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Abstract To determine if there is a sex dimorphism in
the skeletal muscle signaling response to sprint exercise, 17
men and ten women performed a 30-s Wingate test. Muscle
biopsies were taken before, immediately after the exercise
and at 30 and 120 min during the recovery period. Thr'’*
AMPKa, Ser’?'-ACCp, Thy®-STAT3, Thr*%/Thy***-
ERK1/2 and Thr'®*"/Thy'®2-p38MAPK phosphorylation
responses to sprint exercise were not statistically different
between men and women. AMPKo phosphorylation was
enhanced fourfold 30 min after the sprint exercise in males
and females (P < 0.01). ACCp phosphorylation was
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enhanced by about threefold just after the sprint test
exercise and 30 min into the recovery period in males and
females (P < 0.01). STAT3 phosphorylation was increased
2 h after the Wingate test compared to the value observed
right after the end of the exercise (P < 0.05), and 30 min
after the Wingate test there was a 2.5-fold increase in
ERK1/2 phosphorylation, compared to both the pre-exer-
cise and to the value observed right after the Wingate test
(both, P < 0.05). In conclusion, the skeletal muscle sig-
naling response to a single bout of sprint exercise mediated
by AMPK, ACC, STAT3, ERK and p38MAPK is not
statistically different between men and women. Marked
increases in AMPKa, ACCf, STAT3 and ERK phosphor-
ylation were observed after a single 30-s all-out sprint
(Wingate test) in the vastus lateralis.

Keywords Wingate - Lactate - Leptin - AMPK - ERK -
STAT3 - p38MAPK - ACC - Sex dimorphism

Introduction

Sprint exercise alters the energy charge of cell (Chen et al.
2000), the redox state (Cuevas et al. 2005; Kang et al.
2009), intracellular Ca™™ concentrations (Ortenblad
et al. 2000), metabolites (Cheetham et al. 1986; Gaitanos
et al. 1993; Greenhaff et al. 1994; McKenna et al. 1993)
and electrolytes (Harmer et al. 2000). This leads to the
activation of several signaling cascades, particularly those
involved in the regulation of metabolism and the response
to cellular stress in the skeletal muscle (Chen et al. 2000;
Gibala et al. 2009; Guerra et al. 2010; Treebak et al. 2007).
Despite sex differences in the metabolic response to
endurance (Lamont et al. 2003; Tarnopolsky et al. 1990;
Zehnder et al. 2005) and sprint exercise (Esbjornsson et al.
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2009), and despite that a significant sexual dimorphism
exists in neuroendocrine, metabolic and cardiovascular
counterregulatory responses to exercise in humans (Davis
et al. 2000; Esbjornsson-Liljedahl et al. 1999, 2002;
Esbjornsson et al. 2009), no single study has determined
whether a sex dimorphism in skeletal muscle signaling
response to sprint exercise exists in humans.

One of the main signaling pathways activated by sprint
exercise in human skeletal muscle is AMP-activated pro-
tein kinase (AMPK). We have recently shown that a single
30-s sprint elicits a fourfold increase in AMPK phosphor-
ylation 30 min after the end of the sprint (Guerra et al.
2010). The level of AMPK phosphorylation does not seem
to be increased with repeated 30-s sprints (Gibala et al.
2009; Guerra et al. 2010). Phosphorylation and activation
of AMPK is mainly regulated by the AMP/ATP ratio
(Hardie 2003). Since women experience a smaller ATP
reduction with repeated sprint exercise than men (Esbj-
ornsson-Liljedahl et al. 2002), we hypothesized that AMPK
phosphorylation in response to a single sprint exercise
could be also attenuated in women compared to men, as
previously reported during submaximal prolonged exercise
(Roepstorff et al. 2006).

