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Decreased Implantation Number After In
Utero Artificial Insemination Can Reflect an
Impairment of Fertility in Adult Male Rats
After Exogenous Leptin Exposure
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Abstract
Leptin is a protein secreted by the adipocytes, which serves as a link between fat and brain. Its main action is to decrease appetite
and increase energy expenditure, but it is also involved in the control of different neuroendocrine systems, including gonadal axis.
Although the effects of leptin deficiency on reproduction are well recognized, the effect of excess leptin on male reproductive
function is not clear. The aim of this study was to evaluate fertility and sperm parameters of male rats exposed to exogenous
leptin. A group of adult male rats received exogenous leptin intraperitoneally (30 mg/kg/day) for 42 days, and a control group
received only the vehicle during the same period. After the treatment, animals were evaluated for sperm count, sperm motility,
and fertility after intrauterine artificial insemination. There was no statistically significant difference between the groups related to
sperm production, sperm concentration, and sperm motility. However, fertility evaluation after artificial insemination showed a
quantitative decrease in the uterus plus fetuses weight, number of implantation sites, and number of live fetuses. The fertility
potential showed a reduction of about 40%, whereas the preimplantation loss rate increased more than 2-fold in leptin-treated
animals. In conclusion, leptin administration to nonobese male rats impairs ability of treated animals to generate offspring, since
the occurrence of implantation was diminished. So leptin can impair sperm quality, affecting the reproductive capacity.
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Introduction

Recently, many efforts have been made to understand how

peripheral metabolic hormones mediate aspects of the neuroen-

docrine reproductive axis, with a particular interest to leptin.1,2

Leptin is a 16-kDa protein transcribed from the ob gene and

secreted by the adipocytes,3,4 mainly in white adipose tissue,5

serving as a link between fat and brain. Long-term intake of

high-fat diet induces increase in plasma leptin.6,7 The word

leptin is derived from the Greek word ‘‘leptos’’ that means

thin.5,3 Leptin achieves most of its metabolic effects by inter-

action with specific receptors located in the central nervous

system and in peripheral tissues.5 The main action of leptin is

to decrease appetite and increase energy expenditure,8 but it is

also involved in the control of different neuroendocrine sys-

tems, acting as a regulatory signal for growth, adrenal, thyroid,

and gonadal axes,2,9 in last case acting as a metabolic link

between nutrition and fertility.

In a recent publication, Teerds and coauthors10 suggested

infertility in overweight/obese males may be explained by

leptin insensitivity. Another recent study described an effect

of leptin on nutritional support exerted by the Sertoli cells upon

the developing germ cells.11 The glycolytic activity of Sertoli

cells is very important for normal spermatogenesis, and

Martins and coauthors11 showed that leptin can directly act

on these cells modulating their metabolic behavior, leading to
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a drastic decrease in acetate production by Sertoli cells, which

is probably linked to lipid synthesis in developing germ cells.

In men, the occurrence of varicocele is related to increased leptin

concentration in serum and seminal plasma, and this increase is

inversely related to sperm concentration and motility.12 In rats

with experimental varicocele, an increase of leptin and receptor

expression is sight in the testis, inversely related to testicular

weight, tubule diameter, and epithelium height.13

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.14-16 In the same way, Akita mouse is a model of

type 1 diabetes that own a mutation in insulin (ins2) gene, and it

is an useful model for diabetes-related male infertility. The

homozygous Akita mouse is severely diabetic, infertile, present

testicular atrophy, disrupted spermatogenesis, and absence of

mature spermatozoa, but after treatment with leptin, the repro-

ductive problems are rescued near to wild-type mice.17 Leptin-

receptor–deficient Zucker rat presented impairment on sperm

production during puberty and increased sperm DNA fragmen-

tation.18 Interestingly, studies have shown that the treatment of

mutant mice with exogenous leptin restores fertility in both

sexes.19,20 In humans, 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.9

Leptin levels are augmented in obese human, and some

studies have associated the increased body mass index (BMI)

