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Abstract

Purpose This study was designed to examine the corre-
lation of resistance exercise (RE)-induced myostatin
(MSTN) with insulin resistance and plasma cytokines in
healthy young men.

Methods Twenty-four healthy men were randomly divi-
ded into RE (n = 12) and control (n = 12) group. After a
session of familiarization, one repetition maximum (1-RM)
was calculated. Circuit RE program involved 3 sets of 15
repetitions at 55 % of 1-RM. Blood samples were collected
before and 24 h after the exercise. Paired ¢ test, indepen-
dent ¢ test, and Pearson’s correlation were used for ana-
lyzing data.

Results A significant decrease in plasma level of MSTN,
glucose, insulin, interleukin-6 (IL-6), and homeostasis
model assessment of insulin resistance (HOMA-IR) and a
significant increase in plasma interleukin-10 (IL-10) were
found in RE group 24 h post-exercise versus pre-exercise
(» < 0.05). Furthermore, except plasma IL-10, a significant
decrease in metabolic variables was found in RE group
versus control group (p < 0.05). A significantly positive
correlation of plasma MSTN with HOMA-IR and plasma
IL-6 and a significantly negative correlation of plasma
MSTN with plasma IL-10 were found in RE group versus
control group (p < 0.05).

Conclusions It seems that a circuit RE bout by reducing
HOMA-IR and changing plasma cytokines (decreased IL-6
and increased IL-10) can decrease plasma level of MSTN
in healthy young men. In other word, the beneficial effect
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of acute RE may be reflected by changes in MSTN in
healthy young individuals.
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Introduction

Skeletal muscle produces biologically active proteins or
“myokines” that facilitate metabolic interaction between
body systems [1]. Myostatin (MSTN) belongs to the TGF-f
superfamily and is a negative regulator of muscle devel-
opment and size [2, 3]. MSTN binds to activin receptor IIb
(ActRIIb) and inhibits skeletal muscle growth [4].
Recently, the direct effect of MSTN on adipocytes has
been explored, so that MSTN mRNA was expressed in
adipose tissue, but at much lower levels than in skeletal
muscle [2-5]. Furthermore, MSTN protein is found in
circulation [6]. Thus, the physiological functions of MSTN
are not restricted to suppressing skeletal muscle growth, so
that loss of, or decrease in, MSTN levels leads to increased
insulin sensitivity and decreased insulin resistance [7].
Hence, the novel strategies, such as MSTN inhibition, that
target muscle and fat mass accumulation may be beneficial
in preventing obesity and insulin resistance [8]. Moreover,
skeletal muscle can function as an endocrine organ and
play important roles in metabolic regulation through
secreting several cytokines [8]. These cytokines, termed
myokines, are exerted in a hormone-like fashion and have
functions in regulating metabolism [8]. Both MSTN, as a
muscle-secreted cytokine, and muscle inflammation-related
cytokines (especifically interleukin-6 (IL-6) and inter-
leukin-10 (IL-10)) contribute to insulin resistance [9] and
response to exercise [9, 10].
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Several studies have examined the effect of chronic
exercise-induced MSTN on energy metabolism [11-13];
however, studies on the MSTN response to acute exercise
[14] and correlation of acute exercise-induced MSTN with
metabolic parameters are limited. The potential benefit of
circuit resistance training (a form of conditioning com-
bining resistance training and high-intensity aerobics) for
body weight management, especially when using light
weights with 40-60 % of one repetition maximum (1-RM)
made circuit resistance training to become an accepted part
of programs for health [15]. Thus, this study was designed
to evaluate the MSTN response to acute circuit resistance
exercise (RE) and its correlation with insulin resistance and
plasma cytokines (IL-6 and IL-10) in healthy young men.