Acetyl-coenzyme A carboxylase f§ (ACCf) phosphory-
lation (a downstream target for AMPK) is also increased
after a single 30-s sprint (Ruderman et al. 1999). The latter
causes a reduction of malonyl-coenzyme A facilitating fatty
acids flux into the mitochondria (Ruderman et al. 1999). In
men, ACCf phosphorylation has been reported immedi-
ately after a 30-s sprint (Birk and Wojtaszewski 2006;
Gibala et al. 2009; Guerra et al. 2010). Acetyl-coenzyme A
carboxylase f§ phosphorylation during sprint exercise may
be caused by AMPK-dependent and -independent mecha-
nisms (Guerra et al. 2010; Jorgensen et al. 2004; Sakamoto
et al. 2005). It remains unknown if sex differences exist in
the sprint exercise-induced ACCp phosphorylation.

Since extracellular signal-regulated kinase (ERK1/2)
and p38-mitogen activated protein kinase (MAPK) sig-
naling pathways may be activated by changes in the redox
state (Kang et al. 2009; Torres 2003), we also hypothesized
that sprint exercise, which causes marked oxidative stress
(Cuevas et al. 2005; Kang et al. 2009; Powers et al. 2010),
could elicit activation of ERK1/2 and p38MAPK signaling
pathways. In fact, ERK1/2 and p38MAPK are activated
during submaximal exercise in men (Egan et al. 2010;
Little et al. 2010; Richter et al. 2004; Widegren et al.
2000). However, little is known about the responses of
ERK1/2 and p38MAPK to sprint exercise (Gibala et al.
2009).

Compared to men, women have higher serum leptin
concentrations and increased leptin receptors in their
skeletal muscles (Guerra et al. 2008). Leptin promotes fat
oxidation (Galgani et al. 2010). Thus, women may respond
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more easily to exercise-induced changes in circulating
leptin concentrations. The leptin response to sprint exercise
has not been studied. We decided to determine if sex dif-
ferences in the leptin response could explain differences in
skeletal muscle signaling to sprint exercise through the
janus kinase 2 (JAK2)/signal transducer and activator of
transcription 3 (STAT3) cascade, which is activated by the
binding of leptin to the leptin receptor in skeletal muscle
(Bjorbaeck and Kahn 2004). In rodent skeletal muscle,
leptin also activates the ERK1/2 and p38MAPK signaling
pathways (Maroni et al. 2003, 2005) and induces AMPK
phosphorylation (Minokoshi et al. 2002). Thus, we also
examined whether a potentially different between-sex
leptin response to sprint exercise was associated with dif-
ferences in ERK1/2, p38MAPK and AMPK phosphoryla-
tion in response to sprint exercise.

Therefore, the main aim of this study was to determine if
there was a sex difference in muscle signaling in response
to a single sprint exercise and to determine whether this
difference could be explained by sex-specific changes in
circulating leptin concentrations.

Materials and methods
Materials

The complete protease inhibitor cocktail was obtained from
Roche Diagnostics (Mannheim, Germany). All the primary
antibodies used were from Cell Signaling Technology
(Danvers, MA, USA) except for the polyclonal rabbit an-
tiphospho-acetyl CoA carboxylase (Ser79) antibody that
was obtained from Upstate Biotechnology (Lake Placid,
NY, USA). The secondary HRP-conjugated goat anti-rab-
bit antibody was from Jackson Immuno Research (West
Grove, PA, USA). The Hybond-P transfer membranes and
the ECL plus Western Blotting Detection System were
from Amersham Biosciences (Little Chalfont, Bucking-
hamshire, UK). The ChemiDoc XRS System and the image
analysis software Quantity One© were obtained from Bio-
Rad Laboratories (Hemel Hempstead, Hertfordshire, UK).

Subjects

A total of 17 healthy male (age 24.4 £ 4.0 years, height
176.5 &= 7.1 cm, body mass 79.5 & 10.1 kg, body fat
18.0 & 6.2%) and ten healthy female physical education
students (age 25.2 = 3.9 years, height 160.7 & 5.5 cm,
body mass 57.0 £ 6.7 kg, body fat 26.3 + 3.5%) agreed to
participate in this investigation (Table 1). All women were
eumenorrheic, and four were taking contraceptive pills.
Before volunteering, subjects were given full oral and
written information about the course of the study and
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Table 1 Physical characteristics and performance (mean + SD)

