determine
glutathione peroxidase (GPx), glutathione S-transferase (GST), &-aminolevulic acid
dehydratase (8-ALA-D), 17B-hydroxysteroid dehydrogenase (17p3-HSD) activities as

well as the reactive species levels. Whole ovaries were weighted and digested with
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nitric acid to determine cadmium content or ovary was fixed in Carnoy to evaluate the
follicles viability.

The protocol of mice treatment is given below:

Group 1 - Saline (s.c.) + Hydro-alcoholic solution (4:1, distilled water:alcohol, gavage)
Group 2 - Saline (s.c.) + Blueberry extract (2.5 mg/kg, gavage)

Group 3 - CdCl; (25 mg/kg, s.c.) + Hydro-alcoholic solution (4:1, distilled
water:alcohol, gavage)

Group 4 — CdCl, (2.5 mg/kg, s.c.) + Blueberry extract (2.5 mg/kg, gavage)

2.4.3. Reactive species (RS) levels

The reactive species (RS) levels were determined in ovary of mice by a
spectrofluorimetric  method  (Loetchutinat et al., 2005), using 2°,7°-
dihydrodichlorofluorescein diacetate (DCHF-DA) assay. S1 was incubated with 10 pL
of DCHF-DA (1mM). The oxidation of DCHF-DA to fluorescent dichlorofluorescein
was measured for the detection of intracellular RS. The DCF fluorescence intensity
emission was recorded at 520nm (with 480 nm excitation) 30 min after the addition of
DCHF-DA to the medium.

2.4.4. 5-Aminolevulic acid dehydratase (6-ALA-D) activity

3-ALA-D activity was assessed by measuring the formation of porphobilinogen
(PBG), according to Sassa (1982) method, except that 45 mM sodium phosphate buffer
and 2.4 mM ALA were used. Samples were homogenized in 0.9% NaCl in the
proportion (w/v) 1/5 and centrifuged at 2400 x g for 15 min. An aliquot of 50 pL of
homogenized tissue was incubated for 3 h at 37 <C. PBG formation was detected with

the addition of modified Erlich’s reagent at 555 nm.

2.4.5. Glutathione peroxidase (GPx) activity

GPx activity in S1 was assayed spectrophotometrically by the method of Wendel
(1981), through the GSH/NADPHY/glutathione reductase system, by the dismutation of
H,0, at 340 nm. S1 was added in GSH/NADPH)/glutathione reductase system and the
enzymatic reaction was initiated by adding H,O. In this assay, the enzyme activity is
indirectly measured by means of NADPH decay. H,O, is decomposed generating GSSG
from GSH. GSSG is regenerated back to GSH by glutathione reductase presents in the
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assay media at the expenses of NADPH. The enzymatic activity was expressed as nmol
NADPH/min/mg protein.

2.4.6. Glutathione S-transferase (GST) activity

GST activity was assayed spectrophotometrically at 340 nm according to a
previously described method (Habig, et al., 1974). The reaction mixture contained an
aliquot of the homogenized tissue (S1), 0.1 M potassium phosphate buffer pH 7.4, 100
mM GSH and 100 mM CDNB, which was used as substrate. The enzymatic activity
was expressed as nmol CDNB conjugated/min/mg protein.

2.4.7. Viability of follicles

Ovarian fragments were dehydrated in alcohol, cleared with xylene, embedded
in paraffin and serially sectioned (5 um). Every section was mounted onto a glass slide
and stained with periodic acid-Schiff (PAS)/hematoxylin. All sections were analyzed
with an optical microscope (400 and 1000X; Binocular, Olympus CX31, Tokyo, Japan)
by a single, experienced examiner. Follicles were classified according to their
developmental stage as a) primordial follicles (one layer of flattened granulosa cells
around the oocyte); b) developing follicles composed of primary follicles (a single layer
of cuboidal granulosa cells around the oocyte) and secondary follicles (oocyte
surrounded by more than one complete layer of cuboidal granulosa cells); and c¢) antral
follicles (oocyte surrounded by zona pellucida, with several layers of granulosa cells
and an antrum). Follicular quality was evaluated according Kim and Lee (2000), to
basement membrane integrity, cell density, the presence or absence of pycnotic bodies,
and oocyte integrity, including the general aspect of the cytoplasm, presence of
granules, and color. To compare the follicle status in ovary, the ratio (%) of normal

follicles was calculated by the equation of [(normal follicles/total follicles) X 100].

