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________________________________________________________________ABSTRACT 

 

Endocrine disrupting chemicals (EDC), as di-n-butyl phthalate (DBP), can alter the scenary 

of steroid hormones or their action, impairing the testicular development and reproductive 

capacity in adulthood. Toxicological studies show that adult rats, when exposed to high 

doses of phthalates during sexual differentiation, exhibit several reproductive anomalies, 

such as agenesis of the epididymis and reduction in daily sperm production. Data show that 

exposures to 2mg/kg/day of DBP during gestation and lactation periods are enough to 

impair the development of the male germ cells. Furthermore, there are reports that EDC 

contribute to the increase of the adipogenesis by altering cell signaling of adipocytes and 

lipid metabolism. It is known that the male obesity can affect semen quality and increases 

infertility rates. Whereas that phthalates can accumulate in adipose tissue, we were 

interested in evaluating the effects of prolonged exposure to low doses of DBP and possible 

interferences of excess dietary fat for testicular function and spermatic parameters of adult 

gerbils. Adult female gerbils, fed high-fat (20% fat) or balanced diet (4% fat) for eight 

weeks, were mated with normal males. The male offspring was divided into control (C), di-

n-butyl phthalate (Ph), high-fat diet (HF) and high-fat diet plus di-n-butyl phthalate (HFPh) 

groups.  DBP (5 mg/kg/day) was administered in drinking water to pregnant and 

breastfeeding mothers and to offspring from weaning up to adulthood (14-week-old). Testis 

response was evaluated by means of microscopic and stereological analyses, sensitivity of 

its major cell populations to androgens and estrogens, steroidogenic capacity and spermatic 

efficiency. We also examined the effects on sperm reserves, sperm transit time through the 

epididymis and sperm motility. Alone, low doses of DBP resulted in obesity and 

dislipidemy at adulthood. No histological change was observed in testicular structure of 

these animals, but there was reduction in intratesticular estrogen synthtesis, resulting in a 

tendency to decrease in sperm production. The decrease in intratesticular estrogen after 

lifetime DBP exposure was accompanied by a ~70% increment in ERα content in the testis, 

that might be an adaptative response to low estrogen levels. Chronic intake of high-fat diet 

did not induce obesity in aldult gerbils, but led to a slight decrease in spermatic efficiency. 

This decrease was not associated with changes in testicular structure or steroidogenic 
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capacity, because serum or intratesticular testosterone and estrogen concentrations were not 

altered, but it can be linked to an unbalanced in androgen receptor signaling, since it was 

observed a decrease in AR content. The combined exposure to high-fat diet and to low 

doses of DBP acted synergical and negatively on intratesticular testosterone synthesis, 

impairing the spermatic efficiency and increasing the sperm transit time. The sperm 

motility was not changed in isolated or combined exposures. This study demonstrated that 

fat nutritional environment may adversely affect the response of testes to phthalates, and 

provide new informations for understanding the consequences of exposures to ECD in 

decreasing human sperm counts and fertility. 

 

Key words: Di-n-butyl phthalate, high-fat diet, testes, sperm parameters, Mongolian gerbil. 
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_________________________________________________________________RESUMO 

 
Desreguladores endócrinos (DE), como o di-n-butil ftalato (DBP), podem alterar o 

panorama dos hormônios esteroides ou sua ação, comprometendo o desenvolvimento 

testicular e a capacidade reprodutiva na vida adulta. Estudos toxicológicos mostram que 

ratos adultos, quando expostos a altas doses de ftalatos durante a fase de diferenciação 

sexual, exibem diversas anomalias reprodutivas, como agenesia do epidídimo e redução na 

produção diária de espermatozoides. Dados mostram que exposições a 2mg/kg/dia de DBP 

durante a gestação e a lactação são suficientes para prejudicar o desenvolvimento das 

células germinativas. Além disso, há relatos de que DE contrinuem para o aumento da 

adipogênese por causar alterações na sinalização celular de adipócitos.  É conhecido que a 

obesidade masculina pode afetar a qualidade do sêmen e aumenta as taxas de infertilidade. 

Considerando que os ftalatos podem se acumular no tecido adiposo, ficamos interessados 

em avaliar os efeitos da exposição prolongada a baixas doses de DBP a as possíveis 

interferências do excesso de lipídeos na dieta para a função testicular e os parâmetros 

espermáticos de gerbilos adultos. Gerbilos fêmeas adultas, alimentadas com dieta 

balanceada (4% de lipídeos) ou hiperlipídica (20% de lipídeos) por oito semanas, foram 

acasaladas com machos normais. A prole masculina foi dividida em grupos controle (C), 

di-n-butil ftalato (Ph), dieta hiperlipídica (HF) e hieta hiperlipídica mais di-n-butil ftalato 

(HFPh).  DBP (5 mg/kg/dia) foi administrado na água de beber às mães durante a gravidez 

e lactação e aos filhotes do desmame até a idade adulta (14 semanas). A resposta do 

testículo foi avaliada por meio de análises microscópicas e esterológicas, da sensibilidade 

de suas principais populações celulares a andrógenos e estrógenos, e da produção 

espermática. Também foram examinados os efeitos sobre a reserva espermática, o tempo de 

trânsito dos espermatozoides pelo epidídimo e a motilidade espermática. Isoladamente, 

baixas doses de DBP resultaram em obesidade e dislipidemia nos animais adultos. 

Nenhuma alteração foi observada na estrutura testicular, mas a síntese de estrógeno pelo 

testículo foi reduzida, resultando em tendência a diminuição na eficiência espermática. A 

redução no estrógeno intratesticular, após exposição ao DBP, foi acompanhada de um 

aumento de ~70% na expressão de ERα nos testículos, que pode ser uma resposta 
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adaptativa aos baixos níveis deste hormônio. A ingestão crônica de dieta hiperlipídica não 

induziu os gerbilos adultos à obesidade, mas causou uma leve queda na eficiência 

espermática. Esta redução não está relacionada a alterações na estrutura testicular ou na sua 

capacidade esteroidogênica, mas podem estar ligadas ao comprometimento da sinalização 

testicular, já que foi verificada uma redução no conteúdo de AR. A exposição combinada à 

dieta hiperlipídica e a baixas doses de DBP atuaram sinérgica e negativamente na síntese de 

testosterona intratesticular, prejudicando a eficiência espermática e aumentando o tempo de 

trânsito dos espermatozoides pelo epidídimo. A motilidade espermática não sofreu 

alteração frente as exposições isoladas ou combinadas. Este estudo demonstrou que o 

ambiente nutricional pode interferir na resposta dos testículos frente aos ftalatos e 

proporciona novas informações para o entendimento das consequências da exposição aos 

DE para a redução na reverva espermática e fertlidade humana. 

 

Palavras-chave: Di-n-butil ftalato, dieta hiperlipídica, testículo, parâmetros espermáticos, 
gerbilo da Mongólia. 
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“ Talvez não tenha conseguido fazer o melhor, mas lutei  

para que o melhor fosse feito. Não sou o que deveria ser, 

 mas Graças a Deus, não sou o que era antes” 
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______________________________________________________________INTRODUÇÃO 

 

Desreguladores endócrinos e di-n-butil ftalato (DBP) 

A reprodução masculina envolve processos complexos e depende do 

desenvolvimento normal dos órgãos do aparelho genital durante a gestação, bem como de 

sua adequada maturação pós-natal (Jensen et al., 2000). O desenvolvimento testicular 

requer a proliferação e a diferenciação de três populações celulares principais: as células de 

Leydig, as células de Sertoli e as células germinativas (Orth, 1982; Boulogne et al., 1999; 

Mendi-Handagama and Ariyaratne, 2001), sendo este processo altamente influenciado 

pelos esteroides sexuais. A testosterona, por exemplo, rege uma série de transformações na 

gônada em desenvolvimento, como a proliferação das células de Sertoli, durante os 

períodos fetal e neonatal (Sharpe et al., 2003). Este hormônio também interfere na 

proliferação das células germinativas fetais ou gonócitos (Merlet et al., 2007). Os 

estrógenos, por sua vez, influenciam o desenvolvimento dos gonócitos e das células de 

Leydig (Delbès et al., 2004, 2007; Vigueras-Villasenõr et al., 2006). É amplamente 

conhecido que a exposição a substâncias que levam à desregulação nos hormônios sexuais, 

como os desreguladores endócrinos (DE) ou o estilo de vida, podem afetar a diferenciação 

dessas populações celulares e o desenvolvimento dos órgãos andrógeno-dependentes, 

comprometendo a capacidade reprodutiva (Wilson, 1978; Andrade et al., 2006; 

Christiansen et al., 2010; Sharpe, 2010). Como pode ser visto na Figura 1, após a 

diferenciação, as fases fetal/neonatal e puberal correspondem a etapas críticas do 

desenvolvimento testicular e distúrbios, causados por químicos ambientais ou pelo estilo de 

vida, em qualquer uma destas etapas podem alterar permanentemente os mecanismos 

homeostáticos do sistema endócrino e comprometer a espermatogênese e contagem 

espermática na vida adulta (IPCS, 2002; Scott et al., 2008).  

De acordo com a Environmental Protection Agency (EPA, 1997), um desregulador 

endócrino é definido como “um agente exógeno que interfere na síntese, secreção, 

transporte, ligação, ação ou eliminação de hormônio natural do organismo, o qual é 

responsável pela manutenção, reprodução, desenvolvimento e/ou comportamento”.  
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Figura 1. Tempos conhecidos em que fatores ambientais/estilo de vida podem ter impacto negativo 

sobre o desenvolvimento e função testicular e afetar a espermatogênese e a contagem de 

espermatozoides em humanos (retirado e modificado de Sharpe, 2010). 

 

Os DE abrangem uma ampla gama de substâncias naturais ou sintéticas, geralmente 

encontradas no ambiente em baixas concentrações (de μg/L a ηg/L; Bila e Dezotti,  2007). 

Entre os compostos sintéticos encontramos os alquilfenóis, os pesticidas, os policlorados de 

bifenilas (PCB), os ftalatos, e o bisfenol A; entre os naturais, os estrogênios naturais e os 

fitoestrogênios (Loureiro, 2002; Bila e Dezotti, 2007).   
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Uma das categorias de DE com interesse crescente é composta pelos ésteres de 

ftalato (EPA, 2006), mais comumente denominados ftalatos. Os ftalatos são substâncias 

orgânicas derivadas do composto ácido 1,2-benzeno dicarboxílico e, geralmente, 

apresentam baixa toxicidade (Loureiro, 2002; Foster, 2006). Alguns exemplos dessa 

categoria de DE são o di-metil ftalato (DMP), di-n-butil ftalato (DBP), di-(2-etil-exil) 

ftalato (DEHP), butil benzil ftalato (BBP) e di-etil ftalato (DEP) (Fig. 2). Estruturalmente, 

os ftalatos apresentam dois grupos éster ligados a um anel benzeno (Fig. 2). A configuração 

orto é conhecida genericamente como éster de ftalato, ou apenas ftalato. Segundo 

Howdeshell e cols. (2008), ésteres de ftalato com 4-6 carbonos ligados na posição orto são 

considerados ativos. As configurações meta e para, por outro lado, são conhecidas, 

respectivamente, como isoftalatos e teraftalatos (Kluwe,1982).  

