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ARTICLE INFO ABSTRACT

Keywords: Background: Adiponectin exhibits anti-inflammatory actions and is mainly expressed in adipose tissue. However,
Adiponectin recent studies have shown that adiponectin can also be secreted by skeletal muscle fibers with autocrine and
AMPK paracrine effects.

Inflammation

Objectives: To analyze the role of adiponectin in the metabolic and inflammatory response of skeletal muscle
after acute exhaustive aerobic exercise.

Methods: C57BL/6 (WT) and adiponectin knockout (AdKO) mice underwent four days of treadmill running
adaptation and at the fifth day, they performed an incremental maximum test to determine the maximum speed
(Vmax). Acute exercise consisted of one hour at 60% Vmax. Mice were euthanatized 2 and 24 h after acute
exercise session.

Results: Serum and gastrocnemius adiponectin increased after 2-hours of acute exercise. NEFA concentrations
were lower in non-exercise AdKO, and decreased 2-hours after exercise only in WT. No differences were found in
muscle triacylglycerol content; however, glycogen content was higher in AdKO in non-exercise (p-
value = 0.005). WT showed an increase in AMP-activated protein kinase (AMPK) phosphorylation 2-hours after
exercise and its level went back to normal after 24-hours. Otherwise, exercise was not able to modify AMPK in
the same way as in AAKO. WT showed an increase in the phosphorylation of ACC (Ser79) 2-hours after exercise
and return to normal after 24-hours of exercise (p-value < 0.05), kinects that was not observed in AdKO mice.
IL-10 and IL-6 concentration was completely different among genotypes. In WT, these cytokines were increased
at 2 (p-value < 0.01) and 24 h (p-value < 0.001) after exercise when compared with AdKO. NF-kBp65 protein
and gene expression were not different between genotypes.

Conclusion: Adiponectin influences muscle metabolism, mainly by the decrease in exercise-induced AMPK
phosphorylation, inflammatory profile and IL-6 in the muscle.

Skeletal muscle
Interleukin-6

1. Introduction myokines released [3,4], which can act by regulating anti-inflammatory

response and catabolic pathways [4]. A protein released by the skeletal

Skeletal muscles are the major organ in a body that in the past were
recognized for their biomechanical ability. Nowadays, it is known that
the skeletal muscle can release a diversity of proteins, peptides and
hormones, which can influence other tissues, changing their function
responses, as a result, it is acceptable to recognize the skeletal muscle as
an endocrine organ [1].

In this context, some researchers have found many related proteins
produced from this tissue, called as myokines [2,3]. Exercise-induced
muscle contractions, mainly aerobic ones, could influence the profile of
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muscle in response to exercise is the widely researched interleukin-6
(IL-6) [5]. Studies have shown that this myokine have a metabolic
function during exercise [5], influencing glycogen depletion from liver,
promoting an increase in blood glucose levels, offering energy to ske-
letal muscle and another tissues [6].

Adiponectin was first identified as a protein produced only by adi-
pose tissue, having anti-inflammatory and metabolic functions, such as
glucose and fatty acid (FA) oxidation [7]. However, although almost all
adiponectin is secreted from adipocytes, skeletal muscle fibers are also
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likely to release this protein. Previous studies have observed that adi-
ponectin concentrations increase after acute exercise, mainly aerobic
ones [8-10]. Indeed, in vitro and in vivo studies have shown that adi-
ponectin can be secreted by skeletal muscle [11,12], exerting metabolic
functions, such as insulin sensitization and glucose uptake [13].

Therefore, the main objective of the present study was to analyze
the role of adiponectin in muscle metabolic and inflammatory pheno-
types after a bout of aerobic exhaustive exercise. It was hypothesized
that the lack of adiponectin can disrupt the metabolic and inflammatory
phenotypes in skeletal muscle after acute exercise.

2. Materials and methods
2.1. Animals

The experimental procedures were approved by the Ethics Research
Committee on Animal Use — CEUA, University of Sdo Paulo, Institute of
Biomedical Sciences (protocol 46/2016). Male C57BL/6J wild type
(WT) and Adiponcetin knockout (AdKO) were obtained of The Jackson
Laboratory, Sacramento, California, USA. Mice were housed in animal
facility conditioned with 12-h:12-h light/dark cycles (lights on at
06:00) and allowed free access to normal chow (Nuvilab CR1, Nuvital,
Colombo, Brazil) with ad libitum water supply.

