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RESUM O

O sobrepeso e a obesidade estão aumentando rapidamente, tornando-se uma epidemia 

mundial. Estas duas condições podem ser definidas simplesmente como o acúmulo

excessivo de gordura nos adipócitos, células do tecido adiposo responsáveis pela síntese e 

liberação de leptina, um hormônio protéico cuja principal ação é inibir o apetite e estimular 

o gasto energético, mas que também atua na regulação do eixo hipotalâmico-hipofisário-

gonadal. As concentrações séricas de leptina apresentam-se elevadas, proporcionalmente à 

quantidade de gordura, em muitos modelos animais de obesidade e na obesidade humana. 

Recentemente alguns estudos têm mostrado a relação entre obesidade e infertilidade 

masculina, mas até o momento os resultados são controversos. Da mesma forma, o papel da 

leptina no sistema reprodutor masculino não está muito esclarecido, principalmente quando 

este hormônio está em excesso, como na obesidade. Assim, os objetivos do presente estudo 

foram investigar os efeitos da obesidade induzida por consumo de dieta rica em gordura em 

parâmetros reprodutivos de ratos machos. Também foi investigado o papel da leptina na 

fertilidade e em alguns parâmetros espermáticos, em ratos machos adultos. Para isso, ratos 

machos da variedade Wistar foram alimentados com dieta hipercalórica rica em gordura 

(DH) ou com dieta padrão (DP) durante 15, 30 ou 45 semanas, e foram avaliados quanto ao 

índice de obesidade, níveis séricos de leptina, peso dos órgãos reprodutores e contagens 

espermáticas. Em um segundo experimento, os animais receberam as diferentes dietas 

apenas por 15 semanas, tempo suficiente para provocar obesidade. Esses animais foram 

avaliados quanto às dosagens dos hormônios sexuais, comportamento sexual, motilidade e 

morfologia espermática, fertilidade após cruzamento natural e inseminação artificial in 

utero. Além disso, ratos machos adultos não-obesos foram tratados com leptina exógena, 

ou com salina, ip, por 42 dias e avaliados quanto ao peso dos órgãos reprodutores, 

contagens espermáticas, motilidade dos espermatozóides e fertilidade após inseminação 

artificial. Após 15, 30 ou 45 semanas, os animais alimentados com DH apresentaram um 

aumento significativo no índice de obesidade e nos níveis de leptina. O peso dos órgãos 
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reprodutores e as contagens espermáticas foram similares entre os dois grupos, em todos os 

períodos estudados. Nos animais que receberam DH por 15 semanas, o comportamento 

sexual e a fertilidade após acasalamento natural foram semelhantes aos do grupo controle. 

Da mesma forma, os níveis de testosterona não foram alterados, mas os de estradiol 

aumentaram nos animais que ingeriram DH. Além disso, a qualidade espermática foi

reduzida nestes animais, como evidenciado pela baixa porcentagem de espermatozóides 

com movimento progressivo. A alteração da motilidade espermática foi seguida por uma 

redução quantitativa do potencial de fertilidade após inseminação artificial in utero. Os 

animais tratados com leptina não apresentaram diferenças nas contagens espermáticas nem 

na motilidade quando comparados aos animais controle. No entanto, o potencial de 

fertilidade reduziu cerca de 40% e a taxa de perdas pré-implantação foi duas vezes maior 

nos animais tratados com leptina. Juntos, esses resultados indicam que a obesidade 

diminuiu a qualidade espermática, prejudicando a fertilidade dos ratos machos, e que, 

provavelmente a leptina está relacionada a este prejuízo.



ABSTRACT

’

in utero



in utero



5

were increased in HDF rats. Furthermore, sperm quality was reduced in 15 weeks HFD-fed

animals as evidenced by their decreased percentage of sperm with progressive movement. 

This altered motility parameter was followed by a quantitative reduction in fertility 

potential after artificial in utero insemination. Leptin treated animals did not show any 

differences in sperm counts either in the testis or epididymis. In the same way, the 

percentage of progressive, non-progressive and immotile sperm was similar between the 

two groups. However, the fertility potential showed a reduction of about 40% whereas the 

pre-implantation loss rate increased more than two fold in leptin treated animals. These 

results indicate that obesity lead to a decrease in sperm quality, impairing male fertility and 

probably the excess of leptin is related with this alteration of fertility.



1. I NTRODUÇÃO

1.1 Aspectos gerais da morfologia e fisiologia do sistema reprodutor masculino 
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obesidade androide, ou seja, em que a gordura é acumulada na região abdominal, da

obesidade ginóide, menos severa, em que a gordura é distribuída mais uniforme e 

perifericamente. Tendo isto em vista, além do IMC, outros métodos de medida seriam úteis 

para a identificação de indivíduos com riscos elevados de doenças. A medida da 

circunferência da cintura e a razão entre esta e a circunferência do quadril são bons 

indicadores do acúmulo abdominal de gordura (WHO, 2000).

A obesidade não provem de um único desarranjo, mas de um grupo heterogêneo de 

condições com múltiplas causas que culminam na expressão do fenótipo de obesidade. A 

obesidade envolve complexas relações etiológicas entre os quadros genéticos, metabólicos 

e neurais, por um lado e de comportamento, hábitos alimentares, atividade física e fatores 

sócio-culturais, por outro (Nammi et al., 2004).

A obesidade é uma doença negligenciada por muitas vezes não ser, sequer,

considerada como doença, mas sim como uma condição auto-infligida, que poderia ser 

facilmente evitada e curada pelo auto-controle e determinação (Björntorp, 1997). Apesar 

de já ter sido condiderada como resultado da falta de força de vontade e da escolha de um 

estilo de vida errado, a obesidade hoje está sendo considerada pelo mundo moderno, como 

uma doença crônica que requer estratégias eficazes para sua contenção (Nammi et al., 

2004). Esta doença é uma condição médica séria e crônica, associada a uma variedade de 

condições debilitantes de risco, como doenças cardiovasculares, hipertensão, doenças 

respiratórias, disturbios metabólicos como a ocorrência de Diabetes Mellitus tipo 2, 

disturbios gastrointestinais e certos tipos de cânceres (Nammi et al., 2004).

1.2.1 Epidemiologia da obesidade no mundo

A obesidade é uma doença crônica, existente em países desenvolvidos e em 

desenvolvimento, e que afeta crianças e adultos. De fato, a obesidade hoje é tão comum que 

está substituindo as preocupações mais tradicionais da saúde pública, como desnutrição e 

doenças infecciosas, tornando-se um dos contribuintes mais significativos para os 

problemas de saúde. Além disso, como o problema parece estar aumentando rapidamente 

em crianças, as reais consequências para a saúde poderão se tornar aparentes apenas no 

futuro (WHO, 2000).
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entre 1989 e 2008-2009. Particularmente nos últimos seis anos (comparando resultados da 

POF 2008-2009 com os da POF 2002-2003), a frequência de pessoas com excesso de peso 

aumentou em mais de um ponto percentual ao ano, o que indica que, em cerca de dez anos, 

o excesso de peso poderia alcançar dois terços da população adulta do Brasil, magnitude 

idêntica à encontrada na população dos Estados Unidos (IBGE, 2010). 

Como o excesso de peso e a obesidade expressam o desequilíbrio entre ingestão e 

utilização de calorias pelo organismo humano, a explicação para o aumento da frequência 

dessas condições deve ser procurada em mudanças nos padrões de alimentação e de 

atividade física da população.

1.2.3 Obesidade e reprodução

A obesidade é uma epidemia que está aumentando em muitos países e uma 

capacidade reduzida de se reproduzir é um perigo potencial, mas pouco conhecido, 

relacionado à obesidade (Ramlau-Hansen et al., 2007). Evidências mostram que o excesso 

de peso parece ser uma das principais e mais negligenciadas causas de infertilidade (Kort et 

al, 2006). A obesidade, particularmente a de fenótipo andróide, é associada a vários 

distrúrbios reprodutivos, incluindo a infertilidade (Pasquali et al., 2003).

Apesar dos efeitos negativos da obesidade na função reprodutiva terem sido 

primeiramente documentados há mais de 2000 anos por Hipócrates (Bray, 1990), a 

etiologia dos efeitos desfavoráveis dessa relação não foi estudada a fundo por muito tempo

(Shaw et al., 1997). Evidências mostram uma ligação entre o estado energético e a função 

reprodutiva (Spicer, 2001), sendo o controle integrado desse sistema, provavelmente, um 

fenômeno multifacetado conduzido por uma gama de sinais que atuam em diferentes níveis 

do eixo neuroendócrino (Nogueiras et al., 2004).

A obesidade está associada a múltiplas alterações do sistema endócrino, incluindo 

concentrações anormais de hormônio no sangue devido a alterações no seus padrões de 

secreção e/ou metabolismo, alterações no transporte hormonal e/ou na sua ação em nível 

dos tecidos alvos. Alterações nos hormônios sexuais estão envolvidas com problemas de 

fertilidade em ambos os sexos (Pasquali, 2006).
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A fertilidade feminina é primorosamente sensível ao peso corporal, sendo que um 

limite crítico de gordura é necessário para que as meninas entrem na puberdade, o que é 

uma garantia natural para que elas possam levar uma gestação a termo; no entanto, uma 

quantidade excessiva de gordura corporal tem um efeito prejudicial na fertilidade feminina 

(Robker, 2008). Em mulheres, o aparecimento precoce da obesidade favorece o

desenvolvimento de irregularidades menstruais, oligo-anovulação crônica e infertilidade na 

idade adulta. A obesidade em mulheres também pode aumentar o risco de abortos e 

prejudicar os resultados de técnicas de reprodução assistida (Pasquali et al., 2007; Loret de 

Mola, 2009).