Os ftalatos são produtos químicos, líquidos, incolores e inodoros, usados como 

plastificantes desde a década de 1940 em diversos tipos de plásticos, principalmente o PVC 

(cloreto de polivinila) (Loureiro, 2002). Eles constituem de 10-60% dos plásticos e 

conferem flexibilidade e transparência ao produto (Thomas e Thomas, 1984). Também 

estão presentes em uma variedade de cosméticos, como hidratantes, esmaltes, shampoos e 

protetores solares; brinquedos infantis; produtos alimentícios e materiais hospitalares 

(Mylchreest et al., 2000; Loureiro, 2002; Lottrup et al., 2006). Devido aos ftalatos não se 

ligarem covalentemente aos polímeros com os quais são misturados, podem ser liberados 

na comida, bebida e outros produtos que estiverem em contato (Thomas e Thomas, 1984; 

Huber et al., 1996). Sua produção aumenta proporcionalmente à indústria de plásticos e 

estão disseminados em todos os ecossistemas do mundo, sendo lançados no ambiente a 

partir de despejos domésticos e industriais, efluentes aquosos e emissões atmosféricas 

(Loureiro, 2002). As principais fontes de exposição humana e animal aos ftalatos são a 

ingestão de alimentos e líquidos que tenham tido contado com plásticos, tintas e outros 

constituintes das suas embalagens (Blount et al., 2000; Mylchreest et al., 2000; Loureiro, 

2002), bem como a inalação e o contato dérmico (Kavloc et al., 2002). 

A determinação de um panorama geral para a ingestão diária média de ftalatos é 

bastante difícil, já que essa estimativa depende de vários aspectos, como idade, sexo e 

níveis de exposição ambiental a que a população está sujeita. Na Alemanha, por exemplo, 
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espermatozoides e na qualidade do sêmen (Murature et al., 1987; Sharpe, 2013). Na Tabela 

1 são relacionados esses e outros estudos de exposição ao DBP e DEHP, e os efeitos para o 

testículo e o epidídimo.  

 Estudo recente de Scarano e cols. (2010) demonstrou que a exposição ao DBP 

durante a gestação e lactação pode não causar danos para função testicular na vida adulta. 

Neste estudo, ratos Wistar foram expostos in utero a 100 mg/kg/dia desse ftalato. Os 

testículos fetais apresentaram agregados maiores de células de Leydig, células germinativas 

multinucleadas e aumento dos componentes intersticiais. No entanto, nos animais adultos 

não foram observadas alterações nos parâmetros espermáticos, nos níveis de testosterona 

ou na histologia epididimal. Mylchreest e cols. (2000) utilizaram esta e outras doses de 

DBP (0,5; 5; 50; 100 e 500 mg/kg/dia) durante a gestação tardia de ratos Sprague-Dawley e 

verificaram que apenas a mais alta dose causou perturbações no trato reprodutor masculino. 

Dentre elas estão malformações, como ausência ou malformação dos vasos deferentes, 

hipospadia, perda da cabeça e corpo do epidídimo, e lesões testiculares, como degeneração 

dos túbulos seminíferos e hiperplasia intersticial. 

Apesar de escassos, também encontramos dados de efeitos causados pela exposição 

a baixas doses de DBP. Bao e cols. (2011) expuseram ratos Sprague-Dawley púberes a 

doses variadas deste ftalato (0,1; 1; 10; 100 e 500 mg/kg/dia) por um período de 30 dias. 

Foram verificadas severa atrofia dos túbulos seminíferos e perda da espermatogênese em 

altas doses. Em baixas doses (0,1; 1 e 10 mg/kg/dia), a exposição levou a alteração na 

expressão de proteínas importantes para a espermatogênese, como vimentina e 

heterogeneous nuclear ribonucleoprotein A2/B1 (HNRNPA2B1), além de estimulação na 

produção de estradiol. Estes e outros dados de estudos experimentais com roedores 

demonstram que exposições variadas aos ftalatos em períodos críticos de desenvolvimento 

fetal e neonatal causam efeitos prejudiciais, permanentes ou não, na prole masculina 

(Mylchreest et al., 1998, 2000; Carruthers e Foster, 2005; Foster, 2006; Scarano et al., 

2010). Para alguns autores, os efeitos adversos causados pelos ftalatos ativos seriam devido 

à sua ação anti-androgênica nos órgãos andrógeno-dependentes (Mylchreest et al., 1998; 

2000; Foster, 2006; Rider et al., 2009). Para outros, os efeitos seriam causados pela ação 

estrogênica, através da ligação aos receptores de estrógeno (Jobling et al., 1995; Takeuchi 
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et al., 2005; Filipiak et al, 2011), no entanto, os mecanimos de ação dos ftalatos ainda são 

pouco elucidados.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Tabela 1. Avaliação dos efeitos da exposição ao DBP e ao DEHP sobre o sistema reprodutor masculino, especialmente sobre o testículo e o 

epidídimo. 

Modelo animal 
Ftalato 

utilizado 
Dose utilizada Período de exposição Efeitos causados Referência 

 Ratos Sprague-
Dawley DEHP 

375, 750, 1.500 e 
3.000 mg/kg/dia 

Gestação e lactação 
(GD3 a PDN 21) 

Hispopadias, criptorquidismo, redução 
no peso do epidídimo 

 
Moore et al., 2001 

Ratos  Sprague-
Dawley DBP 500 mg/kg/dia 

Gestação (GD 14 e 15, 
GD 15 e 16, GD 16 e 
17, GD 17 e 18, GD 

18 e 19 e GD 19 e 20) 

Redução no peso epididimal (GD 17 e 
18), edema testicular e malformação 

epididmal (GD 17 e 17)  
Carruthers e Foster, 2005 

Ratos Sprague-
Dawley DBP 250, 500, 750 e 

1000 mg/kg/dia 
Gestação (GD 14 a 

18) 

Criptorquidismo (250, 500 e 750 
mg/kg/dia), hipospadias (500 e 750 

mg/kg/dia) e redução nos níveis de T 
(todas as doses) 

 

Jiang et al., 2007 

Ratos Wistar DEHP 250, 500 e 750 
mg/kg/dia  

Pré-púberes (PND 21 
a 51) 

Redução no peso testicular (750 
mg/kg/dia) 

 
Botelho et al., 2009 

Ratos Wistar DEHP 
10, 30, 100, 300, 

600 e 900 
mg/kg/dia 

Pós-natal (PND 1 a 
16) 

Redução na AGD (todas as doses), 
redução no número de células 

germinativas e hiperplasia das células 
de Leydig (300, 600 e 900 mg-kg/dia) 

 

Christiansen et al., 2010 

Ratos  Sprague-
Dawley DBP 250, 500 e 700 

mg/kg 
Gestação (GD 10 a 

19) 

Redução no peso testicular (todas as 
doses), nos níveis de T e na AGD (700 

mg/kg/dia) 
 

Kim et al., 2010 

GD: dias de gestação; PND: dias pós-natal; T: testosterona; AGD: distância ano-genital; E2: estradiol. 
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Dieta hiperlipídica 

A obesidade é um grave problema de saúde pública, com incidência crescente na 

maioria dos países (WHO, 2011). Esse distúrbio metabólico pode ter causas multifatoriais 

(Symonds et al., 2013) e está associado a múltiplas alterações do sistema endócrino, 

incluindo concentrações anormais de hormônios na circulação sanguínea, devido a 

alterações no padrão de secreção, metabolismo ou transporte (Kirschner, 1982).   

No que se refere ao aparelho genital, estudos epidemiológicos têm demonstrado que 

a obesidade feminina está associada ao início precoce da puberdade, a distúrbios 

menstruais, à anovulação intermitente ou crônica, ao excesso de andrógenos e maior 

susceptibilidade ao desenvolvimento de certos tipos de câncer de mama e endométrio 

(Pasquali, 2006; Pasquali et al., 2007). Os efeitos deletérios da obesidade sobre os órgãos 

reprodutores e fertilidade no sexo masculino são comparativamente menos investigados. 

No entanto, com o aumento do número de indivíduos obesos, maior ênfase tem sido dada 

aos efeitos negativos desse distúrbio sobre a função reprodutiva neste sexo (Pasquali, 2006; 

Pasquali et al., 2007; Hammoud et al., 2008; Hajer et al., 2008; Kasturi et al., 2008).  

Há relatos mostrando que o acúmulo de tecido adiposo em homens está associado à 

diminuição dos níveis séricos de testosterona total e livre (Giagulli et al., 1994, Mah e 

Wittert, 2010; Landry et al., 2013). É conhecido também que a obesidade masculina leva a 

disfunção erétil (Chung et al., 1999; Esposito et al., 2004), redução da qualidade do sêmen 

(número, motilidade e morfologia dos espermatozóides) e aumento nas taxas de 

infertilidade (Guzick et  al.,  2001;  Hammoud et al., 2006; Kort  et  al.,  2006).  

A obesidade é frequentemente atribuída ao estilo de vida ocidental, que combina 

dietas ricas em lipídeos e calorias e atividade física reduzida (Desai et al., 2013). Está bem 

estabelecido que o consumo crônico de dieta hiperlipídica pode causar aumento do peso 

corporal, dos índices de adiposidade, além de diminuir a sensibilidade à insulina (Jen, 

1980; Hill et al., 1992; Guo e Jen, 1995). Ademais, estudo publicado recentemente mostrou 

que a obesidade, induzida a ratos adultos pelo consumo da dieta hiperlipídica, não alterou a 

quantidade de espermatozoides do testículo e epidídimo, mas afetou a motilidade dos 

espermatozoides e reduziu o potencial de fertilidade dos machos (Fernandez et al., 2011).  
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Nas últimas décadas, sólidas evidências de pesquisas experimentais e clínicas 

resultaram na elaboração do conceito de programação fetal, segundo o qual muitas doenças 

encontradas na idade adulta são devidas a influências ambientais durante o 

desenvolvimento embrionário. Assim, estímulos agudos ou crônicos durante a gestação 

podem estabelecer uma resposta permanente no feto e prejudicar o funcionamento de certos 

sistemas no início da vida pós-natal ou na vida adulta (Oken e Gillman, 2003; Symonds e 

Budge, 2009). Isso se aplica, em particular, às desordens do metabolismo materno, as quais 

influenciam o ambiente intra-uterino e podem induzir disfunções metabólicas na prole, 

mediadas por mecanismos fisiológicos e/ou epigenéticos (Symonds e Budge, 2009; 

Catalano et al., 2009). Uma variedade de estudos em diversos modelos experimentais, 

incluindo roedores e primatas não humanos, indica que a exposição materna ao consumo de 

dieta hiperlipídica influencia na programação metabólica da prole e pode resultar em 

obesidade no indivíduo adulto (Sullivan et al., 2011), especialmente por alterar a 

sensibilidade à leptina (Walker et al., 2008).  

