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Abstract
The relationship of body weight (BW) with white adipose tissue (WAT) mass and WAT gene expression pattern was investigated
in mice submitted to physical training (PT). Adult male C57BL/6 mice were submitted to two 1.5-h daily swimming sessions (T,
N = 18), 5 days/week for 4 weeks or maintained sedentary (S, N = 15). Citrate synthase activity increased significantly in the
T group (P < 0.05). S mice had a substantial weight gain compared to T mice (4.06 ± 0.43 vs 0.38 ± 0.28 g, P < 0.01). WAT
mass, adipocyte size, and the weights of gastrocnemius and soleus muscles, lung, kidney, and adrenal gland were not different. Liver and heart were larger and the spleen was smaller in T compared to S mice (P < 0.05). Food intake was higher in T
than S mice (4.7 ± 0.2 vs 4.0 ± 0.3 g/animal, P < 0.05) but oxygen consumption at rest did not differ between groups. T animals
showed higher serum leptin concentration compared to S animals (6.37 ± 0.5 vs 3.11 ± 0.12 ng/mL). WAT gene expression
pattern obtained by transcription factor adipocyte determination and differentiation-dependent factor 1, fatty acid synthase, malic
enzyme, hormone-sensitive lipase, adipocyte lipid binding protein, leptin, and adiponectin did not differ significantly between
groups. Collectively, our results showed that PT prevents BW gain and maintains WAT mass due to an increase in food intake
and unchanged resting metabolic rate. These responses are closely related to unchanged WAT gene expression patterns.
Key words: Swimming training; Energy balance; White adipose tissue; WAT gene expression; C57BL/6 mice

Introduction
The metabolic properties of white adipose tissue (WAT)
and its ability to produce hormones that are active in
physiological processes and metabolic diseases have been
investigated systematically (1). WAT-secreted adipokines
such as resistin, tumor necrosis factor-alpha, interleukin 6,
leptin, and adiponectin are associated with fat mass and may
have effects on energy homeostasis, the immune system,
reproductive function, and angiogenesis (2).
The plasticity of the adipose mass depends on the
balance between the adipogenic, lipogenic and lipolytic
activities of WAT. Adipocyte differentiation (adipogenesis)
is mainly controlled by the transcription factor peroxisome
proliferator-activated receptor-γ (PPAR-γ), which is activated by an agonist ligand in pre-adipocytes, promoting
lipid accumulation and the expression of almost all genes
characteristic of mature fat cells (3). Lipogenesis is the triacylglycerol biosynthesis and accumulation in the intracellular

lipid droplet while lipolysis is the triacylglycerol hydrolysis (4).
These metabolic processes respond to changes in energy
balance and are associated with alterations in WAT mass
and body weight (5).
The increase in WAT mass results from a positive balance between food intake and energy expenditure. Physical
training has been known to improve energy expenditure and
to induce a negative balance (6,7), to decrease WAT mass
(8) and to ensure lower body weight (9). These responses
can be associated with the increased lipolytic activity of WAT
and the use of lipids as a source of energy (10). Moreover,
the pre-adipocyte differentiation in mature adipocyte can be
inhibited by physical training, resulting in decreased adipocyte number (11) and revealing that WAT mass modulation
by physical training is associated with changes in size and
number of adipocytes. However, the effect of physical training on adipokines is controversial. Some investigators have
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observed leptin reduction after physical training (12,13),
while others have not (14). Adiponectin, an adipokine with
action on insulin sensitivity and the inflammatory process
(15), is increased after physical training associated with
weight loss (13) or even with unaltered body weight, as
shown by Hulver et al. (16).
Body weight, WAT mass and adipokine secretion associated with physical training have been studied. However,
to our knowledge, the relationship between body weight,
WAT mass and WAT gene expression pattern in mice
submitted to physical training has not yet been investigated. Therefore, the purpose of the present study was to
investigate the effects of physical training on body weight,
WAT mass, WAT gene expression pattern obtained by
the determination of the expression of transcription factor
adipocyte and differentiation-dependent factor 1 (ADD1)
involved in adipogenesis, fatty acid synthase (FAS) enzyme
and malic enzyme expression as markers of lipogenesis,
hormone-sensitive lipase (HSL) and adipocyte lipid binding protein (ALBP) expression as markers of lipolysis, and
leptin and adiponectin gene expression.