Apesar da maioria das mulheres obesas não desenvolverem hiperandrogenismo, 

muitas daquelas que apresentam infertilidade e sinais de excesso de andrógeno são afetadas 

pela síndrome do ovário policístico (SOP). Recentemente, tem sido hipotetizado que a alta 

prevalência de ovário policístico pode estar relacionada à crescente epidemia mundial de 

obesidade. Isso é parcialmente confirmado pelo fato de mais de 50% das mulheres com 

SOP serem obesas e a maioria apresentar o fenótipo de distribuição de gordura abdominal, 

que por si só é associado a uma condição de hiperandrogenismo (Pasquali, 2006).

Em estudos experimentais com modelos animais de obesidade induzida por dieta

hipercalórica, ratas obesas tiveram um desempenho reprodutivo bem abaixo daquele

observado em ratas controle, apresentando menor taxa de gestação e maior mortalidade 

neonatal (Shaw et al., 1997). Da mesma forma, oócitos coletados de camundongas obesas 

(por ingestão de dieta rica em gordura) apresentaram um desenvolvimento mais lento após 

fertilização in vitro (Robker, 2008).

O impacto da obesidade em homens é menos investigado do que em mulheres 

(Pasquali, 2006; Hammoud et al., 2008; Chavarro et al., 2010). Estudos mostram que o 

acúmulo de tecido adiposo em homens está associado a uma diminuição dos níveis séricos 

de testosterona total e livre (Giaugulli et al., 1994) e a um aumento dos níveis de estrógeno 

(Schneider et al., 1979), o que poderia levar a uma diminuição da contagem espermática 

nesses indivíduos (Hammoud et al., 2008).

Nos últimos anos, estudos têm relacionado o IMC com parâmetros reprodutivos em 

homens, mas os resultados ainda são contrastantes e pouco conclusivos. Alguns trabalhos 
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Camundongos ob/ob ou db/db são animais em que ocorre a falta da ação biológica da 

leptina, por deficiência na produção de leptina (mutação do gene ob) ou de seu receptor, o 

que leva esses animais à infertilidade (Chehab et al., 1996; Mounzih et al., 1997; Sone and 

Osamura, 2001). A aplicação de leptina exógena nesses animais restabelece a fertilidade em 

machos e fêmeas (Barash et al., 1996; Chehab et al., 1996; Mounzih et al., 1997; 

Cunningham et al., 1999), o que confirma a ligação entre leptina e reprodução. Estudos 

indicam que a leptina pode atuar tanto em nível hipotalâmico quanto hipofisário 

estimulando a liberação de GnRH e LH, respectivamente (Cunningham et al., 1999; Tena-

Sempere and Barreiro, 2002; Zieba et al., 2005).

Concordando com o seu papel de levar informações sobre o estado nutricional para 

níves centrais, a leptina está relacionada com o início da puberdade, principalmente em 

fêmeas (Cunningham et al., 1999). Em ratas, a restição alimentar leva a um atraso no início 

da puberdade, que pode ser revertido pelo tratamento com leptina. Da mesma forma, a 

administração de leptina para fêmeas pré-puberes antecipou o aparecimento dos sinais 

clássico da puberdade (Messinis and Milingos, 1999). Em humanos, os níveis de leptina 

aumentam progressivamente durante o desenvolvimento puberal, havendo uma relação 

inversa entre a concentração sanguínea de leptina e a idade da menarca. Já nos meninos, 

essa relação entre leptina e pubertade não é tão clara, com as concentrações do hormônio 

aumentando até os 10 anos e decaindo subsequentemente. No entanto, a falta da leptina 

endógena está associada à falta de desenvolvimento puberal e ao hipogonadismo (Tena-

Sempere and Barreiro, 2002).

Os mecanismos pelos quais a leptina regula as funções reprodutivas não é 

completamente caracterizado, mas os locais de ação podem incluir hipotálamo, hipófise e 

gônada (Tena-Sempere et al., 1999), sendo que no caso dos testículos, receptores de leptina 

foram identificados nas células germinativas, células de Leydig (Tena-Sempere et al., 2001; 

Bhat et al., 2006) e células de Sertoli (Tena-Sempere et al., 2001). Nos ovários, receptores 

de leptina foram encontrados nas células foliculares, da teca e intersticiais (Duggal et al., 

2000). A falta de leptina leva a alterações reprodutivas conhecidas, ainda que não sejam 

completamente elucidados os mecanismos responsáveis por essas alterações. No entanto, as
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implicações que o excesso de leptina pode causar para o sistema reprodutor não são 

conhecidas. 

Em homens, a expressão de leptina em células germinativas no testículo mostrou-se 

inversamente correlacionada à concentração espermática, e pacientes com disfunções 

espermatogênicas ou varicocele apresentaram uma expressão aumentada da proteína 

(Ishikawa et al., 2007). A comparação de homens com espermograma normal e homens 

com algum tipo de alteração no espermograma, mostrou que os primeiros apresentaram 

uma menor concentração de leptina no plasma seminal; além disso, a concentração de 

leptina no sêmem foi negativamente correlacionada à porcentagem de espermatozóides 

móveis (Glander et al., 2002). Esses resultados indicam que a quantidade de leptina 

presente no trato genital pode ter uma possível ação negativa na qualidade espermática. O 

tratamento de ratos não-obesos com leptina exógena mostrou uma diminuição na contagem 

espermática e um aumento na quantidade de espermatozóides morfologicamente anormais

(Haron et al., 2010). Assim como a falta da leptina é prejudicial para o sistema reprodutor o 

excesso também parece ser. No entanto, mais estudos são necessários para que se conheça

os efeitos do excesso desse hormônio para a reprodução e também para que se descubra os 

mecanismos pelos quais a leptina age no trato reprodutor.

1.4 Modelos esperimentais de obesidade

Na tentativa de provocar obesidade em animais e permitir o estudo desta doença de 

maneira mais completa, diversos modelos experimentais de obesidade têm sido 

desenvolvidos (Pereira et al., 2003). A similaridade e homologia entre os genomas dos 

roedores e dos humanos tornam esses modelos animais uma importante ferramenta para o 

estudo de condições que afetam os humanos e que podem ser simuladas em ratos (Von 

Diemen et al., 2006). A utilização desses modelos animais pode fornecer informações sobre 

o sistema de controle que regula o armazenamento de nutrientes nos seres humanos (Bray 

et al., 1989).

A obesidade pode ser induzida em animais com alterações neuroendócrinas, 

dietéticas ou genéticas. Os modelos mais utilizados para indução de obesidade em ratos são 

lesão do núcleo hipotalâmico ventromedial (VMH) através da administração de glutamato 
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alimentar humano na atualidade. Existem vários tipos de dietas para induzir obesidade, 

algumas delas atingem maior valor calórico pela adição de carboidratos enquanto outras, 

pela adição de gordura (Von Diemen et al., 2006). 

Dietas hipercalóricas podem ser produzidas pela adição de alimentos calóricos de 

consumo humano (como bolachas, chocolate, leite condensado, óleo vegetal etc) a uma 

ração padrão para roedores (Esteve et al., 1994; Von Diemen et al., 2006), estas dietas são 

conhecidas como dietas de cafeteria. As dietas hipercalóricas hiperlipídicas são aquelas que 

possuem maior porcentagem de gordura do que as dietas padrões. Na literatura são 

encontrados vários exemplos de dietas hiperlipídicas que possuem diferentes porcentagens

de gordura em sua composição: 20% de gordura na dieta hipercalórica contra 4% na dieta 

padrão (Fernandez et al., 2011); 35% vs 12% (Tan et al., 2005); 60% VS 10% (Ghanayem 

et al., 2010); 22% vs 6% (Bakos et al., 2010); 25% vs 5% (Olivares et al., 2010). Estudos 

em animais mostram que a alimentação hiperlipídica é um componente importante na 

etiologia da obesidade, já que a exposição a dietas hiperlipídicas comprovadamente levou 

ao excesso de gordura corporal em macacos, cães, suínos, esquilos, hamsters e ratos (West 

and York, 1998).  
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2. JUSTI FI CATI VA 

Diante da grande incidência de sobrepeso e obesidade na sociedade moderna, entre

crianças, adolescentes e adultos, e das evidências da literatura que mostram que o excesso 

de peso pode ser uma das causas mais negligenciadas da infertilidade, entre homens e 

mulheres, faz-se necessário a realização de estudos que visem um melhor entendimento dos 

problemas causados ao sistema reprodutor pelo excesso de gordura corporal. Dados da 

literatura são controversos quando relacionam IMC a parâmetros reprodutivos em homens. 