Men (n = 17) Women (n = 10)
Age (years) 244 + 4.0 252 + 39
Height (cm) 176.5 £ 7.1 160.7 &+ 5.5
Body mass (kg) 79.5 + 10.1 57.0 + 6.7%
% Body fat 18.0 £ 6.2 26.3 + 3.5%
Prnax (W) 1,010.0 + 1282  586.4 + 55.6%
Poax (W/kg body mass) 128+ 1.8 104 + 1.2%
Pnax (W/kg lean leg mass) 520 +£58 50.5 £ 39
Prcan (W) 618.1 + 86.9 348.8 + 82.4%
Prcan (W/kg body mass) 7.8+ 1.1 6.1 £ 1.3%
Pryean (W/kg lean leg mass) 320+ 4.2 29.7 + 5.0%
Praxs Pmeans peak and mean power output in the Wingate test

& P < 0.05 compared to men

possible risks associated with participation. Written con-
sent was obtained from each subject. The study was per-
formed in accordance with the Helsinki Declaration and
approved by the Ethical Committee of the University of
Las Palmas de Gran Canaria.

General procedures

The body composition of each subject was determined by
DXA (Hologic QDR-1500, Hologic Corp., software ver-
sion 7.10, Waltham, MA) as described elsewhere (Perez-
Gomez et al. 2008; Serrano-Sanchez et al. 2010). Then,
subjects reported to the laboratory on two different days to
perform familiarization Wingate tests (Monark 818E,
Monark AB, Vargerg, Sweden). On the experimental day,
subjects reported to the laboratory at 8.00 a.m. after an
overnight fast and an antecubital vein was catheterized.
After 10 min of rest in the supine position, a 20-ml blood
sample was withdrawn and used to measure serum leptin.
Then a muscle biopsy was obtained from the middle por-
tion of the vastus lateralis muscle using the Bergstrom’s
technique with suction, as described elsewhere (Guerra
et al. 2011a). Three minutes after the resting muscle biopsy
and blood sample, the subject performed a 30-s Wingate
test (Calbet et al. 1997, 2003). No warmup was allowed
prior to the start of the Wingate test. Stop start Wingate
tests were performed with braking loads equivalent to 10
and 8% of body weight for men and women, respectively
(Calbet et al. 1997, 2003). Previous studies have shown
that these braking forces are optimal to allow maximal
peak power output during the Wingate test in physical
education students (Bar-Or 1987; Calbet et al. 1997). Peak
power output was calculated as the highest work output
performed during a 1-s interval and mean power output
from the average work performed during the 30 s.

Right after the Wingate test, another muscle biopsy and
a blood sample were obtained. The time needed to obtain
and freeze the muscle biopsies immediately after the
Wingate test was always below 30 s in all cases. To reduce
skin damage, only two 5-mm skin scissions were per-
formed, one in each thigh. To avoid injury-triggered acti-
vation of p38MAPK or ERK1/2, the muscle biopsies were
obtained at least 3 cm apart by changing the direction of
the needle right after crossing the fascia (Guerra et al.
2011a). During the recovery period, additional muscle
biopsies and blood samples were obtained at 30 and
120 min, while the subjects remained seated. During this
period, they were allowed to drink only water. The muscle
specimens were cleaned to remove any visible blood, fat or
connective tissue. Then the muscle tissue was immediately
frozen in liquid nitrogen and stored at —80°C for later
analysis.

Blood lactate

Blood lactate concentration was determined in capillary
blood obtained from the earlobe hyperemized with Final-
gon®, prior to the start of the sprint and at 3, 5, 7 and
10 min into the recovery period, using a Lactate Pro ana-
lyzer (Arkay, JA).

