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White adipose tissue (WAT) is the source of pro- and anti-inflammatory cytokines and recently, it has
been recognized as an important source of interleukin 10 (IL-10). Acute physical exercise is known to
induce an anti-inflammatory cytokine profile, however, the effect of chronic physical exercise on the pro-
duction of IL-10 by WAT has never been examined. We assessed IL-10 and TNF-o concentration in WAT of
rats engaged in endurance training. Animals were randomly assigned to either a sedentary control group
(S,n=7)or an endurance trained group (T, n = 8). Trained rats ran on a treadmill 5 days/wk for 8 wk (55—
65% VO2max)- Detection of IL-10 and TNF-o protein and mRNA expression, as well as the gene expression
Endurance training of PPAR-7, and immunocytochemistry to detect mononuclear phagocytes were carried out. A reduction in
Adipose tissue absolute retroperitoneal adipose tissue (RPAT) weight in T (44%; p < 0.01), when compared with S was
IL-10 observed. IL-10 concentration was increased (1.5-fold, p < 0.05), to a higher extent than that of TNF-o
TNF-ou (66%, p < 0.05) in the mesenteric adipose tissue (MEAT) of the trained group, while no change related
PPAR-y to training was observed in RPAT. In MEAT, IL-10/TNF-a ratio was increased in T, when compared with
S (30%; p < 0.05). PPAR-y gene expression was increased in T (1.1-fold; p < 0.01), when compared with
S in the same adipose depot. No monocyte infiltration was found. In conclusion, exercise training induced
increased IL-10 expression in the mesenteric depot, resulting in a modified IL-10/TNF-a ratio. We also
conclude that WAT presents a depot-specific response to endurance training regarding the studied
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aspects.
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1. Introduction

The current view of white adipose tissue (WAT) function con-
siders its secretory properties in addition to the storage of lipids
[1]. WAT actively secretes various bioactive peptides, termed “adi-
pokines”, which act locally and distally, with autocrine, paracrine
and endocrine effects [2]. Nevertheless, the physiology, metabo-
lism and function of WAT vary in a depot-specific manner, as re-
viewed by [3]. Therefore, marked differences in gene expression
amongst depots are reported both for rodents [4] and humans
[5], and cytokine secretion is also heterogeneous [3]. The anti-
inflammatory interleukin 10 (IL-10), for instance, secreted by hu-
man subcutaneous and visceral adipose depots, is more expressed
in the latter [6], while the secretion of tumor necrosis factor o
(TNF-at), an important pro-inflammatory cytokine, with a major
role in the regulation of cellular processes [7], is secreted in a sim-
ilar way by the human subcutaneous and visceral adipose depots
[8]. TNF-a is the most-studied cytokine in WAT, with the greatest
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mRNA expression being found in the adipocyte per se [9]. This cyto-
kine is involved in metabolic, physiological and immunological
regulation in this tissue, and plays a pivotal role in relation to
the production of several cytokines (e.g. IL-10) and many other adi-
pokines in WAT, such as leptin [10,11].

IL-10, secreted by adipocytes, stromal vascular fraction and tis-
sue matrix of WAT [12], acts as a natural antagonist to TNF-a,
inhibiting nuclear factor kappa B (NF-kB) signaling through the
preservation of inhibitory factor kappa B (IkB) [13]. Thus, due to
its anti-inflammatory potential, the therapeutic use of IL-10 has
also been tested in many chronic inflammatory diseases in which
TNF-a is believed to play a prominent role (e.g. rheumatoid arthri-
tis, multiple sclerosis, inflammatory bowel disease and cardiac
allograft rejection) [14]. Interleukin 6 (IL-6-a cytokine related both
to acute phase reaction and anti-inflammation) secretion [6], is
also heterogeneous, being higher in the visceral depots. IL-6, to-
gether with TNF-o, have been the focus of most of the research re-
lated to cytokine production by the adipose tissue, as it also
potentially appears as an important molecule in the communica-
tion between WAT and the hypothalamus, associated with the reg-
ulation of energy balance [15], in concomitance to leptin. The
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expression of interleukin 1p (IL1-B, another important pro-inflam-
matory product of WAT) also seems to present depot variation
[16].