Alguns trabalhos mostram que o IMC elevado está relacionado à baixa qualidade 

espermática, à diminuição da contagem e da motilidade dos espermatozóides, e ao aumento 

do índice de fragmentação do DNA dos gametas, enquanto outros não estabelecem essa 

ligação entre obesidade e parâmetros espermáricos. Estudos experimentais também se 

mostram contraditórios no estabelecimento da relação entre excesso de gordura e 

fertilidade. Desta forma, justifica-se a realização do presente trabalho, que visa buscar um 

melhor entendimento dos problemas causados ao sistema reprodutor masculino pelo 

excesso de gordura corporal. 
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3. OBJETI VOS

3.1 Objetivos gerais

O presente estudo teve como objetivo investigar os efeitos da obesidade induzida por 

consumo de dieta hipercalórica na função reprodutiva de ratos machos. Além disso, 

objetivou-se estudar o papel da leptina exógena na fertilidade e em alguns parâmetros 

espermáticos, em ratos machos adultos.

3.2 Objetivos específicos

 Induzir obesidade em ratos machos através da ingestão de dieta hipercalórica rica 

em gordura, enquanto animais controle receberam dieta padrão

- Dosar a concentração de leptina e dos hormônios testosterona, FSH e LH no soro

- Avaliar concentração, morfologia e motilidade espermática 

- Avaliar o comportamento sexual 

- Avaliar a fertilidade após cruzamentos naturais e após inseminação artificial in 

utero

 Tratar um grupo de animais não obesos com leptina exógena, ou apenas com o 

veículo

- Avaliar concentração e motilidade espermática

- Avaliar fertilidade após inseminação artificial in utero



4. CAPÍ TULOS
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Abstract

Background

Obesity is rapidly becoming a worldwide epidemic that affects children and adults. Some 

studies have shown a relationship between obesity and infertility, but until now it remains 

controversial. Thus, the aim of the present study was to investigate the effect of high-fat 

diet-induced obesity on male reproductive parameters.

Methods

In a first experiment, male Wistar rats were fed a high-fat diet (HFD) or standard chow 

(SD) for 15, 30 or 45 weeks, after which they were evaluated by adiposity index, serum 

leptin levels, reproductive organ weights and sperm counts. In a second experiment, rats 

received HFD or SD only for 15 weeks, long enough to cause obesity. Sexual hormones 

and sexual behavior were evaluated in these animals, as well as fertility after natural 

mating. Another group of rats was submitted to motility analysis and fertility evaluation 

after in utero insemination. 

Results

The high-fat diet used in the present study was effective in promoting obesity, as 

demonstrated by an increased adiposity index in association with a higher body weight.

After 15, 30 or 45 weeks, HFD-fed animals presented significant increases in obesity index 

and serum leptin levels. Reproductive organ weights and sperm counts in the testis and 

epididymis were similar between the two groups at all timepoints studied. Sexual behavior 

was not altered by the diet regimen, and HFD fertility after natural mating was also similar 

to SD-fed animals. Intergroup testosterone levels were also comparable, but estradiol levels 

were increased in HFD rats. Furthermore, sperm quality was reduced in HFD animals as

evidenced by their decreased percentage of sperm with progressive movement. This altered 

motility parameter was followed by a trend toward reduction in fertility potential after 

artificial in utero insemination.
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Conclusions

The results reported herein showed that obesity can affect sperm quality, by reducing sperm 

motility, without affecting other sperm parameters. The low sperm quality caused a slight 

reduction in fertility potential, showing that obesity may lead to impairment in male 

fertility. 

Background

Overweight and obesity constitute a health problem of increasing prevalence and 

present a major public health concern [1,2] that affects men and women, young and old [3]. 

These two statuses are often defined simply as a condition of abnormal or excessive fat 

accumulation in adipose tissue [4] arising from an imbalance between calories ingested 

versus calories expended [5]. The change in the average weight of the population is 

occurring quickly, and within a few generations the bell-curve of human-weight 

distribution has shifted toward greater weight [3]. 

Obesity is a risk factor for non-insulin-dependent diabetes, cardiovascular disease, 

osteoarthritis, some types of cancer, and certain reproductive and metabolic disorders [6]. It 

is also associated with disturbance in the hormonal milieu that can affect the reproductive 

system, which is clear in women who present reproductive disorders when obese [7,8]. 

However, in men this relationship is poorly characterized, due to the lower number of 

studies in the literature [2,9]. In recent years, some studies have associated the body mass 

index (BMI) with reproductive parameters in men, showing that increased BMI is related to 

poor semen quality [10], decreased sperm concentration [11], decreased normal-motile 

sperm cells and increased DNA fragmentation index [12]. On the other hand, some works 

showed little or no relation between obesity and sperm concentration [2,13], motility or 

morphology [2] in men, even when serum reproductive hormone levels are altered [2,13]. 

A small number of energy-balance genes are known to be essential for normal body 

regulation and a loss-of-function mutation in a single gene can lead to obesity in laboratory 

animals [14]. However, it does not explain obesity in the majority of the human population 

where no such genetic changes have been identified. If obesity were entirely genetic in 
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causation, it would be difficult to explain the increased in prevalence of obesity over the 

last few decades. Contemporary diets are a major factor in the current obesogenic 

environment, and most human obesity could probably be assessed as being diet-induced 

[14]. Although genetic obesity models are useful for finding the role of endogenous 

neuropeptides in body weight control, the best parallels to human obesity are provided by 

the physiological model of diet-induced obesity (DIO) [14, 15].

In diet-induced obese male mice decreases in sperm motility [16,17], fertilization rate 

[17] number of plugs and pregnancy rate [16], as well as increases in sperm DNA damage 

and sperm intracellular reactive oxygen species (ROS) have been reported [17]. However, 

Tortoriello and colleagues [18] found no impairment in the fertility of male DBA/2J mice 

after they were fed a high-fat diet. In studies of rats made obese by cafeteria feeding, a 

diminished number of ejaculations was observed [19]. Thus, in the literature, few studies 

report the effects of obesity on male fertility and sperm quality and the results are 

altogether less clear. Therefore the aim of this study was to determine the effect of high-fat 

diet-induced obesity on reproductive parameters in male rats.

Methods

Animals

Male (n = 116, aged 5-6 weeks) and female (n = 76, aged 11-12 weeks) Wistar rats 

were supplied by São Paulo State University Animal Center - UNESP - Botucatu/SP. 

During the experiment, animals were allocated individually into polypropylene cages, with 

laboratory grade pine shavings as bedding. Rats were maintained under controlled 

temperature ( 23C) and lighting conditions (12L, 12D photoperiod, lights switched off at 

07:00am). Rat chow and filtered tap water were provided ad libitum. Experimental 

procedures were in accordance with the Ethical Principles in Animal Research adopted by 

the Brazilian College of Animal Experimentation and were approved by the Biosciences 

Institute/UNESP Ethics Committee for Animal Research (protocol number 06/07). 
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Experimental design

Male rats were randomly assigned to one of two different groups: the first was fed a 

high-fat diet, with a content of 20% fat (RC Focus 2413 Agroceres, Rio Claro, São Paulo, 

Brazil) and the second received a standard diet with 4% fat content (RC Focus 1765 

Agroceres, Rio Claro, São Paulo, Brazil). The dietary regimen was adapted from previous 

studies [20, 21]. The nutritional composition of diets is presented in Table 1.

The study was divided into two steps. In the first (experiment 1), rats were given the 

high-fat diet (HFD) or standard diet (SD) for 15, 30 or 45 weeks. In the second step 

(experiment 2) the animals were exposed to HFD or SD for a period of 15 weeks, long 

enough to increase adiposity index, which characterizes obesity.

Experiment 1:

Collection of tissue and organs

In this part of the study rats were given a high-fat diet (HFD) or standard diet (SD) for 

15, 30 or 45 weeks. Rats were weighed every week, and food consumption was monitored 

daily. After each period of diet exposure, rats (n = 9-13/group/ food exposure time) were 

slightly anesthetized with sodium pentobarbital ip (40/mg/kg), weighed and killed by 

decapitation. Blood was collected from the ruptured cervical vessels for determination of 

leptin levels, which was measured by ELISA, using the kit LINCO RESEARCH INC, 

Missiouri, USA. Adipose tissue was isolated and weighed from the epididymal, visceral

and retroperitoneal pad. The right testis, epididymis, vas deferens, ventral prostate and 

seminal vesicle (without the coagulating gland) were removed and their weights (absolute 

and relative to body weights) were determined. Testis and epididymis were used for sperm 

counts.

Adiposity index

Adiposity index was determined by the sum of epididymal, visceral and 

retroperitoneal fat weights divided by body weight x 100, and expressed as adiposity 

percentage [22].
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is inseminated directly into the uterus allowing evaluation of sperm quality, without the 

interference of other factors such as alterations of the sexual behavior pattern and number 

of sperm available for ejaculation [31].

A cohort of females (n = 40) was synchronized with a single subcutaneous injection 

of 80µg of luteinizing releasing hormone (LHRH) agonist (Sigma Chemical Co., St Louis, 

Missouri), 115 hours prior to the insemination. Shortly after the room lights were turned off 

on the day of proestrus, the synchronized females were paired with sexually experienced, 

vasectomized males of proven sterility for 1h. Receptive females (that exhibited lordosis) 

were selected for insemination. The isolation and preparation of proximal cauda sperm for 

insemination were the same as described previously [32,33], with the following 

adaptations. Briefly, the sperm were released from the proximal cauda by nicking the 

tubule with a nº 11 scalpel and allowed to disperse in 2 ml of modified HTF medium 

(Human Tubular Fluid, IrvineScientific®). After 5min of dispersion, a sperm aliquot was 

diluted 1:10 with fixative (10% formalin in PBS) and counted using a Neubauer chamber. 