Western blot analysis

Muscle protein extracts were prepared as described previ-
ously (Guerra et al. 2007) and total protein content was
quantified using the bicinchoninic acid assay (Smith et al.
1985). Equal amounts of protein (50 pg) from each sample
were subjected to immunoblotting protocol as described
previously (Guerra et al. 2007). To determine Thr!”*-
AMPKo, Ser?'-ACCp, Tyr’%-STAT3, Thr*%/Tyr**-
ERK1/2 and Thr'®*/Tyr'®>-p38MAPK phosphorylation
levels, antibodies directed against the phosphorylated and
total form of these kinases were used. All antibodies were
diluted in 5% bovine serum albumin in Tris-buffered saline
with 0.1% Tween 20 (TBS-T) (BSA-blocking buffer).
Antibody-specific labeling was revealed by incubation with
an HRP-conjugated goat anti-rabbit antibody (1:20,000) or
an HRP-conjugated donkey anti-mouse (1:10,000) anti-
body, both diluted in TBS-T with 5% blotting grade blocker
non-fat dry milk (blotto-blocking buffer). Specific bands
were visualized with the ECL chemiluminescence kit
(Amersham Biosciences) using the ChemiDoc XRS system
(Bio-Rad Laboratories, Hercules, CA, USA) and analyzed
with the image analysis program Quantity one® (Bio-Rad
laboratories, Hercules, CA, USA). The densitometry anal-
ysis was carried out immediately before saturation of the
immunosignal. For immunosignal quantification, band
densities were normalized to the values obtained from the
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biopsies taken immediately before the start of the sprint.
Data was represented as a percentage of immunostaining
values obtained for the phosphorylated form of each kinase
relative to those obtained for, respectively, total form.
Samples pertaining to the same subject were run together in
the same gel.

Leptin assays

Serum leptin was determined by enzyme-linked immuno-
sorbent assay (ELISA) (ELx800 Universal Microplate
Reader, Bioteck Instruments Inc, Vermont, USA), using
reagent kits from Linco Research (#EZHL-80SK, Linco
Research St. Charles, Missouri, USA) and following the
manufacturer’s instructions. The sensitivity of the total
leptin assays was 0.05 ng/mL. The intra-assay coefficient
variation was 3.8%, and the inter-assay coefficient of var-
iation was 4.4%.

Statistical analysis

Variables were checked for normal distribution by using the
Shapiro—Wilk’s test and for equality of variances with the
Levene’s test. When necessary, the analysis was done on
logarithmically transformed data. For between-groups
comparisons, the individual responses were normalized to
the level of phosphorylation observed just before the start of
the Wingate test. A mixed-model ANOVA with repeated
measures over time and one factor (sex) with two levels
(males vs. females) was used to compare the responses with
the value just before the start of the Wingate test, using
values normalized to the level of phosphorylation observed
just before the start of the Wingate test. When there was a
significant sex by time interaction, intra-group effects were
tested using one-way ANOVA separately in each group,
and pairwise comparisons were carried out using the Holm—
Bonferroni method. Between-group differences at specific
time points were analyzed with unpaired ¢ tests, which were
adjusted for multiple comparisons with the Holm—Bonfer-
roni method. The relationship between variables was
determined using linear regression analysis. Values are
reported as the mean =+ standard error of the mean (unless
otherwise stated). P < 0.05 was considered to be significant.

Statistical analysis was performed using SPSS v.15.0 for
Windows (SPSS Inc., Chicago, IL).

Results

Body composition, peak power output (P.x) and mean
power output (P..,) in the Wingate test are reported in
Table 1. Both genders were comparable in age, but women
were smaller and had lower body mass and a higher per-
centage of body fat compared to men (all, P < 0.01). Men
had higher performance in the Wingate test. However,
when P, was expressed relative to the lean mass of the
lower extremities not significant between-sex differences
were observed (Table 1). The blood lactate responses to the
Wingate test were similar in males and females (time x
sex interaction P = 0.74) and the area under the curve as
well (110 £+ 14 and 103 £+ 8 mM min, in men and women,
respectively, P = 0.22) (Table 2).

Serum leptin concentrations

Serum leptin concentrations were higher in women com-
pared to men at all time points. Compared to pre-exercise
values, 2 h after exercise, leptin concentration was
decreased in men by 27% (P < 0.01) and women by 13%
(P < 0.01) (time x sex interaction P = (.81, for the rela-
tive changes) (Table 3). There was no relationship between
the lactate area under the curve and the leptin area under
the curve (r = —0.19, P = 0.33, n = 27). However, the
leptin area under the curve tended to be inversely associ-
ated with the mean power output per kg of lean mass
(r =-0.35, P =0.07, n = 27).