2.4.8. Determination of 17 B-hydroxysteroid dehydrogenase (17  -HSD) activity

To assay ovarian 17B-HSD activity tissues were homogenized in a solution
containing 20% glycerol, 5 mM potassium phosphate and 1 mM EDTA (1/10, w/v) and
centrifuged at 10,000 x g for 30 min in an ultracentrifuge at 4°C (Jarabak et al., 1962).
The supernatant fluid (200 pL) was mixed with 950 pl of 440 pM sodium
pyrophosphate buffer (pH 8.9), 250 ul of bovine serum albumin (25 mg crystalline
BSA) and 20 pL of 0.3 mM 17p-Estradiol. 173-HSD activities were measured after the
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addition of 1 ml of 10 mM NAD" to the cuvette in a UV spectrophotometer (UV-1800
Shimadzu, Japan) at 340 nm against a blank without NAD". The enzymatic activity was

expressed as nmol NADH/min/mg protein.

2.4.9. Determination of cadmium content

Total cadmium content in the ovaries was determined in an analytical chemistry
laboratory of the Universidade Federal de Santa Maria. The samples were digested in
0.5 ml concentrated nitric acid. Total Cd in the samples was determined using Analytik
Jena ZEEnit 600 atomic absorption spectrometer (Jena, Germany) equipped with a
transversal heated graphite furnace, a Zeeman-Effect background corrector, and an
autosampler; using 1 g/l of Cd from Specsol (National Institute of Standards and
Technology, USA standards).

2.4.10. Protein determination
Protein was measured by the Coomassie blue method as described (Bradford,

1976) using bovine serum albumin as standard.

2.5. Statistical Analysis
All the data were expressed as mean *+ SD. Statistical analysis was performed
using a two-way ANOVA followed by the Duncan’s test. Values of p < 0.05 were

considered statistically significant.

3. Results

3.1 Evaluation of antioxidant potential from blueberry extract in vitro

3.1.1. DPPH radical scavenging activity

We verified that the extract (10 and 25 pg/mL) demonstrated a significant DPPH
scavenging activity (23.86 and 44.62 % of inhibition, respectively) (Table 1).

3.1.2. Reactive Species (RS) in vitro

Blueberry extract demonstrated a significant reduction in the RS levels increased by

sodic azide in all evaluated concentrations.
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3.1.3. The total polyphenols content
We detected that the polyphenols content in the blueberry extract was 558.27 ug
GAE/mL.

3.2. Protective role of blueberry extract on mice ovary sub-chronically exposed to
cadmium
3.2.1. RS levels

The cadmium exposure caused a significant enhance on RS content (around 2-
folds) in relation to the control group (Figure 1). Blueberry therapy was effective in
restoring this parameter to the control levels.

3.2.2. 5-ALA-D activity

Cadmium exposure induced a significant reduction on ovarian 3-ALA-D activity
(around 30 %) and blueberry therapy was effective in restoring enzyme activity to the
control levels (Figure 2).

3.2.3. GPx and GST activities
No alteration was observed on ovarian GPx and GST activities in the evaluated

groups (Figures 3 and 4, respectively).

3.2.4. Viability of follicles
Sub-chronic cadmium exposure caused a significant decrease in the number of
normal follicles (around 69 %). The blueberry therapy was able to partially ameliorate

this parameter (Figures 5 and 6).

3.2.5. Determination of 17p3-HSD activity

Sub-chronic cadmium exposure significantly reduced ovarian 17p-HSD activity
(around 39% of inhibition). Blueberry therapy was not efficient to restore this parameter
(Figure 7).

3.2.6. Cadmium content

Animals that have received sub-chronically cadmium (2.5 mg/kg) demonstrated

an accumulation of this metal in ovarian tissue (around 12-folds) compared with the
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control group (Figure 8). Blueberry extract was not able to reduce the cadmium

concentration in ovaries.

4. Discussion

Ovaries are the female gonads composed of oocyte-containing follicles at
several stages of development. Females are born with a finite number of the most
immature follicular stage, termed primordial follicles, which, once destroyed, cannot be
regenerated (Hirshfield, 1991). Environmental factors can cause follicular damage,
resulting in impaired fertility (Mattison and Schulman, 1980).