  

Desreguladores endócrinos e adipogênese 

Embora mudanças na dieta e atividade física sejam, sem dúvida, fatores chaves para 

o aumento da incidência de obesidade, há um crescente interesse na possibilidade da 

exposição aos DE contribuírem para esse aumento (Hatch et al., 2010; Sargis et al., 2010; 

Lubrano et al., 2013; Manikkam et al., 2013).  

 Estudos apontam que a exposição ambiental a certos produtos químicos durante o 

desenvolvimento pode ter algum efeito na indução da obesidade na idade adulta (Newbold, 

2010; Tang-Péronard et al., 2011). Estes químicos têm sido denominados obesogênicos ou 

desreguladores metabólicos, baseado na hipótese de Bruce Blumberg (2006) de que uma 

variedade de DE regula inapropriadamente o metabolismo de lipídeos, promovendo a 

adipogênese (Grün e Blumberg, 2006; Lubrano, 2008).  

 Os mecanismos moleculares pelos quais este fenômeno acontece ainda não são 

totalmente compreendidos. No entanto, conforme destacado em uma recente revisão, 

desreguladores endócrinos, como o bisfenol A, os pesticidas organoclorados e os ftalatos, 

podem afetar a adiposidade e o peso corporal por alterar a sinalização de células envolvidas 



 

11 

 

na regulação da diferenciação e maturação dos adipócitos (Hatch et al., 2010). Uma das 

hipóteses é que essa regulação aconteça via ativação de peroxisome-profilerator activated 

receptor γ (PPAR γ), um membro da superfamília de receptores nucleares (NR), os quais 

ativam a principal via de diferenciação dos adipócitos e de estocagem de energia (Evans, 

2004). Outro NR fortemente regulado pela ação dos ftalatos é o Liver X Receptor type α 

(LXR α), o qual é, principalmente, um regulador da homeostase de lipídeos e colesterol 

(Muczynski et al., 2012). Estudo in vitro de exposição de testículos e ovários fetais 

humanos ao mono(etilhexil) ftalato (MEHP) demonstrou que LXR α tem sua atividade 

aumentada nas células somáticas, culminando em maior síntese de colesterol e lipídeos 

(Muczynski et al., 2012).  

É sabido que os ftalatos são compostos lipofílicos e podem se acumular no tecido 

adiposo (Williams e Blanchfield, 1974; Jobling et al., 1995). Entretanto, pouco é conhecido 

sobre os efeitos do consumo de dieta rica em lipídeos para a ação dos compostos ftálicos. 

 

Gerbilo da Mongólia 

O gerbilo da Mongólia (Meriones unguiculatus, Fig. 4), também conhecido como 

esquilo da Mongólia, é um pequeno roedor da subfamília Gerbillinae, proveniente das 

regiões áridas da China e da Mongólia (Schwentker, 1963). Segundo Razolli e cols. (2003), 

as colônias de laboratório disponíveis para a investigação científica em todo o mundo 

foram desenvolvidas a partir de 20 pares importados do Japão em 1954, descendentes de 

gerbilos originalmente capturados no leste da Mongólia na década de 1930. Segundo esses 

autores, a endogamia resultou em perda significativa de diversidade genética desses 

roedores de laboratório. Introduzidos nas Américas como nova proposta experimental nos 

anos cinquenta por Victor Schwentker, os gerbilos, durante muito tempo, ficaram limitados 

aos Estados Unidos como animais de excelência para a pesquisa biomédica (Robinson, 

1974), em especial nas áreas de neurofisiologia, parasitologia e patofisiologia do sistema 

áudio-vestibular (Muller e Nielsen, 1979; Nawaa et al., 1994).  

A grande vantagem desses animais para estudos experimentais reside no fato deles 

serem consideravelmente menores que os ratos (machos em torno de 100 gramas e fêmeas, 
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85 gramas – Kramer, 1964), mas essencialmente maiores que os camundongos e hamsters 

(Willians, 1974).  

 

 

Figura 4. Gerbilo da Mongólia (Meriones unguiculatus). 
 

Nas últimas décadas, o gerbilo tem sido utilizado em inúmeros estudos 

desenvolvidos no Brasil (Pinheiro et al., 2003; Segatelli et al., 2004; Pinto et al., 2010a, b; 

Taboga et al., 2009) ou em outros países (Saltzman et al., 2008; Beu et al., 2009; Juana et 

al., 2010), focalizando diferentes aspectos do aparelho genital masculino. Em nosso grupo 

de pesquisa, esses estudos foram iniciados pelo Prof. Dr. Sebastião Roberto Taboga e têm 

avaliado o complexo prostático do macho (Pinheiro et al., 2003; Campos et al., 2006; Góes 

et al., 2007; Rochel et al., 2007) e a próstata feminina (Fochi et al., 2008; Oliveira et al., 

2011; Perez et al., 2011; Rochel-Maia et al., 2011) durante o desenvolvimento ou em 

diferentes situações de manipulação hormonal. Recentemente, uma nova frente de pesquisa 

sobre a ação de DE tem focalizado as próstatas masculina e feminina do gerbilo. Esses 

estudos têm demonstrado que trata-se de um roedor bastante aplicável aos estudos de 

toxicologia reprodutiva, devido à alta susceptibilidade a lesões nessa glândula (Perez et al., 

2011, 2012).  

Vários aspectos da biologia reprodutiva do gerbilos são conhecidos. Sabe-se que sua 

gestação dura de 24 a 26 dias (Norris e Adams, 1981) e que a implantação ocorre no 8º dia 

de gestação, por exemplo. Aspectos da biologia testicular deste roedor também estão 

descritos. Segatelli e colaboradores descreveram as características estruturais do testículo 
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adulto, a duração da espermatogênese, composta por 12 estágios, e os aspectos da 

diferenciação das espermátides relacionados à formação do acrossomo (Segatelli et al., 

2000, 2002, 2004). Recentemente, foram obtidos em nosso laboratório dados sobre os 

mecanismos envolvidos com a diferenciação neonatal dos gonócitos nessa espécie (Pinto et 

al., 2010b), as populações de células de Leydig (Pinto et al., 2010a) e sua a cinética de 

diferenciação desde o nascimento até a senescência. Também examinamos as fases do 

desenvolvimento testicular e descrevemos os principais parâmetros espermáticos dessa 

espécie, como a produção espermática diária, reserva espermática e tempo de trânsito no 

epidídimo (dados não publicados). Em conjunto, essas informações fornecem uma base 

sólida para os estudos experimentais sobre a função testicular nesse roedor frente à 

exposição a desreguladores endócrinos ou condições obesogênicas. Tendo em vista que o 

testículo é altamente susceptível aos DE e que danos funcionais nesse órgão, resultantes 

dessa exposição, podem comprometer a produção espermática e afetar diretamente a 

reprodução, ficamos interessados em analisar os efeitos de um desses desreguladores, o di-

n-butil ftalato, nesse modelo animal.  
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__________________________________________________PROBLEMÁTICA DO ESTUDO 

 

A maior parte dos estudos sobre os efeitos dos ftalatos no trato genital masculino 

utiliza ratos ou camundongos como modelo experimental (Mylchreest et al., 2000; Moore 

et al., 2001; Lee et al., 2004; Foster, 2005; Andrade et al., 2006; Gaido et al., 2007; Jiang et 

al., 2007; Botelho et al., 2009; Kim et al., 2010; Bao et al., 2011). Esses estudos focam, 

principalmente, a exposição nos períodos pré-natal e/ou lactacional (Mylchreest et al., 

2000; Moore et al., 2001; Lee et al., 2004; Kim et al., 2004; Foster, 2005; Carruthers e 

Foster, 2005; Andrade et al., 2006; Jiang et al., 2007; Kim et al., 2010) e o principal ftalato 

administrado é o DEHP (Agarwal et al., 1986; Gray e Gangolli, 1986; Moore et al., 2001; 

Andrade et al., 2006; Botelho et al., 2009; Vo et al., 2009, Christiansen et al., 2010). Além 

disso, os efeitos são analisados logo após o nascimento ou desmame (Foster, 2005; 

Christiansen et al., 2010), sendo desconhecidos os efeitos dos compostos ftálicos 

administrado do período pré-natal até a vida adulta. Em adição, a maioria dos experimentos 

utiliza-se de doses altas de ftalatos (100 a 3.000 mg/kg/dia; Moore et al., 2001; Carruthers 

and Foster, Kim et al., 2010; Scarano et al., 2010). Pernanecem por serem melhor 

esclarecidos os efeitos da exposição a baixas doses de ftalatos, como o DBP. 

Embora o papel deletério da exposição aos ésteres de ftalato sobre o 

desenvolvimento do sistema genital seja bem conhecido, no presente estudo buscou-se 

examinadar as consequências de períodos de exposição mais prolongados, através de toda a 

vida, a doses mais baixas de DBP sobre a estrutura e função testicular do gerbilo, de 

maneira a simular uma exposição mais próxima à que ocorre no ambiente. 

Recentemente, têm sido desenvolvidas em nosso laboratório investigações sobre as 

consequências da exposição ao ambiente obesogênico, através do consumo de dieta 

hiperlipídica, durante a gestação e outras fases do desenvolvimento, sobre a capacidade 

esteroidogênica das células de Leydig de ratos Wistar (Proc. FAPESP 2011/01612-4), a 

produção testicular de espermatozóides (Proc. FAPESP 2011/14815-8) e a histofisiologia 

prostática (Proc. FAPESP 2011/03596-6). Tendo em vista que a associação entre os efeitos 

da obesidade sobre a função testicular do gerbilo com a exposição a DE ainda é pouco 

investigada em estudos experimentais, consideramos que o presente estudo poderá trazer 
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novos subsídios para a compreensão de como essas situações isoladas afetam a estrutura e a 

função testicular e os efeitos da suas interações para a função reprodutiva desse roedor.  Os 

resultados obtidos com esse estudo experimental também poderão trazer novas informações 

sobre os mecanismos celulares envolvidos na resposta testicular frente a obesidade e aos 

DE, as quais podem auxiliar no esclarecimento dos prejuízos reprodutivos descritos para o 

homem.   
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________________________________________________________________OBJETIVOS 

  

O objetivo deste estudo foi avaliar os efeitos da exposição prolongada, da gestação 

até a maturidade sexual, a baixas doses de DBP e as possíveis interferências do excesso de 

lipídeos na dieta sobre os parâmetros espermáticos e a capacidade esteroidogênica de 

gerbilos adultos. A resposta do testículo frente a essas condições foi avaliada com base (i) 

em análises microscópicas e esterológicas, (ii) nas dosagens dos esteroides sexuais, (iii) na 

sensibilidade aos andrógenos e estrógenos das principais populações celulares do testículo e 

(iv) na produção espermática. Também foram examinados os efeitos sobre (v) a reserva 

espermática, (vi) o tempo de trânsito dos espermatozoides através do epidídimo e (vii) a 

motilidade dos espermatozoides. 
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______________________________________________________________RESULTADOS 

 

Os resultados obtidos nesse estudo serão apresentados na forma de manuscrito, o 

qual foi submetido e se encontra em fase de análise. 
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Abstract 

Toxicological studies indicate that di-n-butyl phthalate (DBP) and other endocrine 

disrupting chemicals (EDC) alter sexual steroid hormone scenary and induce reproductive 

anomalies, when administered during sexual differentiation. However, the consequences of 

low doses of DBP throughout a life on reproductive male function remain to be elucidated. 