Material and Methods
Mice
Ten-week-old male C57BL/6 mice were randomized
into two groups, sedentary (S, N = 15) and exercise-trained
(T, N = 18). Animals were maintained under the same
housing conditions (12/12-h light/dark cycle and temperature 22°C), with free access to tap water and food. All
experimental procedures were approved by the Research
Ethics Committee of Escola de Educação Física e Esporte,
Universidade de São Paulo (Protocol #25/2009).
Swimming training
The animals were submitted to physical training as
described in detail by Evangelista et al. (17). Briefly,
physical training consisted of two sessions of 1.5 h daily
swimming, 5 days/week, for 4 weeks, without the addition of a workload. The swimming sessions initially lasted
20 min and were progressively increased by 10 min per
day until reaching 1.5 h. This protocol was efficient in
promoting aerobic adaptations such as resting bradycardia, cardiac hypertrophy and increased skeletal muscle
oxidative capacity (17). In order to minimize the influence
of water stress, sedentary mice were placed in the swimming apparatus for 5 min two times a week during the
experimental protocol.
Body weight evolution
Body weight was measured weekly at the same time
of day using a digital balance (Gehaka, Model BK4001,
Brazil). Body weight gain was calculated as the difference
between body weight measured at the beginning and at
the end of the physical training protocol.
www.bjournal.com.br
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Metabolic measurements
Twenty-four-hour food intake was determined weekly
throughout the study in the mice, which were kept 4 per
cage. At the end of the physical training period, indirect
calorimetry (Ametek, USA) after an overnight fast (8 h)
was used to evaluate resting oxygen uptake per animal in a
subgroup of mice randomly assigned to S (N = 6) and T (N
= 6). The lowest amount of oxygen consumption observed
for 30 min was considered to be the rest value. For the
calculation of oxygen consumption, we used the following
formula: VO2 = (FiO2 - FeO2) x 1165 / weight, where: FiO2
= oxygen inspired fraction, FeO2 = oxygen expired fraction;
air pump flow = 1165 L.
Serum and tissue samples
Twenty-four hours after the end of the last training session, S and T mice were killed with an intravenous injection
of pentobarbital sodium (4 mg/100 g body weight) and
submitted to cardiac puncture. The tissues were harvested
and the Lee index was determined by naso-anal length
and body weight measurements (³√body weight/naso-anal
length) (18). Blood was collected and centrifuged at 4°C
(1000 g for 10 min) and serum was stored at -80°C in order
to determine leptin concentration by radioimmunoassay using a species-specific antibody (kit from Linco® Research
Inc., USA). The test sensitivity was 0.5 ng/mL leptin, and the
intra- and interassay coefficients of variation were <5%.
Citrate synthase activity
Citrate synthase activity was determined as previously
described by Alp et al. (19). Briefly, a sample of soleus
muscle was homogenized for 30 s at maximum speed
(Polytron PT 3100, Switzerland) in 300 µL extraction buffer
(50 mM Tris-HCl and 1 mM EDTA, pH 7.4) and centrifuged
(3800 g, 15 min, 4°C). Citrate synthase (EC 4.1.3.7) activity was measured by incubating 15 µL supernatant with
assay buffer [100 mM Tris base, 0.2 mM 5,5’-dithiobis-(2nitrobenzoic acid), 0.01% Triton X-100, 1 mg acetyl-CoA,
pH 8.1]. The reaction was initiated with the addition of 10
µL 0.5 mM oxaloacetic acid to a final volume of 300 µL,
and analyzed spectrophotometrically (412 nm) at 25°C. The
protein content was quantified by the method of Bradford
(20) using bovine serum albumin as a standard. Enzyme
activity is reported as nmol·min-1·mg protein-1.
mRNA analysis by real-time PCR
Total RNA was extracted from periepididymal WAT
using TRIzol®, according to manufacturer specifications
(Invitrogen® Life Technologies, USA). In some cases, we
pooled RNA from two mice because RNA obtained from
the periepididymal WAT of one animal was insufficient.
RNA samples (S, N = 10 and T, N = 10) were checked for
integrity using agarose gel electrophoresis and were quantified spectrophotometrically at 260 and 280 nm in order to
determine their concentration and extent of homogeneity.
Braz J Med Biol Res 45(10) 2012
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Only samples with a 260/280-nm ratio higher than 1.8 were
utilized. SuperScript III reverse transcriptase (Invitrogen®
Life Technologies) was used to reversely transcribe 2 µg
total isolated RNA using an oligo(dT)10n primer (0.5 µg/µL,
Invitrogen® Life Technologies) in a total reaction volume
of 20 µL. The primers used for amplification of the studied
genes are described in Table 1. The expression of cyclophilin
was measured as an internal control for sample variation
in the reverse transcriptase (RT) reaction.
Gene expression was determined by real-time PCR
and amplification was assessed with the ABI Prism 7700
Sequence Detection System (Applied Biosystems, USA)
using the SYBR Green Master Mix reagent (Applied
Biosystems). All samples were assayed in triplicate. The
comparative threshold (CT) cycle method was used for data
analysis. CT indicates the fractional cycle number at which
the amount of amplified target reaches a fixed threshold,
and ∆CT is the difference in threshold cycle for target and
reference (cyclophilin). The levels of gene expression are
given by 2-ΔΔCt, where ∆∆CT is the ∆CT value subtracted
from the ∆CT of the control group (21).
Histological analysis
A retroperitoneal fat pad was used to determine adipocyte diameter. The tissue was embedded in Paraplast®
(Structure Probe, Inc., USA), cut with a microtome and
stained with hematoxylin-eosin. The diameter of 50 adipocytes per animal was measured using a computerized morphometric analysis system (Leica Quantimet 500, UK).