In this work, we verified that sub-chronic cadmium exposure damaged the
female reproductive system, evidenced by an increase in reactive species levels,
reduction in 5-ALA-D and 17-BHSD activities as well as by the reduction on follicles
viability in ovarian tissue. Additionally, we evidenced for the first time that blueberry
fruit extract is effective in ameliorating cadmium toxicity.

Previously, we verified that acute cadmium exposure reduced the ovarian o-
ALA-D activity (Soares et al., 2013; Vargas et al, 2013). Importantly, in this work we
verified that sub-chronic cadmium exposure also promoted a decrease on enzyme
activity. This finding indicates that 6-ALA-D activity is an important marker of
cadmium toxicity on ovarian tissue and it seems that sub-chronic exposure causes a
similar inhibitory effect on this enzyme compared to acute exposure. A recent review
article that has indicated 6-ALA-D enzyme as a marker protein of intoxication with
metals and other pro-oxidant situations mentioned that cadmium presents a dual effect
on this enzyme by activating or decreasing its activity. The results are not
homogeneous, probably reflecting the source of enzyme, dose and duration of exposure
(Rocha et al., 2012). In this study, blueberry extract was able to restore cadmium-
inhibited enzyme activity. We believe that this effect is related to antioxidant properties
of the extract, evidenced by the high levels of the total polyphenols. In addition, the
blueberry extract presented an expressive antioxidant potential in vitro, evidenced by
DPPH and reactive species assays. In fact, several components in blueberry fruit,
including anthocyanins (Cao et al., 1998), have been shown to have antioxidant activity.
Many reports have suggested that blueberry fruits have various biological activities,
including prevention of urinary tract infections (Jepson and Craig, 2007), antioxidative
(Castrejon et al., 2008) and anticancer activities (Seeram, 2008). It is probable that the

antioxidant properties of the extract protected the sulfhydryl groups oxidation caused by
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the metal, recovering 3-ALA-D activity. The blueberry extract was not effective in
reducing cadmium accumulation in ovarian tissue, reinforcing this hypothesis.

Regarding RS determination, DCHF-DA reacts quickly in the presence of
reactive species such as *OH, H,0O, and O™ (Loetchutinat et al., 2005). Reactive oxygen
species (ROS) have been recently recognized as a new class of signaling molecules of
interest in reproductive biology (Agarwal et al., 2005, 2006). In fact, studies have
disclosed that ROS play an important role in sperm maturation and capacitation (Drevet,
2006) as well as it has been reported to participate in oocyte maturation to fertilization,
embryo development and pregnancy (Iwata et al., 2003; Arenas-Rios et al., 2007). On
the other hand, the free radicals production, including those containing oxygen atoms,
and consequent oxidative damage is associated with tissue and cell damage (Block et
al., 2002; Drew et al., 2001). In the present study, we showed that sub-chronic cadmium
exposure caused an important increase on ovarian reactive species (RS) levels. We
suppose that this observation is correlated with a significant reduction on follicles
viability verified. Blueberry extract completely protected ovarian tissue against an
increase on RS levels after cadmium exposure whereas this therapy was partially
efficient to improve follicle viability.

To minimize the oxidative damage caused by ROS, cells possess a wide range of
enzymatic systems including glutathione peroxidase (GPx). GPx activity is believed to
play an important role in cellular antioxidant defense by reducing hydrogen peroxide
and various hydroperoxides using glutathione as a reducing agent to generate water
(Wendel, 1980). The glutathione S-transferase (GST) enzyme family catalyzes
conjugation of GSH to xenobiotics (Jakoby, 1978). Endocrine organs such as the testis,
adrenal and ovaries demonstrate remarkably high GST activities (Kraus and Klofft,
1980), which raises questions concerning possible physiological roles of these enzymes.
In this study, no alteration was verified on ovarian GPx and GST activities following
sub-chronic cadmium exposure. As far as we know, there are no studies demonstrating
cadmium effect on GPx and GST activities in ovarian tissue. In testis, we verified that
acute cadmium exposure did not change GPx activity whereas this metal reduced GST
activity in mice (Spiazzi et al., 2013). Sub-chronic cadmium exposure caused an
increase in GPx activity in rat testes and GST activity was not change (Wang et al.,
2012).

Epidemilogical research in humans shown that cadmium accumulates in the

ovaries and blood of women (Varga et al., 1993), leading to histopathology alterations
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in the ovary and uterus (Paksy et al., 1997; Massanyi et al., 2007). In addition, animals
exposed to cadmium presented alteration on ovary morphogenesis (Zhang et al., 2002;
Piasek and Laskey, 1999), and inhibited the normal growth and development of the
ovarian follicle (Zhang et al., 2002).

