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ABSTRACT
Background. Moyenctin, is a new identified myokine and belongs to the CTRPs family which plays role in lipid and
glucose metabolism. There is limited information available regarding the effects of exercise training on serum
myonectin levels. Objectives. he aim of this study was to investigate the effects of sucrose solution intake and
resistance training (RT) with two different volumes on serum myonectin levels and HOMA-IR in rats. Methods.
Forty-eight male Wistar rats (10-12 weeks old) were randomly divided into six groups; Control (C), Low volume RT
(L), High Volume RT (H), Sucrose Control (SC), Sucrose Low volume RT (SL) and Sucrose High volume RT (SH).
The RT groups were subjected to a resistance training program with the use of a ladder (3 days/week, for 8 weeks).
Body weight and serum levels of myonectin, insulin, glucose, and HOMA-IR were measured. Results. The results
two way ANOVA showed that interaction between RT and sucrose solution significantly increased serum levels of
insulin (P=0.007) and HOMAL-IR (P=0.002). Consumption of sucrose solution, significantly reduced serum
myonectin (P=0.0001) and increased serum glucose, insulin and HOMA-IR (P=0.0001). Also RT significantly
reduced serum myonectin, insulin and HOMA-IR (P=0.0001). No correlation was found between serum myonectin
and insulin resistance in groups fed with normal foods (P=0.456), but in the groups fed with sucrose solution there
was positive and significant correlation (P=0.0001). Conclusion. This data indicated that resistance training
regardless of volume of training can reduce serum myonectin levels as well as insulin resistance in rats fed with
sucrose solution or normal diet groups.
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INTRODUCTION
Insulin resistance in skeletal muscles is one
of the most important defective factors in
maintaining normal glucose levels in the blood.
Insulin resistance is associated with several
diseases like hypertension, atherosclerosis,
impaired glucose tolerance, and Type 2 diabetes
(1). The main link between these diseases is
increasing insulin levels as a result of insulin
resistance (1). It has been shown that a diet with
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a higher ratio of glucose increases insulin
resistance (2). For example, researchers reported
that plasma levels of insulin and glucose showed
a significant increase after receiving a diet with
more sucrose (2). Also, an increase in the
proportion of sucrose in the diet was associated
with an increase in the abdominal obesity index.
These are considered the parameters of classic
insulin resistance (2). Exercise training plays a
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significant role as a major factor in the
prevention, control and even improvement of
insulin resistance and diabetes (3). Several
factors may improve glucose homeostasis and
reduce insulin resistance caused by acute and
chronic physical activities (1). Among these
factors, changes in the levels of some proteins or
peptides can be mentioned. Skeletal muscles
actually secrete various bioactive polypeptides
that
are
collectively called
myokines
(myocytokine) and may be involved in
autocrine, paracrine or endocrine in the
regulation of metabolism and inflammatory
processes (4). Myokines can also play an
important role in reducing insulin resistance (57).
Myonectin is known as an important myokine
that is secreted in response to exercise as well as
consumption of glucose and fatty acids (sugar
and fat). It has been proposed to play an
important role in the increased consumption of
glucose and lipids in the liver and adipose tissue,
and may be able to prevent the development of
insulin resistance (8, 9). Myonectin secretion is
stimulated by two primary factors: exercise and
nutrition. Changes in circulation myonectin
levels are very slow in the blood. It has been
shown that it increases two hours after receiving
diet with high glucose or lipid. Also, an increase
in the secretion of myonectin has been seen after
two weeks of training in laboratory rats (9),
though it has not been specified that increased
levels of myonectin due to the two weeks of
exercise have occurred alone or following the
consumption of fat and glucose in combination
with exercise. The effects of myonectin on
glucose and lipid metabolism have created
promising therapeutic opportunities. However,
the molecular mechanisms of expression,
secretion and action of myonectin have not been
determined yet.
Regular physical activity has a protective role
in
sedentary individuals
over
several
pathological conditions such as insulin
resistance, obesity, atherosclerosis, type 2
diabetes, neurological disorders and cancers,
such as breast cancer (7). Since skeletal muscles
are the main origin of cytokine secretion
(myokines), it seems muscle contractions are a
major factor in stimulating the secretion of
myokines (10-12). Resistance training plays a