Several studies [17-19] have shown an anti-inflammatory ef-
fect of acute physical exercise, characterized through increased cir-
culating concentrations of IL-10, IL-1 receptor antagonist (IL-1ra),
soluble receptor of TNF (TNFRs), among other alterations. Fewer
studies addressed the effect of chronic exercise on the same
parameters with respect to the contribution of WAT, and no study,
to our knowledge, has compared cytokine production in different
WAT depots in trained healthy rats.

Therefore, considering the important role of WAT in the synthe-
sis and secretion of cytokines, and the well established capacity of
moderate intensity exercise to induce an anti-inflammatory re-
sponse, we have sought to examine the effects of endurance train-
ing upon the expression of cytokines in rodent retroperitoneal and
mesenteric depots. The results show that IL-10/TNF-o ratio in
WAT, which has been pointed out as an indicator of inflammatory
status [20,21] presents a depot-specific response to endurance
training.

2. Materials and methods
2.1. Animals

A total of 15 male Wistar rats weighing ~250 g, obtained from
the Animal Breeding Unit, Institute of Biomedical Sciences, Univer-
sity of Sdo Paulo, were used. They were housed, five per cage,
receiving food and water ad libitum, in an animal room under 12
h light-dark cycle, at 22 + 1 °C and 60 + 5% humidity. The experi-
ments were carried out after acclimation for a wk.

The investigation conformed to the Guide for the care and use of
laboratory animals published by the US National Institute of Health
(NIH Publication No. 85-23, revised 1996) and was approved by
the Committee of Ethics in Animal Experimentation of the Institute
of Biomedical Sciences, University of Sdo Paulo (protocol no. 041/
2005).

2.2. Experimental design

After 2 wk (this being the necessary interval to induce adapta-
tion to treadmill running), animals were randomly assigned to
either a sedentary (S, n = 7) or trained (T, n = 8) group.

2.3. Endurance training program

Rats in the training group ran 5 days/wk for 8 wk at a work rate
that ranged between 55-65% VOzmax. VO2max Was determined for
each rat at the end of 2 wk of training, and work loads were ad-
justed upward according to the increase found in VO3nyax. On the
first day of training, all rats ran for 30 min. On the subsequent days
of training running time was extended 10 min each day until all
rats were running 60 min/day . Familiarization with the treadmill
was maintained also in the sedentary groups by having each rat
run on the treadmill (0% grade) 10 min/day, 2 days/wk at a speed
of 15 m/min. After a rest period of 24 h after the last workout ses-
sion, the animals were killed by decapitation without anesthesia.

2.4. Determination of citrate synthase maximal activity

Citrate synthase activity, an index of oxidative capacity, was
determined in the soleus muscle of each rat. Tissue samples were
homogenized at 0 °C in a volume of 1 mL of 100 mM KPO, buffer,
so that a 1:20 (wt/vol) homogenate was obtained. CS activity was
measured according to the spectrophotometric method described

previously in [22]. All assays were linear with respect to time
and dilution, and each sample was analyzed in duplicate.