Cadmium has been shown to alter ovarian cell morphology and act as an ovarian
endocrine disruptor. Piasek et al. (2002) reported that in vivo cadmium exposure
interfered with ovarian estradiol production, and Zhang et al. (2008) found that
cadmium suppressed serum progesterone and estrogen in female rats. Because both
estrogens and androgens have the highest affinity towards their receptors in the 17f-
hydroxy form, the 17p-HSD enzymes regulate the biological activity of sex hormones.
In this study, we verified that sub-chronic cadmium exposure reduced ovarian 17p-HSD
activity. This could be contributing with the reduction of the follicles viability observed.
However, taking into account that blueberry therapy was able to partially improve the
follicles viability but not 178-HSD activity, we believe that the protective role of
blueberry is due its antioxidant potential but not hormonal effect. Nampoothiri and
Gupta (2006) also demonstrated that cadmium caused a significant decrease in 17p-
HSD activity. Persson et al. (1991) suppose that this decrease could be attributed to
indirect mechanisms such as reduced gonadotropin binding as well as direct interaction
of metal with the amino acids present on the active site of the enzyme or to —SH groups
of cysteine residue present at the NAD" binding domain.

Taking into account the importance of studies to define the toxicity mechanisms
of cadmium on ovarian tissue as well as to explore new therapeutic approaches to
manage its toxicity, in this study we verified that cadmium accumulates in mice ovary
after sub-chronic exposure causing damage on this tissue, evidenced by the increase on
RS levels, inhibition of 3-ALA-D and 17B-HSD activities as well as by the reduction of
the follicles viability. Moreover, we demonstrated that the natural compound (blueberry
fruit extract) presents antioxidant properties that could protect, at least in part, ovarian

tissue from cadmium toxic effect.
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Legends

Figure 1 — Reactive species (RS) levels in mice ovary sub-chronically exposed to CdCl;
and the effect of blueberry (BB). The RS levels were expressed as units of fluorescence
(UF), mean = SD, n = 6. Two-way ANOVA was used to determine significant
differences, followed by Duncan post-hoc test. Significant difference was considered

when p < 0.05, and each letter was attributed to different statistical groups.

Figure 2 — 6-Aminolevulinic acid dehydratase (6-ALA-D) activity in mice ovary sub-
chronically exposed to CdCl, and the effect of blueberry (BB). Activity is expressed as
nmol of porphobilinogen formed per gram of protein in one hour as mean + SD, n = 6.
Two-way ANOVA was used to determine significant differences, followed by Duncan
post-hoc test. Significant difference was considered when p < 0.05, and each letter was

attributed to different statistical groups.

Figure 3 — Glutathione Peroxidase (GPx) activity in mice ovary sub-chronically
exposed to CdCl, and the effect of blueberry (BB). Activity is expressed as nmol of
NADPH consumed per milligram of protein in one minute, mean + SD, n = 6. Two-way
ANOVA was used to determine significant differences, followed by Duncan post-hoc
test. Significant difference was considered when p < 0.05, and each letter was attributed

to different statistical groups.

Figure 4 — Glutathione S-Transferase activity (GST) in mice ovary sub-chronically
exposed to CdCl, and the effect of blueberry (BB). Activity is expressed as nmol of
conjugated CDNB per milligram of protein in one minute, mean £ SD, n = 6. Two-way
ANOVA was used to determine significant differences, followed by Duncan post-hoc
test. Significant difference was considered when p < 0.05, and each letter was attributed

to different statistical groups.

Figure 5 — Follicles viability from mice ovary sub-chronically exposed to CdCl, and the
effect of blueberry (BB). Results are expressed as % viable follicles, mean £ SD, n = 6.
Two-way ANOVA was used to determine significant differences, followed by Duncan
post-hoc test. Significant difference was considered when p < 0.05, and each letter was

attributed to different statistical groups.
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Figure 6 — Ovarian fragment (400x). (6a) (A) Viable antral follicle. (B) Degenerated
antral follicle. (C) Viable secundary follicle. NO, Normal oocyte; GC, Granulosa cells;
TC, Theca cells, DO, Degenerated oocyte; DGC, Degenerated granulosa cells; O,
Oocyte; A, Antrum. (6b) Viable primary follicles. NO, Normal oocyte. (6c)
Degenerated antral follicle. GC, Granulosa cells; TC, Theca cells, DO, Degenerated
oocyte; DGC, A, Antrum.