2.2. Experimental groups

WT and AdKO mice aged 8-10 weeks of age were divided into two
groups: exercise and non-exercise. Exercise groups were subdivided into
two groups according to the time of euthanasia after exercise session:
exercise 2 and 24 h. Each of the exercise groups was matched with a
control group (non-exercise 2 and 24h), due to possible circadian
changes [14] (Fig. 1).

2.3. Exercise performance test

All animals were adapted to a treadmill for 4 days (10 min/day —
10 m/min) and at the fifth day, they performed a maximum speed test
composed of 5min of warm-up at 10 m/min increasing 3 m/min each
minute until exhaustion detected by biomechanical alteration [15].

2.4. Acute exercise

After a 72-h resting period, exercise groups performed an exhaustive
exercise session of 60% maximum velocity (Vmax) for 1 h. This session
intensity and duration was chosen in accordance to previously studies
involving alterations in healthy untrained subjects [16,17]. Treadmill
speed initiated at 10 m/min during 10 min, and raised 1 m/min until
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Table 1

Sequences of forward and reverse primers used for RT-PCR.
Primer name Left Right
GAPDH CAAGCTCATTTCCTGGTATGACA GCCTCTCTTGCTCAGTGTCC
AdipoR1 CAGCCAAGGCTXAGGAAGA CTTGCAGAGGAAGCGTCAG
AdipoQ AGGAGATGCAGGTCTTCTTGGT TCTCCAGGCTCTCCTTTCCT
Stat3 ATGCGGAGAAGCATTGTAG CTTCCAGTCAGCCAGCTCTT
F4/80 GAATCCTGTGAAGATGTGGATG GGCATGAGCAGCTGTAGGA
AMPK AGCCGACTTTGGTCTTTCAA GCCTGCGTACAATCTTCCTG
IL-6 GTTGTGCAATGGCAATTCTG CCAGTTTGGTAGCATCCATC
NFKB CCAACTGGCAGGTATTTGAC GCTGCTTCATGTCCCCTTG

Table 2

Adiposity index and performance in maximum speed test between genotypes.
Variable WT AdKO p-value
Adiposity index (%) 1.82 = 0.07 1.63 = 0.05 0.031
Muscle index (%) 1.11 + 0.10 1.07 = 0.20 0.365
Max speed (m.min~1) 23.70 = 0.33 22.70 * 0.44 0.088

Data were presented as mean *+ standard deviation. AI: adiposity index; Max
speed: maximum speed. n = 28 mice per genotype.

reaching 60% Vmax. All exercise sessions initiated at 11:00 and 12:00
am [15].

2.5. Euthanasia

Animals were euthanized 2 and 24 h after the exercise session with
their respectively non-exercise peers. All groups were fasted for 6 h
during euthanasia. Mice were weighted and adipose tissues (epidi-
dymal, subcutaneous and retroperitoneal), gastrocnemius and soleus
muscles were collected and weighted. Gastrocnemius and soleus mus-
cles were used to calculate the muscle index. The adiposity index (AI)
was calculated by the sum of white adipose tissue deposits divided by
body mass x 100 and was expressed as adiposity percentage [18].

2.6. Metabolic profile

Glucose, triacylglycerol and lactate were analyzed by colorimetric
method, obtained from Labtest® (Labtest, Lagoa Santa, MG, Brazil),
Brazil, and non-esterified fatty acids (NEFA) were analyzed using
WAKO® kit (Wako Diagnostic, Richmond, VA), according to manu-
facturer’s instructions.

WT (n=28) AdKO (n=28)
] |
Non-exercise Exercise Non-exercise Exercise
(n = 6 per group) (n =8 per group) (n = 6 per group) (n =8 per group)
4 days . . . Mice euthanized
. Maximum & 1h exercise session
Adaptation e SEATEE 72h resting 60% max speed 2h and 24h
(treadmill) Spescies (60%max speed) post-exercise

Fig. 1. Experimental design.
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Fig. 2. Effect of acute aerobic exercise on adiponectin protein content and gene expression in serum and gastrocnemius muscle of AAKO and WT mice. (A) Serum
adiponectin concentration. (B) Gastrocnemius muscle adiponectin concentration in WT mice. (C) Gastrocnemius muscle adiponectin gene expression in WT mice. (D)
Representative immunoblot for adiponectin protein expression in gastrocnemius muscle. Data were presented as mean *+ standard error. b = significantly different

from exercise 2h within the genotype. n = 4-8 mice per group.