2.5. Immunoassays for cytokines

Adipose tissue samples were carefully rinsed in ice-cold 0.9%
NacCl to remove any blood contaminants and snap frozen in liquid
nitrogen and stored at —80 °C. Frozen tissue (0.1-0.3 g) was
homogenized in RIPA buffer (0.625% Nonidet P-40, 0.625% sodium
deoxycholate, 6.25 mM sodium phosphate, and 1 mM ethylene-
diamine tetraacetic acid at pH 7.4) containing 10 pg/ml of protease
inhibitor cocktail (Sigma-Aldrich, St. Louis, Missouri). Homoge-
nates were centrifuged at 12,000g for 10 min at 4 °C, the superna-
tant was saved, and protein concentration was determined by
Bradford assay (Bio-Rad, Hercules, CA) with bovine serum albumin
as a reference. Quantitative assessment of TNF-a, IL-1B, IL-6 and IL-
10 proteins was carried out by ELISA (DuoSet ELISA, R&D Systems,
Minneapolis, MN). For TNF-a. (DY510), IL-1B (DY501), IL-6 (DY506)
and IL-10 (DY522) assay sensitivity was found to be 5.0 pg/ml in
the range of 31.2-2000 pg/ml. The intra- and inter-assay variability
of the TNF-a, IL-1B and IL-6 kits were 2.7-5.2%, and 4.9-9.5%,
respectively. Assay sensitivity for IL-10 was 10 pg/ml in the range
from 31.2 to 2000 pg/ml. The intra-assay variability of the IL-10 kit
was 2.0-4.2%, and its inter-assay variability was of 3.3-6.4%. All
samples were run as duplicates and the mean value was reported.

2.6. Analysis of gene expression

Total RNA was obtained from aliquots of 100 mg of rat adipose
tissue (RPAT and MEAT) with TRIZOL® (Invitrogen, Carlsbad, CA),
following the manufacturer’s recommendations. RNA concentra-
tion was determined spectrophotometrically (Beckman DU 640,
Fullerton, CA, USA). A semi-quantitative reverse transcriptase/
polymerase chain reaction (RT-PCR) method was used for the esti-
mation of the concentration of TNF-a, IL-1B, IL-6, IL-10 and PPAR-y
mRNA. A 33 pl assay mix containing 3 pg RNA, 10 U placental
RNAse inhibitor, 2 pl oligo(dt), 2 pl ANTP (10 nmol), 2 pl dith-
iothreitole, 10 U Moloney-murine leukaemia virus reverse trans-
criptase (Invitrogen, USA), and 4 pl 10x reaction buffer (100 mM
TRIS-HCI pH 8.3, 500 mM KCl, 150 mM MgCI2 in nuclease-free
water) were used to produce cDNA. The RT-mixture was incubated
at 80 °C for 3 min, followed by 21 °C for 10 min, 42 °C for 30 min
and then 99 °C for 10 min. The obtained product (2 pl) was frac-
tionated in 1% agarose and ethidium bromide gel to assess the
quality of the reaction. The primers were designed with regard to
the published GeneBank sequences:

TNF-oo (NM 012675.2 sense: 5TCTCAAAACTCGAGTGACAAGC3';
antisense: 5GGTTGTCTTTGAGATCCATGC3'),

IL-18 (NM 012589.1 sense: 5GAGTCACAGAAGGAGTGGCTAA3Z';
antisense: 5’ACAGTGAGGAATGTCCACAAAC3'),

IL-6 (NM 012895.1 sense: 5’ ATCTGCTCTGGTCTTCTGGA3'; anti-
sense: 5’TGACCACAGTGAGGAATGTC3'),

IL-10 (NM 012854.1 sense: 5’GACCCATGAGAGTCTTCACAAC3';
antisense: 5'GATCTTAGCTAACGGGAGCAAC3’) and

PPAR-y (NM 199267.2 sense: 5'GATCCTCCTGTTGACCCAGA3Z';
antisense: 5TCAAAGGAATGGGAGTGGTC3').

cDNA amplification was carried out in 37 cycles for TNF-a, IL-1B
and IL-6, 38 cycles for IL-10 and 34 cycles for PPAR-y, consisting of
45 s at 94 °C, 60 s at 60 °C (TNF-a, IL-1B and IL-6), 58 °C (IL-10) and
54 °C (PPAR-y) and 60 s at 72 °C. The RPL19 gene was used as the
internal control. Each PCR mixture contained 2 pl of cDNA, 0.5 U
AmpliTaq Gold Polymerase (Perkin-Elmer, Foster City, CA, USA),
2.5 nmol each dNTP, and 1.0 puM of the primers in reaction buffer
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(10 mM TRIS-HCI pH 9.0, 50 mM KCl, 0.1% Triton X-100, 1.5 mM
MgCl,). The PCR mixture (2 pl) was fractionated in polyacrylamide
gel (agarose 1.0% and ethidium bromide). Semiquantitative analy-
sis was carried out with the program Image QuaNT TM.