Figure 7 — 17B-hydroxysteroid dehydrogenase (17p-HSD) activity in mice ovary sub-
chronically exposed to CdCl, and the effect of blueberry (BB). Activity is expressed as
nmol of NADH formed per milligram of protein in one minute, mean = SD, n = 6. Two-
way ANOVA was used to determine significant differences, followed by Duncan post-
hoc test. Significant difference was considered when p < 0.05, and each letter was

attributed to different statistical groups.

Figure 8 — Cadmium content in mice ovary sub-chronically exposed to CdCl, and the
effect of blueberry (BB). Data are expressed as pg Cd/mg tissue, mean = SD, n = 6.
Two-way ANOVA was used to determine significant differences, followed by Duncan
post-hoc test. Significant difference was considered when p < 0.05, and each letter was

attributed to different statistical groups.
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Tables

Table 1. Blueberry extract effect on reactive species and DPPH scavenging activity in

vitro.

Groups Reactive Species DPPH
(UF) Scavenging
Activity (%)
Control 100.68 £2.06 ° -
Induced 466.88 £47.48° e
2.5 pg/mL 219.86 + 11.75 © 1.48+0.29°
5 pg/mL 1449 +5.12 ¢ 8.21+1.17 %"
10 pg/mL 89.30 + 7.37 %¢ 23.86+5.93"
25 pg/mL 53.34+3.15° 44.62 +2.25 ¢

All data are expressed as mean £ S.D. with n = 6. Different letters represent different

statistical groups when p < 0.05 using two-way ANOVA, followed by Duncan’s post-

hoc test.
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Figures
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Fig. 5
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5 CONCLUSOES

De acordo com os resultados apresentados nesta dissertacdo podemos inferir que:

O extrato hidroalcodlico de mirtilo apresenta atividade antioxidante in vitro,
evidenciada pela atividade scavenger de radical DPPH e espécies reativas, 0 que poderia
ser atribuido ao seu elevado teor de compostos fendlicos totais (558,27 pug GAE/mL)

Apos exposicdo sub-crénica ao CdCl,, pode-se observar que o cadmio se
acumula nos ovérios de camundongas causando dano tecidual evidenciado pelo
aumento de ER, bem como pela diminuicdo da atividade das enzimas 17p-HSD e o-
ALA-D, e ainda pela diminuig¢do da viabilidade folicular.

A terapia utilizada, o extrato hidroalcoolico de Mirtilo (Vaccinium ashei Reade)
ndo foi efetivo em proteger contra o acimulo do metal, nem restaurar a atividade da
enzima 17B-HSD. Entretanto, verificou-se que o tratamento com extrato de Mirtilo, foi
capaz de prevenir o aumento dos niveis de ER, prevenir a reducdo da atividade da ezima
d-ALA-D ovariana, bem como protegeu parcialmente da reducdo da viabilidade
folicular. As enzimas GPx e GST néo apresentaram nenhuma alteragdo com a exposicao
ao metal, bem como ndo foi verificado efeito per se da terapia. Um esquema
representativo dos resultados esta disponivel no APENDICE A.

Apesar do tratamento ndo ter sido efetivo em proteger contra o acimulo de
cadmio no ovério, os resultados sugerem que o extrato hidroalcodlico de mirtilo
apresenta propriedades antioxidantes que poderiam proteger o tecido ovariano dos
efeitos toxicos do cadmio, ndo atuando diretamente sobre a atividade hormonal regulada
pela enzima 17B-HSD. Entretanto, mais estudos precisam ser realizados para elucidar
quais 0s possiveis mecanismos de acdo do cadmio e do extrato, e sobre quais outros

parametros a nivel de sistema reprodutivo estes poderiam estar atuando.
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6 PERSPECTIVAS

Tendo em vista 0s resultados obtidos neste trabalho, as perspectivas para trabalhos
posteriores sao:

e Avaliagdo das principais antocianinas presentes no extrato hidroalcodlico de
mirtilo (Vaccinium ashei Reade)

e Tendo em vista a escassez de amostra obtida a partir do ovario de camundonga,
pretendemos realizar outro tratamento a fim avaliar parametros que ndo foram
possiveis neste tratamento. Determinacdo dos niveis de antioxidantes ndo
enzimaticos, como Glutationa reduzida (GSH) e Acido Ascérbico, e outros
enzimaticos, como Superoxido dismutase (SOD), Catalase (CAT) e Glutationa
Redutase (GR).