EDC can accumulate in adipose tissue and interfere in adipogenesis and lipid metabolism. 

Indeed, male obesity affects negatively semen quality and fertility rates. Because the 

consequences of combined effects of phthalates and excess dietary fat on reproductive 

parameters are still unknown, we evaluated the effects of prolonged exposure to low DBP 

dose and the possible interferences of excess dietary fat for testicular function of adult 

gerbils. Adult female gerbils, fed high-fat or balanced diet for eight weeks, were mated 

with normal males. The offspring was divided in control (C), di-n-butyl phthalate (Ph), 

high-fat diet (HF) and high-fat diet plus di-n-butyl phthalate (HFPh) groups. 5 mg/kg body 

weight/day of DBP was administered in drinking water to pregnant and breastfeeding 

mothers and to offspring from weaning up to adulthood. High-fat diet contained 20% of fat 

against 4% of balanced diet. Lifelong low DBP doses resulted in obesity and dislipidemy at 

adulthood. No changes were verified in testes structure, however, it was reduced the 

testicular estrogen synthesis and was observed a tendency to reduction by 10% in the 

spermatic efficiency. Chronic exposure to high-fat diet did not induce obesity in animals, 

but led to a decrease in AR expression and a trend to decrease in the spermatic efficiency 

(~4%). The combined exposure reduced by 83% the intratesticular testosterone 

concentration and decreased by 15% the spermatic efficiency. This study shows that the 

excess of dietary fat and low doses of DBP throughout a life acted synergistically 

compromising the spermatogenic and steroidogenic function of testes in the gerbil. These 

results demonstrate for the first time that fat nutritional environment may worsen the 

response of testes to phthalates and vice versa. 

 

Key words: di-n-butyl phthalate, high-fat diet, testicular function, sperm parameters, 

Mongolian gerbil 
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1. Introduction  

 

 Di-n-butyl phthalate (DBP) is a plasticizer widely used in industrial products such 

as children’s toys, food packaging, medical devices and cosmetic formulations (Mylchreest 

et al., 2000; Lottrup et al., 2006; Filipiak et al., 2011). This and others phthalates, including 

di(2-ethylhexyl) phtalate (DEHP), denominated endocrine disrupting chemicals (EDC), are 

known to alter sexual steroid hormone profiles and prejudice testicular development and 

other androgen-dependent organs, impairing reproductive capacity in adulthood (Wilson, 

1978; Andrade et al., 2006; Christiansen et al., 2010). Potential primary routes of exposure 

to phthalates are inhalation, ingestion and dermal contact (Kavlock et al., 2002). 

 Toxicological studies in male rat offspring exposed to some phthalate esters, such as 

DBP, during sexual differentiation indicate the occurrence of several reproductive 

anomalies, such as agenesis of the epididymis (Foster, 2006), testicular atrophy (Moore et 

al., 2001; Carruthers and Foster, 2005; Heng et al., 2012), seminiferous tubule atrophy 

(Gray and Gangolli, 1986) and reduction in daily sperm production and semen quality 

(Murature et al., 1987; Sharpe, 2013) during adulthood. Harmful effects of phthalates are, 

in part, associated with suppression of the androgen signaling pathway and a decrease in 

fetal testosterone levels, demonstrating the anti-androgenic potential of phthalic compounds 

(Mylchreest et al., 1999; Parks et al., 2000; Gray et al., 2006). There are also data showing 

that these compounds, at low doses, have low estrogenic activity in vitro (Jobling et al., 

1995; Zacharewski et al., 1998); however, this is a controversial issue, because estrogenic 

activity has not been observed in some studies in vivo (Gray et al., 1998; Grande et al., 

2007; Lehraiki et al., 2009).  

 Data about human exposure to phthalates are quite variable. According to Blount et 

al. (2000), human exposure to DBP is estimated between 0.84 and 113 µg/kg/day. Most 

toxicological studies were based on high dose exposures to phthalates (100 to 3,000 

mg/kg/day; Moore et al., 2001; Carruthers and Foster, 2005; Kim et al., 2010; Scarano et 

al., 2010) and a few studies assessed the low dose exposure (Andrade et al., 2006; 

Christiansen et al., 2010; Bao et al., 2011). These studies focused on the effects of exposure 

to phthalates during critical periods of testicular development, such as fetal, neonatal and 
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pubertal. Lee et al. (2004) showed that exposure to 2 mg/kg/day of phthalates during 

gestation and lactation was sufficient to impair germ cell development. A recent study (Bao 

et al., 2011) using administration of different doses of DBP for 30 days during pubertal 

development of rats indicated the occurrence of abnormalities in testes and epididymis’s 

development, severe seminiferous tubule atrophy and loss of spermatogenesis under high 

doses (100 and 500 mg/kg/day). At low doses (0.1, 1 and 10 mg/kg/day), no morphological 

changes were observed, however, there was an increase in the expression of important 

proteins required for spermatogenesis, including heterogeneous nuclear ribonucleoprotein 

A2/B1 and vimentin (HNRNPA2B1; Bao et al., 2011). The effects of low doses throughout 

a life remain to be determined, including the various stages of testicular development. 

 Laboratory and epidemiological studies have demonstrated that exposure to EDC 

contributes to adipogenesis and an increase in obesity (Hatch et al., 2010; Lubrano et al., 

2013; Manikkam et al., 2013). Studies indicate that some EDC categories, such as 

bisphenol A and phthalates, can lead to obesity by altering cell signaling involved in the 

regulation of adipocyte differentiation and maturation (Hatch et al., 2010). Although 

phthalates are lipophilic compounds, with a tendency to accumulate in adipose tissue 

(Jobling et al., 1995; Hatch et al., 2010), little is known about the effect of an excess of 

dietary fat on phthalate metabolism and action, particularly during development.  

It is known that obesity in males affects testosterone production (Landry et al., 

2013), semen quality (number, motility and morphology of sperm) and increases the 

infertility rates (Guzick et al., 2001; Hammoud et al., 2006; Kort et al., 2006; MacDonald et 

al., 2010; Sharpe, 2013). Experimental study with rodents revealed that obesity induced by 

a high-fat diet did not alter the amount of sperm in the testis and epididymis, but affected 

sperm motility and reduced the fertility potential of male rats (Fernandez et al., 2011). 

Most studies of phthalate effects on the male genital tract use rats or mice as an 

experimental models (Mylchreest et al., 2000; Moore et al., 2001; Andrade et al., 2006; 

Foster, 2006; Gaido et al., 2007; Christiansen et al., 2010; Kim et al., 2010; Bao et al., 

2011). There are some differences among rodents in the response of genital organs to 

phthalates and even among rat strains (Howdeshell et al., 2008; Muczynski et al., 2012). 

The Mongolian gerbil (Meriones unguiculatus) is a laboratory rodent largely used in studies 
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concerning the biology of male genital organs (Pinheiro et al., 2003; Segatelli et al., 2002; 

Segatelli et al., 2004; Góes et al., 2007; Beu et al., 2009; Taboga et al., 2009; Juana et al., 

2010; Pinto et al., 2010a, b). Recent reports from our laboratory have indicated that this 

rodent is an excellent model to assess the consequences of EDC in prostatic lesions (Perez 

et al., 2011, 2012); however, the interference of these disrupters on testicular function is 

unknown. 

Thus, the objective of this study was to evaluate the effects of prolonged exposure, 

from gestation until sexual maturity, to low doses of DBP and the possible interferences of 

excess dietary fat on sperm parameters and steroidogenic capacity of adult gerbils. 

  

2. Material and Methods 

 

2.1. Animals and experimental design 

Mongolian gerbils (Meriones unguiculatus) were maintained in polyethylene cages 

under controlled light (12-hour light/dark cycle) and temperature (22±2°C) conditions in 

the Animal Research Group in Reproductive Biology of Institute of Biosciences, 

Humanities and Exact Sciences (IBILCE/UNESP), São José do Rio Preto, Brazil. Gerbils 

had free access to food and water, which was provided to the animals in glass bottles. The 

experimental procedures were approved by the Institutional Committee for Ethics in 

Animal Experimentation (060/2012 CEUA / UNESP). 

Sixty newly weaned female gerbils (4 weeks old) were randomly divided into two 

groups, which were fed a balanced or high-fat diet (Table 1) for a period of 8 weeks. There 

was no difference in body weight gain of females after this period (33.8 ± 5.5g and 30.8 ± 

5.2g, p = 0.1186, respectively). After 8 weeks, females were mated with normal males (12 

to 14 weeks old). After confirmation of mating by vaginal swabs (day 0 of pregnancy), half 

of the females from each group were exposed to di-n-butyl phthalate (DBP; Sigma 

Chemical Co., St. Louis, MO, USA). DBP was dissolved in ethanol 95% and stored in 

aliquots at -70° C. Aqueous solutions of DBP in 0.01% of ethanol were prepared three 

times a week and provided to the animals in glass bottles protected from the light with 

adhesive Silver Tape. The dilution of DBP was conducted to result in a dose of 
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5mg/kg/day. This dosage is considered low for this (Bao et al., 2011) and other phthalates 

(Andrade et al., 2006). The average consumption of water with DBP in the females fed a 

balanced or high-fat diet was 14.1±4.2 mL/day and 12.1±2.3 mL/day, respectively. A 

correction in DBP was made to compensate for this difference.  

Male offspring (n = 15 animals/group, 1 animal/family) of four weeks of age were 

weighed and randomly selected to compose the following groups:  1) Control group (C): 

control male offspring; 2) Di-n-butyl phthalate group (Ph): male offspring exposed to low 

doses of DBP during gestation, lactation until sexual maturity; 3) High-fat diet group (HF): 

male offspring exposed to high-fat diet during gestation, lactation until sexual maturity; 4) 

High-fat diet plus di-n-butyl phthalate group: male offspring exposed to high-fat diet and 

low doses of DBP during gestation, lactation until sexual maturity, concomitantly.  

