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The aim of the present study was to assess the effects of endurance training on leptin levels and adipose tissue gene expression
and their association with insulin, body composition and energy intake. Male Wistar rats were randomly divided into two groups:
trained (N = 18) and sedentary controls (N = 20). The trained group underwent swimming training for 9 weeks. Leptin and insulin
levels, adiposity and leptin gene expression in epididymal and inguinal adipose tissue were determined after training. There were
no differences in energy intake between groups. Trained rats had a decreased final body weight (-10%), relative and total body
fat (-36 and -55%, respectively) and insulin levels (-55%) compared with controls (P < 0.05). Although trained animals showed
56% lower leptin levels (2.58 ± 1.05 vs 5.89 ± 2.89 ng/mL in control; P < 0.05), no difference in leptin gene expression in either
fat depot was demonstrable between groups. Stepwise multiple regression analysis showed that lower leptin levels in trained
rats were due primarily to their lower body fat mass. After adjustment for total body fat, leptin levels were still 20% (P < 0.05) lower
in exercised rats. In conclusion, nine weeks of swimming training did not affect leptin gene expression, but did lead to a decrease
in leptin levels that was independent of changes in body fat.
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Introduction

Obesity currently qualifies as a pandemic and its se-
quelae include diabetes mellitus, hypertension, cardiac
diseases, dyslipidemia and some forms of cancer (1).
Accordingly, much importance has been given to the un-
derstanding of the mechanisms involved in regulating body
weight and fat content. The cloning of the mouse ob gene
and its receptor led to the discovery of leptin, which soon
came to be referred to as “the satiety hormone” (2).

Leptin is expressed and secreted primarily by white
adipose tissue and acts through both peripheral and cen-
tral receptors (3). The latter are located mainly in the
hypothalamus (4) in areas related to the control of energy
intake and expenditure, thereby suggesting the role of

leptin as a central “adiposity signal” in energy homeostasis
(5). Leptin levels are strongly and positively correlated with
body fat mass (6,7) and leptin expression and secretion
seem to be higher in epididymal adipose tissue than in
inguinal adipose tissue in rats (8). Nevertheless, many
factors regulate leptin synthesis and expression, such as
feeding status, sympathetic activity, insulin, exercise and
changes in body weight and energy balance (9). Weight
loss and fasting are associated with reduced leptin levels
while weight gain is associated with an increase in the
concentration of this hormone (7).

Although leptin seems to be the prototypic “adiposity
signal”, insulin can be considered as a second and very
important signal that, similar to leptin, acts centrally through
hypothalamic neurons and neuropeptides in regions asso-
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ciated with body weight regulation (1). These hypothalam-
ic neurons express leptin receptors as well as insulin
receptors, suggesting that leptin and insulin act in concert
to promote a decrease in food intake and an increase in
energy expenditure and sympathetic nervous system ac-
tivity (10). The similar catabolic central effects suggest that
there might be a co-modulation between leptin and insulin.
Levels of both hormones vary in proportion to body fat
mass and decrease after weight loss (11). A reduction in
leptin levels is observed following a reduction in insulin
levels after fasting (4,12).

The effects of exercise training on total energy expen-
diture, fat mass loss and insulin sensitivity improvement
are well known (13). Considering the role of leptin in
energy expenditure and its response to changes in body
composition, energy expenditure and insulin, exercise train-
ing could theoretically be an important modulator of leptin
levels. Acute long-term (≥60 min) exercise seems to be
associated with a delayed reduction in leptin concentra-
tions 48 h after exercise (14,15). The effect of exercise
training on leptin levels, however, is controversial. Some
studies have reported a reduction in leptin levels after
chronic exercise training (13,16-19), while others have not
observed any changes (20,21). This discrepancy has pri-
marily been attributed to the capacity of exercise to induce
fat mass loss (13,16,17). Conversely, a few studies have
shown a reduction in leptin levels and/or expression that was
independent of any changes in adiposity (18,19). These
results suggest that there may be factors beyond adiposity
that regulate the reduced leptin levels and expression after
endurance training. Insulin appears to be a candidate for
such a role, since insulinemia was reduced or insulin sensi-
tivity was enhanced in these studies. However, other lines of
evidence supporting this hypothesis are required.