to poor sperm quality,21 decreased sperm concentration,22

decreased normal motile sperm cells, and increased DNA

fragmentation index.23 Alves and coauthors24 revised several

studies that show the influence of overweight and obesity on

male reproduction, as well as the role of leptin and other

metabolic hormones, such as ghrelin and glucagon-like pep-

tide 1 in male fertility. Although the effects of leptin defi-

ciency on reproduction are well recognized,25 the effect of

excess leptin on male reproductive function is not entirely

understood. Our previous study showed that obesity leads to

significant increase in serum leptin levels, low sperm quality,

and impairment in male fertility.7 Exogenous leptin treatment,

in nonobese Sprague-Dawley rats, for 42 days, leads to a

decrease in sperm count and an increase in percentage of

abnormal sperm,26 showing that leptin could play a role in

the reported negative correlation between BMI and sperm

quantity and quality.

In an attempt to understand more deeply the relation

between leptin and the male reproductive system, including

fertility, the aim of the present study was evaluate fertility and

sperm parameters of male rats exposed to exogenous leptin.

Materials and Methods

Animals and Treatment

Male (n ¼ 24, 100 days old) and female (n ¼ 36, 80 days old)

Wistar rats were supplied by São Paulo State University

Animal Center, Botucatu/São Paulo, and housed in Biother-

ium of Small Mammals of the Morphology Department,

Institute of Biosciences, State University of São Paulo. Dur-

ing the experiment, animals were allocated in polypropyl-

ene cages (43 cm � 30 cm � 15 cm) with laboratory-grade

pine shavings as bedding. Rats were maintained under con-

trolled temperature (+ 23�C) and lighting conditions (12 L,

12D photoperiod, lights switched off at 07:00 pm). Rat

chow and filtered tap water were provided ad libitum. Ani-

mals 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

(protocol number 06/07).

Male rats were randomly assigned to 2 different groups

and treated for 42 days: The first group received daily

intraperitoneal injections of 30 mg/kg leptin (recombinant

rat leptin, Prepotechinc, ref: 400-21) dissolved in saline

solution (Lep; n ¼ 12), and the second, control group (C;

n ¼ 12), received just the vehicle. Rats were weighed on

alternate days. The dose of leptin was chosen based on

human serum leptin levels in obese individuals, according

Haron and colleagues.26

Collection of Tissue and Organs

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

control groups were slightly anesthetized with CO2 and killed

by decapitation. Blood was collected from the ruptured cervi-

cal vessels for determination of leptin and sexual hormones

levels. The left testis, epididymis, vas deferens, ventral pros-

tate, 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 testes were collected for parench-

yma testosterone assay. The right epididymal cauda was used

for sperm collection to artificial in utero insemination and

sperm motility assay.

Parenchyma Testosterone Assay

The right testis of each animal was removed and decapsulated,

and the parenchyma was sliced into *50-mg pieces. Each

piece was weighed and placed into a 1.5-mL micro tube con-

taining 1.0 mL of Medium 199 (M199). The M199 (M199,

Earles - Invitrogen, ref.31100035; New York, USA) was buf-

fered with 0.71 g/L sodium bicarbonate (NaHCO3) and 2.1 g/L

Hepes and contained 0.1% bovine serum albumine and 25 mg/L

soybean trypsin inhibitor, pH 7.4. Concentration of testosterone

was assessed by incubating parenchyma in duplicate, for

2 hours at 34�C.27 After centrifugation (5 minutes, 10

000� g), medium was frozen at �70�C until testosterone

assay, as described subsequently.
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Serum Testosterone, Follicle-Stimulating hormone,
Luteinizing Hormone, and Leptin Levels

The serum was obtained by blood centrifugation (2400 rpm, for

20 minutes at 4�C). The concentrations of testosterone, lutei-

nizing hormone (LH), and follicle-stimulating hormone

(FSH) were determined by the technique of double anti-

body radioimmunoassay. Testosterone doses were accom-

plished using the TESTOTERONE MAIA kit (Biochem

Immunosystems, INC, k955102; Pennsylvania, USA). The

LH and FSH doses used specific kits supplied by the

National Institute of Arthritis, Diabetes and Kidney Dis-

eases (NIDDK, Bethesda, MD 20892-2560). All samples

were dosed in the same assay to avoid interassay errors.