Table 1. Primers used for gene amplification evaluated in white
adipose tissue from sedentary and trained mice.
Genes

Sequence

F: 5’-AACCCTCATCAAGACCATTGTCA-3’
R: 5’-CCTCTGCTTGGCGGATACC-3’
F: 5’-CGGCAGCACTGGCAAGTT-3’
Adiponectin
R: 5’-CCGTGATGTGGTAAGAGAAGTAGTAGA-3’
F: 5’-GGAGCCATGGATTGCACATT-3’
ADD1
R: 5’-GGAAGTCACTGTCTTGGTTGTTGA-3’
F: 5’-TCCTGGAACGAGAACACGATCT-3’
FAS
R: 5’-GAGACGTGTCACTCCTGGACTTG-3’
F: 5’-CTCCTTGTCCTTGGGCTCA-3’
Malic enzyme
R: 5’-CACTACGCACAATCCGAGA-3’
F: 5’-TCTAGCATGGGGTCCAGAG-3’
HSL
R: 5’-ACATGCCCCTCTACACGTC-3’
F: 5’-GCGTGGAATTCGATGAAATCA-3’
ALBP
R: 5’-CCCGCCATCTAGGGTTATGA3’
Cyclophilin
F: 5’-AATGCGGACCAAACACAAA-3’
R: 5’-CCTTCTTTCACCTTCCCAAA-3’
Leptin

The primers were designed using the program Primer-Blast from
NCBI-NIH (www.ncbi.nlm.nih.gov/tools/primer-blast/). F = forward; R = reverse; ADD1 = transcription factor adipocyte determination and differentiation-dependent factor 1; FAS = fatty acid
synthase; HSL = hormone-sensitive lipase; ALBP = adipocyte
lipid binding protein.

Statistical analysis
Data are reported as means ± SEM. The results were
compared between the two groups using the Student t-test,
except for body weight evolution, which was analyzed using
one-way ANOVA for repeated measures. The Tukey post
hoc test was used to determine differences between means
when a significant change was observed with ANOVA. A P
value of less than 0.05 was considered to be statistically
significant.

Results
Body weight gain and adiposity in response to
physical training
Changes in body weight during the 4 weeks of the experimental protocol are shown in Figure 1. No differences
in body weight were observed between the S and T groups
before physical training. However, S mice had a higher body
weight than the T group during the 3rd and 4th weeks, also
compared to their own body weight at the beginning of the
experiment (P < 0.05). In fact, S animals had a substantial
weight gain compared to T animals (4.06 ± 0.43 vs 0.38 ±
0.28 g, P < 0.01), confirming that physical training prevents
body weight increases. In addition, the Lee index of S mice
was significantly higher than that of T mice (30.4 ± 0.19 vs
Braz J Med Biol Res 45(10) 2012

Figure 1. Body weight evolution during the experimental protocol
in sedentary (S, N = 15) and trained (T, N = 18) mice. Data are
reported as means ± SEM. Note that the S group had substantial
weight gain compared to the T group. *P < 0.05 S vs T in the 3rd
and 4th weeks. #P < 0.05 S in the 3rd and 4th weeks vs S in the
0 week (one-way ANOVA for repeated measures).