Within 15min, each uterine horn was injected with a volume containing 5 x 106 sperm [32]. 

One female was inseminated per male. All inseminations were performed while the 

recipient female was in a surgical plane using a mix of ketamine and xylazine anesthesia. 

The bifurcation of the uterine horns was exposed through a low, midventral incision. Fine 

curved forceps were used to elevate each horn while the insemination volume was injected 

through the wall of each horn via an 18-gauge i.v. catheter attached to a 1.0-ml syringe. 

Each injection site was cauterized immediately upon withdrawal of the needle. When 

insemination was completed, the abdominal musculature was sutured. Females were killed 

20 days later to evaluate fertility.

Fertility evaluation

On the GD20 the females that had been naturally and artificial inseminated were 

killed by decapitation. After collection of the uterus and ovaries the numbers of corpora 

lutea, implants, reabsorptions and live and dead fetuses were determined. From these 

results the following parameters were calculated: gestation rate: number of pregnant 

females/number of inseminated females × 100; fertility potential (efficiency of 
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Experiment 2

As occurred in experiment 1, HFD rats showed a statically significant increase in 

adiposity index, body weight and weights of fat deposits (data not shown) after 15 weeks of 

diet exposure. 

Sexual behavior, assessed in this experiment, was not exhibited by some of the 

animals (2/13 in SD and 2/14 in HFD). Among those who presented sexual behavior, HFD 

animals showed an increase (p<0.05) in latency to the first mount and a decrease (p<0.05) 

in the number of intromissions after the first ejaculation. The other parameters evaluated in 

the test were similar between the two groups (Table 6). 

Serum testosterone, FSH and LH levels were similar between SD and HFD animals; 

furthermore , parenchyma testosterone were not affected in HFD rats compared to SD 

animals. On the other hand, estradiol levels were significantly higher in HFD-fed animals 

(Table 7).

Results obtained from the morphological assessment of spermatozoa indicated that 

the percentages of both abnormal and normal sperm were similar between SD and HFD rats 

[SD = 94 (91-97)% and HFD = 93 (91-95)%, median (Q1-Q3) values for normal sperm]. 

The percentage of sperm with progressive movement was significantly diminished (p < 

0.05) and the percentage of sperm without progressive movement was elevated (p < 0.05) 

in the HFD group when compared to SD animals (Figure 1). 

The gestational rate was one hundred percent in both groups after natural mating, and 

thus there were no differences between SD and HFD groups regarding any fertility 

parameters (Table 8). After the in utero artificial insemination, the gestational rate was 

100% in SD group and 78% in HFD. Fertility potential showed a tendency to decrease 

whereas the pre-implantation loss rate tended to increase in HFD animals, but without 

statistical significance (Table 8).

Discussion

It is believed that with the increasing prevalence of sedentary lifestyles and dietary 

changes, obesity is emerging, in turn, as an important cause of adverse health outcomes, 
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including male infertility [34]. Data from different population studies show an inverse 

relationship between BMI (body mass index) and fertility [10,11], although the mechanism 

by which fertility is affected is still unclear [35].

In an attempt to achieve deeper knowledge about obesity, several animal models have 

been developed, among which rodent models of diet-induced obesity (DIO) may provide 

the best parallels in relation to human obesity [14,15,18]. In this study, an obesity model 

induced by high-fat diet consumption was chosen. It is cited in the literature as causing 

obesity in a variety of mammals including nonhuman primates, dogs, pigs, hamsters, 

squirrels, mice [36], and rats [36,37]. 

The high-fat diet used in the present study was effective in promoting obesity, as 

demonstrated by an increased adiposity index in association with a higher body weight. 

This condition was exacerbated by long-term ingestion of a high-fat diet. The obese state 

was related to higher caloric intake in the HFD group at 30 and 45 weeks; however, obesity 

also was evident at 15 weeks even in the absence of higher caloric consumption by HFD 

rats. This condition may have been due to a high feeding effectiveness ratio in the 

hyperlipidic diet. There is evidence that high fat consumption is not accompanied by a 

proportional increase in its oxidation. This phenomenon favors the deposition of lipids such 

as triacylglycerol in adipose tissue, leading to an increase in body weight [38,39]. 

Unfortunately, there is no established threshold to differentiate obesity from overweight in 

animal models, such as those established by the WHO for humans [40]. It should be taken 

into account that in this study, the adiposity index was at least 25% higher in obese animals 

than in the control group at all experimental moments. 

The adiposity index was calculated as the sum of the weights of the fat pads divided 

by body weight; this quotient represented an estimation of body fat. Results found herein 

for control animals are in accordance with other studies in the literature [22,41] that used 

similar methods for fat measurement. In animal models of genetic obesity, the adiposity 

index is higher [41] than that found in DIO animals, because the first case represents very 

severe obesity.  

Leptin, a hormone produced mainly by adipocytes, is involved in controlling body 

weight by increasing both satiety and energy expenditure [18,35,42]. Leptin is also related 
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to the reproductive system [3,43] through both stimulatory and inhibitory effects  [44,45]. 

The leptin concentration is related to the amount and distribution of body fat [6] such that 

the heavier the body weight the higher the leptin concentration in human and rodents [42]. 

The elevated serum leptin levels observed in the current study are likely a consequence of 

the increased fat accumulation. This result corroborates other studies in the literature that 

show high leptin levels in models of rodent DIO obesity [16,18,35,44,46,47]. 

Few studies in the literature relate organ weight to obesity. In Zucker rats, a genetic 

model of obesity, obese animals show no difference in the weights of testes or ventral 

prostate compared with lean rats [48]. Similarly, DIO male mice exhibited no changes in 

the average weight of the testis or epididymis [16]. These data are in accordance with the 

results of present study.

The number of spermatids present in the testis and the total DSP are important 

indicators of male fertility potential [49]. In this study, the consumption of HFD for 15, 30 

or 45 weeks did not affect any of these parameters, nor did it alter the sperm concentration 

in the epididymal caput-corpus. The epididymal cauda sperm concentration was not altered 

in animals fed HFD for 15 and 45 weeks, which corroborates studies of male HFD-fed 

mice, that did not show differences in sperm concentration  [16,17]. On the other hand, 

Sprague-Dawley rats fed a high-fat diet from 21 to 90 days old presented a reduced sperm 

concentration [35].  Some works show a reduction in sperm concentration in obese and 

overweight men [9,11] while another found no alterations in sperm concentration related to 

BMI  [2]. Animals fed HFD for 30 weeks showed an increase in epididymal cauda sperm 

concentration, which was probably due to a non-significant increase in sperm transit time in 

this segment. However, this change did not alter fertility. Although sperm transit time 

through the epididymis plays an important role in the maturation of spermatozoa, 

Fernandez et al. [50] showed that sperm quality and fertility potential after intrauterine 

insemination are not harmed when transit time through the epididymis is delayed.

In general, sexual behavior among animals fed the high-fat diet was normal, despite 

the delay to start the test. The normal sexual behavior observed in these animals is in 

concordance with their normal serum testosterone levels, which were similar to those of 

rats fed a standard diet. A reduction in testosterone levels expected on account of the higher 
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leptin level in HFD animals from first experiment was not observed. Contrary to the results 

in the present study, Sprague-Dawley rats fed HFD from weaning to 90 days had a 

reduction in testosterone levels [35], and male mice fed HFD (for 9 weeks) showed a trend 

toward reduction in testosterone levels compared to the control group [17]. Among men, 

overweight and obesity is frequently related to diminished testosterone levels [2,11,13], a 

decrease proportional to the degree of obesity [51]. The adiposity gain seen in the animals 

was not sufficient to produce a significant diminution in the testosterone levels, perhaps 

because the obesity installed was not severe; however, it was enough to provoke a 

significant increase in serum estradiol levels, in accordance with results found by Vigueras-

Villaseñor and colleagues [35]. Obesity is associated with increased estradiol levels also in 

men [2,11].

Sperm motility is one of the most important parameters used in the evaluation of 

sperm quality [52-54]. This sperm parameter is acquired during sperm transit through the 

epididymal duct [55-59]. Epididymal histophysiology and acquisition of sperm motility are 

dependent on the presence of androgen [60,61]. In the present study the percentage of 

sperm with progressive motility was reduced despite normal levels of testosterone. Male 

mice rendered obese by consuming a high-fat diet also showed a diminished percentage of 

motile sperm without presenting alterations in testosterone levels [16]. In men, an inverse 

relationship between BMI and the number of normal-motile sperm was observed in some 

clinical studies [9,12], but was not found in others [2,13].

Alterations in motility parameters may lead to an inefficient sperm penetration of 

cervix mucus [62-64], impairing the ability of sperm to reach the oocyte. In addition, a high 

percentage of sperm with progressive motility is related to a high fertilization index [65]. 

Despite this, even with the decrease in progressive motility, the fertility after natural mating 

was not altered in HFD animals. Corroborating this result, DIO male DBA/2J mice (24% of 

fat in diet) did not show any alteration in fertility in relation to lean animals [18]. 