The intraassay error was 3.4% for LH, 2.8% for FSH, and

4% for testosterone. The dosage of leptin levels was per-

formed using the Rat Leptin ELISA Kit (Millipore Corpo-

ration, Billerica, Massachusetts, Cat. # EZRL-83K)

following the manufacturer’s instructions.

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 applied as a strategy to increase the

sensitivity of the fertility test in toxicant-exposed rats.28

According to this technique, 5 million sperm collected in the

cauda epididymis is inseminated directly into the uterus allow-

ing evaluation of sperm quality, without the interference of

other factors such as alterations in the sexual behavior pattern

and number of sperm available for ejaculation.29

A cohort of females (n ¼ 36) were synchronized with a

single subcutaneous injection of 80 mg of luteinizing-

releasing hormone 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 for 1 hour with sexually

experienced vasectomized males of proven sterility. Recep-

tive females (that exhibited lordosis) were selected for inse-

mination. The isolation and preparation of proximal cauda

sperm for insemination were the same as described previ-

ously,30,31 with the following adaptations. Briefly, the sperm

were released from the proximal cauda by nicking the duct

with a n� 11 scapel and allowed to disperse in 2 mL of modified

Human Tubular Fluid medium (ref. 90126, IrvineScientific,

CA, USA). After 5 minutes of dispersion, a sperm aliquot was

diluted 1:10 with fixative (10% formalin in phosphate buf-

fered sulfate) and counted using a Neubauer chamber. Within

15 minutes, each uterine horn was injected with a volume

containing 5 � 106 sperm, a value that typically results in

75% fertility using control males rats.23 One female was inse-

minated 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 uter-

ine 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 intravenous catheter attached to a 1.0-

mL syringe. Each injection site was cauterized immediately

upon withdrawal of the needle. When insemination was com-

plete, the abdominal musculature was sutured. Females were

killed 20 days later to evaluate fertility.

Fertility Evaluation

On gestational day 20, the females were slightly anesthe-

tized with CO2 and 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 implantation)—implantation sites/

corpora lutea � 100; rate of preimplantation loss—[(number

of corpora lutea � number of implantations)/number of cor-

pora lutea] � 100; rate of postimplantation loss—[(number

of implantations � number of live fetuses)]/number of

implantations � 100.32

Sperm Motility

Sperm motility was evaluated in the same sample used for in

utero insemination. An aliquot of 10 mL was pipetted and

transferred to a warmed (34�C) Makler counting chamber

(Sefi-Medical, Haifa, Israel). Sperm motility evaluation was

performed by the same person throughout the study and was

assessed by visual estimation (100 spermatozoa per animal, in

duplicate) under a phase-contrast microscope (mod. Leica

DMLS) at 200� magnification. Spermatozoa were classified

as immotile, motile without progression and motile with pro-

gressive movement.7

Daily Sperm Production Per Testis and Sperm Number in
the Epididymis

Homogenization-resistant testicular spermatids (stage 19 of

spermiogenesis) in the testis were counted as described previ-

ously by Robb and colleagues,33 with adaptations adopted by

Fernandes and coauthors.34 Briefly, the testis, decapsulated and

weighed soon after collection, was homogenized in 5 mL of

NaCl 0.9% containing Triton X 100 0.5%, followed by sonica-

tion for 30 seconds. After a 10-fold dilution, 1 sample was

transferred to Neubauer chambers (4 fields per animal), and

late spermatids were counted. To calculate the daily sperm

production (DSP), the number of homogenization-resistant

spermatids was divided by 6.1, the number of days these sper-

matids are present in the seminiferous epithelium. In the same

manner, caput/corpus and cauda epididymis portions were cut

into small fragments with scissors and homogenized, and

sperm counted as described for the testis.
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Statistical Analysis

For comparison of results between the experimental groups,

Student t test or nonparametric Mann-Whitney U test was per-

formed, according to the characteristics of each variable. Dif-

ferences were considered significant when P < .05. The

statistical analyses were performed by GraphPadInStat

(version 3.02).