2.7. Enzyme-linked immunosorbent assay

Gastrocnemius muscle samples (80-100 mg) were carefully homo-
genized in RIPA buffer (0.625% Nonidet P-40, 0.625% sodium deox-
ycholate, 6.25 mM sodium phosphate, and 1 mM ethylenediaminete-
traacetic acid at pH 7.4) containing 10mg/ml protease and
phosphatase inhibitor cocktail (Sigma-Aldrich, St. Louis, MO).
Homogenates were centrifuged and the supernatant was used to de-
termine the protein concentration via Bradford assays (Bio-Rad,
Hercules, CA), and the protein levels of adiponectin (31.3-2000 pg/
mL), IL-6 (15.6-1000pg/mL), IL-1p (15.6-1000pg/mL), IL-10
(31.3-2000 pg/mL) and TNF-a (31.3-2000 pg/mL) were measured by
ELISA (DuoSet ELISA, R&D Systems, Minneapolis, MN). According
manufacturer, no cross-reactivity or interference were found with these
proteins.

2.8. Western blot

The gastrocnemius muscle was homogenized and protein con-
centrations were measured as previously described. Aliquots of each
sample with the same total protein concentration (30 mg) were then
diluted in Laemmli buffer (10x), submitted to electrophoresis on
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), and transferred
from the gel to a nitrocellulose membrane. Membranes were incubated
with antibodies against total and phosphorylated NF-kB (Ser536), total
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and phosphorylated acetyl-CoA carboxilase (ACC [Ser79]) total and
phosphorylated AMP-activated protein kinase (AMPKa [Thr 172])
purchased from Cell Signaling (Danvers, MA). All primary antibodies
were incubated overnight (4 °C) with 1:1000 dilution. Subsequently,
membranes were incubated, by one hour, with anti-IgG antibody con-
jugated with peroxidase (1:5000 dilution) (Cell Signaling), followed by
peroxidase substrate (SignalFire Plus ECL Reagent, Cell signaling),
being immediately revealed (Amersham™ Imager 680, GE Healthcare
Life Sciences). The intensities of bands were quantified by densitometry
(ImageJ, 1.50i, National Institutes of Health) and normalized optical
densitometry of bands incubated with ponceau (load control) [19].

2.9. RNA isolation, reverse transcription, and gqRT-PCR

Total gastrocnemius muscle RNA was extracted with Trizol reagent
(Invitrogen Life Technologies, Grand Island, NY, USA), according to
method described by Chomczynski and Sacchi [20]. Reverse tran-
scription to cDNA was performed using the high-capacity ¢cDNA kit
(Applied Biosystems, Foster, CA, USA). Gene expression was evaluated
by real-time PCR according to Higuchi et al. [21], using Fast SYBR
Green Master Mix (Applied Biosystems, Foster City, CA, EUA) as
fluorescent dye. Primer sequences are shown in Table 1. Gene expres-
sion quantification was carried out using the GAPDH gene as internal
control [22], as previously described by Liu and Saint [23].
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Fig. 3. Differences between genotypes in metabolic profile. (A-D) Exercise-mediated changes in serum lactate, glucose, NEFA and triacylglycerol concentration. Data

were presented as mean *

standard error. a = significantly different from non-exercise 2 h within the genotype. b = significantly different from exercise 2 h within

the genotype. * = significantly different between given genotype/time n = 6-8 mice per group.

2.10. Histological analysis

For histological analysis, gastrocnemius muscle was collected and
fixed under a cork disk, with OCT (Tissue-Tek®, Sakura® Finetek, CA,
USA) and Tragacanth (Sigma Aldrich, MO, USA) in the vertical position
and frozen in liquid nitrogen. Cross-sections (10 um-thick) were ob-
tained on cryostat, mounted on StarFrost hot slides (Knittel Glass®,
Braunschweig, Germany) and stained with hematoxylin-eosin (HE) to
describe morphology, Sudan Black (SB) to evaluate lipid deposition,
and periodic acid-schiff (PAS) to visualize glicogen deposits. Images
were captured on a Nikon Eclipse E800 microscope. ImageJ software
(ImageJ, 1.50i, National Institutes of Health) was used to quantify the
average mean intensity of SB and PAS.