Materials and methods

Twenty-four healthy young male students, placed on uni-
versity dormitories boards, were selected in this study. In first
session, subjects were asked to fill out questionnaires
regarding to life style, past medical history, and physical
activity to recruit eligible subject for the study. Inclusion
criteria were age between 20 and 25 years and not to be
smoker. Moreover, they should be free of any kind of disease
that would prevent them from participating in this study such
as cardiovascular, metabolic, and musculoskeletal disorders.
Those who took any medication and supplements were
excluded. In addition, all subjects experienced the weight
training. The study protocol was approved by the Ethics
Committee of the Shahid Beheshti University, Faculty of
Physical Education and Sport Sciences. Verbal and written
explanations of the experimental protocol were presented to
the subjects prior to any data collection. Written consent also
was obtained from all subjects before the participation in this
study. Participants were randomly divided into circuit RE
(n = 12) and control (n = 12) group. Subjects of RE group
were familiarized with the procedures and equipment before
the experiment. One week before the experiment, a pilot
study is used to test the design of the full-scale experiment.
Participants were asked to avoid exercise or strenuous
physical activity for 48 h before the experiment.

The height (cm) was measured using Stadiometer
(Germany; SECA) and the weight (kg) by Balance (Ger-
many; SECA). Body mass index (BMI) was calculated as
the ratio of the body weight (kg) to the square of height
(m?). WHR was calculated after measuring waist and hip
circumferences. The skin folds were obtained using
Harpenden skin fold caliper (Slim Guioe, US) on the right
side of the body at the 3 sites: triceps, abdominal, and
suprailiac. All measurements were taken in triplicate and
average values at each point were used to estimate body fat
percent [16].
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Subjects arrived at the laboratory of physical activity
and sport sciences faculty at 7:30 a.m. in an 8 h overnight
fasted state and their height, weight, and body composition
were measured.

Prior to calculating 1-RM, subjects performed a general
warm-up (5 min running on a treadmill at moderate
intensity) and a specific warm-up (2 sets of 7 repetitions of
resistance training similar to the original protocol but at
low intensity) to reduce the risk of injury. Thereafter, the
circuit RE session targeted the upper and lower body, with
3 sets of 15 repetitions on 7 machines (chest press, pull up,
leg press, shoulder press, knee extension, knee flexion, and
elbow flexion) each lasting ~30s. All exercises were
performed at 55 % of the subjects’ 1-RM with 2-min rest
intervals between sets and in total required ~20 min to
complete. 1-RM was assessed by gradually increasing the
weight, and the test was continued until the subject was not
able to maintain proper form and fully lift the given weight.
The last weight lifted fully was considered the 1-RM for
each subject. Furthermore, subjects in control group per-
formed any exercise (in a rest condition).

According to a previous study that indicated the response
of plasma MSTN to a session of RE during 1-48 h after -RM
[14], blood samples were collected before and 24 h after the
exercise. Blood samples were promptly centrifuged and the
plasma was separated and stored at —70 °C. Plasma MSTN
was analyzed by a Human MSTN ELISA kit (Cusabio Bio-
tech, Wuhan, China), with intra-assay coefficient variation
(InteraCV) of 6.3 %, respectively. Plasma IL-6 and IL-10
were measured using an ELISA kit (Diaclone, France;
IntraCV: 7.5 and 6.8 %,), Plasma glucose was assessed by a
colorimetric enzymatic method (glucose oxidase) (Pars
Azmoon, Tehran, Iran; IntraCV: 7.2 %), and plasma insulin
using an ELISA kit (Mercodia, Uppsala, Sweden; IntraCV:
5.1 %). Insulin resistance index was calculated using for-
mula of homeostasis model assessment of insulin resistance:
HOMA-IR = fasting insulin (pU/ml) x fasting glucose
(mmol/1)/22.5 [17].

The Kolmogorov—Smirnov test was performed to define
the presence of normality. Paired ¢ test and independent
t test were used for means comparison of metabolic
parameters within (pre- and post-exercise) and between
groups. The correlation between variables was analyzed by
Pearson correlation. The level of significance was set at
p < 0.05. The data are expressed as mean = SD. All of the
statistical tests were performed using the SPSS statistical
package version 16 for Windows (Chicago, IL, USA).