Contrarily, another study found a significant reduction in fertility after natural mating of 

diet-induced (60% of fat in diet) obese male C57BL/6J mice [16]. Another important sperm 

parameter for evaluating male fertility is sperm morphology [66] because it may indicate 

cytotoxic events [67]. The absence of morphological alterations in obese animals indicates 
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a high probability that obesity did not negatively affect spermatogenesis. In the literature 

there is an interesting observation that spermatogenesis is affected only in males with 

extreme obesity [68].

Given the impairment in sperm motility and the lack of effects on fertility after 

natural mating in the present study, we chose to utilize artificial insemination, a technique 

that excludes the influence of excess sperm ejaculated [69], to detect some impairment of 

fertile capacity of sperm with impaired motility. Fertility potential after artificial 

insemination showed a trend toward reduction. It is important to take into consideration 

that although the fertility potential was not significantly affected, there was a reduction of 

around 20% in this parameter indicating a possible reduction in fertile capacity of sperm. 

Similar results were found in mice by Bakos and colleagues [17], who observed a reduction 

in percentage of fertilized oocytes, using sperm from diet-induced obese mice (22% fat in 

the diet). The absence of statistical significance in the fertility results may be due to high 

reproductive competence of rats, which need to show a large impairment of sperm quality 

to be considered infertile [70].

In summary, the results reported herein show that the HFD treatment causes obesity 

in rats. The obese animals present a low sperm quality, elucidated by the decreased 

percentage of sperm with progressive movement that tends to impair fertility without 

affecting other sperm parameters. The reproductive capacity of male rats is known to be 

higher than that of men; therefore, the decrease in sperm quality seen in obese rats was not 

sufficient to significantly alter their fertility, whereas such a decrease in quality may be 

enough to alter fertility among human males. Since obesity is a growing health problem 

worldwide, additional studies are needed to investigate more deeply the relationship 

between obesity and male infertility. 

Competing interests

The authors declare that they have no competing interests.



38

Authors' contributions

All authors participated in the design, interpretation of the studies, analysis of the 

data and review of the manuscript; CDBF, GSAF, FFB, APF and JEP conducted the 

experiments; CDBF and WDGK wrote the manuscript. This study represents part of CDBF 

Ph.D. thesis presented to the State University of Campinas, under the advisory of WDGK.

Acknowledgements 

The authors are grateful to Dr. Janete Aparecida Anselmo Franci and Dr. Ruither de 

Oliveira Gomes Carolino for the hormonal dosages.  We are also grateful to José Eduardo 

Bozano, from the Department of Morphology of the São Paulo State University (UNESP), 

Botucatu, SP, for the excellent technical assistance. The authors would also like to thank 

José Carlos Georgete for the help in diet preparation. Finally, authors are grateful to The 

State of São Paulo Research Foundation (FAPESP) and The National Council for Scientific 

and Technological Development (CNPq), for the financial support.

References

[1] Morris MJ, Velkoska E, Cole,TJ: Central and peripheral contributions to  obesity-

associated hypertension: impact of early overnourishment. Exp Physiol 2005, 

90(5): 697-702.

[2] Chavarro JE, Toth TL, Wright DL, Meeker JD, Hauser R: Body mass index in relation 

to semen quality, sperm DNA integrity, and serum reproductive hormone levels 

among men attending an infertility clinic. Fertil Steril 2010, 93(7):2222-2231.  

[3] Power ML, Schulkin J: Sex differences in fat storage, fat metabolism, and the health 

risks from obesity: possible evolutionary origins. Br J Nutr 2008, 99(5):931-940.

[4] WHO - World Health Organization: Part I: The problem of overweight and obesity.

In World Health Organization. Obesity: preventing and managing the global 

epidemic. Geneva: WHO Technical Report Series, No. 894. 2000.



39

[5] Nammi S, Koka S, Chinnala KM, Boini KM: Obesity: An overview on its current 

perspectives and treatment options. Nutr J 2004, 3:3.

[6] Mayes JS, Watson GH: Direct effects of sex steroid hormones on adipose tissues and 

obesity. Obes Rev 2004, 5(4):197-216.

[7] Pasquali R, Pelusi C, Genghini S, Cacciari M and Gambineri A: Obesity and 

reproductive disorders in women. Hum Reprod Update 2003, 9(4):359-372.

[8] Robker RL: Evidence that obesity alters the quality of oocytes and embryos.

Pathophysiology 2008, 15(2):115-121.

[9] Hammoud AO, Wilde N, Gibson M, Parks A, Carrell DT, Meikle W. Male obesity and 

alteration in sperm parameters. Fertil Steril 2008, 90(6):2222-2225. 

[10] Magnusdottir EV, Thorsteinsson T, Thorsteinsdottir S, Maria Heimisdottir M, 

Olafsdottir K: Persistent organochlorines, sedentary occupation, obesity and 

human male subfertility. Hum Reprod 2005, 20(1):208-215.

[11] Jensen TK, Andersson AM, Jørgensen N, Andersen AG, Carlsen E, Petersen JH, 

Skakkebæk NE: Body  mass  index  in relation to semen quality and reproductive 

hormones among 1,558 Danish men. Fertil Steril 2004, 82(4):863-870. 

[12] Kort HI, Massey JB, Elsner CW, Mitchell-Leef D, Shapiro DB, Witt MA, Roudebush 

WE: Impact of Body Mass Index Values on Sperm Quantity and Quality. J 

Androl 2006, 27(3):450-452.   

[13] Aggerholm AS, Thulstrup AM, Toft G, Ramlau-Hansen CH, Bonde JP: Is overweight 

a risk factor for reduced semen quality and altered serum sex hormone profile?

Fertil Steril 2008, 90(3):619-626.

[14] Archer ZA, Mercer JG: Brain responses to o besogenic diets and diet-induced 

obesity. Proc Nutr Soc 2007, 66(1):124-130.

[15] Tan HM, Gundlach AL, Morris JM: Exaggerated feeding response to central 

galanin-like peptide administration in diet-induced obese rats. Neuropeptides 

2005, 39(3):333-336.

[16] Ghanayem BI, Bai R, Kissling GE, Travlos G, Hoffler U: Diet-induced obesity in 

male mice is associated with reduced fertility and potentiation of acrylamide-

induced reproductive toxicity. Biol Reprod 2010, 82(1):94-104.



40

[17] Bakos HW, Mitchell M, Setchell BP, Lane M: The effect of paternal diet-induced 

obesity on sperm function and fertilization in a mouse model. Int J Androl, in 

press. 

[18] Tortoriello DV, McMinn J, Chua SC: Dietary-induced obesity and hypothalamic 

infertility in female DBA/2J mice. Endocrinology 2004, 145(3):1238-1247.

[19] Mandenoff A, Bertière MC, Betoulle D, Apfelbaum M: Action of naltrexone on the 

sexual impairment of obese cafeteria rats. NIDA Res Monogr 1986, 75:489-492.

[20] Nascimento AF, Sugizaki MM, Leopoldo AS, Lima-Leopoldo AP, Luvizotto RAM, 

Nogueira CR, Cicogna AC: A hypercaloric pellet-diet cycle induces obesity and 

co-morbidities in Wistar rats. Arq Bras Endocrinol Metabol 2008, 52(6): 968-974.

[21] Francia-Farje LAD, Silva DS, Volpato GT, Fernandes GSA, Carnietto N, Cicogna AC, 

Kempinas WG: Sibutramine effects on the reproductive performance of pregnant 

overweight and non-overweight rats. J Toxicol Environ Health A 2010, 73(13-

14):985-990.

[22] Taylor BA, Phillips SJ: Detection of obesity QTLs on mouse chromosomes 1 and 7 

by selective DNA pooling. Genomics 1996, 34(3):389-398.

[23] Robb GW, Amman RP, Killian GJ: Daily sperm production and epididymal sperm 

reserves of puberal and adult rats. J Reprod Fertil 1978, 54(1):103-107. 

[24] Fernandes GS, Arena AC, Fernandez CDB, Mercadante A, Barbisan LF, Kempinas 

WG: Reproductive effects in male rats exposed to diuron. Reprod Toxicol 2007, 

23(1):106-112. 

[25] Ahlenius S and Larsson K: Apomorphine and haloperidol-induced effects on male 

rat sexual behavior: no evidence for actions due to stimulation of central 

dopanine autoreceptors. Pharmacol Biochem Behav 1984, 21(3):463-466. 

[26] Ågmo A: Male rat sexual behavior. Brain Res Protoc 1997, 1(2):203-209.

[27] Seed J, Chapi RE, Clegg ED, Dostal LA, Foote RE, Hurtt ME, Klinefelter GR, Makris 

SL, Perreault SD, Schrader S, Seyler D, Sprando R, Treinen KA, Rao 

Veeramachaneni DN, Wise LD: Methods for assessing sperm motility, 

morphology, and counts in the rat, rabbit, and dog: a consensus report. Reprod 

Toxicol 1996, 10(3):237-244.



Methods for evaluation of rats epididymal sperm morphology.

Effect of ethane dimethane-

sulphonate on adult and immature rabbit Leydig cells: comparison with EDS 

treated rat Leydig cells. 50(5) –

The use of animal models for detecting specific alterations in 

reproduction. 2(1)

Actions of toxicants on the structure and function of the 

epididymis. –

Chloroethylmethanesulfonate-induced Effects on the Epididymis seem unrelated 

to altered Leydig Cell Function. 51(1)

Fertility of rat 

epididymal sperm after chemically and surgically induced sympathectomy.