2.11. Triacylglycerol content in gastrocnemius muscle

The extraction of lipids from gastrocnemius muscle used the Folch
and Sakura [24] method. Briefly, chloroform and methanol at ratio of
2:1 (v/v) were added to the sample placed into glass tube and homo-
genized. Samples were centrifuged at 2.000 rpm for 10 min. The or-
ganic lower phase was collected and added of 2ml of water. This
mixture was centrifuged at 1.500 rpm for 5min. Then, the extracted
lipids were collected and naturally dried. Samples were reconstituted in
300ml of Triton 3% for storage. Triacylglycerol concentrations were
analyzed by colorimetric method (Labtest®, Lagoa Santa, MG, Brazil).
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2.12. Statistical analysis

Results are presented as mean = SEM (standard error of the mean),
and statistical differences between groups were determined by two-way
ANOVA and independent t-test. Statistical significance was set at
p < 0.05.

3. Results

3.1. Acute aerobic exercise increases serum and protein adiponectin
concentration

WT mice showed increased adiposity index when compared with
AdKO mice, without statistical difference in aerobic power (Table 2).

Two hours after aerobic exercise, there was an increase in serum
adiponectin concentration (151%) (Fig. 2A). The same pattern was
observed in gastrocnemius muscle adiponectin concentration, which
increased two hours after exercise (189%) without changes in seven
and 24 h after exercise (Fig. 2B and D). Regarding gene expression,
adiponectin was upregulated two and 24 h after the exercise bout
(Fig. 2C).

3.2. AdKO mice show different metabolic profile after acute aerobic exercise

After 24 h of exercise, lactate levels were increased in AdKO mice
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compared to exercise 2h (p-value = 0.005) (Fig. 3A), whereas no dif-
ference between genotypes was observed regarding glucose levels
(Fig. 3B). After two hours, aerobic exercise induced a more robust de-
crease in NEFA concentration in WT mice when compared to AdKO
mice, and the values were restored 24h later. (Fig. 3C). Similarly,
triacylglycerol levels decreased two hours after exercise and was re-
stored after 24 h of rest only in WT mice (Fig. 3D).

Sudan black staining and Folch analysis showed no differences in
the triacylglycerol content of gastrocnemius muscle between genotypes
(Fig. 4A-C).

Total and phosphorylated AMPK varied between genotypes (Fig. 5).
AdKO mice at basal condition showed increased phospho-AMPK levels
compared to WT mice (p-value = 0.030) (Fig. 5A [upper board]). WT
mice tended to increase AMPK phosphorylation (Thr172) two hours
after exercise, despite not statistical significant, and its level went back
to normal after 24 h. On the other hand, exercise was not able to modify
the AMPK phosphorylation similarly to AAKO mice. Moreover, AMPK
activation was increased after 24 h of exercise in AdKO mice compared
to WT mice (p-value = 0.033) (Fig. 5A-B). Relative AMPK gene ex-
pression also differed between genotypes, in which AdKO mice showed
less expression 24 h after exercise (Fig. 5C).

At basal condition, AdKO mice showed increased in the phosphor-
ylation of ACC (p-ACC) compared to WT mice (p-value = 0.002)
(Fig. 5D [upper board]). In WT mice, the p-ACC:Total ratio was in-
creased after 2-hours of exercise (p-value = 0.012) and returned to
basal levels after 24-hours (p-value < 0.001) (Fig. 5E). Moreover,
there was a statistical significant difference between genotypes after 2-
hours of exercise (p-value = 0.002) (Fig. 5E).

WT
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Fig. 4. Differences between genotypes in metabolic
profile. (A) Histological aspects of WT and AdKO
mice under basal conditions. (B) Triacylglycerol
content of gastrocnemius muscle. (C) Average
triacylglycerol intensity of Sudan Black staining
(SB). Data were presented as mean * standard
deviation. n = 6-8 mice per group.

AdKO

3.3. Interleukin-6 protein expression is suppressed after exercise in AAKO
mice

The acute effect of exercise was most different between genotypes in
IL-6 protein expression. There was an increase two (p-value < 0.001)
and 24 h (p-value < 0.001) after exercise in WT mice, whereas in
AdKO mice, cytokine was completely suppressed (Fig. 6A). WT mice
showed increased gene expression after two hours (p-value = 0.028)
followed by a downregulation after 24 h of exercise when compared to
AdKO mice (p-value = 0.004). In addition, AAKO mice showed a de-
crease in IL-6 gene expression two hours after exercise (p-
value = 0.046) and an wupregulation 24h after exercise (p-
value = 0.018) (Fig. 6B).