Skeletal muscle signaling response to sprint exercise

AMPKoa, ACCH, STAT3, ERK1/2 and p38MAPK
phosphorylation responses to sprint exercise were not sta-
tistically different between men and women. Compared to
pre-exercise  values, AMPKo phosphorylation was
enhanced fourfold 30 min after the sprint exercise in males
and females (from 100 £ 11 to 437 & 101%, P < 0.01;
time x sex interaction, P = 0.49) (Fig. 1a). The ACCf

Table 2 Lactate concentration (mmol L™") prior to and during the recovery period after the sprint exercise in men and women (mean + SD)

R 3 min 5 min 7 min 10 min Group by time
interaction
Men (n = 17) 09 £ 0.0 12.2 £ 0.4%* 12.9 + 0.4%* 13.1 £ 0.5%* 12.7 £ 0.5% P=0.74
Women (n = 10) 1.3+£03 11.6 £+ 0.3* 12.3 £ 0.3%* 12.1 £ 0.3%* 11.8 £ 0.4%*

# P < 0.05 versus 3 min after exercise

* P < 0.05 versus pre-exercise (R)
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Table 3 Leptin concentration (ng mL™h prior to and during the recovery period, after the sprint exercise in men and women (mean + SD)

R 0 30 min 120 min Group by time

Mean + SD Mean + SD Mean + SD Mean + SD interaction
Men (n = 17) 50+09 51 +09 45+09 3.6 +0.7* P =0.81°
Women (n = 10) 13.5 £ 1.9% 14.3 + 1.9% 13.3 + 1.9% 11.8 £ 1.9%=

# Statistical analysis performed with normalized values using as a reference the pre-exercise value (R)

* P < 0.05 versus pre-exercise (R)

& P <005 compared to men

phosphorylation was enhanced by about fourfold just after
the sprint test exercise and 30 min into the recovery period
in males and females (from 100 4 10 to 319 4 53% and to
285 £ 41%, P < 0.01; time x sex interaction P = 0.25)
(Fig. 1b). STAT3 phosphorylation was highly variable [as
previously reported (Trenerry et al. 2007)], being signifi-
cantly increased 2 h after the Wingate test compared to the
value observed right after the end of the exercise
(P < 0.05) (Fig. 2). Likewise 30 min after the Wingate
test, there was a 2.5-fold increase in ERK1/2 phosphory-
lation, compared to both the pre-exercise and to the value
observed right after the Wingate test (both, P < 0.05)
(Fig. 3a).

No significant changes in p38MAPK phosphorylation
were observed in response to the Wingate test in either
group (all, time x sex interaction P = NS) (Fig. 3b).

The mean power developed per kg of lower extremities
lean mass was linearly associated to the logarithm of the
30-min STAT3 phosphorylation response (r = 0.58,
P < 0.01, n = 27, Fig. 4). A similar trend was observed
for ERK1/2 phosphorylation (r = 0.31, P = 0.11, n = 27)
(Table 4).

Discussion

In this investigation, we examined AMPK, MAPK/ERK
and STAT3 muscle signaling pathways in response to a 30-s
all-out sprint test (Wingate test) in men and women. The
signaling response was not different between sexes. We
have shown that sprint exercise increases AMPK phos-
phorylation at 30 min after the Wingate test and increases
ACC phosphorylation immediately after and 30 min later,
without significant differences between men and women.
These results are in agreement with the study in men of
Guerra et al. (2010) and support the idea that ACC phos-
phorylation in response to exercise is, at less in part, inde-
pendent of AMPK activation (Dzamko et al. 2008;
Jorgensen et al. 2004). In agreement with the studies per-
formed in men by Gibala et al. (2009) and Guerra et al.
(2010, 2011b), we did not observe AMPK« phosphorylation
immediately after the 30-s sprint. We also showed that 2 h

after a single sprint exercise, AMPKa phosphorylation
returned to pre-exercise values.