The purpose of the present study was to determine the
effect of endurance training on leptin levels, its association
with insulin, body fat mass, energy intake and epididymal
adipose tissue and inguinal adipose tissue ob mRNA ex-
pression.

Material and Methods

Animals
Male Wistar rats were housed in individual cages at

25°C with a 12-h light/dark cycle. The study was approved
by the Ethics and Research Committee of the Physical
Education and Sport School (São Paulo University, Brazil).
When the animals became adults (body weight from 200 to
300 g), they were randomly assigned to one of two experi-
mental groups: exercise-trained (N = 18) and sedentary
control (N = 20).

Exercise training protocol
To familiarize the rats with the swimming area, the

animals exercised for 5 days for 40 min per day with an
increasing load (weights attached to the chest) that finally
after 5     days reached 5% of their body weight (i.e., at the
anaerobic threshold for rats during swimming exercise)
(22). Animals were then trained for 1 h/day, 5 days/week
for 8 weeks as previously described (23). The 5% body
weight load was kept constant throughout the study. Swim-
ming training was performed in 10 individual round tanks
(60 cm in depth x 80 cm in perimeter) filled with circulating
water maintained at 30 ± 2°C.

Experimental design
Animals were provided with commercial chow (Nuvilab,

Ralston Purina do Brasil, Brazil) and water ad libitum. Food
intake was measured three times a week in order to
calculate the daily food intake. Body weight was measured
once a week. At the end of the protocol, animals were
allowed to rest for 66-70 h after the last training session to
eliminate the residual effects of the last exercise bout.
Animals were then fasted overnight (12 h) and sacrificed
by decapitation.

Two experiments were conducted following the same
protocol. In experiment 1, blood samples were obtained
after sacrifice for the measurements of leptin and insulin
concentrations and the intact carcass was weighed and
frozen for body fat mass assessment. In experiment 2,
epididymal and inguinal adipose tissues were weighed
and frozen immediately for the determination of leptin gene
expression.

Oral glucose tolerance test
The oral glucose tolerance test was performed after

exercise training. Glucose was administered orally to the
rats (2 g/kg body weight) following an overnight fast (12 h).
Blood glucose levels were measured from the tail vein at 0,
30, 60, 90, and 120 min after the glucose load. The area
under the curve for each group was then calculated as
described (24).

Fasting leptin and insulin levels
Leptin levels were measured by radioimmunoassay

(RIA) using a standard commercial kit (Linco Research
Inc., USA). The limit of sensitivity was 0.5 µg/L and intra-
assay CV and inter-assay CV were 9.5% and 9.2%, re-
spectively. Assays were performed in duplicate. Insulin
levels were also measured by RIA using a standard com-
mercial kit (Coat-A-Coat, DPC, USA). The limit of sensitiv-
ity was 0.5 µg/L and intra-assay CV and inter-assay CV
were 8.5% and 10.3%, respectively. Assays were per-
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formed in duplicate.

Body fat mass assessment
The carcass (intact body) was immediately frozen for

posterior homogenization following sacrifice. Distilled wa-
ter was added to the carcass, which was then autoclaved
for 30 min, followed by homogenization. A sample of the
homogenate was added to 3 mL 30% KOH (w/v). The lipid
was saponified and the non-esterified fatty acids were
extracted (25). Relative lipid content was reported as mg/
g tissue (carcass) and total lipid content as g.