59(4)

Obesity and 

male reproductive potential. 27(5)

Alterations 

in the spermatic function generated by obesity in rats.

Dietary fat, genetic predisposition, and obesity; lessons from 

animal models. 67(3 suppl)

Dietary hyperphagia in rats: role of fat, carbohydrate, 

and energy content. 47(6)

The role of high-fat diets and physical activity in the 

regulation of body weight. 84(4)



42

[39] Tentolouris N, Pavlatos S, Kokkinos A, Perrea D, Pagoni S, Katsilambros N: Diet-

induced thermogenesis and substrate oxidation are not different between lean 

and obese women after two different isocaloric meals, one rich in protein and 

one rich in fat. Metabolism. 2008, 57(3): 313-320.

[40] WHO - World Health Organization: Physical status: the use and interpretation of 

antromometry. Report of a WHO Expert Committee. Geneva: World Health 

Organization, 1995 (WHO Technical Report Series, No. 854).

[41] Jeyakumar SM, Lopamudra P, Padmini S, Balakrishna N, Giridharan NV, Vajreswari 

A: Fatty acid desaturation index correlates with body mass and adiposity indices 

of obesity in Wistar NIN obese mutant rats strains WNIN/Ob and WNIN/GR-

Ob. Nutr Metab 2009, 6:27.  

[42] Aizawa-Abe M, Ogawa Y, Masuzaki H, Ebinara K, Satoh N, Iwai H, Matsuoka N, 

Hayashi T, Hosoda K, Inoue G, Yoshimara Y, Nakao K: Pathophysiological role of 

leptin in obesity-related hypertension. J Clin Invest 2000, 105(9):1243-1252.

[43] Tena-Sempere M, Manna PR, Zhang FP, Pinilla L, González LC, Diéguez C, 

Huhtaniemi I, Aguilar E: Molecular mechanisms of leptin action in adult rat 

testis: potetial targets for leptin-induced inhibition of steroidogenesis and 

pattern of leptin receptor Messenger ribonucleic acid expresission. J Endocrinol 

2001, 170(2):413-423.

[44] Olivares A, Méndez JP, Zambrano E, Cárdenas M, Tovar A, Perera-Marín G, Ulloa-

Aguirre A: Reproductive axis function and gonadotropin microheterogeneity in a 

male rat model of diet-induced obesity. Gen Comp Endocrinol 2010, 166(2): 356-

364.

[45] Tena-Sempere M, Barreiro ML: Leptin in male reproduction: the testis paradigm.

Mol Cell Endocrinol 2002, 188(1-2):9-13.

[46] Farley C, Cook JA, Spar BD, Austin TM, Kowalski TJ: Meal pattern analysis of 

diet-induce obesity in susceptible and resistant rats. Obes Res 2003, 11(7):845-

851.



Modulation of central leptin sensitivity and energy balance in rat model of 

diet-induced obesity. 9(6)

Reproductive System of the Obese 

Male Zucker Rat. Reproductive Capacity, Artificial Insemination and Plasma 

Testosterone Levels. 27(4)

The effect on sperm 

production in adult Sprague-Dawley rats exposed by gavage to bisfenol A 

between postnatal days 91-97. 74(1)

Effects of altered epididymal 

sperm transit time on sperm quality. 31 –

Pathogenesis of the decreased androgen 

levels in obese men. 79(4)

The influence of seminal characteristics on the 

sucess rate of human in vitro fertilization. 42(3)

Fertility prognosis for infertile men 

from two different population evoluated by the Cox regression model. 

54(6)

Prognostic significance of computerised 

motility analysis for in vivo fertility. 60(3)

Epididymal functions and their hormonal regulation.

36(3)

Epididymis. Encyclopedia of Reproduction

To store or mature spermatozoa? The primary role of the epididymis.

22(2)

Post-

testicular sperm environment and fertility. 82-83



44

[59] Sullivan R, Saez F, Girouard J, Frenette G: 

Blood Cells Mol Dis 2005, 

:1-10. 

[60] Orgebin-Crist MC, Tichenor PL: 

Nature 1973, :328-329.

[61] Henderson NA, Robaire B: α

Biol Reprod 2005, :436-

443.

[62] Aitken RJ, Sutton M, Waner P, Richardson DW: 

J Reprod Fertil 1985, :441-

449. 

[63] Feneux D, Serres C, Jouannet P: 

Fertil  Steril 1985, :508-511.

[64] Mortimer D, Pandya IJ, Sawers RS: 

J 

Reprod Fertil 1986, :93-102.

[65] Donnelly ET, Lewis SEM, McNally JA, Thompson W: 

Fertil Steril 1998, :305-314.

[66] Plassmann S, Urwyler H: 

Toxicol Lett 2001, :157-171.

[67] U.S.EPA-United State Environmental Protection Agency: Reproductive Toxicity Risk

Assessment Guidelines 1996.  

[68] Pascuali R: Maturitas 2006, :363-371.

[69] Klinefelter GR, Laskey JW, Perreault SD, Ferrel J, Jeffay S, Suarez J, Roberts N: 

J Androl, 1994b, :318-327.



45

[70] Perreault SD, Cancel AM:

Reproduction 2001, 

:207-216

–

Sperm motility of rats from SD and HFD groups. Values expressed by median. Mann-

Whitney test. **p < 0.001.



46

Tables

Table 1. Nutritional composition of experimental diets
Diets

Components
SD

(RC Focus 1765)

HFD

(RC Focus 2413)

Protein (%) 22 20

Carbohydrate (%) 48 37

Fat (%) 4 20

Others (%)* 26 23

Calories (Kcal/g) 3,16 4,08

Others: fiber and mineral matter, calcium and phosphorus
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Table 2. Daily mean food and calories consumption 
15 weeks 30 weeks 45 weeks

SD HFD SD HFD SD |HFD

Daily food intake (g) 28.6 ± 0.4 22.5 ± 0.3*** 27.1 ± 0.3 23.1 ± 0.3*** 26.5 ± 0.2 22.0 ± 0.2***

Daily calories intake (kcal) 90.5 ± 1.2 91.8 ± 1.2 85.5 ± 1.0 94.4 ± 1.0*** 83.8 ± 0.7 89.7 ± 0.7***

N 11 13 12 11 11 9

Values expressed by mean ± S.E.M. Mann-Whitney test. ***p < 0.0001.



Table 3. 
15 weeks 30 weeks 45 weeks
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N



49

Table 4. Absolute and relative organ weight from rats fed standard or high-fat diet 
15 weeks 30 weeks 45 weeks

SD HFD SD HFD SD |HFD

Absolute organ weight

Testis (g) 1.88 ± 0.04 1.82 ± 0.06 1.74 ± 0.11 1.91 ± 0.06 1.94 ± 0.05 2.12 ± 0.11

Epididymis (mg) 666.73 ± 14.77 671.69 ± 14.87 629.33 ± 34.61 668.55 ± 18.35 646.45 ± 14.75 683.78 ± 40.45

Vas deferens (mg) 99.73 ± 2.81 98.41 ± 6.29 116.17 ± 4.97 114.00 ± 5.52 119.73 ± 4.14 130.11 ± 3.71

Ventral prostate (mg) 478.91 ± 43.43 542.54 ± 37.14 588.75 ± 29.11 556.55 ± 32.37 418.18 ± 39.68 417.89 ± 32.18

Seminal vesicle full (g) 1.24 ± 0.08 1.37 ± 0.09 1.36 ± 0.09 1.48 ± 0.07 1.46 ± 0.07 1.59 ± 0.07

Seminal vesicle empty (mg) 578.36 ± 38.34 658.62 ± 30.83 728.83 ± 59.15 745.00 ± 34.09 703.73 ± 33.48 680.89 ± 43.02

Relative organ weight

Testis (g/100g) 0.40 ± 0.01 0.36 ± 0.01 0.34 ± 0.02 0.33 ± 0.01 0.34 ± 0.01 0.32 ± 0.02

Epididymis (mg/100g) 141.44 ± 3.41 133.93 ± 3.03 121.46 ± 5.48 115.52 ± 4.93 114.21 ± 2.90 107.49 ± 8.21

Vas deferens (mg/100g) 21.16 ± 0.62 19.68 ± 1.25 21.97 ± 0.98 19.59 ± 0.86 21.23 ± 0.96 20.37 ± 0.97

Ventral prostate (mg/100g) 101.90 ± 9.58 107.74 ± 7.01 111.11 ± 5.43 96.49 ± 6.76 74.30 ± 7.54 65.72 ± 6.09

Seminal vesicle full (g/100g) 0.26 ± 0.02 0.27 ± 0.02 0.26 ± 0.02 0.26 ± 0.01 0.26 ± 0.01 0.25 ± 0.01

Seminal vesicle empty (mg/100g) 122.55 ± 7.92 130.96 ± 5.28 140.21 ± 11.65 127.93 ± 5.87 123.90 ± 5.06 105.85 ± 6.34*

N 11 13 12 11 11 9

Values expressed by mean ± S.E.M. Mann-Whitney test. *p < 0.05.
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Table 5. Sperm counts in rats from SD and HFD groups
15 weeks 30 weeks 45 weeks