The quantitative glycogen content measurement in the skeletal
muscle determined by PAS demonstrated that AAKO mice have higher
glycogen content than WT animals (p-value = 0.005) (Fig. 6C-D).

3.4. Muscle inflammatory profile is disturbed in AdKO mice

Fig. 7 shows the inflammatory profile of the gastrocnemius muscle
after exercise. The IL-1B concentration showed different pattern after
exercise between genotypes, although no statistical differences were
found (Fig. 7A). TNF-a was decreased two hours after exercise in AAKO
mice when compared to WT mice (p-value = 0.014). In addition, cy-
tokine levels decreased after 24 h of exercise only in WT mice (Fig. 7B).
IL-10 concentration was completely different between genotypes. In WT
mice, cytokine levels increased two (p-value < 0.001) and 24 h (p-
value < 0.001) after exercise when compared to AdKO mice (Fig. 7C).

Regarding the inflammatory gene expression profile, STAT3 was
decreased after 24h compared to two hours in WT mice (p-
value = 0.026), a behavior not observed in AAKO genotype (Fig. 7D).
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Fig. 5. AdKO mice show disturbed muscle AMPK activation after acute aerobic exercise. (A) Phosphorylated AMPKa (Thr 172) expression. (B) The ratio of p-AMPKa
(Thr172) and total AMPKa protein expression. (C) AMPK relative gene expression. (D) Phosphorylated ACC (Ser79) expression. (E) The ratio of p-ACC (Thr172) and

total ACC1/2 protein expression. (F) Representative immunoblot images. Data were presented as mean

+

standard error. b = significantly different from exercise

2 h within the genotype. ¢ = significantly different from non-exercise 24 h within the genotype. * = significantly different between given genotype/time n = 4 mice

per group.

The relative gene expression of F4/80 was decreased after two hours of
exercise only in AdKO mice (p-value = 0.032) (Fig. 7E). Finally,
ADIPOR1 gene expression tended to decrease after 24 h of exercise in
WT mice (Fig. 7F).

Although no statistical differences were found, WT mice showed
different NF-kB protein expression pattern, such as lower NF-kB phos-
phorylation levels when compared to AAKO mice (Fig. 8A) and decrease
in NF-kB content after exercise (two and 24 h), whereas no change in
AdKO mice was observed (Fig. 8B-C). NF-kB gene expression was not
different between genotypes after the exercise bout (Fig. 8D).

4. Discussion

In the present study, it was demonstrated that adiponectin was in-
creased in serum and muscle after acute exercise featuring it as a
myokine. Furthermore, AdKO mice presented disturbed metabolic and
inflammatory phenotypes after acute aerobic exercise.

Several studies have shown that after acute exercise, mainly ex-
haustive ones, serum adiponectin contents increase above basal levels
[8-10]. Similarly, it was found that two hours after exercise, adipo-
nectin concentrations increased not only in serum but also in skeletal
muscle. To confirm whether adiponectin was being produced by ske-
letal muscle, the gene expression analysis was performed and an in-
crease in adiponectin gene expression after 2 and 24 h of exercise was
also found. Therefore, this is the first study to show that physical ex-
ercise can stimulate adiponectin secretion in skeletal muscle. The study
by Krause, et al. [11] was the first to identify in in vitro and in vivo
assays that adiponectin is a protein produced by skeletal muscle, mainly
in fibers with high intramyocellular lipids. Indeed, adiponectin can be
secreted by skeletal muscle cells [25], especially under PPAR-y agonist
treatment [25,26], featuring this protein as a bona fide myokine, which
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could play a role in the improvement of metabolism by increasing
glucose uptake and insulin sensitivity [25,26]. However, it is not yet
clear how acute exercise increases systemic adiponectin levels, but it is
known that hormonal changes that accompany physical exercise, such
as circulating catecholamine and insulin concentrations, may be re-
sponsible for these changes [8,27,28].