Leptin gene expression
Leptin gene expression was evaluated by reverse trans-

cription followed by polymerase chain reaction (RT-PCR).
The RNA was isolated from the epididymal adipose tissue
and inguinal adipose tissue with the Trizol reagent (Gibco
Invitrogen, USA). The concentration and integrity of the
RNA were assessed by spectrophotometric assays of 260
to 280 nm (26). cDNA was synthesized using Superscript
III reverse transcriptase (200 U/mL, Invitrogen) at 42°C for
50 min. The cDNA obtained after reverse transcription was
amplified with Taq DNA polymerase (Fermentas, Canada).
The primers used for gene amplification were: leptin sense,
5'–GTTCAAGCTGTGCCTATCC-3'; leptin antisense, 5'-
AAGAATGTCCTGCAGAGAGCCC-3'. For each assay, a
hotstart at 94°C for 5 min was performed before the follow-
ing PCR cycling parameters: denaturation at 94°C for 35 s,
annealing for 1 min at the gene-specific annealing temper-
ature and extension at 74°C for 60 s. Each sample under-
went 32 cycles. PCR products were analyzed by electro-
phoresis on 1.2% agarose gels followed by ethidium bro-
mide staining and visualization using Typhoon (Molecular
Dynamics, USA). The image was captured with the Scion
Image software (Scion Corporation, USA) and imported
into NIH image (National Institutes of Health), and the
densities of the PCR products were quantified. All values
were normalized to levels of the RPL19 gene, which was
used as the internal control.

Statistical analysis
Descriptive data are reported as means ± standard

deviation. Comparisons between groups were made using
the Student independent t-test for parametric variables
and the Mann-Whitney test for non-parametric variables.
Pearson correlation coefficients were calculated and mul-
tiple and simple regression analyses were performed to
test for significance of the linear relationship among vari-
ables. Statistical significance was set at P < 0.05. All
analyses were performed using the SPSS software for
Windows (version 10.0).

Results

There was no significant difference in food intake be-
tween trained (0.075 ± 0.014 g/g body weight) and non-
trained animals (0.072 ± 0.013 g/g body weight) in either
experiment. It is therefore unlikely that differences in food
intake were a factor in this study.

Initial body weight was not significantly different be-
tween groups (Table 1). In response to exercise training,
trained rats showed a reduction in final body weight (-10%;
P < 0.05), relative body fat mass (-36%; P < 0.05) and total
body fat mass (-55%; P < 0.05) compared with sedentary
rats (Table 1). Trained rats also showed a significant
reduction in area under the curve and 55 and 56% lower
fasting insulin and leptin levels, respectively (Table 1).

Leptin was highly and positively correlated to body
weight, insulin, and relative and total body fat mass (Table
2). We, therefore, conducted a multiple linear regression
analysis using the enter method to determine the relative
weight of the predictor variables body weight, insulin and
relative and total body fat mass on the dependent variable
leptin. Regression analysis showed that 88.7% (R2 = 0.887)
of the variance in leptin levels could be explained by those
predictor variables. When we conducted a multiple linear
regression analysis using the stepwise method, total body
fat was found to be the best predictor variable to explain
leptin level variance (P < 0.01).

Caution is required when interpreting these results.
Since insulinemia was also significantly correlated with
body composition variables (Table 2), multicollinearity was
established between insulinemia and body composition
variables. Multicollinear predictor variables provide similar
information to explain and predict the response of the
dependent variable (in this case, leptinemia), making it

Table 1.Table 1.Table 1.Table 1.Table 1. Effects of exercise training on body weight, relative
and total body fat, oral glucose tolerance test calculated area
under the curve (AUC), plasma insulin and plasma leptin levels.

Exercised rats Sedentary rats
(N = 8) (N = 10)

Initial body weight (g) 290.18 ± 59.50 303.65 ± 65.76
Final body weight (g) 384.88 ± 32.60 425.35 ± 41.57*
Total body fat (g) 18.86 ± 5.32 34.73 ± 12.24*
Relative body fat (mg/g) 51.05 ± 15.2 80.33 ± 22.3*
Post-exercise AUC 8656.7 ± 510.1 9489.0 ± 449.0*
Insulin (µIU/mL) 5.80 ± 1.42 12.82 ± 4.23*
Leptin (ng/mL) 2.58 ± 1.05 5.89 ± 2.89*
Leptin/total body fat 0.134 ± 0.023 0.168 ± 0.038*

(ng·mL-1·g-1)

Data are reported as mean ± SD. *P < 0.05 compared to exercise-
trained group (Student independent t-test).
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difficult to decipher the effects that each of the predictor
variables exert individually. This can lead to the impair-
ment of the model’s predictive ability, which tends to choose
only one predictor variable as significant (i.e., the one most
strongly correlated with the dependent variable), which, in
this case, was total body fat (Table 2). Thus, this result
does not mean that the only explanation for leptinemia
variance is the variance of total body fat, but instead that
this variable is the most adequate fit to the model.