The influence of gender on AMPKo phosphorylation in
response to exercise has been only studied during endur-
ance exercise. Roepstorff et al. (2006) reported lower
increase of AMPKo phosphorylation in women compared
to men after 90 min of bicycle exercise at 60% of VO;ax.
The sex difference in muscle AMPK activation with
exercise was explained by an increase in muscle free AMP,
AMP/ATP ratio and creatine in men but not in women.
Although nucleotides were not measured in the present
investigation, previous studies have failed to show
between-sex significant differences in ATP use during a
single sprint. The latter agrees with the similar peak power
output developed during the Wingate test by men and
women when normalized for the lean mass of the lower
extremities (Perez-Gomez et al. 2008). However, Esbj-
ornsson-Liljedahl et al. (2002) showed that women pos-
sessed a faster recovery of ATP via reamination of inosine
monophosphate (IMP). Despite the latter, no between-sex
differences in AMPKo phosphorylation or its downstream
kinase ACCp were observed 30 and 120 min after the
Wingate test. In agreement, it has been reported that men
and women experience similar changes in VO,,.x, peak
and mean power output, and substrate oxidation in
response to 6 days of low-volume high-intensity sprint
training (four Wingate tests on days 1 and 2, five on days 3
and 4, and six on days 5 and 6) (Astorino et al. 2011).

The STAT3 phosphorylation response to exercise has
been studied only in men (Boonsong et al. 2007; Trenerry
et al. 2007). No significant changes in STAT3 phosphor-
ylation were found after 90 min of leg cycling exercise
(Boonsong et al. 2007). However, Trenerry et al. (2007)
reported increased STAT3 phosphorylation 2 h after
resistance exercise (leg extension: 3x 12RM). The latter
agrees with the results obtained in the present investigation,
where STAT3 phosphorylation occurred 2 h after the
sprint. In this study, there was an association between the
mean power developed per kg of lower extremities lean
mass and STAT3 phosphorylation 30 min after the Win-
gate test. Combining the present results with those reported
by Trenerry et al. (2007), it may be suggested that STAT3

@ Springer



1922 Eur J Appl Physiol (2012) 112:1917-1927
A Male Muscle Female Muscle
Male Muscle Female Muscle Time following Time following
Time following Time following sprint exercise (min) sprint exercise (min)
sprint exercise (min) sprint exercise (min) R 0 3o 120 R V] 30 120
R 0 30 120 R 0 30 120 oTyr-sTAT IR I — e

pThri-AMPKe [ I B8

AMPKo: e — -

1200
. \ale group
[ Female group
& 1000
2% *
g ® 800f —t
é O_; 600
£< 400}
)
2 200} iI-L‘
L M1 W W W
R 0 30 120
Time following
sprint exercise (min)
B Male Muscle Female Muscle
Time following Time following
Sprink exercise (min) _Sprinl exervise {min)
R 0 30 120 R 0 30 120
pSer®'-ACCp - - - - -
ACCB _— . mam S -
500
* * . Male group
1 1 Female group
& 400}
o'
2 R
O = 300+t
o
ta
N, 8 200t
0 <
oOm
< 100}
0
R 0 30 120

Time following
sprint exercise (min)

Fig. 1 Levels of Thr'”>~AMPKu« (a) and Ser**'-ACCS (b) phosphor-
ylation before and after a Wingate test in men (black bars) and
women (gray bars). Values were normalized to the average obtained
immediately before the sprint exercise (R), which were assigned a
value of 100%. *P < 0.05 versus rest (R). a P = 0.49, time X sex
interaction. b P = 0.14, time x sex interaction. N = 17 for the male
group and n = 10 for the female group. The 30th min Ser**'-ACCf
phosphorylation value would have been considered larger in men
compared to women (P = 0.036) had the statistical comparison not
been corrected for multiple comparisons. Thus, we cannot rule out a
type II error at this time point
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Fig. 2 Levels of Thy’*-STAT3 phosphorylation before and after a
Wingate test in men (black bars) and women (gray bars). Values
were normalized to the average obtained immediately before the
sprint exercise (R), which were assigned a value of 100%. *P < 0.05
versus immediately after exercise (0). P = 0.32, time x sex interac-
tion. N = 17 for the male group and n = 10 for the female group.
Statistical analysis was performed with logarithmically transformed
data

phosphorylation is elicited by all-out sprint or weightlifting
exercise, i.e., exercise modalities inducing fatigue and
marked accumulation of metabolites (Gorostiaga et al.
2010; Jones et al. 1985). STAT3 phosphorylation after
intense exercise is accompanied by translocation to the
nucleus (Trenerry et al. 2007) and increased expression of
the STAT3-regulated genes [interleukin-6 (IL-6), JUNB,
c-MYC, c-FOS and suppressor of cytokine signaling
(SOCS) 3], which likely play a role in the adaptation to
high-intensity exercise (Trenerry et al. 2007, 2008).