29.3 ± 0.14 g/cm3, P < 0.05).
The weights of various internal organs and tissues were
examined (Table 2). Even though the final body weight
was lower in the T group, the weights of retroperitoneal
and periepididymal fat pads, gastrocnemius and soleus
muscle, lung, kidney, and adrenal glands did not differ
significantly between groups. Liver and heart were larger
in the T group while the spleen was smaller in the T group
www.bjournal.com.br
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than in the S group (P < 0.05). Histological sections from
the retroperitoneal fat pad of the S and T groups confirmed
the absence of significant differences in adipocyte size
(diameter) between groups (53.51 ± 2.4 vs 60.42 ± 2.7
µm, respectively).
Metabolic measurements
Food intake assessed over a period of 24 h was significantly higher in the T group during the physical training
period when compared to the S group (4.7 ± 0.2 vs 4.0 ±
0.3 g·animal-1·24 h-1). There was no significant difference
in oxygen consumption at rest between groups (S = 83.30
± 2.9 and T = 79.66 ± 3.8 mL·kg-1·min-1). Serum leptin concentration was significantly higher in the T group compared
to the S group (6.37 ± 0.5 vs 3.11 ± 0.12 ng/mL).
Gene expression in WAT
The levels of mRNA expression of the adipogenic transcription factor ADD1 and the enzymes for triacylglycerol
synthesis, FAS and malic enzyme, were not influenced by
physical training (Table 3). Similarly, the expression of the
HSL and ALBP genes in the periepididymal fat pad, both
markers of triglyceride hydrolysis, did not change after physical training. Despite the higher circulating concentrations
of leptin in T mice, the expression level of leptin mRNA in
periepididymal WAT assessed by real-time RT-PCR was
similar for the S and T groups. Finally, no significant changes
were observed in adiponectin gene expression (Table 3).
Citrate synthase activity
Physical training promoted a significant increase in
the maximal activity of citrate synthase in the T group
compared to the S group (148.6 ± 12.8 vs 208.1 ± 22.7
mmol·min-1·protein-1).

Discussion
The present study was conducted to determine the relationship between body weight, WAT mass and WAT gene
expression pattern in mice submitted to physical training.
Aerobic physical training has been used as an important
tool to prevent overweight and obesity (8). The swimming
protocol employed in the present study was found to be
useful to promote an aerobic response on the basis of the
increased activity of citrate synthase, an important hallmark
of oxidative metabolism, observed in the T group (22).
The results of the present study showed body weight
maintenance in the T group while the S group showed
significant increases in body weight over the experimental
period and an increased Lee index at the end of the protocol. Our body weight data corroborate previous studies
that demonstrated body weight homeostasis in trained
mice (22) and in girls subjected to physical training for 12
weeks (23).
However, the body weight response to physical training
www.bjournal.com.br
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Table 2. Weights of tissues and organs normalized for the total
body weight of the animals.
Tissues/organs
Retroperitoneal fat pad
Periepididymal fat pad
Gastrocnemius
Soleus
Lung
Kidney
Adrenal gland
Liver
Heart
Spleen

Sedentary (N = 15) Trained (N = 18)
2.74 ± 1.48
11.75 ± 3.73
10.16 ± 0.83
0.56 ± 0.04
7.04 ± 2.48
9.93 ± 0.65
0.13 ± 0.02
45.69 ± 4.62
4.29 ± 0.22
4.03 ± 0.58

2.76 ± 0.86
10.49 ± 2.77
9.82 ± 0.86
0.52 ± 0.05
6.58 ± 0.62
10.39 ± 0.85
0.15 ± 0.02
49.57 ± 4.98*
4.99 ± 0.32*
3.05 ± 0.45*

Data (means ± SEM) are reported as mg/g body weight. *P <
0.05 compared to sedentary group (Student t-test).

Table 3. mRNA levels of genes measured in the periepididymal
white adipose tissue.
Gene
ADD1
FAS
Malic enzyme
ALBP
HSL
Leptin
Adiponectin

Sedentary (N = 10)

Trained (N = 10)

1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.44
2.75
0.89
1.18
1.75
0.64
2.53

Data are reported as arbitary units. ADD1 = transcription factor adipocyte determination and differentiation-dependent factor 1; FAS = fatty acid synthase; ALBP = adipocyte lipid binding
protein; HSL = hormone-sensitive lipase. Data analyses were
done by the comparative threshold (CT) cycle method and the
levels of gene expression were given by 2-ΔΔCt, where ∆∆CT is
the ∆CT (difference in threshold cycle for target and cyclophilin)
value subtracted from ∆CT of the control group. The results were
compared by the Student t-test (P > 0.05).