Although is well known the benefits of adiponectin on glucose
metabolism [25], its lack had little effects on lactate and glucose
changes after the bout of exercise in both genotypes. But, the increased
on lactate concentration 24 after the exercise session found only on
AdKO suggesting that this mice increased the glucose utilization in
glycolytic pathway. While, we observed that post-exercise NEFA
changes were more robust in WT mice, demonstrating reduction of this
substrate. This pattern was not observed in AdKO mice. Acute exercise
at moderate-intensity (~65% VO,max) utilizes oxidative metabolism
as its predominant resource of energy, leading to fatty acid mobilization
and oxidation by skeletal muscle. Therefore, since we showed that
AdKO mice displayed lower serum NEFA levels, we expected that in
these mice the amount of intramyocellular lipids was increased, as al-
ready describes by Krause, et al. [11], however, it was not confirmed by
histological and triacylglycerol content analysis. These metabolic re-
sults showed that with reduction on adiposity index of AAKO and no
changed in NEFA levels, probably this genotype is less efficient in fatty
acid utilization as skeletal muscle substrate, but this mice are most ef-
ficient in glucose utilization for maintenance of energetic production on
skeletal muscle.

Although in vitro studies indicate that in adipocytes adiponectin
reduces lipolysis, the increased amount of glycogen observed in AdKO
mice may have spared the utilization of fatty acids by muscle, thus
reducing the lipolysis rate in adipose tissue [29].

Another key regulator factor of lipid metabolism that could be
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per group.

involved in the differences in NEFA changes between genotypes is
AMPK. AMPK is a heterotrimeric complex constituted by a catalytic o
subunit and regulatory f§ and y subunits, and it is well described as an
energy sensor that is activated by falling cellular energy status, signaled
by rising AMP/ATP ratio [16,17]. Here we showed that AAKO mice had
increased levels of phospho-AMPK™ 172 during basal conditions when
compared with WT. Pharmacological and exercise-induced AMPK ac-
tivation enhance fatty acid oxidation [30-32], fact that could explain
lower NEFA levels without muscle triacylglycerol accumulation in our
results [33]. In fact AAKO mice paradoxically have an increase of f3-
oxidation metabolism [29]. Otherwise, Ritchie, et al. [31] produced
divergent results, which AAKO mice and WT showed similar AMPK
activation immediately after acute exercise. We used controls non-ex-
ercise mice for each time and genotype, ensuring better measurement of
exercise effects’ on metabolism and inflammation, since circadian
rhythms influences these parameters [14].

AMPK is rapidly phosphorylated in response to exercise-induced
muscle contraction [34,35]. In this study we demonstrated that acti-
vation of AMPK by exercise was disrupt in AAKO mice. These mice
showed a different pattern of AMPK phosphorylation after exercise,
consisting of a decrease in phospho-AMPK™*172 after exercise, besides
higher levels when compared with WT, mainly 24-hours post-exercise.
Therefore, we believed that genetic background of AAKO mice could be
upregulating AMPK activation during basal conditions, since adipo-
nectin is a well-known AMPK activator in muscle [30,36], and there-
fore, could decrease its sensitivity to exercise-mediated phosphoryla-
tion.

Another well described function of activated AMPK is the inhibition
of ACC activity, through its phosphorylation at Ser’® site [17,37,38],
upregulating FA oxidation [17]. We found that p-ACC:Total ratio was
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increased after 2-hours of exercise only in WT mice, but in both gen-
otypes the values returned to basal after 24-hours. Therefore, AdKO
mice seem to be less sensitivity to AMPK-induced ACC inactivation.
Studies have shown similar outcomes by which activation of AMPK
through pharmacological or exercise-induced indeed suppress ACC ac-
tivity, therefore reducing malonyl-CoA levels relieving CPT-I inhibition
which allows FA to be subsequently oxidized [39-41].

IL-6 muscle concentrations were also completely blunted after ex-
ercise in AAKO mice, whereas upregulated 2 and 24 h post-exercise in
WT mice. The difference in IL-6 response among genotypes may be
related to glycogen concentrations in basal conditions, since there is a
relationship between muscle glycogen stores and the IL-6 response by
exercise [6]. Low muscle glycogen content stimulates IL-6 production,
thus favoring the pattern observed in wild type animals.