SD HFD SD HFD SD |HFD

Sperm number in the testis (x106) 291.70 ± 6.02 294.02 ± 8.25 228.42 ± 12.30 248.05 ± 13.56 233.92 ± 9.64 239.54 ± 19.73

Daily sperm production (x106/testis/day) 47.82 ± 0.99 48.20 ± 1.35 37.45 ± 2.02 40.66 ± 2.22 38.35 ± 1.58 39.27 ± 3.24 

Sperm number in the caput/corpus 

epididymis (x106)

171.32 ± 7.97 171.77 ± 8.2 142.44 ± 14.01 152.26 ± 6.13 172.58 ± 8.99 162.86 ± 18.06

Sperm transit time in the caput/corpus (days) 3.62 ± 0.17 3.58 ± 0.15 4.22 ± 0.26 3.83 ± 0.22 4.52 ± 0.21 4.26 ± 0.42

Sperm number in the cauda epididymis 

(x106)

347.61 ± 17.72 330.30 ± 13.3 243.82 ± 31.46 320.94 ± 16.77* 291.78 ± 14.44 281.57 ± 24.61

Sperm transit time in the cauda (days) 7.35 ± 0.41 6.85 ± 0.2 6.6 ± 0.81 8.02 ± 0.43 7.74 ± 0.50 7.30 ± 0.68

N 11 13 12 11 11 9

Values expressed by mean ± S.E.M. Mann-Whitney test. *p < 0.05.
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Table 6. Sexual behavior of rats fed SD or HFD during 15 weeks.
SD HFD

Latency to the first mount (s) 56.45 ± 12.06

(n =11)

133.3 ± 35.93*

(n = 12)

Latency to the first intromission (s) 110.45 ± 24.09

(n = 11)

169.67 ± 44.98

(n = 12)

Number of intromissions until the first ejaculation 19.94 ± 2.01

(n = 11)

14.50 ± 1.36

(n = 12)

Latency to the first ejaculation (s) 664.00 ± 68.82

(n = 8)

946.67 ± 123.91

(n = 12)

Latency to the first post-ejaculatory 

intromissions (s)

952.00 ± 66.01

(n = 8)

1234.64 ± 142.30

(n = 11)

Number of post-ejaculatory intromissions 25.75 ± 2.2.07

(n = 8)

14.82 ± 2.75*

(n = 11)

Number of ejaculations 2.88 ± 0.23

(n = 8)

2.17 ± 0.30

(n = 12)

N 11 13

Values expressed by mean ± S.E.M. Student t test. *p < 0.05.
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Table 7. Serum sexual hormone levels and parenchyma testosterone of rats fed SD or HFD 
during 15 weeks.

SD HFD

Serum testosterone (ng/mL) 1.93 ± 0.31 2.89 ± 0.55

Serum LH (ng/mL) 0.99 ± 0.27 0.91 ± 0.27

Serum FSH (ng/mL) 10.20 ± 0.71 11.97 ± 1.74

Estradiol (pg/mL) 8.69 ± 0.38 11.11 ±0.91*

Parenchyma (ng/mg) 69.50 ± 7.72 70.56 ± 8.19

N 13 14

Values expressed by mean ± S.E.M. Mann-Whitney test. *p < 0.05.
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Figure

Figure 1
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metabolic effects by interaction with specific receptors located in the central nervous 

system and in peripheral tissues (Auwerx and Staels, 1998). The mains action of leptin is to 

decrease appetite and increase energy expenditure, (Messinis and Milingos, 1999, Aizawa-

Abe et al, 2000), but it is also involved in the control of different neuroendocrine systems, 

acting as regulatory signal for growth, adrenal, thyroid and gonadal axes (Tena-Sempere 

and Barreiro, 2002), in last case acting as a metabolic link between nutrition and fertility. 

It is well-known that the absence of biological actions of leptin, due to mutations in 

the ob gene (ob/ob mice) or in the leptin receptor gene (db/db mice), leads to infertility in 

males and females (Chehab et al., 1996; Mounzih et al., 1997; Sone and Osamura, 2001). It 

is also known that the treatment of mutant mice with exogenous leptin, restore fertility in 

both sexes (Barash et al., 1996; Chehab et al., 1996; Mounzih et al., 1997; Cunningham et 

al., 1999). In human, there is an inverse correlation between leptin levels and the age at 

menarche in women; and in men, the lack of endogenous leptin is associated to 

hypogonadism and absence of pubertal development (Tena-Sempere and Barreiro, 2002). 

Leptin levels is augmented in obese human, and some studies have associated the 

increased BMI (body mass index) to poor sperm quality (Magnusdottir et al., 2005), 

decreased sperm concentration (Jensen et al., 2004), decreased normal-motile sperm cells 

and increased DNA fragmentation index (Kort et al., 2006). However, the mechanisms by 

which these sperm parameters are altered are still unknown. Although the effects of leptin 

deficiency on reproduction are well recognized, the effect of excess leptin on male 

reproductive function is not clear. Exogenous leptin treatment, in non-obese Sprague-

Dawley rats, for 42 days leads to a decrease in sperm count and an increase in percentage of 

abnormal sperm (Haron et al., 2010), showing that leptin could play a role in the reported 

negative correlation between BMI and sperm quantity and quality.   

In attempt to understand more deeply the relation of leptin and the male reproductive 

system, including fertility, the aim of present study was evaluate fertility and some sperm 

parameters in male rats exposed to exogenous leptin.  
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Material and methods

Animals and treatment

Male (n = 24, 100 days old) and females (n = 36, 80 days old) Wistar rats were

supplied by Central Biotherium of the State University of São Paulo and housed in 

Biotherium of the Small Mammals of the Morphology Department, Institute of 

Biosciences, State University of São Paulo. During the experiment, animals were allocated 

into polypropylene cages (43x30x15 cm) with laboratory grade pine shavings as bedding. 

Rats were maintained under controlled temperature ( 23C) and lighting conditions (12L, 

12D photoperiod, lights switched off at 07:00 pm). Rat chow and filtered tap water were 

provided ad libitum. Animals were allowed to adapt for at least 1 week before the 

beginning of the experiment. Experimental procedures were in accordance with the Ethical 

Principles in Animal Research adopted by the Brazilian College of Animal 

Experimentation and were approved by the Biosciences Institute/UNESP Ethics Committee 

for Animal Research. 

Male rats were randomly assigned to one of two different groups, treated for 42 days: 

the first received daily ip injections of 30g/kg leptin (recombinant rat leptin, Prepotech 

inc, ref: 400-21) dissolved in saline solution (n = 12), and the second, control group (n 

= 12), received just the vehicle. Rats were weighed on alternate days. The dose of leptin 

was chosen based on the study of Haron and colleagues (2010), which were based on the 

serum leptin levels of obese human. 

Collection of tissue and organs 

On the day following the end of treatment, rats from leptin and control group was 

slightly anesthetized with CO2 and induced to death by decapitation. The left testis, 

epididymis, vas deferens, ventral prostate and seminal vesicle (without the coagulating 

gland) were removed and their weights (absolute and relative to body weights) were 

determined. Testis and epididymis were used for sperm counts. The right epididymal cauda 

was used for sperm collection to artificial in utero insemination and sperm motility assay. 



60

In utero artificial insemination

Because rats produce and ejaculate an excess of qualitatively normal sperm, artificial 

in utero insemination of a fixed critical number of sperm has been suggested as a means of 

increasing the sensitivity of a toxicant-induced decrease in sperm quality in the rat (Amann, 

1986). According to this technique, a fixed number of sperm collected in the cauda 

epididymis is inseminated directly into the uterus allowing evaluation of sperm quality, 

without the interference of other factors such as alterations of the sexual behavior pattern 

and number of sperm available for ejaculation (Klinefelter, 2002).

A cohort of females (n = 36) was synchronized with a single subcutaneous injection 

of 80µg of luteinizing releasing hormone (LHRH) agonist (Sigma Chemical Co., St Louis, 

Missouri), 115 hours prior to the insemination. Shortly after the room lights were turned off 

on the day of proestrus, the synchronized females were paired with sexually experienced, 

vasectomized males of proven sterility for 1h. Receptive females (that exhibited lordosis) 

were selected for insemination. The isolation and preparation of proximal cauda sperm for 

insemination were the same as described previously (Klineflter et al., 1994; Kempinas et 

al., 1998b), with the following adaptations. Briefly, the sperm were released from the 

proximal cauda by nicking the tubule with a nº 11 scapel and allowed to disperse in 2 ml of

modified HTF medium (Human Tubular Fluid, IrvineScientific®). After 5min of 

dispersion, a sperm aliquot was diluted 1:10 with fixative (10% formalin in PBS) and 

counted using a Neubauer chamber. Within 15min, each uterine horn was injected with a 

volume containing 5 x 106 sperm, a value that typically results in 75% fertility using 

control males (Klinefelter et al., 1994). One female was inseminated per male. All 

inseminations were performed while the recipient female was in a surgical plane using a 

mix of ketamine and xylazine anesthesia. The bifurcation of the uterine horns was exposed 

through a low, midventral incision. Fine curved forceps were used to elevate each horn 

while the insemination volume was injected through the wall of each horn via an 18-gauge 

i.v. catheter attached to a 1.0-ml syringe. Each injection site was cauterized immediately 

upon withdrawal of the needle. When insemination was complete, the abdominal 

musculature was sutured. Females were killed 20 days later to evaluate fertility.
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into small fragments with scissors and homogenized, and sperm counted as described for 

the testis.  