prominent role in the expression of key signaling
proteins in the regulation of glucose
consumption and metabolism in muscles (13,
14). The studies that focused on the effect of
resistance training have shown a positive
correlation between resistance training and
diabetes control (8, 15). There is also an
association between insulin sensitivity and
resistance exercises. It has been shown that
resistance exercise increases insulin sensitivity
(13-16).
Little information is available about the
effects of resistance training with different
volumes associated with insulin resistance and
secretion of myokines (17, 18). Researchers still
have not reached any consensus on this matter.
For example, it has been shown that highvolume and moderate-intensity exercise lead to a
further reduction of insulin resistance (19). On
the other hand, a study showed that exercise at
low to moderate intensity is more effective than
exercise with moderate to high intensity (20),
while another study reported that high intensity
exercise is more effective in improving glycemic
control (21). Also, different types of myokines
have different changes caused by different
volumes of resistance training; low volume—in
some myokines—and high volume—in others—
increase myokines (22). Therefore, taking into
consideration the abovementioned factors, the
aim of this study was to investigate the effect of
sucrose solution consumption and resistance
training with two different volumes on serum
myonectin levels and insulin resistance index.

MATERIALS AND METHODS
All animals received humane care according
to the criteria outlined in the "Guide for the Care
and Use of Laboratory Animals" prepared by the
National Academy of Sciences and published by
the National Institutes of Health (NIH
publication 86-23 revised 1985).
Animals. 48 adult male Wistar rats (10 to 12
weeks, with an average weight of 157.3 ± 13.8
g) were prepared from the Pasteur Institute of
Iran, and were divided into six equal groups
based on the homogenization of weight (eight in
each group and four in each cage). These
animals—after a week’s familiarization with the
laboratory environment—were divided into two
equal groups at the first (three groups per
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category) for feeding with and without solution
of sucrose 30%. After four weeks, each category
was divided into a control group and two
exercise groups. In them, finally, groups of this
study included (1) control (C), (2) training with
low volume (L), 3- training with high volume
(H), (4) control + feeding with sucrose (SC), (5)
training with low volume + feeding with sucrose
(SL), (6) training with high volume + feeding
with sucrose (SH).
The rats subjected in this study were kept in
cages with dimensions of 20 × 27 × 47 cm. The
ambient temperature was 22 ± 2°C, and light
cycle was 12:12 h. Rats were fed with feed
normal pellets and water ad libitum. Also, 30%
sucrose solution was added for groups fed with
sucrose (23).
Resistance Training. Resistance training
included climbing the ladder for one meter (26
steps). The ladder was inclined to the floor at an
angle of 85 degrees. The resistance training
started four weeks after the beginning of feeding
with sucrose solution, and lasted eight weeks. In
order to reduce the stress, electric shock, air
pressure, cold water, rewards, or food
deprivation were not used at all; rather, only
touching and grooming of the rat tail were
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carried out. Resistance training was held three
days a week, every other day; the first training
session was done with a load equal to 50% of the
weight of the rats, for all the training groups in
two times and five repeats every time. Within
two weeks, the number of training sessions for
groups of high volume gradually increased and
reached four times and five repeats at every
time, while in the group with low volume, the
number of times and repetitions were constant.
Also, in accordance with the principle of
overload, the loads from the second week were
respectively 75, 100, 125, 150, 175, and 200
percent of the animals’ weight. In order to
determine the appropriate exercise weight, the
rats were weighed every week, and in the last
few weeks (two weeks), the work load was
constant. There was a one-minute rest between
each repetition and also two minutes’ rest
between each time (26). Before and after each
training session, rats climbed the stairs two to
three times without weights for warm-up and
cool-down. The amount of work done (training
volume) was calculated on the basis of the
amount of the mass moved by the animal
multiplied by the acceleration of gravity and
distance displacement (Figure 1).
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Figure 1. Workouts for each week. Low volume RT (L), High volume RT (H), Low volume
RT+ sucrose (SL), High volume RT+sucrose (SH)

Measurement. In order to eliminate the acute
effects of exercise, samples were taken 72 hours
after the last training session and after an

overnight fast (eight to 12 hours). Rats were
anesthetized by intraperitoneal injection of
ketamine (70 mg/kg) and Xylazine (3-5 mg/kg).
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Blood samples were taken from the superior vena
cava and collected in the tubes. Samples collected
were centrifuged at 3,000 rpm for 15 min at 4°C;
its serum was isolated, and then transferred to the
freezer with a temperature of -20°C for the next
stages of research. Myonectin and insulin serum
concentrations were measured by ELISA method
and using the kits for rats (ZellBio Germany for
Myonectin and Mercodia Sweden for insulin). To
evaluate insulin resistance, the HOMA-IR index
and the following calculation formula were used.
HOMA-IR = glucose concentration (mmol /liter) ×
insulin concentration (m units / liter) ÷ 22.5

Data Analysis. In order to describe the data,
descriptive statistical indices, including mean
and standard deviation, were used. In the
analysis (deduction) section, after making sure

of the normal distribution of data using
Kolmogorov–Smirnov test, two-way analysis of
variance and LSD post hoc tests were used. To
investigate the relationship between levels,
myonectin serum and insulin sensitivity
Pearson’s correlation coefficient was used. All
analyses were performed using SPSS Version 16
and threshold for statistical significance was
p<0.05.