In agreement with our hypothesis, ERK1/2 phosphory-
lation was increased 30 min after the sprint without sig-
nificant differences between men and women. Similar
increases in ERK1/2 phosphorylation have been reported
by others in men after endurance exercise (Creer et al.
2005; Deldicque et al. 2008a; Goodyear et al. 1996;
Widegren et al. 1998, 2000; Yu et al. 2001) and after
resistance exercise in men (Deldicque et al. 2008a; Richter
et al. 2004; Williamson et al. 2003) and overweight women
(Harber et al. 2008). On the other hand, Richter et al.
(2004) found that ERK1/2 phosphorylation was more
marked as exercise intensity increased. In agreement, a
trend for a liner relationship between the mean power
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Fig. 3 Levels of Thr***/Thy?**-ERK1/2 (a) and Thr'3%/Thy'$*
p38MAPK (b) phosphorylation before and after a Wingate test in
men (black bars) and women (gray bars). Values were normalized to
the average obtained immediately before the sprint exercise (R),
which were assigned a value of 100%.*P < 0.05 versus rest (R).
$p < 0.05 versus immediately after exercise (0). a P = 0.12,
time x sex interaction. b P = 0.42, time x sex interaction. N = 17
for the male group and n = 10 for the female group

developed per kg of lower extremities lean mass and the
30-min ERK1/2 phosphorylation response was observed in
the present study. Nevertheless, increased ERK1/2 phos-
phorylation does imply necessarily more enzymatic activ-
ity (Richter et al. 2004).
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Fig. 4 Relationship between the mean power output per kg of lean
mass (Ppean) in the lower extremities and the logarithm of Thy705—
STATS3 phosphorylation (normalized as % of the resting value: R)

p38MAPK phosphorylation is increased after endurance
exercise in men (Aronson et al. 1997; Yu et al. 2001),
resistance exercise in men (Deldicque et al. 2008b) and
overweight women (Harber et al. 2008), and high-intensity
intermittent exercise in men (Cochran et al. 2010).

Gibala et al. (2009) did not observe changes in
p38MAPK phosphorylation immediately after a single
Wingate test. The present investigation confirms these
findings and shows that the level of p38MAPK phosphor-
ylation remains unchanged during the next 2 h after a
single sprint. However, a 30% increase in p38MAPK
phosphorylation was reported by Gibala et al. (2009) after
four repeated Wingate tests interspaced with 4-min rest
periods. p38MAPK phosphorylation in response to high-
intensity exercise may be modulated by energy availability
(Cochran et al. 2010), and greater perturbation of the cel-
lular energy status than that elicited by a single sprint may
be necessary to elicit pP38MAPK phosphorylation.

This study presents the first measurements of the serum
leptin concentration changes in response to a single 30-s
all-test (Wingate test) in men and women. The present
investigation reveals that serum leptin concentration is not
altered immediately after a 30-s sprint exercise, but
decreases during the recovery period; this effect in relative
terms is essentially similar in men and women. Although
women had higher leptin concentrations than men during
the recovery period and despite the fact that women have
higher protein expression of leptin receptors (Guerra et al.
2008), no sex differences in the STAT3 phosphorylation
after the Wingate test were observed. Moreover, despite the
reduction of circulating leptin concentrations 2 h after the
completion of the Wingate test, no reduction in STAT3
phosphorylation was observed, implying that other factors
should have contributed to maintain skeletal muscle
STAT3 phosphorylation when leptin was reduced. This
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Table 4 Correlation matrix between ergometric variables and skeletal muscle signaling at the 30-min time point after a single Wingate test

(n = 27 in all cases)