Results

No significant difference was found in baseline character-
istics of subjects (p > 0.05) (Table 1).
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According to Table 2, a significant decrease in plasma
level of MSTN, glucose, insulin, IL-6, and HOMA-IR and
a significant increase in plasma IL-10 were found in RE
group 24 h post-exercise versus pre-exercise (p < 0.05).
Furthermore, no significant difference in metabolic vari-
ables was found in control group 24 h post-exercise versus
pre-exercise (p > 0.05).

A significant decrease in plasma level of MSTN, glu-
cose, insulin, IL-6, and HOMA-IR, and a significant
increase in plasma IL-10 were found in RE group versus
control group (p < 0.05) (Table 2).

A significantly positive correlation of changes in plasma

MSTN (AMSTN) with the changes in HOMA-IR
Table 1 Baseline characteristics of subjects
Variable Group

RE Control p value
Age (years) 22.1 £2.1 226 £ 1.5 0.63
Height (cm) 176.2 + 6.5 177.1 £ 59 0.51
Weight (kg) 69.3 £ 8.2 68.4 + 6.4 0.78
BMI (kg/m?) 223 +24 22.1+£32 0.84
WHR 0.76 = 0.19 0.78 +£ 0.24 0.53
Fat (%) 17.1 £5.3 169 + 4.1 0.42
Glucose (mg/dl) 9148 £+ 6.72 933 £ 6.17 0.963
Insulin (LU/ml) 4.87 + 0.42 4.86 + 0.42 0.542
HOMA-IR 1.1 £0.13 1.11 + 0.12 0.572
MSTN (ng/ml) 9.12 + 0.36 9.08 &+ 0.45 0.265
IL-6 (pg/ml) 3.83 £ 0.21 3.85 +£0.28 0.472
IL-10 (pg/ml) 6.58 £ 0.24 6.56 + 0.32 0.299

Data are expressed as the mean + SD for each group with n = 12

RE resistance exercise, BMI body mass index, WHR waist-hip ratio,
HOMA-IR homeostasis model assessment for insulin resistance
[fasting insulin (pU/ml) x fasting glucose (mmol/1)/22.5], MSTN
myostatin, /L-6 interleukin-6, IL-10 interleukin-10

(AHOMA-IR) (Fig. la) and in plasma IL-6 (AIL-6)
(Fig. 2a) and a significantly negative correlation of changes
in plasma MSTN (AMSTN) with the changes in IL-10
(AIL-10) (Fig. 3a) were found in RE group (p < 0.05).
Furthermore, no significant correlation in changes of
metabolic variables was found in control group (p > 0.05)
(Figs. 1b, 2b, 3b).

Conclusion

In present study, the ability of a single session of RE to
change MSTN in healthy young men was examined. Sev-
eral studies have indicated a decrease in muscle mRNA
level of MSTN following a bout of RE [18-20], whereas a
few studies have evaluated the response of plasma MSTN
to RE [14]. In this study, a decrease in plasma level of
MSTN was found 24 h after a single session of circuit RE
in healthy young men. This result is in accordance with the
finding of the only available study performed by Hulmi
et al. [14] that reported a decrease in plasma MSTN 1-48 h
after a session of heavy RE (5 sets of 10 repetitions with a
load 75 % of 1-RM) in men. Notably, circulating MSTN
protein is in relation to other factors, e.g., age, gender, and
body mass [1, 10] and depends upon aspects of sampling
time-points as well as exercise regimens (rest, repetition
number, intensity, and duration of contraction). Further-
more, the effects of RE on MSTN may differ in timing or
magnitude for muscle mRNA versus muscle protein versus
plasma protein.

Other finding of this study suggests a decrease in plasma
level of glucose and insulin and HOMA-IR 24 h after a
circuit RE bout. In a similar study, Koopman et al. [21]
showed that a single session of RE (8 sets of 10 repetitions
at 75 % of 1-RM) improved whole-body insulin sensitivity
(decreased HOMA-IR) for up to 24 h in healthy men.