Results

Throughout the course of the experiment, body weight and the

average of food intake were similar between the experimental

groups (Figure 1A and B, respectively) as well as the final body

weight (Table 1). Reproductive organ weights also did not

show any differences between control and leptin-treated rats

(Table 1).

After 42 days of treatment, serum leptin was similar

between control and leptin-treated rats (Table 2). In the same

way, serum sex hormones—testosterone, FSH, and LH—levels

were not altered by leptin exposure. On the other hand, par-

enchyma testosterone was decreased about 49% in leptin-

treated rats (control ¼ 27.23 + 5.18; leptin ¼ 14.12 + 2.26,

mean + standard error of the mean [SEM]; P < .05; Table 2).

The number of mature spermatids and DSP in the testis were

not affected by treatment with leptin, likewise number of sper-

matozoa and transit time through epididymal caput/corpus or

cauda were not (Table 3). In the same way, sperm motility also

was not affected by treatment with exogenous leptin, and the

percentages of progressive, nonprogressive, and immotile

sperm were similar between the groups (Table 3).

After artificial insemination, gestational rate was 100% in

the control group (8 pregnant/8 inseminated females) and 90%
in the leptin-treated group (9 pregnant/10 inseminated female).

There was a quantitative reduction in the uterus plus fetus

weight (control ¼ 46.23 + 3.79; leptin ¼ 28.96 + 7.80, mean

+ SEM; P ¼ .08), in the number of implantation sites

(control¼ 10.13 + 0.67; leptin¼ 6.56 + 1.56, mean + SEM;

P ¼ .06), and in the number of live fetuses (control ¼ 9.25 +
0.84; leptin ¼ 5.56 + 1.56, mean + SEM; P ¼ .09; Table 4).

Additionally, 2 died fetuses were found in the leptin group, and

1 of these presented an external malformation in the paws,

while in the control group all fetuses were alive and with nor-

mal external morphology. Fertility potential showed a statically

significant reduction, of about 40%, in leptin-treated animals

(control ¼ 77.13 + 5.41; leptin ¼ 48.04 + 11.43, mean +
SEM; P < .05), whereas the preimplantation loss rate was more

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

Table 1. Final Body and Organ Weights from Control and Leptin-
Treated Rats, After 42 Days of Treatment.a

Control Leptin

Final body weight 465.01 + 12.91 469.93 + 12.72
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
Full seminal vesicle, g 1.10 + 0.10 1.12 + 0.07
Empty seminal vesicle, mg 477.66 + 62.14 419.71 + 24.82
N 12 12

aValues expressed by mean + standard error of the mean (SEM).
Student t test.

Table 2. Serum Leptin and Sexual Hormone Levels and Parenchyma
Testosterone of Control and Leptin-Treated Rats After 42 Days of
Treatment.a

Control Leptin

Serum leptin, ng/mL 7.14 + 0.48 (n ¼ 11) 6.57 + 0.60 (n ¼ 9)
Serum LH, ng/mL 1.97 + 0.46 (n ¼ 11) 2.14 + 0.64 (n ¼ 12)
Serum FSH, ng/mL 8.44 + 0.34 (n ¼ 12) 8.26 + 0.52 (n ¼ 12)
Serum testosterone,

ng/mL
1.66 + 0.35 (n ¼ 12) 1.32 + 0.15 (n ¼ 12)

Parenchyma
testosterone, ng/g

27.48 + 5.19 (n ¼ 11) 14.01 + 2.26b (n ¼ 11)

Abbreviations: LH, luetinizing hormone; FSH, follicle-stimulating hormone;
SEM, standard error of the mean.
aValues expressed by mean + SEM. Unpaired t test with Welch correction.
bP < .05.
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than 2-fold higher in these animals (control ¼ 22.87 + 5.41;

leptin ¼ 51.96 + 11.43, mean + SEM; P < .05; Table 4).