 The high-fat diet was standardized by the Experimental Laboratory of Internal 

Medicine, Medical School of Botucatu - UNESP and produced by Agroceres (Rio Claro, 

SP, Brazil). This diet contains 20% lipids relative to the total amount of fat versus 4% in 

the balanced diet (Table 1), and its composition has been described by Leopoldo et al. 

(2011). 
Pups were exposed to the same doses of DBP described above from their mothers. 

At the end of the experiment, 14-week-old male gerbils were euthanized by CO2 inhalation 

and decapitated.  
 

2.2. Weight of reproductive organs  

The wet weights of the right testes and epididymes were measured, and the 

gonadosomatic index (GSI) was determined based on the formula: [(testicular weight/body 

weight) x 100]. 

 

2.3. Characterization of metabolic state 

 The body weight, abdominal circumference and adiposity index were determined. 

The adiposity index was estimated by the formula [(sum of epididymal, retroperitoneal and 

visceral fat/body weight) x 100], according to Taylor and Phillips (1996). Furthermore, the 

lipid profile was evaluated in the serum of animals by enzymatic tests to assess total 
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cholesterol, HDL, LDL and triglycerides levels (In vitro Diagnóstica Ltda, Itabira, MG, 

Brazil). Eight animals per experimental group were analyzed, and each sample was 

evaluated in duplicate in a Spectro Thermo Scientific Evolution 300. 

 

2.4. Hormone levels 

2.4.1. Serum testosterone and estradiol levels  

After decapitation, blood was collected (between 7:30 and 11:00 a.m.) from the 

ruptured cervical vessels for the determination of the serum concentrations of testosterone 

and estradiol. Serum was obtained after centrifugation (3,000 rpm, 20 min) and was frozen 

at -80◦C until analyses of the hormones were carried out. The hormone concentration were 

measured by ELISA capture/sandwich (antibody-antigen-antibody) using specific 

commercial kits (testosterone and estradiol-17β, Cayman Chemical Company, MI, USA), 

according to the manufacturer’s instructions. The detection limits for testosterone and 

estradiol were 6 and 19pg/mL, respectively. The readings were performed in a reader 

SpectraMax Plus 384 (Molecular Devices, CA, EUA) at 405 ηm. Nine animals were 

analyzed per experimental group and samples were analyzed in duplicate.  

 

2.4.2. Intratesticular testosterone and estradiol levels 

The left testis of five animals was removed and decapsulated, and the parenchyma 

was sliced into ~100mg pieces and processed for the extraction of steroids. In this 

processing, the fragments were homogenized twice in PBS and incubated in a tube with 

diethyl ether for 10 minutes, the first time at room temperature and the second on dry ice. 

The supernatants were removed and transferred to another tube and stored until complete 

evaporation of the diethyl ether. The material was then resuspended in PBS and stored at -

80°C until the determination of intratesticular testosterone and estradiol concentrations 

(Cayman Chemical Company, MI, USA).  

 

2.5. Histological and stereological analysis 

The testes of five gerbils were removed and fixed in Bouin’s fluid for 12h. 

Fragments were washed several times in 70% alcohol, processed for inclusion in Paraplast 
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(Merck, Darmstadt, Germany) and used for general histological, immunohistochemical and 

stereological analyses. 

The relative volume of each testicular tissue component was calculated using a 

Weibel multipurpose graticulate with 130 points (Weibel, 1966). The following 

components were estimated: seminiferous epithelium, lumen of seminiferous tubules, 

nuclei of Sertoli cells, peritubular tissue, Leydig cells, others cells of interstitial tissue, 

blood vessels and lymphatic spaces. The microscopic fields of each animal, submitted to 

AR immunohistochemistry and counterstained with Harris’s hematoxylin, were analyzed 

using the software Image-Pro Plus (Media Cybernetics version 4.5 for Windows, MD, 

USA) and chosen at random.  

Stereological analysis was performed in twenty microscopic fields at 200x 

magnification in a total of 100 microscopic fields per group (five animals). In summary, the 

relative values were determined by counting the coincident points of the test grid and 

dividing them by the total number of points.  

 

2.6. Immunohistochemistry 

AR, ERα and 17β-HSD (sc816, sc-542 and sc-32872, respectively; Santa Cruz 

Biotechnology, CA, USA) primary antibodies were used for immunohistochemistry 

analyses. Immunohistochemistry reactions were performed using the avidin–biotin complex 

(ABC) kit (Santa Cruz Biotechnology, CA). Antigenic retrieval in tissue sections was 

performed in citrate buffer at high temperature (92°C) for 45 min. Endogenous peroxidase 

activity was blocked with 0.3% hydrogen peroxide in methanol for 20 min, followed by 

three washes in PBS and then incubation in 5% nonfat dry milk in PBS for 45 min to block 

nonspecific binding. Sections were incubated with the primary antibody at 4°C overnight. 

The slides were then incubated with biotinylated secondary antibody at 37°C followed by 

peroxidase-conjugated avidin–biotin complexes and diaminobenzidine (DAB). The 

sections were counterstained with Harris’s hematoxylin. Negative controls for all 

immunocytochemical reactions were obtained by omission of the primary antibody. 

 

2.7. Western blotting analysis 
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AR, ERα and 17β-HSD levels were quantified in testes samples by Western 

blotting. For each analysis total extracts of the left testis of four animals per experimental 

group were used. Total extracts were obtained from 100 mg of tissue fragments, 

homogenized in RIPA buffer (Sigma, St. Louis, MO, USA) and Triton X100. Following 

centrifugation of the homogenate, the protein present in the supernatant were quantified by 

the Bradford method (Bradford, 1976), and 100 g protein was subjected to SDS-PAGE. 

After electrophoresis, proteins were transblotted onto a nitrocellulose membrane (GE 

Healthcare). The blot was blocked with 5% nonfat dry milk in TBST (10 mM Tris-HCl, pH 

7.4, 150 mM NaCl, 0.2% Tween-20) for 30 min, incubated overnight at 4°C with 2% BSA 

in TBST containing a 1:300-500 dilution of the primary antibodies (AR - sc-816, ERα - sc-

542 and 17β-HSD - sc-32872; Santa Cruz Biotechnology, Santa Cruz, CA)  or  anti-β-actin  

(Santa  Cruz  Biotechnology),  washed  (3  ×  10  min)  in TBST, and incubated for 1h at 

4°C with  secondary antibody, followed by three washes (10 min) in TBST. Antibody 

detection was revealed using the ELC chemiluminescent detection kit (Healthcare). The 

protein expression was normalized to the β-actin values (Santa Cruz Biotechonology , CA, 

USA - sc-47778). The density of immunolabeled bands was analyzed using the Image J 

1.34 (Wayne Rasband, Research Services Banch, National Institute of Mental Health, 

Bethesda, Maryland) densitometry program.  

 

2.8. Cytokine analysis 

The serum and intratesticular concentrations of proinflammatory cytokines tumor 

necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) were quantified by ELISA 

capture/sandwich (antibody-antigen-antibody) using specific commercial kits (R&D 

System, Minneapolis, MN, USA). 

 

2.9. Sperm count, daily sperm production and sperm transit time in the epididymis 

The spermatids resistant to homogenization (stages 13, 14 and 15 of 

spermiogenesis) and the spermatozoa present in the caput/corpus and cauda of the 

epididymis were estimated as described by Robb et al. (1978), with modifications by 

Fernandes et al. (2007). To calculate the daily sperm production (DSP), the number of 
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spermatids per testis was divided by 5.81, which is the number of days in which mature and 

resistant to homogenization spermatids are present in the seminiferous epithelium 

(unpublished data). Then, the DSP per gram was calculated in order to determine the 

efficiency of the process (Berndtson, 1977; Johnson et al., 2000). The sperm transit time 

through the epididymal caput/corpus and cauda was obtained by dividing the number of 

spermatozoa present in each of these regions by the DSP. 

 

2.10. Sperm motility 

Immediately after euthanasia, the left cauda of the epididymis was collected. Sperm 

were obtained with the aid of a needle by means of rinsing with 1.0 mL of modified HTF 

medium (Human Tubal Fluid, IrvineScientific) at 34°C. A Makler counting chamber (Sefi-

Medical, Haifa, Israel) warmed to 34°C was loaded with a small aliquot of sperm solution 

(about 10 µL). Sperm motility evaluation was assessed by visual estimation (100 

spermatozoa per animal, in duplicate) under a phase-contrast microscope (Olympus BX60) 

at 200x magnification. Spermatozoa were classified as: immotile, motile without 

progression and motile with progressive movement. 

 

2.11. Statistical analysis 

Statistical analyses were evaluated by GraphPad InStat (GraphPad Software Inc. 

1992-1998) software. The quantitative results were evaluated by parametric statistical tests 

(ANOVA followed by Tukey’s tests) and nonparametric statistical tests (Kruskal-Wallis 

tests followed by Dunn's tests). Samples obtained by ELISA were analyzed by Grubbs’s 

tests (GraphPad Software) to verify the outliers’ presence. Differences were considered 

statistically significant when p < 0.05. 

 

3. Results 

 

3.1. Body weight and adiposity index 

A high-fat diet did not affect body weight at weaning (four weeks), however, when 

accompanied by DBP exposure, body weights increases by approximately 28% compared 
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to control animals (Table 2). There was an increasing trend in body weight for all 

experimental groups at 14 weeks of age, however, there was only a statistical difference in 

the Ph group, in which the weight gain was ~10% (Table 2). Similarly, the adiposity index 

was higher (~41%) only in this group compared to control group (Table 2). There were no 

changes in abdominal circumference in the animals at four or 14-week-old (data not 

shown). 

 

3.2. Reproductive organ weights 

Neither high-fat diet nor exposure to low doses of DBP, or the combination of both 

treatments, resulted in changes in testicular weight and in GSI (Fig. 1A). The weight of the 

epididymis was 13 and 17% higher in the Ph and HFPh groups, respectively, compared to 

the C group (Fig. 1B). Analysis of epididymal caput/corpus and cauda separately indicated 

that the change in epididymal weight was due to the increase in weight of the cauda (Fig. 

1B). However, this change was significant (~ 19%) only in the HFPh group with respect to 

the C group (Fig. 1B).  

 

3.3. Lipid profile 

 The lipid profiles of the animals are shown in Figure 2. Total cholesterol levels were 

higher in the Ph group with respect to the HFPh group. Similarly, the Ph group showed 

increases serum triglycerides levels. Ph and HF groups showed the lowest LDL levels. 

Combined exposure to DBP and to high-fat diet normalized triglycerides, LDL and total 

cholesterol levels.  HDL levels did not differ between the experimental groups.  

 

3.4. Serum and intratesticular hormone levels 

 Serum testosterone (T) and estradiol (E2) levels had no significant variations among 

experimental groups, as shown in Figures 3A and B, respectively. However, intratesticular 

T concentration was lower in the HFPh group (Fig. 3C), and intratesticular E2 concentration 

diminished in the Ph group (Fig. 3D). 