2.7. Immunocytochemistry

The different adipose tissue depots were removed, washed with
0.9% NaCl at 37 °C, minced with scissors and fixed for 4 h in 4% para-
formaldehyde in 0.1 M phosphate buffer, pH 7.4, at 4 °C. After wash-
ing (30 min with tap water) the samples were dehydrated with
increasing concentration of ethanol (2 x 70%, 1 x 95%, 2 x 100%),
incubated with xylol and infiltrated into Paraplast (EMS). After
embedding, sections of 5 um were obtained (microtome R. Jung, Hei-
delberg) and placed onto slides previously covered with polylysine
(Sigma). Sections were submitted to successive xylol baths (3 x 1
h, 3 x 30 min, 3 x 20 min), dehydrated with decreasing concentra-
tion ethanol solutions and washed with distilled water. Endogenous
peroxidase was blocked with 20 vol. hydrogen peroxide: methanol
(1:1). After washing with water and phosphate buffer, the unspecific
antigenic sites were blocked with 1% albumin in 0.1 M phosphate
buffer/0.2% Triton X-100 (1:10). Samples were incubated with
monoclonal primary antibody anti-rat RT1B (BD, Pharmigen) (1:50
in phosphate buffer/Triton X-100), or anti-rat mononuclear phago-
cyte (BD Pharmigen) (1:500 in the same buffer) for 16 h, at 4 °C, fol-
lowed by incubation (2 h) with the secondary antibody (horse anti-
mouse, Jackson Immunolab) diluted 1:200 in the same buffer. After
washing with phosphate buffer, the samples were incubated with
the biotin-anhydrous peroxidase tertiary complex (Kit ABC/Elite
Vectastain, Vector) for 2 h at ambient temperature. The sections
were finally incubated with diaminobenzidine (Sigma), and the
slides mounted in glycerol carbonate for image obtainment (Olym-
pus BX40 light microscope connected to a 3CCD camera (MTI). Fif-
teen sections of each adipose tissue depot of three animals of each
experimental group (S and T) were studied.

2.8. Statistics analysis

Statistical analysis was performed by using a commercial statis-
tical package from SigmaStat (version 3.1, SigmaStat, SYSTAT, Point
Richmond, CA). Data are expressed as means * SD. A primary
observation showed that the results of experiments were distrib-
uted normally. After that, data (S x T) were compared using Stu-
dent’s T-test. The level of significance of at least p <0.05 was
chosen for all statistical comparisons.

3. Results
3.1. Body, tissue weight, and citrate synthase activity

Table 1 illustrates the values of body weight before and after the
training period, as well as absolute retroperitoneal adipose tissue
(RPAT) and mesenteric adipose tissue (MEAT) weight, and citrate
synthase maximal activity in the soleus muscle. Exercise training
attenuated body weight gain (46%; p < 0.004), when compared
with the sedentary group (S). Absolute RPAT weight was decreased
in T (44%; p < 0.02), in comparison with S (Table 1). On the other
hand, absolute MEAT weight was not different between groups
(Table 1). Exercise trained rats demonstrated enhanced maximal
activity of citrate synthase (1.2-fold; p < 0.003), when compared
with S (Table 1).

3.2. Local expression of cytokines

The local expression of IL-10 and TNF-or was assessed by En-
zyme Linked Immuno Sorbent Assay (ELISA) and Semi-Quantita-

Table 1
General parameters.