Discussion

Leptin is well known to be the hormonal link between energy

stores and several vital functions. Furthermore, it plays an

important role in reproduction both in male and in female;

however, the action of leptin on male reproduction is still

unclear. Although it is documented that leptin supplementation

in leptin-deficient states results in improved reproductive func-

tion, it is, however, also possible that when in excess, leptin

could have some adverse effects on reproduction.26

Actually, recent studies have shown that leptin negatively

affects male reproduction, being hyperleptinemia associated

with low levels of testosterone, both in man35 and rats,36 reduc-

tion of sperm motility in rats,36,7 and infertility and oligozoos-

permia in man.37 Furthermore, Martins and coauthors11

showed that leptin modulates the nutritional support of sper-

matogenesis, modulating the metabolism of Sertoli cells, which

could indicate a mechanism of action for the role of leptin in

male reproduction.

When genetic obese mice (ob/ob), that present decreased

circulating leptin levels, are treated with this hormone, the

body weight of the animals decreases throughout the treat-

ment.14,15 However, treatment with exogenous leptin in normal

rats does not alter body weight or food intake,26 also shown

herein. In those homozygous mice (ob/ob), the testis and semi-

nal vesicles are smaller than in the lean mice,38 and treatment

with exogenous leptin restores their weights.15 The leptin treat-

ment in normal animals as in the current study did not change

weight of reproductive organs and serum testosterone levels,

indicating that this treatment did not induce general toxicity to

the reproductive system.

Daily administration of leptin, in this study, did not lead to

increased serum levels of leptin, which corroborates the data of

Haron and colleagues26; this fact is probably due to the short

half-life of leptin, approximately 10 minutes. Unlike our

results, which did not show alteration in gonadotropin (LH and

FSH) levels, in other studies the leptin treatment of nonobese

rats showed increased levels of LH and FSH.26,36 Generally,

elevated levels of serum leptin are related to reduced levels of

testosterone in both men and rodents.22,39-42 In obese men,

basal and LH-stimulated androgen levels are reduced and

inversely correlated with circulating leptin.35 Sprague-

Dawley nonobese rats treated with exogenous leptin showed

significant reduction in testosterone levels.36 On the other

hand, our previous study showed high leptin levels in rats fed

high-fat diet for 15 weeks, without increase in testosterone

levels.7 So the action of hyperleptinemia on testosterone levels

is still confusing in the literature. Although we did not find

changes in serum testosterone levels after leptin treatment, a

decrease of about 49% in parenchyma testosterone was

observed, showing a direct action of leptin in testosterone pro-

duction by Leydig cells. Indeed, in vitro study showed that

leptin can significantly decrease basal and human chorionic

gonadotrophin-induced testosterone secretion in the testes of

adult rats,4,43 which is associated with the presence of leptin

receptor in Leydig cells.43 The low concentration of parench-

ymal testosterone was not able to alter serum testosterone lev-

els, but this reduction in parenchymal levels of the hormone

may have affected local role of the testosterone.

Haron and coworkers,26 treating nonobese male rats with

daily injections of 5, 10, and 30 mg/kg of leptin for 42 days,

observed a significant reduction in epididymal sperm count and

a significant increase in the percentage of abnormal sperm in

Table 4. Fertility Parameters After In Utero Artificial Insemination of
Rats From Control and Leptin-Treated Groups After 42 Days of
Treatment.a

Control Leptin

Body weight of dams, g 354.65 + 7.68 336.16 + 10.44
Uterus þ fetuses weight, g 46.23 + 3.79 28.96 + 7.80
Number of corpora lutea 13.25 + 0.49 13.67 + 0.58
Number of implantation sites 10.13 + 0.67 6.56 + 1.56
Number of fetuses per litter 9.25 + 0.84 5.78 + 1.65
Number of alive fetuses per litter 9.25 + 0.84 5.56 + 1.73
Fertility potential, % 77.13 + 5.41 48.04 + 11.43a

Preimplantation loss, % 22.87 + 5.41 51.96 + 11.43a

Postimplantation loss, % 9.40 + 3.92 35.31 + 13.33
N 8 9

aValues expressed by mean + standard error of the mean (SEM). The values in
percentage were transformed into arc sine prior to statistical analysis.
bP < .05. Student t test.

Table 3. Sperm Counts and Sperm Motility in Control and Leptin-
Treated Rats After 42 Days of Treatment.