in animals is controversial in the literature. Benatti et al. (12)
reported that healthy trained rats fed a chow diet showed a
10% reduction of body weight possibly due to the reduction
of relative and absolute body fat, but this response is typically observed in trained animals previously submitted to
a high-calorie diet (24,25) or with metabolic disorders (26)
associated with impairment of the energy balance. In fact,
a period of physical training has been shown to reverse the
body weight gain induced by a cafeteria diet in rats and by
a high-fat diet in mice, due to increased energy expenditure
compared to sedentary animals (26,27).
The difference in body weight gain did not result in
changes in WAT mass in S and T mice. In fact, in the
Braz J Med Biol Res 45(10) 2012
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present study, we found no effect of physical training on
periepididymal and retroperitoneal mass or adipocyte size
from the retroperitoneal fat pad. In view of the similar WAT
mass in the presence of lower body weight, we measured
most of the internal organs. Interestingly, the weight of
muscle (gastrocnemius and soleus), lung, kidney, and
adrenal glands did not differ between groups and only the
liver and heart were larger and the spleen was smaller in
the T group. It is important to note that WAT mass was
determined by two main fat pads, but additional studies are
necessary to explain the difference in body weight observed
between S and T mice.
Considering that body weight is closely related to the
energy balance (28), we studied some determinants of the
latter. Food intake was significantly higher in the T group during the physical training period, indicating that an increased
caloric intake is associated with physical training. In fact,
Gollisch et al. (8) demonstrated that trained animals fed
a normocaloric diet showed higher food intake (in grams)
compared to the control group. Interestingly, Guerra et al.
(29) observed that when food intake was similar in sedentary
and trained rats, trained rats showed lower body weight and
WAT mass than sedentary rats.
The resting metabolic rate assessed by indirect calorimetry was not altered by physical training in the present
study. Although some determinants of daily energy expenditure were not evaluated in this study, such as energy
expenditure during physical training and the thermogenic
effect of food, and that the assessment of resting energy
expenditure refers only to a period of 24 h, our results
indicate that body weight maintenance in trained mice is
due to increased caloric intake and to an unchanged resting metabolic rate.
In this study, the T group showed a significant increase
in serum leptin concentration compared to the S group. This
finding seems to be an acute effect of the last training session more than a chronic response because leptin was not
able to modulate resting energy metabolism and to induce
appetite inhibition in trained animals. Moreover, leptin gene
expression, which is proportional to total body fat stores in
rodents (30), did not differ between the two groups.
The ADD1 transcription factor has been shown to
promote adipocyte differentiation by activating adipocytespecific gene expression (31). The expression of ADD1
alone is capable of inducing modest adipogenesis (32). In
the present study, physical training did not change ADD1
expression, suggesting that the adipogenesis process
was not suppressed in the trained mice. Sakurai et al.
(11) showed that physical training induced adipogenesis
inhibition due to decreased PPARγ mRNA level in trained
rats, which was associated with reduced body weight and
WAT mass. The disagreement over the effects of physical

Braz J Med Biol Res 45(10) 2012

training on adipogenesis might be due to the difference in
energy balance, because Sakurai et al. (11) showed that
the food intake of trained rats was not significantly different
from that of sedentary rats, while in the present study we
observed increased food intake in trained mice.
Given that the expression patterns in WAT can be altered
by the state of energy balance (4), our gene expression
results for trained mice are consistent with the food intake
increase associated with physical training. In fact, the
state of energy balance can induce changes in WAT gene
expression and consequently modulate the body weight
response. Lipogenic gene expression, such as FAS, malic
enzyme and glucose-6-phosphate dehydrogenase is reduced during fasting and restored or overexpressed during
refeeding (33). Petridou et al. (34) showed that physical
training reduced FAS gene expression in periepididymal
adipose tissue but, according to our results, this response
disappeared when the energy balance was changed by
increased food intake.
HSL is the predominant lipase effector of catecholaminestimulated lipolysis in adipocytes (35). ALBP is potentially
important for fatty acid handling proteins in coordinating
lipid storage and mobilization, since it interacts directly with
HSL and increases its activity and substrate availability (36).
Although physical training exerts a potent stimulus increasing lipolysis, we did not observe a change in HSL or ALBP
gene expression in the trained mice and, as a consequence,
adipocyte size did not decrease with physical training.
Considering that leptin and adiponectin gene expression
are influenced by fat mass (4), our study provided evidence
that adipokine gene expression did not change when fat
mass was maintained. In fact, some investigators have
shown that the reduction of leptin and adiponectin becomes
important when fat mass is reduced (37,38).
In conclusion, our data provide evidence that physical
training prevented body weight gain and maintained WAT
mass due to an increase in food intake and unchanged
resting metabolic rate. These responses are closely
related to unchanged WAT gene expression patterns.
These results indicate that physical training may be a
useful tool in the management of body weight, but the
association of diet control may be important to obtain
significant benefits regarding energy metabolism and
WAT gene expression.
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