Statistical Analysis

For comparison of results between the experimental groups, Student t test or 

nonparametric Mann-Whitney test was performed, according to the characteristics of each 

variable. Differences were considered significant when p < 0.05. The statistical analyses 

were performed by GraphPad InStat (version 3.02).

Results

Throughout the course of the experiment, body weight and the average of food intake 

of treated and control rats were similar (Figure 1). Reproductive organ weights, absolute 

and relative to body weight, did not show any differences between control and leptin 

treated rats (Table1). Furthermore, there was no statistically significant difference between 

groups related to the number of late spermatids in the testis, daily sperm production, 

number of spermatozoa in epididymal caput/corpus or cauda (Table 2).

The sperm motility parameters were not affected by treatment with exogenous leptin, 

and the percentages of progressive, non-progressive and immotile sperm were similar 

between groups (Figure 2). 

After artificial insemination, gestational rate was one hundred percent in control 

group (8 pregnant/ 8 inseminated females) and ninety percent in leptin treated group (9 

pregnant/ 10 inseminated female). There was a quantitative reduction in the uterus plus 

fetuses weight, in the number of implantation sites and in the number of live fetuses (table 

3), but without statistical significance. Additionally, it was found two died fetuses in leptin 

group, and one of these presented an external malformation, while in control group all 

fetuses were born live. Fertility potential showed a statically significant reduction, of about

40% percent, in leptin treated animals, whereas the pre-implantation loss rate was more 

than two fold higher in these animals (table 3). 



Discussion

ob/ob

ob/ob

‘ ’

‘ ’

’



64

increase in the percentage of abnormal sperm in treated animals (Haron et al., 2010). In 

contrast with that evidences, in the present study it was not observed any alterations in 

sperm counts, either in testis or epididymis.

Seminal plasma leptin concentration is negatively associated with the percentage of 

motile spermatozoa, what may indicate an involvement of the hormone in the mechanisms 

of motility development (Glander et al., 2002). In contrast with this, in the present study, 

leptin treatment did not alter the motility pattern of sperm. 

The lack of leptin is a well-known cause of infertility in the genetically obese mice 

(Messinis and Milingos, 1999; Tena-Sempere and Barreiro, 2002) and is also known that 

the replacement of this hormone, restore the fertility in that animals, in both sexes (Chehab 

et al., 1996; Mounzih et al., 1997). Although this study had not shown any alterations in 

sperm parameters, it showed a significant reduction in fertility potential, ie, in the

implantation efficiency, after artificial insemination. In animals exposed to exogenous 

leptin the fertility potential was reduced to 60% compared to control animals. As 

previously described, human clinical studies have shown that high levels of serum leptin is 

related to infertility in oligozoospermic men (Hanafy et al., 2007), although the mechanism 

by which this occurs is not understood.

Another parameter of fertility affected by the leptin treatment was the pre-

implantation loss rate, which was increased to more than two fold in treated animals. The 

increased pre-implantation loss rate found in the present study indicates that either 

spermatozoa from treated animals were not able to fertilize the oocyte, or they have some 

kind of genetic alteration that did not allow the posterior development. 

In conclusion, the results of this study indicate that leptin administration to non-obese 

male rats impair the fertility of animals. Taking into account that the reproductive potential 

of rats is higher compared to other animals including men, the impairment of fertility 

showed in the present study might indicate that an increase in leptin levels may affect 

human fertility. More studies are needed to understand the mechanism by which leptin acts 

in reproductive system of male individuals.
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Figure legends

Figure 1. Evolution of body weight (A) and food intake (B) during the 42 days of treatment, in 

control and leptin groups.

Figure 2. Sperm motility of rats from control and leptin treated groups. Values expressed 

by median. Mann-Whitney test. 
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Tables

Table 1. Body and organs weights of control and leptin treated rats
Control Leptin 

Final body weight 465.01 ± 12.91 469.93 ± 12.72

Absolute organs weights

Testis (g) 1.81 ± 0.07 1.79 ± 0.06

Epididymis (mg) 679.40 ± 22.65 696.39 ± 16.90

Vas deferens (mg) 94.56 ± 4.00 95.41 ± 2.45

Ventral prostate (mg) 544.63 ± 31.40 550.86 ± 29.14

Seminal vesicle full (g) 1.10 ± 0.10 1.12 ± 0.07

Seminal vesicle empty (mg) 477.66 ± 62.14 419.71 ± 24.82 

Seminal vesicular secretion (mg ) 626.80 ± 79.89 697.62 ± 53.79

Relative organs weights

Testis (g/100g) 0.39 ± 0.01 0.38 ± 0.01

Epididymis (mg/100g) 146.45 ± 4.28 148.84 ± 3.80

Vas deferens (mg/100g) 20.40 ± 0.85 20.38 ± 0.52

Ventral prostate (mg/100g) 116.99 ± 5.93 117.25 ± 5.58

Seminal vesicle full (g/100g) 0.24 ± 0.02 0.24 ± 0.01

Seminal vesicle empty (mg/100g) 82.25 ± 8.97 88.73 ± 3.56

N 12 12

Values expressed by mean ± S.E.M. Student t test.
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Table 2. Sperm counts of control and leptin treated rats
Control Leptin

Sperm number in the testis (x106) 186.18 ± 11.42 182.78 ± 14.74

Daily sperm production (x106/testis/day) 30.52 ± 1.87 29.97 ± 2.42

Sperm number in the caput/corpus epididymis (x106) 164.39 ± 9.45 165.55 ± 9.04

Sperm number in the cauda epididymis (x106) 289.34 ± 15.76 296.75 ± 19.11

N 12 12

Values expressed by mean ± S.E.M. Student t test.
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Figure 2
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5. CONCLUSÕES FI NAI S

A dieta hipercalórica rica em gordura usada no presente estudo provocou obesidade 

nos animais que a ingeriram, como demonstrado pelo aumento do índice de adiposidade 

associado ao aumento estatisticamente significativo do peso corpóreo. Esses animais 

apresentaram uma redução da qualidade espermática, que foi elucidada pela diminuição da 

porcentagem de espermatozóides com movimento progressivo sem que outros parâmetros 

espermáticos fossem alterados. Acompanhando essa alteração da motilidade, houve uma 

redução quantitativa da fertilidade dos animais obesos após a realização de inseminação 

artificial in utero. O tratamento de ratos não-obesos com leptina exógena também levou a 

uma redução significativa no potencial de fertilidade, como ocorrido nos animais obesos, 

sem, no entanto alterar a motilidade dos espermatozóides. Assim, conclui-se que a 

obesidade, segundo esse modelo experimental, altera a qualidade espermática e que 

provavelmente a leptina está relacionada com o prejuízo da fertilidade. Tendo-se em vista 

que a capacidade reprodutiva do rato é maior que a do homem, as alterações de fertilidade 

observadas neste estudo experimental podem ter implicações para a fertilidade humana.
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7. ANEXOS

7.1 RESULTADOS ADICIONAIS

Material e Métodos

Análise histopatológica

μ

Avaliação estereológica
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região 6A da cauda proximal do epidídimo, com o auxílio de microscópio de luz, no 

aumento de 200X.

Análise estatísitca

Para comparação dos dados obtidos foi utilizado o teste não-paramétrico de Mann-

Whitney, de acordo com a distribuição dos dados. As diferenças foram consideradas 

significativas quando p<0,05.  

Resultados

Análise Histopatológica

Os testículos são órgãos pares e ovóides, envolvidos por uma cápsula fibrosa 

composta por três camadas (túnica vaginales, túnica albugínea e túnica vasculosa). São 

constituídos de túbulos seminíferos, separados por tecido intersticial que contém vasos 

sanguíneos e linfáticos, nervos, células de Leydig e um número apreciável de mastócitos e 

macrófagos. Os túbulos seminíferos são circundados por membrana própria delgada e são 

formados por um epitélio seminífero constituído de células da linhagem germinativa e 

células de Sertoli.

Observando-se panoramicamente o testículo dos ratos tratados, não foi possível 

identificar alterações tais como vacuolização do epitélio germinativo, esfoliação de células 

para o lúmen ou falta de alguma das camadas de células germinativas como conseqüência 

da exposição à dieta hipercalórica. No interstício a aparência das células de Leydig foi 

semelhante nos dois grupos experimentais. 

O epidídimo é um órgão que consiste de uma extremidade expandida, a cabeça, 

seguida por uma porção mais estreita e alongada, o corpo, tendo na extremidade oposta a 

cauda. É constituído por um ducto único, extenso e enovelado, revestido internamente por 

um epitélio pseudo-estratificado, contendo diferentes tipos celulares: células principais, 

basais, apicais, claras e células estreitas, cuja morfologia e distribuição variam de acordo 

com a região do ducto. No presente estudo não foram observadas alterações morfológicas 

no epitélio e luz do ducto, bem como no interstício ductular, observáveis ao microscópio 

óptico, que pudessem ser atribuídas à exposição à dieta hipercalórica.
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Avaliação estereológica

Tabela 2
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