Pedersen and Febbraio [5] showed that exercise-induced muscle
contraction stimulate IL-6 release from muscle fibers, which can influ-
ences on liver glycogen depletion, promoting an increase levels of
glucose on the blood, as well as, muscle glucose uptake and fat oxida-
tion, through respectively, Akt and STAT3-AMPK signaling [6,42]. We
did not found an increase in STAT3 gene expression two hours after
exercise. Another pathway that could be related to the AMPK-IL-6
pathway is the calcium signaling. The IL-6 treatment in myotubes in-
duces the Ca?* dependent pathway, and the calcium/calmodulin-de-
pendent protein kinase II, the kinase sensible to Ca®* is an upstream
activator kinase of AMPK. This pathway is related to p38-mitogen-ac-
tivated protein kinase (MAPK) and we did not investigated this via
[43,44]. Knudsen, et al. [45] showed that the absence of IL-6 in skeletal
muscle decrease AMPK phosphorylation. In fact, in WT mice the kinetic
of IL-6 protein and AMPK phosphorylation is very similar, pattern that
was disrupted in AAKO. We also observed in WT mice that after 24-
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Fig. 7. Acute exercise promotes different muscle inflammatory phenotype between WT and AdKO mice. (A-C) Cytokine content of gastrocnemius muscle. (D-F) Gene
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from non-exercise 24 h within the genotype.* = significantly different between given genotype/time n = 6-8 mice per group.

hours of exercise IL-6 levels still upregulated. Keller, et al. [6] showed
that the peak of IL-6 gene expression occurs post 3-hours of exercise,
meaning that it could be translated later. It is interesting that the IL-6,
at least in C2C12 and human myotubes, induces the hyper-expression of
IL-6 mRNA, leading to a positive feedback [43].

Muscle contraction-induced IL-6 production can be regulated by
increase in cytosolic Ca®*, which in turn activated kinases leading to
activation of NFAT transcription factor that induces IL-6 transcription
[5]. Iwabu, et al. [30] points out the importance of adiponectin-
AdipoR1 signaling in the increase of cytosolic Ca>* concentrations.
Therefore, exercise-induced IL-6 increase in skeletal muscle can be
impaired by the decrease in cytosolic Ca>* concentrations in AdKO
mice. Moreover, myocyte enhancer factor-2 (MEF-2) seems to regulates
IL-6 expression in muscle [46], which is impaired in the absence of
adiponectin [47], a plausible mechanism by with IL-6 was blunted in
AdKO mice. Interestingly, IL-6 gene expression, at least in part, was
upregulated in AdKO mice, possible suggesting that post-translational
modification could be affecting IL-6 protein expression in AdKO mice.
However, more studies are needed to conclude that.

Regarding muscle inflammatory profile, we showed that AdKO
presented different TNF-a, IL-10 and IL-6 production, and F4/80 gene
expression, a well-known marker of macrophages. This type of immune
cell play a role in exercise-induced muscle plasticity by two distinct
ways, the early phase of muscle repair and posteriorly the resolution
phase [48]. In the early stages of muscle repair, M1 polarized-macro-
phages secrete pro-inflammatory cytokines, such as TNF-a and IL-1f, to
stimulate the cleaning of injured tissue [49,50]. In our study, WT mice
showed slight increase in TNF-a 2 h post-exercise and its concentration
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decrease after 24 h of exercise, whereas, AAKO mice showed a decrease
of TNF-a 2 h post-exercise, which was in line with lower expression of
F4/80 at the same time. IL-1(3 concentration was not different between
genotypes, however, AdKO mice displayed lower muscle amount
throughout the time-course. We did not find difference in exercise-in-
duced changes in NF-xB, suggesting that the production of in-
flammatory mediators were independent of this signaling.

Posteriorly, during the resolution phase, macrophages polarized to
M2 phenotype secrete immunomodulatory cytokines, IL-10 and TGF-f,
acting improving tissue repair and regeneration [50]. Here we showed
that in AdKO mice IL-10 production was totally suppressed after ex-
ercise, while upregulated in WT mice. Classic and recent studies have
shown an increase in IL-10 post-exercise [51,52], that seems to regu-
lated muscle regeneration [50,53,54]. Interestingly, adiponectin play a
role in muscle regeneration through the stimulation of satellites cells
[55-57]. Moreover, IL-10 seems to be almost all secreted by muscle-
infiltrated macrophages [58], again suggesting that there is less mac-
rophage recruitment in skeletal muscle of AAKO mice after acute ex-
ercise. Therefore, our results suggest that the lack of adiponectin can
disrupt muscle regeneration after acute exercise by less macrophage-
induced cytokines production.

Therefore, we conclude that adiponectin influences muscle meta-
bolism, mainly by fatty acid-glucose shift like skeletal muscle substrate,
decrease in exercise-induced AMPK phosphorylation, inflammatory
profile and IL-6 muscle production following an acute aerobic exercise.
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