e Determinar os niveis de peroxidacgéo lipidica, oxidacdo de proteinas e o dano de
DNA atraves de ensaio cometa.

e Determinar os niveis de progesterona, hormonio luteinizante, hormdnio foliculo
estimulante, com o objetivo de investigar se 0 cadmio altera os niveis destes
hormdnios e se o mirtilo poderia interferir nestes parametros.

e Liofilizar o extrato hidroalcodlico de mirtilo, e avaliar o efeito deste sobre a
exposicdo subcrbnica ao cadmio, a fim de comparar com o efeito obtido com o
extrato ndo liofilizado.

e Posteriormente, testar a terapia com extrato de mirtilo em um modelo de
exposicdo cronica de camundongos machos ao cadmio, para posterior avaliacdo
de parametros antioxidantes (enzimaticos e ndo enzimaticos), avaliacdo
histoldgica dos testiculos, assim como avaliacdo espermatica levando em

consideracdo a concentracdo, motilidade, morfologia.
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APENDICE A — Esquema representativo dos resultados
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ANEXO A — Protocolo de aprovacao do projeto pelo CEUA-UNIPAMPA

LS THOES [14, JEFLCIA, CA)
PUNILAAZRO LIS MW FIES IT1A. TN FIIMLIEAL [W]} BT,
(el o DL D e 11 e i e 2OV}

Pri-Reitoria de Pesguiza
COMISSAD DE ETICA NO US0 DE ANIMAIS - CEUA
Fonss: (25 I3 4320, Hooait DEUEE UNGpAMpE e b

Diata: 24 de Abril de 2013
PROTOCOLO M- 0457204 2
Pesquisador: FRANCIELLI'WEBER SANTOS CIEIN

Campus: URLUDGUALANA

Telefone: (55) 99688269

Tiulo: EFEITO DO CADMIO SOBRE O SISTEMA REPRODUTIVO E PAPEL
PROTETOR DE COMPOSTOS ANTICKIDANTES

E-mail: francielliweber@yahoo com. br

Apda a andlise detabhada do projgio de pesguisa & relatoria do CEUA-Unipampa amite
parecer FAYVORAVEL para o cadastro do protocoke e execugéo do refendo projeto

] ag i =

Luiz E. Hemke s
Profizssor Adjmmio
Coordenador do CEUAUnipampa
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ANEXO B — Carta de submissao do artigo a revista Food and Chemical Toxicology

Enc: A manuscript number has been assigned: FCT-0-13-01238 e

Francsils Webar Zunfcu por ahoz cam
P mim e

-i.F. rglis - DORUQUAS +  Traguor maragem

Profa. Francill Vsbsr Santos Clbin
Unkersidade Federal do Pampa - UMIBAMBA

Campus de Unyguatang
Fome 35 34134321

-— Mursagem wcaminhada -—-

Desi: Foxdd e Chesmibeal Tosdoology Sioueisayier oo

Para; fanchllssosdsno.com v fanclellichinuninamas sdu v
Emvisdas: Sdioads, & de Julho de 2013 11243

Arsunis: A FETUSITID T s e smmignad FOT-0-1 301338

Ms. Bef No.: FOT-D-13-01338

Titler Elugbearry (Vacciniume achei Roade) amalicrates cvarian damags mdnzed by sob-chromiz caderinm arposmms i mxizg

Food and Chemsicl Tomcology

Dwzz Dir. Santes,

Vo mubewiziion, reforenced above, has bean aaxipnd the mams cript momher FCT-D-13-01338 2ed kag bosn acsigmed to a Edttor wie nill haedls pear reviam:
Please note that in most cases at least too reviews may be requed before 2 declsion cu 2 mammsoipt & mads.

To track the progress of your mamscript, please log in to bty ees slveriar com 5ot amd click on the * Subeizsions: Being Processed” folder

Vivar usqrmamg is: Famcisllinwbsrfrahoo. com br

Ifvou need to refmieve pasvacrd detacks, please 2o to: bty ees slseviar. com fot autoened] quary.asp.
Thank you for subaitting your samscript to Food and Chamical Toxicalogy.
Kind rogards,

Elseviar Editorial Eystem
Food and Chestical Tomcology
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