Table 2 Changes in metabolic

parameters 24 post-exercise Variable Group

RE p value Control p value p value
Glucose (mg/dl) 82.98 £ 6.82 <0.001* 92.55 £+ 6.05 0.165 0.017%
Insulin (uU/ml) 4.69 £ 04 <0.001* 4.85 £ 042 0.082 0.002%
HOMA-IR 0.96 £ 0.12 <0.001%* 1.1 £0.12 0.157 0.0487
MSTN (ng/ml) 8.8 £ 0.36 <0.001%* 9.09 £ 0.42 0.716 0.027F
IL-6 (pg/ml) 3.76 £ 0.22 0.002* 3.88 £ 0.31 0.226 0.003*
IL-10 (pg/ml) 6.64 £ 0.24 0.004* 6.57 £ 0.31 0.131 0.012%

Data are expressed as the mean + SD for each group with n = 12

RE resistance exercise, HOMA-IR homeostasis model assessment for insulin resistance [fasting insulin (nU/
ml) x fasting glucose (mmol/1)/22.5], MSTN myostatin, IL-6 interleukin-6, IL-10 interleukin-10

* Significant differences between pre- and post-exercise in exercise and control group (p < 0.05)

* Significant differences between exercise and control group (p < 0.05)
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Fig. 1 Correlation between plasma level of MSTN and HOMA-IR in
resistance exercise group (n = 12) (a) and control group (n = 12) (b)

Furthermore, a positive correlation was found between
plasma level of MSTN and HOMA-IR, indicating that a
circuit RE bout may be sufficient to reduce insulin resis-
tance as well as plasma level of MSTN and that exercise-
induced decrease in insulin resistance may decrease plasma
MSTN. Although the response of MSTN to exercise and
the specific mechanisms and signaling events in skeletal
muscle and adipose tissue that helps to overcome insulin
resistance is not clearly understood [22], it is known that
MSTN has functions in the regulation of metabolic
homeostasis and potentially acts as a myokine for main-
taining whole-body energy homeostasis [8]. MSTN regu-
lates glucose metabolism by increasing glycolysis and
glucose uptake, as well as decreasing glycogen content. It
has been known that MSTN is an important part of sig-
naling pathways that determine whole-body insulin sensi-
tivity and that insulin action is related to circulating MSTN
[1]. Recently, a mechanism has been proposed whereby the
loss of MSTN will lead to the activation of AMP-activated
protein kinase (AMPK). The activation of AMPK not only
leads to increased fatty acid oxidation, but it also promotes
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Fig. 2 Correlation between plasma level of MSTN and IL-6 in
resistance exercise group (n = 12) (a) and control group (n = 12) (b)

glucose uptake by accelerating glucose transporter-4
(GLUT-4) trafficking to the membrane [5]. Similar to the
effects of a single bout of endurance exercise, the stimu-
lation of insulin sensitivity following RE may attribute to
decreased muscle GLUT-4 translocation and/or increased
GLUT-4 expression [21]. Since the increase in glucose
transport in response to a single bout of exercise is medi-
ated by activation of the AMPK pathway [23], the acti-
vation of AMPK may provide the underlying link between
RE-mediated insulin sensitization and MSTN changes.
Therefore, these data reveal that MSTN is a novel regulator
of glucose metabolism and MSTN antagonists such as
exercise may be beneficial in targeting insulin resistance.