Accordingly, simple linear regression analysis showed
that insulinemia variance also explained leptinemia vari-

ance (R2 = 0.67; P < 0.01). In addition, when the effect of
exercise on leptin independent of total body fat mass was
explored, leptin levels were still significantly lower (20%) in
trained animals compared with sedentary controls (Table
1), suggesting that other factors in addition to changes in
body fat mass do have an effect on leptin levels.

Finally, leptin expression was higher in epididymal
adipose tissue than in inguinal adipose tissue in both
groups. Leptin expression, however, was not different in
either epididymal adipose tissue or inguinal adipose tissue
between groups (Figure 1).

Discussion

The aim of the present study was to investigate the
effects of endurance training on leptin levels and its asso-
ciation with other variables such as insulin, body fat mass,
energy intake and epididymal adipose tissue and inguinal
adipose tissue ob mRNA expression. Our results indicate
that nine weeks of swimming training improved insulin
sensitivity and reduced total fat mass, body weight, serum
insulin and leptin levels, but not leptin gene expression in
rats. To our knowledge, this is the first study to demon-
strate that a chronic swimming exercise-induced decrease
in leptin levels was associated with both adiposity and
insulin reduction, but not with ob mRNA expression.

We also found that serum leptin levels were significant-
ly and highly correlated with body fat mass (16-19), body
weight (18,19) and insulin levels (19,27-29) (Table 2). A
multiple regression analysis using the stepwise method
showed that total body fat mass was the best predictor
variable to explain leptin level variance, which is also in
accordance with previous findings (16-19). After adjusting
for total body fat mass, however, leptin levels remained
significantly lower in trained rats (Table 1), implying that
trained animals were secreting less leptin per gram of
adipose tissue than sedentary control animals. These data
suggest that factors in addition to changes in fat mass may
be responsible for the decreased leptin levels in animals
subjected to swimming training.

Similar catabolic central effects suggest that there may
be a modulation between leptin and insulin. One hypo-
thesis suggests a cross-talk between the protein tyrosine-
kinases activated by leptin and those activated by insulin.
Common second messengers in the two signaling path-
ways allow both hormones to trigger the same down-
stream events through insulin receptor substrate-2 and
phosphoinositide 3-kinase (30). A reduction in leptin levels
is also observed following a reduction in insulin levels after
fasting (4,12). A simple linear regression analysis showed
that insulinemia, in addition to adiposity, explained the

Table 2.Table 2.Table 2.Table 2.Table 2. Correlation analysis between plasma leptin, plasma
insulin, and body composition.

Leptin (ng/mL) Insulin (µIU/mL)

Leptin (ng/mL) - R = 0.820*
Insulin (µIU/mL) R = 0.820* -
Total body fat (g) R = 0.936* R = 0.838*
Relative body fat (mg/g) R = 0.927* R = 0.804*
Final body weight (g) R = 0.557* R = 0.636*

*P < 0.05 (Student independent t-test).