Sedentary Trained p
Initial body weight (g) 151 £ 0.30 149 £ 0.28 0.945
Final body weight (g) 382.0 £17.90 261.4+12.24°  0.004
Absolute RPAT weight (mg) 2.56 £ 0.12 1.77 £ 0.13" 0.024
Absolute MEAT weight (mg) 0.92 + 0.06 0.97 + 0.06 0.578
Citrate synthase maximal activity
In soleus muscle (nmol.min. protein) 183.4 £ 26.17 407.6 + 28.85 0.003

Results are expressed as mean value + SEM.
" Significantly different from control values.

Table 2
Cytokine (IL-1B, TNF-a and IL-10) mRNA and protein expression in RPAT.
Sedentary Trained p
Gene expression (Arbitrary units)
TNF-o 0.34 £ 0.09 ND” 0.001
IL-1B 0.78 + 0.19 0.27 + 0.06 0.062
IL-10 134+ 0.16 0.89 +0.18 0.101
PPAR-y 1.48 +0.19 1.01 £+ 0.11 0.127
Protein expression (pg. ug protein~!)
TNF- o 1.79 + 0.45 3.83+0.71 0.140
IL-1B 2.58 + 0.61 4.29 +1.03 0.235
IL-10 1.40 + 0.40 2.93 +0.36 0.129
IL-10/TNF- o ratio 0.75 £ 0.04 0.80 £ 0.06 0.633

Results are expressed as mean value + SEM. ND is not detectable.
" Significantly different from control values.

Table 3
Cytokine (IL-1B, TNF-o and IL-10) mRNA and protein expression in MEAT.
Sedentary Trained p
Gene expression (Arbitrary units)
TNF-o ND ND
IL-1B 0.54 + 0.09 0.69 + 0.29 0.321
IL-10 0.85 + 0.22 0.70 + 0.21 0.524
PPAR-y 0.65 + 0.04 1.36 £ 0.35 0.048
Protein expression (pg.ug protein!)
TNF-a 0.089 + 0.006 0.148 + 0.014 0.023
IL-1B 0.668 + 0.026 1.454 + 0.180° 0.013
IL-10 0.190 + 0.013 0.485 + 0.088" 0.048
IL-10/TNF- o ratio 1.97 £ 0.124 2.55 + 0.146" 0.022

Results are expressed as mean value + SEM. ND is not detectable.
" Significantly different from control values.

tive RT-PCR. MEAT IL-10 concentration was higher (1.5-fold, p <
0.04) in S when compared with T (Table 3), although no effect of
training on IL-10 expression was detected. The training protocol
was unable to modify IL-10 mRNA expression or concentration in
RPAT (Table 2). In MEAT training increased IL-10 protein, but not
gene expression, while PPAR-y mRNA expression in this depot
was increased in T (80.1%; p < 0.04), when compared with S (Table
3).

Protein expression of TNF-o0 in MEAT was 66% higher (0.089 +
0.006 vs. 0.148 + 0.014 pg/).g protein, P < 0.02) in S when compared
with T (Table 3), with no differences being found in RPAT (Table 2).
MEAT and RPAT TNF-a gene expression in T (Table 2 and Table 3)
showed no (undetectable) significant differences. PPAR-y mRNA
expression in RPAT was not modified in T (Table 2).

We evaluated IL-10/TNF-a ratio in both adipose depots of S and
T. In MEAT, this ratio was increased in T, when compared with S
(30%; p < 0.02) (Table 3). However, in RPAT, no differences were ob-
served between the groups (Table 2). Table 2 and Table 3 show the
relative contribution of each cytokine to the ratio, demonstrating a
more prominent increase of IL-10 when compared with TNF-o in
MEAT, as induced by the endurance training protocol. Interleukin
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1B protein expression was found to be increased in MEAT of T
(p <0.013), in comparison with S, while its mRNA expression was
unaffected by training in the studied depots. We were unable to
detect Interleukin 6 gene or protein expression in the present
model.

We found marked differences regarding protein expression of
TNF-a (p <0.002), IL-18 (p <0.008), IL-10 (p <0.01) and IL-10/
TNF-a ratio (p < 0.001) and PPAR-y mRNA expression (p < 0.001)
between the two different fat pads in sedentary animals, reinforc-
ing the concept of functional heterogeneity of the adipose tissue.