 

3.5. Histology and stereology 
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No drastic changes or tissue damage were observed in the testes of animals exposed 

to low doses of DBP, to high-fat diet, or to both treatments (not shown). 

In general, stereological analyses showed no significant changes in testicular 

components of the treated groups (Ph, HF and HFPh groups) (Table 3). Only the HFPh 

group exhibited a higher relative frequency of Sertoli cell nuclei and lower relative 

frequency of lymphatic space than the C group, and the HF group exhibited a higher 

relative frequency of lumen. 

 

3.6. AR, ERα and 17β-HSD expression in testes  

AR expression, assessed by Western blotting, was lower in the HF group than in the 

other groups. In this group, a decrease of ~35% in average AR content was observed (Figs. 

4A and B). The Ph and HFPh groups showed lower mean values of AR content than the C 

group, but the decrease was less pronounced (~17 and ~21%, respectively) (Figs. 4A and 

B). Such variations in AR expression could not be detected by immunohistochemistry 

(Figs. 4C-F). 

ERα expression did not change significantly in HF and HFPh groups but higher 

expression was observed in the Ph group in comparison to the C and HF groups (increase 

of 70 and 76%, respectively) (Figs. 5A and B). This increased expression was also 

observed by immunocytochemistry (Figs. 5C-F). 

There was no change in expression of 17β-HSD among the four experimental 

groups (Fig. 6). 

 

3.7. Cytokine levels 

Concentrations of TNF-α did not differ in the serum or testis in experimental groups 

(Figs. 7A and C). IL-1β levels increased mildly in the serum of the HF and HFPh groups 

(Fig. 7B) and increased mildly in the testis of the Ph group (Fig. 7D), but without statistical 

significance.  

 

3.8. Sperm parameters and motility 
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Isolated exposure to low doses of DBP or high-fat diet did not affect sperm 

parameters, except for increasing the sperm counts in the caput/corpus of the epididymis in 

the HF group (Table 4). However, in both isolated treatments, there was a tendency for a 

reduction in spermatic efficiency (DSP/g testis). The combined exposure to DBP and to 

high-fat diet decreased the spermatid number per gram of testis by ~15% in comparison to 

the control group, as well as the spermatic efficiency (Table 4). Moreover, the HFPh group 

exhibited higher transit times in the caput/corpus (~ 39%) and cauda (34%) of the 

epididymis than the C group and a tendency of increase in sperm concentration in the 

epididymis (Table 4). 

High-fat diet and DBP, individually or in association, did not alter the sperm 

motility (Fig. 8). 

 

4. Discussion  

 

DBP, as well as other phthalic esters and their active metabolites, are important 

environmental endocrine disrupting chemicals and resulting in adverse effects on the male 

reproductive system when administered at high doses during critical periods of gonadal 

development (Gangolli, 1982; Moore et al., 2001; Carruthers and Foster, 2005; Jiang et al., 

2007). However, the consequences of prolonged exposure to lower doses of DBP on sperm 

production and steroidogenesis remain to be elucidated. To assess this question, in this 

study we used a novel experimental design of exposing to Mongolian gerbils to 5 

mg/kg/day doses of di-n-butyl phthalate, from gestation to adulthood, in order to simulate a 

continuous exposure similar to what potentially occurs in humans and other mammals.  

The exposure of gerbils to this DBP dose during intrauterine and post-natal life 

resulted in a trend toward a reduction in spermatic efficiency by about 10%, and resulted in 

a slight increase in sperm transit time in the epididymis. Such exposures did not disrupt 

testosterone synthesis or affect testicular AR and 17β-HSD expression, but reduced 

intratesticular E2 synthesis and increased ERα expression in this organ. Persistent exposure 

to low doses of DBP also resulted in obesity and dislipidemy in adulthood. Our metabolic 

data support the "obesogen hypothesis" of Grün and Blumberg (2006), which postulates 
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that a variety of EDC regulate inappropriately the lipid metabolism, promoting 

adipogenesis and obesity. Phthalates are known to affect weight homeostasis by disrupting 

steroid hormones, and estrogen exposure during development is associated with an increase 

of adipocyte numbers in adulthood (Grün and Blumberg, 2006; Heindel and vom Saal, 

2009). Some phthalates also act as agonists of peroxisome-proliferator activated receptors γ 

(PPARγ), which play critical roles in adipogenesis and lipid metabolism (Hurst and 

Waxman, 2003; Grün and Blumberg, 2006; Lubrano et al., 2013).  

The mechanism of action of phthalates in testis development has been investigated 

by in vitro studies (Jobling et al., 1995; Takeuchi et al., 2005; Chauvigné et al., 2009; 

Lambrot et al., 2009; Lehaiki et al., 2009; Muczynski et al., 2012). Evidence from in vivo 

studies indicates that exposure to high doses of phthalates (above 100mg/kg/day) during 

critical periods of testis development induces antiandrogenic effects and impairs 

testosterone production and testicular descent in different rodents (Parks et al., 2000; Fisher 

et al., 2003; Howdeshell et al., 2008). However, alterations in interactions of Sertoli cells 

and gonocytes induced by some phthalates occur independently from testosterone synthesis 

inhibition (Gaido et al., 2007; Scott et al., 2007). Most of the information concerning the in 

vivo effects of phthalates on the male genital system and fertility are based on high doses 

and administration in a restrict stage of development (Moore et al., 2001; Christiansen et 

al., 2010; Bao et al., 2011), leaving the effects of persistent exposure to phthalates 

relatively unknown. Our data demonstrate that the lifelong intake of DBP has an inhibitory 

effect on intratesticular E2 concentration without influencing serum E2 or androgen levels. 

When low (0.1 mg/kg/day) or high (500 mg/kg/day) doses of DBP were administered to 

male Wistar rats for 30 days in the puberal period, an increase in serum E2 concentration 

was observed in adulthood (Bao et al., 2011). The intratesticular steroid concentrations 

were not examined in that study. The discrepant effects on serum steroid concentrations 

observed by Bao et al. (2011) and in this present study may be due to differences in animal 

models, DBP dosage and also in the exposure phase, once the steroidogenic activity is 

differentially regulated in immature and mature testis. In the mature testis, E2 is produced 

by conversion of T by the aromatase enzyme of Leydig cells, a process that is under LH 

regulation (Valladares and Payne, 1979; Akingbemi, 2005; Ishikawa et al., 2006). The 
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general histological and stereological analyses did not show relevant alterations in Leydig 

cells, indicating that structural alterations probably did not occurred. It is possible that the 

continuous intake of DBP since gestation altered the hypothalamic-pituitary axis and LH 

secretion, which were not examined here. An increase in serum LH levels was observed 

after puberal exposure of rats to 0.1 or 10 mg/kg/day of DBP (Bao et al., 2011). However, a 

study based on the culture of rat fetal testis demonstrated that mono(ethylhexyl) phthalate 

(MEHP), the metabolite of DEHP, inhibits testosterone production independently from the 

receptivity of Leydig cells to LH (Chauvigné et al., 2009). Thefore, it is possible that DBP 

exposure in fetal and perinatal periods may have affected the responsiveness of Leydig 

cells to LH or resulted in other functional reprogramming. Thus, the decrease in 

intratesticular estrogen may be due to alterations in the expression or activity of aromatase, 

for example. Changes in brain aromatase have been observed in rats exposed to low DEHP 

doses in utero or during lactational periods (Andrade et al., 2006). Kim et al. (2003) 

observed that high DEHP doses (100 mg/kg/day) reduced aromatase expression in the testis 

of prepubertal rats. These data show that changes in aromatase expression are associated 

with exposure to this compounds. Interestingly, the decrease in intratesticular E2 after 

lifetime DBP exposure was accompanied by a ~70% increment in ERα content in the testis. 

The increased ERα expression in the testis might be an adaptative response to low E2 

levels.  

Although our data clearly show that prolonged DBP exposure results in a trend of 

low sperm production, it is not possible to discriminate if deleterious effects of DBP 

occurred during the fetal, neonatal or puberal/adult periods. The decrease in spermatic 

efficiency was not accompanied by relevant alterations on testis morphology, on the 

frequency of Leydig and Sertoli at adulthood or on spermatogenesis, which apparently 

occurred normally. Indeed, reductions on sperm counts were not associated with alterations 

in serum testosterone concentration and intratesticular AR expression, but involved 

estradiol concentration and signaling changes in the testis in adulthood. Based on these 

findings, we considered that chronic exposure to DBP did not significantly affect 

spermatogenesis at adulthood, but disturbed steroid signaling in the adult testis. The 
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interference in Sertoli cell-germ cell interactions or other functional impairments in Sertoli 

cells at adulthood requires further investigation.  

One rational explanation for the lower sperm counts observed here after DBP 

exposure may be an interference in the development of germ cell populations during the 

fetal or neonatal phases. There is solid evidence that phthalate exposure impairs the 

development of gonocytes. Lambrot et al. (2009), using organotypic cultures of human fetal 

testis, showed that 10– 4 M of MEPH reduced the germ cell numbers by 40% by increasing 

their apoptosis. Phthalates are also reported to have a weak estrogenic action, and in vitro 

studies have demonstrated that 10 – 5 M of DBP and other phthalates, such as butyl-benzyl 

phthalate, inhibit the binding of estradiol to fish estrogen receptors, acting as agonists and 

stimulating the transcriptional activity of estrogen-dependent genes (Jobling et al., 1995). 

Takeuchi et al. (2005) also showed, using Chinese Hamster Ovary (CHO) cells, that 

phthalate diesters, such as DBP, have estrogenic activity mediated by ERα, anti-estrogenic 

activity mediated by ERβ and AR-mediated antiandrogenic activity. Although in vitro 

studies support the estrogenic and anti-androgenic action of phthalates, data from Lehraiki 

et al. (2009) using the organotypic culture of testis from estrogen-deficient mice (ERαKO 

or ERβKO) or androgen (Tfm) receptors indicates that the effects of MEHP on the 

reduction of germ cells did not involve these receptors. Recently, results from the same 

group indicated that MEHP up-regulated the expression of the nuclear receptor Liver X 

Receptor type α (LXR α), which stimulates the mRNA expression of SREBP1c and 

SREBP2. In turn, SREBP1c and SREBP2 upregulate the transcriptional levels of 

triglycerides and cholesterol synthesis enzymes (Muczynski et al, 2012). The up regulation 

is observed in Sertoli cells and not in germ cells. Because the Ph group exhibited elevated 

triglycerides in adulthood, it is possible that DBP interfered in LXRα and SREBP1c 

expressions and affected the number of germ cells if it also occurred during fetal or 

neonatal development. Additional analyses focusing on the gestational and lactational 

effects of DBP are necessary to clarify the influence of this dose of DBP on fetal/neonatal 

testis development, gonocyte differentiation and the relation to steroids receptors or LXRα 

in this rodent. Such analyses are underway in our laboratory. It is noteworthy that although 

the decline in spermatic efficiency may have been mild, it is biologically significant given 
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that it was caused by a single compound, while human populations are exposed to complex 

mixtures of environmental chemicals whose dose and effects could be cumulative 

(Howdeshell et al., 2008). 