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Ratio between leptin gene expression and RPL19 gene
(internal control gene) expression in epididymal (EAT) and in-
guinal adipose tissue (IAT) post-exercise training. Both exercise-
trained rats (T; N = 10) and sedentary control rats (C; N = 10)
showed higher ob mRNA expression in EAT than in IAT (P <
0.05). Expression of ob mRNA was not different between groups
in either EAT or IAT. *Significant difference between adipose
depots (P < 0.05, Student independent t-test).
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variance in leptin levels. Thus, insulin seems to have an
effect on leptin levels independently of changes in adipos-
ity in trained animals. Some studies have attributed changes
in leptin levels after endurance training to changes in
insulin levels or sensitivity (18,19,29). Perusse et al. (13)
attributed the lack of change in leptin levels after adjust-
ment for changes in body fat mass to the lack of improve-
ment in insulin sensitivity after 20 weeks of endurance
training. Considine (29) suggested that changes in energy
intake or expenditure could be detected by adipocytes,
thus influencing leptin synthesis via the actions of insulin.
An endurance-training program that improves insulin sen-
sitivity could therefore alter leptin levels independently of
fat mass. Studies investigating the underlying mechan-
isms of this leptin-insulin modulation are necessary for a
better understanding of insulin as a modulator of leptin
secretion after endurance training.

It is well established that leptin and insulin act in con-
cert on the reduction of food intake and increase in energy
expenditure via hypothalamic neurons (28). As a result,
the lower leptin and insulin levels found in the trained
animals should lead to increased appetite and, conse-
quently, increased food intake. However, trained animals
did not increase their energy intake despite the increased
daily energy expenditure induced by endurance training. It
has been suggested that endurance training could lead to
a resetting of leptin levels (19). Lower levels of leptin could
therefore be maintained in response to the same amount
of body fat mass after endurance training due to a possible
improvement of leptin action and sensitivity in the hypo-
thalamus.

Finally, although trained animals showed lower leptin
levels, a finding consistent with previous reports (13,16-
19), we found no significant difference in adipose tissue
(epididymal adipose tissue and inguinal adipose tissue)
leptin expression between exercise-trained and sedentary
control groups (Figure 1). This finding is in contrast to the
study of Zachwieja et al. (31), in which there was signifi-
cantly lower leptin expression in epididymal adipose tis-
sue, but not in inguinal adipose tissue, after seven weeks
of voluntary wheel running. This difference may be due to
the time delay after the last exercise session prior to
sacrifice (less than 24-h versus approximately 70 h in the

present study). Zheng et al. (32) demonstrated that al-
though leptin expression was decreased in epididymal
adipose tissue 2 h after the last training session following
four weeks of treadmill running, ob mRNA levels were back
to control levels after a 24-h recovery period from the last
training session. The authors suggested that exercise had
an acute effect on ob mRNA levels rather than a long-term
training effect, and attributed this “reversible change of ob
mRNA level” to the short half-life of ob mRNA and the
recovery of sympathetic activity and blood insulin levels
following exercise.

Ranganathan et al. (33) showed that there was no
correlation between adipose tissue ob mRNA and plasma
leptin, suggesting that plasma leptin levels may not be
solely dependent on adipose tissue leptin expression, but
also on posttranscriptional mechanisms such as leptin
translation or secretion from the adipocyte. According to
Keller et al. (34), changes in free fatty acids, glucose or
insulin could, by unknown mechanisms, modify leptin re-
lease to the circulation without any alterations in adipose
tissue leptin expression. In addition, it has been hypoth-
esized that insulin stimulates leptin secretion without nec-
essarily increasing leptin expression in white adipose tis-
sue (8,35). Therefore, it is possible that the higher insulin
or glucose levels found in the sedentary control group
worked as a posttranscriptional stimulus that was large
enough to promote the conclusion of protein synthesis or
the release of synthesized protein. This was not observed
in the trained group since these animals presented lower
insulin levels.

Nine weeks of swimming training did not affect leptin
expression, but did lead to a decrease in plasma leptin
levels independent of changes in total body fat mass.
These results suggest that there may be factors in addition
to fat mass responsible for the decreased leptin levels
found in trained animals. Our data also suggested that
insulin may be a candidate for such a modulatory role. One
could therefore suggest that regulation of leptin in re-
sponse to endurance training is complex, since exercise
training not only promotes changes in body composition,
but also in hormone regulation, more specifically in insulin
sensitivity, which are both factors that directly influence
leptin levels and expression.
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