In order to detect the presence of infiltrating mononuclear
phagocytes which could contribute to the secretion of the studies
cytokines, immunocytochemistry was performed (Fig. 1). The re-
sults show the absence of noteworthy macrophage infiltration
(MHCII labeling is not different among the studied groups).

4. Discussion

The effects of exercise training on cytokine expression in differ-
ent rat adipose tissue depots (mesenteric and retroperitoneal, the
two most central pads in the abdominal cavity) were studied. It
is well known that intra-abdominal adiposity plays a fundamental

A
50 um
B
50 um
D
50 um

role by secreting cytokines in many inflammatory conditions [6],
yet little is known about cytokine synthesis profile under physio-
logical conditions and how endurance training modifies one such
profile. We chose to examine the protein and gene expression of
TNF-o, IL-1B, IL-6, and IL-10, since plasma concentration of these
cytokines is known to change under the stimulus of physical exer-
cise [23], and it is well established that the adipose tissue is capa-
ble of synthesizing these factors [24].

We demonstrate that IL-10 and TNF-o concentration in WAT is
affected by 8 wk of endurance training, the principal effect being a
marked increase of IL-10 in the mesenteric depot. The changes
comprise increased IL-10/TNF-a ratio, as well as enhanced gene
expression of PPAR-y in this fat pad. The IL-10/TNF-a ratio has
been adopted as an indicator of the inflammatory status and dis-
ease-associated morbidity, with lower values being related to
poorer prognosis [20,21]. We demonstrate that even in healthy
animals, exercise is able to improve this parameter.

The training protocol was thus efficient in inducing increased
IL-10 expression in MEAT, but not RPAT, and therefore a depot-spe-
cific response was found. It is interesting to note that recently,
even differences between fat cells of the same adipose depot are
reported [25], with at least two heterogeneous population of cells

50 um

50 um

Fig. 1. Immunocytochemistry for RT1B (indicating the presence of MHCII). Negative control (A), RPAT of sedentary rat (B), RPAT of trained rat (C), MEAT of sedentary rat (D)

and MEAT of trained rat (E).
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regarding expression of various genes and proteins in one single
pad having been found. The present results contribute to the con-
cept that each different fat pad should be studied separately, as it
seems clear that there is great heterogeneity of response linked to
the anatomical position of the tissue.

The increase of IL-10 protein expression in MEAT was not, how-
ever, accompanied by a similar augment in mRNA expression. It is
known that IL-10 production is regulated by other transcriptional
regulatory elements such as enhancers and/or post-transcriptional
control mechanisms, a possibility that has been put foward after
the finding that a T cell clone that was actively transcribing IL-10
did not yield detectable mature IL-10 mRNA [26]. Indeed, a combi-
nation of ubiquitous transcriptional and post-transcriptional
mechanisms for IL-10 expression might be critical to the role of
this cytokine [27], and may this way at least partially explain the
absence of detectable changes in IL-10 gene expression at the time
point analyzed.

Moreover, the alteration of IL-10 and TNF-o expression was not
a result of mononuclear cell infiltration in WAT, a possibility which
we examined by immunohistochemistry, as in a previous study, we
found infiltrating cells in the adipose tissue of cachectic rats [28].
Thus the cytokine source is either adipocytes per se, or the stromal
fraction of the tissue. It has been demonstrated [6] that mature hu-
man adipocytes are capable of secreting IL-10, although we have
not investigated the specific contribution of each compartment of
adipose tissue to the production of this cytokines.