AUC AUC Prax/kg Prcan’kg pACCS pAMPKu pERK1/2 Log pSTAT3
leptin lactate lean lean 30 min 30 min 30 min 30 min
AUC leptin r
(ng mL~" min)
P
AUC lactate r —0.19
(nM min)
P 034
Prax (W/kg lean leg  r  —0.06 0.39
mass)
P 0.76 0.04
Prean (W/kg leanleg r  —0.35 0.40 0.45
mass)
P 0.07 0.04 0.02
pACCS 30 min r =027 0.31 0.19 —0.07
P 0.18 0.11 0.35 0.74
pPAMPKu 30 min r 0.02 0.06 —0.07 0.16 —0.26
P 092 0.76 0.71 0.42 0.20
pERK1/2 30 min r —0.02 0.22 -0.17 0.31 —-0.32 0.29
P 091 0.27 0.39 0.11 0.10 0.15
Log pSTAT3 30 min r 0.05 0.05 —0.11 0.58 —0.39 0.52 0.52
P 0.79 0.80 0.60 0.002 0.04 0.01 0.01

AUC area under the curve; pACCS 30 min, Ser”*' ACCf phosphorylation 30 min after the Wingate test; pAMPKa 30 min, Thr'”2-AMPKa
phosphorylation 30 min after the Wingate test; pERK1/2 30 min, Thr’**/Thy***-ERK1/2 30 min after the Wingate test; Log pSTAT3 30 min,

Logarithm of Thy’®

reduction in serum leptin concentration could be explained
by the exercise effect (Kraemer et al. 2002), via a f-
adrenergic mediated stimulation (Couillard et al. 2002)
through posttranscriptional mechanisms (Ricci et al. 2005).
However, we cannot rule out some influence of fasting
(Boden et al. 1996; Zhang et al. 2002).

Performance level and muscle signaling

Men achieved higher performance in the Wingate test.
However, when P, was expressed relative to the lean
mass of the lower extremities, men and women attained
similar values as previously shown (Perez-Gomez et al.
2008). However, after normalization for the lean mass of
the lower extremities, Pe.n Was 6% higher in men com-
pared to women. The sex difference in mean power output
after normalization for the lean mass of the lower
extremities could be due in part to higher anaerobic
capacity of men, likely due to their greater glycolytic
capacity (Jaworowski et al. 2002). As expected, the Win-
gate test was accompanied by a marked increase of the
blood lactate concentration (Calbet et al. 2003). However,
with this small between-sex difference in normalized mean
power, the blood lactate response was also rather similar in
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both sexes. No relationship was observed between peak or
mean power output normalized per kg of lower extremities
lean mass and the sprint-induced AMPK phosphorylation.
This finding is also compatible with a similar perturbation
of the cellular energy status in men and women after a
single Wingate test.

Cell culture studies with adipocytes indicate that inhi-
bition of glycolysis reduces leptin gene expression and
leptin release (Mueller et al. 1998). Lactate suppresses
lipolysis (Liu et al. 2009), and free fatty acids decrease
circulating leptin levels, therefore, the increase in circu-
lating lactate should have had, if any, a positive influence
on leptin release (Vestergaard et al. 2005). However, the
blood lactate response to exercise was not related to the
leptin response, implying that other factors should explain
the reduction in circulating leptin levels after the Wingate
test in both groups.

Limitations

Despite the large number of subjects included in this
investigation, we cannot rule out a type II error for some
comparisons, due to the high variability of some phos-
phorylations, such as STAT3. The same applies to the 30th
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min Ser’'-ACCf phosphorylation, which would have

been considered larger in men compared to women
(P = 0.036) had the statistical comparison not been cor-
rected for multiple comparisons (Fig. 1b).

In conclusion, marked increases in AMPK, ACC,
STAT3 and ERK phosphorylation were observed after a
single 30-s all-out sprint (Wingate test) in the musculus
vastus lateralis. We have shown that the muscle signaling
response to a single bout of sprint exercise mediated by
AMPK, ACC, STAT3, ERK and p38MAPK is comparable
in men and women. Finally, this study reveals that serum
leptin concentrations are reduced after a sprint exercise,
with this reduction being similar in men and women when
expressed as a relative change from the pre-exercise value.
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