Control Leptin

Sperm counts
Sperm number in the

testis, (�106)a
186.18 + 11.42 182.78 + 14.74

Daily sperm production
(�106/testis/day)a

30.52 + 1.87 29.97 + 2.42

Sperm number in the
caput/corpus
epididymis (�106)a

164.39 + 9.45 165.55 + 9.04

Sperm transit time in the
caput/corpus, daysa

5.59 + 0.51 6.00 + 0.63

Sperm number in the
cauda epididymis (�106)a

289.34 + 15.76 296.75 + 19.11

Sperm transit time in the
cauda, daysa

9.71 + 0.64 10.63 + 1.07

N 12 12
Sperm motility, %

Motile with progressive
movementb

80 (77-82) 79 (78.25-84)

Motile without progressive
movementb

15 (13.5-15.75) 14 (12.25-16)

Immotileb 5 (3-6.25) 5 (4-8.75)
N 8 10

aValues expressed by mean + standard error of the mean (SEM). Student
t test.
bValues expressed by median (Q1- Q3). Mann-Whitney U test.
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treated animals. Contrasting to these results, in the present

study, no change was observed in epididymal sperm counts.

Alterations in sperm counts in the testis were also not observed,

but no data in the literature about sperm production in animals

treated with leptin were found. The number of spermatids in the

testis and the total DSP are important indicators of male ferti-

lity capacity44 and also reflect the normal spermatogenesis. So,

in the conditions of present study, leptin treatment apparently

did not affect spermatogenesis, but more studies are needed to

fully understand the role of leptin in testicular function. It is

already known that the relationship between Sertoli cells and

developing germ cells is essential for spermatogenesis. Martins

and coauthors11 studying human Sertoli cells in culture demon-

strated that leptin can affect the nutritional role of these cells,

responsible for lactate production, the preferred substrate of

germ cells, which might alter spermatogenesis. In mice, the

leptin treatment led to altered spermatogenesis, based on mor-

phological analysis.45

In men, seminal plasma leptin concentration is negatively

associated with the percentage of motile spermatozoa, what

may indicate an involvement of the hormone in the mechan-

isms of motility development.46 However, the serum leptin

levels show no relationship with rapid progressive motility.47

Treatment of nonobese Sprague-Dawley rats with leptin

reduced the percentage of progressive motile sperm,36 in con-

trast to present study, where 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 mice3,9 and is also known that the replace-

ment of this hormone restores the fertility in that animals, in

both sexes.14,15 Although our study had not shown any altera-

tions in sperm parameters, it showed a significant reduction in

fertility potential, that is, in the implantation efficiency, after

artificial insemination. In animals that were exposed to exo-

genous leptin, there was a quantitative reduction in number of

implantation sites that were reflected in the fertility potential,

which was reduced to 60% compared to control animals. In

utero artificial insemination is a technique used to evaluate

sperm quality, since it increases the sensitivity of fertility test.

The result found in this study indicates that leptin exposure

affected sperm quality, causing a reduction in implantation

rate, that is, in the ability to generating offspring. Indeed, the

increased preimplantation 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 genetic altera-

tion that did not allow postfertilization development. Sprague-

Dawley nonobese rats treated with leptin showed increased

DNA fragmentation,36 which could explain, at least in part, the

fertility problems described herein.

Taking into account that the reproductive potential of rats

is higher compared to other animals including men, the

impairment of fertility capacity showed in the present study

after leptin exposure can also indicate that high levels of

leptin (as found in obesity) may affect human fertility.

Indeed, human clinical studies have shown that high levels

of leptin in serum and seminal plasma are related to

infertility in oligozoospermic men,37 although the mechan-

ism is not understood.

In conclusion, the results of this study indicate that leptin

administration to nonobese male rats impairs the ability of

treated animals to generate offspring, since the occurrence of

implantation was diminished. So we demonstrated that leptin

impair sperm quality, affecting the reproductive capacity. Tak-

ing together, our results suggest the occurrence of DNA dam-

age in sperm as a possible mechanism, but further studies are

needed in this direction.
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