There is no consensus in the literature about the effect of exercise
training upon TNF-o production, as some studies show increase [29]
decrease [30] or no change [31,32] of this parameter. Gomez-Merino
et al.[32] demonstrated down-regulation in the rat visceral adipose
tissue (retroperitoneal) of IL-1ra, IL-1B, and IL-12, with no changes in
TNF-o and IL-10 tissue concentration after 7 wk of high intensity
endurance training (treadmill running). In the mentioned study, de-
creased body weight gain and fat mass reduction were also found, re-
sults which are in agreement with those of our study, as no change in
RPAT TNF-a concentration could be found, but we report reduced
body weight gain and depot mass.

TNF-o expression was, nevertheless, enhanced in the mesen-
teric depot of T. This change in protein concentration was, similarly
to what was found for IL-10, not accompanied by any detectable
changes in TNF-oo mRNA. The magnitude of one such increase in
expression was inferior to that found for IL-10, causing a shift of
the IL-10/TNF-a ratio towards a predominantly anti-inflammatory
milieu as a response to training. TNF-o. concentration increases in
WAT (mesenteric and subcutaneous) have also been demonstrated
to be induced by high and moderate intensity treadmill running
training in Wistar rats, corroborating our results [29,30]. The pres-
ent measurements were carried out 24 h after the last bout of exer-
cise, an interval which we may consider sufficient to ensure that
any changes measured are due to an effect of chronic training,
and not to the actual exercise session [32]. In addition, it is known
that the changes in immune system function following exercise
normally return to pre-exercise values within 3-24 h [33].

IL-6 expression (protein and mRNA) could not be detected in the
present study. Although typically IL-6 is the first cytokine to respond
to exercise [17], it derives predominantly from the skeletal muscle.
Gomez-Merino et al. [32] reported absence of difference in IL-6 con-
centration in RPAT between sedentary and trained animals, and in
obese women, long-term exercise was also unable to affect IL-6 gene
expression in the adipose tissue [31]. Gleeson [33] also points out to
the lack of substantial increases in circulating IL-6 in light to med-
ium-intensity exercise of non-prolonged nature.

No significant differences were found for IL-1 regarding the ef-
fect of exercise on RPAT (although a trend towards reduced gene
expression was found). Gomez-Merino et al. [32] demonstrated
down-regulation of rat retroperitoneal adipose tissue IL-1B con-

centration after 7 wk of high intensity endurance training. We
attribute our different results to exercise intensity variation be-
tween the training protocols. Nevertheless, increased concentra-
tion of this cytokine was found in MEAT. To our knowledge this
is the first report showing one such effect of endurance training.

Exercise training for 8 wk induced an increase in PPAR-y mRNA
in the mesenteric adipose tissue from trained rats. This nuclear fac-
tor is known to be related to anti-inflammatory actions [9]. Petri-
dou et al. [34] demonstrated a significant increase of DNA
binding activity of PPAR-y in response to 8 wk of voluntary wheel
running in the epididymal and subcutaneous fat depots, but found
no changes in the protein expression. Despite the herein reported
change in PPAR-y gene expression, we have not investigated
whether activation of this factor was induced by exercise. Activa-
tion seems to be more economical and flexible than induction
and thus, may be the first strategy of the cell as a means of trigger-
ing any signal transduction pathway. It seems plausible, therefore,
to speculate that if there is increased PPAR-y expression, it is prob-
ably accompanied by enhanced activation. Additional studies
should be carried out in order to test this hypothesis.

Taken together, our results suggest that the increase in IL-10
concentration and augmented PPAR-y expression induced by exer-
cise training in MEAT may lead to a shift towards decreased inflam-
mation. Thus, in particular pathological conditions in which
chronic infammation is present, moderate intensity exercise train-
ing could be adopted as a parallel therapeutical strategy, leading to
lower IL-10/TNF-a ratio and improved prognosis. Previous studies
by our group have shown that the anti-inflammatory effect of exer-
cise seems to be, as expected, more evident under the presence of
pathological conditions, such as heart failure [35], cancer cachexia
[36,37] and malnourishment [38].

Finally, we also conclude that the mesenteric depot seems to be
more responsive to moderate intensity exercise training than the
retroperitoneal pad, and that heterogeneity of response is present
also in healthy animals.
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