In contrast to the effects of DBP exposure, the excess fat during gestation/lactation 

followed by persistent ingestion of 20% of lipids did not induce obesity in gerbils at 

adulthood. Previous studies indicate that at least 15 weeks of high-fat diet are necessary to 

induce weight gain in the Wistar rat (Nascimento et al., 2008; Fernandez et al., 2011; 

Ribeiro et al., 2012), and the present data show that gestational and lactational exposure 

probably did not contribute to reduce the duration of this time exposure.  

With regard to sperm parameters, similar to those observed after DBP exposure, the 

excess of dietary fat also led to a tendency of reduction by ~4% in spermatic efficiency, and 

a slight increase in sperm transit time in the epididymis. However, high-fat diet alone did 

not alter serum steroid levels and steroid biosynthesis in the testis, but decreased AR 

expression in this organ. Several clinical and experimental studies have shown a negative 

influence of adiposity on androgen serum levels, sperm production and fertility (Giagulli et 

al., 1994; Hammoud et al., 2008; MacDonald et al., 2010). Fernandez et al. (2011) 

observed that after 15 weeks of high-fat diet consumption the sperm counts in testes were 

not affected, but sperm motility was reduced and E2 serum levels increased in Wistar rats. 

Other recent results from our laboratory indicated a reduction of ~17% in sperm counts of 

Wistar rats from obese mothers exposed to a high-fat diet (unpublished data). A decrease in 

AR expression was also observed in the testes of these rats, which was more pronounced if 

followed by high-fat diet consumption during post natal development (unpublished data). 

Therefore, the excess of fats in the diet or via maternal nutrition seems to interfere in 

expression of the AR expression in androgen-dependent organs in adulthood, independently 

of the obesity status. Thus, the trend of sperm production reduction observed here probably 

reflects the impairment in AR signaling in testes.  

When DBP exposure was combined with excess of dietary fat, the impairment in 

spermatic efficiency was higher and a reduction of about 15% was observed, indicating the 

additive effects of exposure. Similar to that was observed in individual exposures, no 

perturbations on testis weight or histology were detected after concomitant exposure to 
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DBP and to high-fat diet. Furthermore, these gerbils also exhibited lipid profiles and 

adiposity indexes similar to those of control gerbils at adulthood. However, in spite of the 

lack of changes observed in serum hormone levels, intratesticular testosterone synthesis 

was impaired. A reduction of 83% in intratesticular testosterone was observed in treated 

animals after combined exposures. As previously mentioned, several studies indicate that 

phthalates, such as DBP, have antiandrogenic activity (Fisher et al., 2003; Barlow et al., 

2003; Howdeshell et al., 2008). In fetal testes, the mechanism by which DBP causes a 

reduction in intratesticular T levels is through decreasing androgen production by Leydig 

cells (Lambright et al., 2003). Lehmann et al. (2004) revealed that the exposure to low (0.1 

and 1.0 mg/kg/day) and to high (50, 100 and 500 mg/kg/day) DBP doses decreases the 

expression of genes involved in cholesterol transport and in steroidogenesis, and 

consequently, decreases testosterone synthesis in fetal testes. In adult testes, Show et al. 

(2003) revealed that low intratesticular testosterone concentrations impair the integrity of 

vimentin filaments present in Sertoli cells, and spermatogenesis in rats. The authors suggest 

that changes in vimentin filaments may represent a general mechanism used by Sertoli cell 

to release adherent germ cells or to communicate a death signals to germ cells after 

reduction of intratesticular T, causing damage to sperm production. 

 Alterations in the vimentin cytoskeleton also occured after exposure to phthalic 

esters. Kleymenova et al. (2005) exposed Sprague-Dawley rats to 500mg/kg/day of DBP in 

utero and observed alterations in the vimetin cytoskeleton of fetal Sertoli cells and a loss in 

Sertoli cell-gonocyte contact. In another study, MEHP altered Sertoli cell vimentin 

filaments and germ cell apoptosis in young rat testes (Richburg and Boekelheide, 1996). In 

this present study, testes were analyzed in adulthood and no drastic change was verified in 

testes or serum hormones of animals exposed to DBP, only small changes in sperm 

production. In addiction, there were few changes in spermatic efficiency in animals 

exposed to a high-fat diet. Therefore, it is possible to conclude that the combinaed 

exposures acted synergistically and impaired intratesticular testosterone production, 

reducing the spermatic efficiency and the DSP. Proteins directly responsible for T synthesis 

in rat testes include StAR, P450scc, 3β-HSD, 17α-hidroxylase/C17,20-lyase and 17β-HSD 

(Payne and Youngblood, 1995; Miller and Strauss, 1999). Here, 17β-HSD expression did 
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not show any variation between groups, as well as the number of Leydig cells, but the 

expression of the other proteins was not investigated. 

Despite normalization in lipid metabolism in adulthood, the group exposed to DBP 

and to a high-fat diet exhibited an ~28% increment in body weight at weaning, unlikely that 

observed in the groups exposed only to these treatments. Therefore, it is possible that 

increased body weight could be accomplished by an unbalance in sexual steroid and leptin 

concentrations of mothers and offspring, as has been previously reported by White et al. 

(2009) and by Landry et al. (2013). If so, the inbalance in sex steroid milieu during 

gestation and neonatal life might be interfered with in the Leydig cell differentiation, or in 

other paracrine regulatory factors, thus affecting their future secretory capacity. In 

addiction, it is also possible that low sperm counts may be due to the influence of high-fat 

maternal intake and increased body weight of offspring on gonocyte differentiation. In fact, 

we recently observed that male Wistar rats born from obese mothers induced by the same 

high-fat diet showed alterations in serum steroids and gonocyte differentiation (Christante 

et al, 2013) and a reduction in spermatic efficiency of 30% (unpublished data).  

Some cytokines, such as IL-1α, IL-1β and TNF-α, are known for their importance in 

spermatogenesis, since they are involved in maintenance of the immunosuppressive 

microenvironment of the seminiferous tubules (Hedger and Meinhardt, 2003). These 

cytokines are usually produced in testes, yet in low concentrations, being produced at 

higher concentrations in inflammation situations (Matsuzawa, 2006) or during adipogenesis 

(Desai and Ross, 2011). As seen in our results, the serum IL-1β and TNF-α concentrations 

did not vary significantly among the experimental groups. Similarly, the intratesticular 

levels changed slightly, showing that exposure to DBP or to a high-fat diet, or both 

treatments, did not affect the production of inflammatory cytokines. Therefore, the drop in 

sperm production here observed was not related to alterations in these cytokines.  

High-fat diet and DBP exposure also had an effect on sperm transit time through the 

epididymis and epididymal sperm concentration. The sperm transit time was ~39% and 

34% higher in the caput/corpus and cauda of the epididymis, respectively, and the sperm 

concentration was slightly higher, despite the lower daily sperm production verified in this 

group. These data associated with the increase in the epididymis cauda weight demonstrate 
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abnormal sperm storage in the epididymis. The epididymis is an important organ in which 

spermatozoa undergo maturation (Orgebin-Crist, 1969) and sperm transit through this 

organ is modulated by androgens and the contractile activity of smooth muscle (Garcia et 

al., 2012; Borges et al., 2013). Moreover, epididymal secretory activity is androgen-

dependent (Dhar and Setty, 1976). As previously stated, intratesticular testosterone 

synthesis was impaired in animals subjected to concomitant exposures. Thus, we can 

conclude that the increase in sperm transit time and in sperm storage was due to a reduction 

in intratesticular androgen levels. Some studies indicate that many environmental chemicals 

are associated with decreased numbers of sperm stored in the cauda epididymis, with little 

or no reduction in sperm production (Klinefelter and Suarez, 1997; Goyal et al., 2001). This 

suggests that the epididymis is the target of these toxic substances, and that the transit of 

sperm through the epididymis is accelerated by these exposures (Klinefelter and Suarez, 

1997). In this present study, DBP associated with high-fat diet impaired sperm production 

but increased the sperm reserves and sperm transit time in the epididymis. Indeed, no 

change was observed in sperm motility, leading us to believe that there was no drastic 

problem with sperm maturation. We can not infer that no losses to fertility occurred in this 

rodent, because analyses for this purpose were not performed.  

This study shows that lifetime low DBP doses exposure results in obesity and 

dislipidemy at adulthood. Even though such exposure did not induce evident alterations in 

testis structure, this exposure impaired testicular estrogen synthesis and resulted in a 

tendency to decrease sperm production. The chronic intake of high-fat diet also was 

associated with a trend to reduction sperm production. In this case, the reduction was not 

related to obesity or sexual steroid alterations, but was probably due to an impairment in 

AR content and signaling. In combination, both exposures act synergically in damaging 

intratesticular testosterone synthesis and sperm production. This is the first report to 

demonstrate that the fat nutritional environment may adversely affect the response of testes 

to phthalates, and provides new information for understanding the consequences of 

exposure to ECD in decreasing human sperm counts and fertility, as previously indicated 

(Sharpe and Skakkebaek, 2008; Swan, 2008; Merzenich et al., 2010). 
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Table 1. Composition of diets used in this study. 

 

Composition Balanced diet High-fat diet# 

Proteins (%) 22 20 

Carbohydrates (%) 48 37 

Lipids (%) 4 20 

Others* (%) 26 23 

Calories (Kcal/g) 3.16 4.8 

* Others: vitamins, minerals and water. 
# High-fat diet was composed of hypercaloric diets nutritionally identical, except for the added flavoring 

addictive (cheese, bacon, chocolate or vanilla). 
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Table 2. Body weight (g) and adiposity index of gerbils from control (C), di-n-butyl 

phthalate (Ph), high-fat diet (HF) and high-fat diet plus di-n-butyl phthalate (HFPh) groups. 
 

Biometric parameters n=15 Experimental groups 

 C Ph HF HFPh 

Body weight (4 weeks) (g) 19.33 ± 4.11a 18.21 ± 3.52a 19.7 ± 5.4a 24.7 ± 5.5b 

Body weight (14 weeks) (g) 59.24 ± 7.38 a 65.11 ± 7.38 b 61.5 ± 5.35 a,b 64 ± 5.11 a,b 

Adiposity index (14 weeks) 2.18 ± 0.83a 3.08 ± 0.96b 2.30 ± 0.83a 2.53 ± 0.81a,b 

Values expressed as means ± standard deviations. 
a,b indicate statistical differences between groups (p ≤ 0.05). 
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Table 3. Stereological analysis of the testicular componentes of Mongolian gerbil from 

control (C), di-n-butyl phthalate (Ph), high-fat diet (HF) and high-fat diet plus di-n-butyl 

phthalate (HFPh) groups.  
 