Moreover, in present study, a decrease in plasma IL-6
and an increase in plasma IL-10 were found 24 h after a
circuit RE bout. This study is the first suggesting that acute
RE-induced MSTN relates to plasma cytokines. In addi-
tion, a positive correlation between plasma MSTN and IL-6
and a negative correlation between plasma MSTN and IL-
10 were found in RE group, suggesting that decrease in
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Fig. 3 Correlation between plasma level of MSTN and IL-10 in
resistance exercise group (n = 12) (a) and control group (n = 12) (b)

plasma IL-6 and increase in plasma IL-10 following RE
may reduce plasma MSTN. Skeletal muscle is an endocrine
organ and upon contraction stimulates the production and
release of cytokines that can affect metabolism. IL-6 as an
inflammatory cytokine is released from skeletal muscle in
response to RE [11]. IL-6 is the first cytokine present in the
circulation during exercise and can elicit pro-inflammatory
or anti-inflammatory effects [24]. Notably, the exercise-
induced increase in plasma IL-6 is not linear over time;
repeated measurements during exercise indicate an accel-
erating increase of plasma IL-6. In addition, the peak IL-6
level is reached at the end of the exercise or shortly,
thereafter, followed by a rapid reduction toward pre-exer-
cise levels [25]. A similar study also reported that plasma
IL-6 increased immediately after the RE and went back to
baseline levels at 6 h in men [26].

Furthermore, IL-6 is secreted by skeletal muscle dur-
ing exercise and exercise-induced increases in plasma
level of IL-6 are followed by increased circulating level
of anti-inflammatory cytokine IL-10 [9], indicating that

IL-6 has an anti-inflammatory effect and may negatively
regulate the inflammation of acute phase response by
increasing IL-10 [27]. Although the exercise-induced IL-6
and IL-10 response is dependent on intensity, duration,
and mode of the exercise, [25, 27, 28], in present study,
the adaptations induced by RE training in subjects who
having experienced weight training may be sufficient to
decrease plasma IL-6 and increase IL-10 24 h after acute
RE. In other word, the anti-inflammatory effects of reg-
ular RE may be mediated by induction of an anti-in-
flammatory environment with each bout of circuit RE in
healthy men.

Notably, although IL-6 has been related to low-grade
inflammation and insulin resistance, in muscle cells, it may
have a metabolic role with particular influences involving
glycogen levels of the muscle [24]. IL-6 alone can increase
glycolysis and glucose uptake [8], suggesting that lowered
glycogen stores following the exercise bout may affect
plasma level of IL-6. IL-6 is implicated in skeletal muscle
insulin resistance [9] and in a previous study, plasma IL-6
was inversely related to insulin sensitivity in healthy sub-
jects [29]. Moreover, IL-10 increases insulin sensitivity and
protects skeletal muscle from obesity-associated macro-
phage infiltration, increases in inflammatory cytokines, and
the deleterious effects of these cytokines on insulin sig-
naling and glucose metabolism [27]. Collectively, these
data indicate that IL-6 and IL-10 may play an important
role in MSTN-mediated glucose metabolism. In addition,
RE-induced decrease in MSTN in parallel with decreasing
IL-6 and increasing IL-10 may be effective in preventing
insulin resistance.

This study has some limitations. First, because of the
narrow selection criteria, the sample size was small.
However, it appears that the design of our study was a
requirement for the goals to be achieved. Second, although
it is simple, noninvasive, and known to be correlated well
with clamp test, the HOMA-IR formula that is used to
calculate insulin resistance in this work is only an estimate
and cannot be as accurate as the euglycemic-hyperinsu-
linemic clamp method. Third, post-loading analysis was
limited to one time-point (24 h).

In conclusions, this study showed that plasma MSTN
decreased following acute circuit RE and it correlated with
HOMA-IR and plasma cytokines such as IL-6 and IL-10. It
seems that a circuit RE bout by reducing HOMA-IR and
changing plasma cytokines (decreased IL-6 and increased
IL-10) can decrease plasma level of MSTN in healthy
young men. Thus, targeting and MSTN inhibition by
exercise may be useful method for prevention of insulin
resistance. Moreover, MSTN level should be evaluated
further as a target for defining the optimal mode, dose and
intensity of exercise for health benefits. More research is
warranted to elucidate the exact mechanisms responsible
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for the change in MSTN and insulin resistance following
exercise.
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