Stereological analysis Experimental groups 

 C Ph HF HFPh 

Seminiferous tubule 92.69 ± 2.95 92.25 ± 2.96 93.12 ± 2.48 93.08 ± 3.16 

Epithelium 75.33 ± 4.53 75.27 ± 5.0 74.1 ± 5.43 75.26 ± 5.43 

Lumen 12.72 ± 4.97a,b 11.76 ± 4.98a 14.15 ± 6.69b 12.63 ± 5.98a,b 

Nuclei of Sertoli cells 3.04 ± 1.47a 3.76 ± 1.79a,b 3.55 ± 1.61a,b 3.75 ± 1.65b 

Peritubular tissue 1.6 ± 1.17 1.46 ± 1.15 1.32 ± 1.05 1.43 ± 1.08 

Interstitial tissue .31 ± 2.95 7.75 ± 2.96 6.88 ± 2.48 6.92 ± 3.16 

Leydig cells 2.38 ± 1.38 2.48 ± 1.51 2.01 ± 1.32 2.49 ± 1.41 

Other cells 1.41 ± 1.0 1.51 ± 1.44 1.36 ± 1.02 1.41 ± 1.35 

Blood vessels 0.44 ± 1.02 0.42 ± 0.76 0.24 ± 0.56 0.44 ± 1.21 

Lymphatic space 3.09 ± 1.9a,b 3.35 ± 1.6a,b 3.27 ± 1.63a 2.59 ± 1.63b 

Values expressed as means ± standard deviations. 
a,b indicate statistical differences between groups (p ≤ 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Sperm parameters Experimental groups 

 C Ph HF HFPh 

Sperm number     

x106/testis 71.02 ± 9.72a 67.28 ± 11.21a,b 76.92 ± 6.93a 63.8 ± 11.39b 

x106/g testis 149.91 ± 10.45a 134.85 ± 15.53a,b 143.80 ± 13.99a,b 127.24 ± 15.54b 

Daily sperm production     

x106/ testis/day 12.22 ± 1.67a,b 11.58 ± 1.93a,b 13.24 ± 1.19a 10.98 ± 1.96b 

x106/ g testis/day* 25.80 ± 3.52a 23.21 ± 2.67a,b 24.75 ± 2.41a,b 21.90 ± 2.67b 

Sperm number in the caput/corpus 

of the epididymis (x106) 
10.36 ± 3.57a 11.56 ± 2.24a,b 13.86 ± 1.73b 12.58 ± 2.17a,b 

Sperm transit time in the 

caput/corpus (days) 
0.84 ± 0.25a 1.02 ± 0.29a,b 1.05 ± 0.15a,b 1.17 ± 0.25b 

Sperm number in the cauda of the 

epididymis (x106) 
108.96 ± 24.63 125.91 ± 27.84 131.72 ± 26.43 130.68 ± 22.81 

Sperm transit time in the cauda 

(days) 
8.96 ± 1.78a 10.94 ± 2.23a,b 10.03 ± 2.17a,b 12.01 ± 1.79b 

N 13 10 10 9 

                        Values expressed as means ± standard deviations. 

            * Spermatic efficiency. 
                                    a,b indicate statistical differences between groups (p ≤ 0.05). 

Table 4. Sperm parameters of Mongolian gerbils from control (C), di-n-butyl phthalate (Ph), high-fat diet 
(HF) and high-fat diet plus di-n-butyl phthalate (HFPh) groups. 
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Figure legends 

 

Figure 1. A. Testicular weight and gonadosomatic index of gerbils from control (C), di-n-

butyl phthalate (Ph), high-fat diet (HF) and high-fat diet plus di-n-butyl phthalate (HFPh) 

groups. No change occurred in these two parameters. B. Total epididymal weight and 

caput/corpus and cauda region weights in different experimental groups, C, Ph, HF and 

HFPh. Note that in the Ph and HFPh groups, the epididymal weight was higher, and the 

caudal region of the HFPh group appeared to be more prominent. No difference was 

observed in the caput/corpus of the epididymis. Values are expressed as means ± standard 

deviations. a,b indicate statistical difference between groups (p ≤ 0.05). 

 

Figure 2. Lipid profile of gerbils from control (C), di-n-butyl phthalate (Ph), high-fat diet 

(HF) and high-fat diet plus di-n-butyl phthalate (HFPh) groups. In this analysis,total 

cholesterol, HDL, LDL and triglyceride values (mg/dL) were obtained. The HFPh group 

showed normal levels near those seen in the C group. Values are expressed as means ± 

standard deviations. * represent the statistical difference between groups (p ≤ 0.05). 

 

Figure 3. Hormonal profile of animals from control (C), di-n-butyl phthalate (Ph), high-fat 

diet (HF) and high-fat diet plus di-n-butyl phthalate (HFPh) groups. A and B. Serum 

testosterone (T) and estradiol (E2) levels. C and D. Intratesticular T and E2 concentrations. 

Note that intratesticular T levels were lower in the HFPh group and intratesticular E2 levels 

were lower in the Ph group. Individual values of animals from each experimental group 

(circles) and the median value per group (line) are represented. * represent the statistical 

difference between groups (p ≤ 0.05). 
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Figure 4. Androgen receptor (AR) expression by testicular cells of Mongolian gerbils from 

control (C), di-n-butyl phthalate (Ph), high-fat diet (HF) and high-fat diet plus di-n-butyl 

phthalate (HFPh) groups. A. AR and β-actin content wre obtained by Western blotting 

analysis. B. The rate of AR with respect to β-actin. β-actin was used as a positive control. C 

- F. AR immunohistochemistry in testicular sections of animals from C (C) Ph (D), HF (E) 

and HFPh (F) groups. Note that the AR expression was lower in the HF group, which is not 

detected by immunohistochemistry. Values are expressed as means ± standard deviations. 
a,b indicate statistical differences between groups (p ≤ 0.05). 

 

Figure 5. Estrogen receptor α (ERα) expression by testicular cells of Mongolian gerbils 

from control (C), di-n-butyl phthalate (Ph), high-fat diet (HF) and high-fat diet plus di-n-

butyl phthalate (HFPh) groups. A. ERα and β-actin levels were obtained by Western 

blotting analysis. B. The rate of ERα with respect to β-actin. β-actin was used as a positive 

control. C - F. ERα immunohistochemistry in testicular sections of animals from C (C) Ph 

(D), HF (E) HFPh (F) groups. Note the higher ERα expression in the Ph group. Values are 

expressed as means ± standard errors. a,b indicate statistical differences between groups (p ≤ 

0.05). Scale bar: 50 µm.  

 

Figure 6. Testicular 17β-HSD protein expression on control (C), di-n-butyl phthalate (Ph), 

high-fat diet (HF) and high-fat diet plus di-n-butyl phthalate (HFPh) groups. A. 17β-HSD 

and β-actin levels were determinated by Western blotting analysis. B. The rate of 17β-HSD 

with respect to β-actin. β-actin was used as a positive control. Values are expressed as 

means ± standard errors. 

 

Figure 7. Serum (A and B) and intratesticular (C and D) TNF-α and IL-1β cytokine 

concentrations of animals from control (C), di-n-butyl phthalate (Ph), high-fat diet (HF) 

and high-fat diet plus di-n-butyl phthalate (HFPh) groups. Values are expressed as means ± 

standard deviations.  
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Figure 8. Sperm motility in control (C), di-n-butyl phthalate (Ph), high-fat diet (HF) and 

high-fat diet plus di-n-butyl phthalate (HFPh) groups. Sperm were analyzed according to 

the movement type: progressive movement, non-progressive movement and immotile. No 

change was observed in this analysis. Values are expressed as means ± standard deviations. 

n = 8 animals/group. 
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Figure 7 
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 Supplementary material 

 

Table I. Profile of saturated and unsaturated fatyy acids of the diets (%). 

Fatty acids Balanced diet High-fat diet 
Caproic  (c6:0) 0.00 0.02 
Caprylic (c8:0) 0.03 0.03 
Capric (c10:0) 0.02 0.05 
Lauric (c12:0) 0.33 0.25 
Myristic (c14:0) 0.30 0.33 
Palmitic (c16:0) 16.56 15.09 
Heptadecanoic (c17:0) 0.02 0.08 
Stearic (c18:0) 3.90 4.36 
Palmitoleic (c16:1) 0.06 0.15 
Oleic (c18:1n9c) 27.96 37.94 
Linoleic (c18:2n6c) 47.10 40.83 
α-linoleic acid (c18:3n3) 3.72 0.87 
Saturated fatty acids 21.16 20.21 
Unsaturated fatty acids 78.84 79.79 
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_______________________________________________________CONCLUSÕES GERAIS 

 

O estudo experimental de exposição contínua dos gerbilos da Mongólia, desde 

gestação até a idade adulta, a baixas doses do desregulador endócrino di-n-butil ftalato 

(DBP), à dieta hiperlipídica ou a ambos permitiu concluir que: 

  

1) A exposição conjunta a baixas doses de DBP (5 mg/kg peso corporal/dia) e à dieta 

hiperlipídica durante a gestação e lactação aumentou o peso corporal da prole masculina ao 

desmame e resultou em tendência à obesidade na idade adulta. 

 

2) A exposição prolongada a baixas doses de DBP teve efeito obesogênico e dislipidêmico.  

 

3) A exposição prolongada ao DBP não afetou a síntese de testosterona nem a expressão 

testicular de AR e 17β-HSD, mas reduziu a síntese intratesticular de estradiol e aumentou a 

expressão de ERα nesse órgão. 

 

4) O excesso de lipídeos na dieta não afetou a biossíntese testicular de hormônios 

esteroides, mas diminuiu a expressão de AR no testículo. 

 

5) A exposição isolada a baixas doses de DBP ou à dieta hiperlipídica ocasionou uma 

tendência à redução da eficiência espermática (produção diária de espermatozoides/g de 

testículo) nesse roedor, provavelmente devido ao comprometimento da síntese 

intratesticular de estrógenos, nos animais expostos ao DBP, e da sinalização celular, vista a 

baixa expressão de AR, nos animais expostos ao excesso de lipídeos. 

 

6) A exposição conjunta a baixas doses de DBP e à dieta hiperlipídica teve efeito 

cumulativo sobre a eficiência espermática, causando uma redução de 15% neste parâmetro. 

Este prejuízo pode ter sido devido à redução de 83% na produção de testosterona 

intratesticular, que possivelmente comprometeu a espermatogênese deste roedor.  
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7) A exposição conjunta a baixas doses de DBP e à dieta hiperlipídica teve efeito sinérgico 

sobre o tempo de trânsito dos espermatozoides através do epidídimo, aumentando-o em 

35%. Esse aumento foi devido ao maior tempo de armazenamento dos espermatozoides na 

causa do epidídimo. Nenhuma alteração na motilidade dos espermatozoides foi constatada 

para esse grupo ou para os grupos de exposição isolada. 
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