RESULTS
All rats in the four experimental groups could
do eight-week resistance training. These animals
were capable of carrying up to 200% of their
weights. The weights of the rats are given in
Table 1. At the beginning of the study, there was
no significant difference between the weights of
animals in different groups.

Table.1 Changes in rat’s weight (gr) before and after 8 week RT (mean ± SE)
C

L

H

SC

SL

SH

Baseline weight (gr)

160 ± 12

157 ± 92

156 ± 8

159 ± 12

156 ± 8

156 ± 8

Final weight (gr)

350 ± 32

362 ± 28

349 ± 28

367 ± 54

373 ± 37

369 ± 29

Weight gain (gr)

190 ± 27

206 ± 22

193 ± 41

208 ± 50

217 ± 40

213 ± 26

Control (C), Low volume RT (L), High volume RT (H), Control+sucrose (SC), Low
volume RT+ sucrose (SL), High volume RT+sucrose (SH)

The results of the two-way analysis of
variance for myonectin serum levels indicated no
significant interaction of sucrose solution and
training (p=0.205 and F=1.657). However, the
significance effect of sucrose solution
contributed to a reduction in the amount of
myonectin in the groups fed with sucrose,
compared with the groups fed with normal food
(p=0.0001 and F=7.860). The significance effect
of resistance training (p=0.0001 and F=467.794)
was also observed for eight weeks. LSD post hoc
test results showed that there is a significant
difference between the myonectin levels of
control groups compared with the low-volume
and high-volume training groups (p=0.0001).
But no significant difference was observed
between low- and high-volume training groups
in the levels of myonectin (p=0.707). Myonectin
levels significantly decreased as a result of eight
weeks of resistance training (fig.2).

The results of two-way ANOVA for glucose
serum levels showed no significant interaction of
sucrose solution and training (p=0.144 and
F=2.079). However, the serum level of glucose
significantly increased in response to sucrose
solution (p=0.0001 and F=22.269).
The results of the two-way ANOVA for
insulin serum levels indicated a significant
interaction of sucrose solution and training
(p=0.007 and F=5.987). LSD post hoc test
results showed that there is a significant
difference between the insulin levels of control
groups compared with the low volume and high
volume training groups (p=0.0001). However, no
significant difference was observed between
low- and high-volume training groups in the
levels of insulin (p=0.911).
The results of two-way ANOVA for insulin
resistance index showed the significant interaction
of sucrose solution and training (p=0.002 and
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F=7.513). HOMA-IR was significantly improved
in the groups fed with the sucrose solution. LSD
post hoc test results showed that there is a
significant difference between the insulin levels
of control groups compared with the low-volume
and high-volume training groups (p=0.0001). But
no significant difference was observed between
low- and high-volume training groups in the
levels of insulin (p=0.911).
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According to Pearson correlation test
results, it is clear that there is no significant
correlation between myonectin levels and
insulin resistance index in the groups fed with
normal food (p=0.456). The results also
showed that there is a significant positive
correlation between the myonectin levels and
insulin resistance index in the groups fed with
sucrose solution p=0.0001).

Table.2 Serum levels of variables after 8 weeks RT (mean ± SE)
C
L
H
SC
SL

SH

Insulin

7.38 ±2.78

5.69±2.66*

5.08±2.60*

20.91±5.64#

8.78±4.17*#

9.71±2.97*#

Glucose

5.03±0.40

5.58±0.79

5.48±0.66

6.98±1.20#

6.93±0.68 #

6.390.71#

HOMA-IR 1.64±0.61 1.37±0.56* 1.30±0.68* 6.51±2.11# 2.69±1.27*# 2.77±0.74*#
*p<0.05 main effect of resistance training; #p<0.05 main effect of sucrose. Control (C), Low
volume RT (L), High volume RT (H), Control+sucrose (SC), Low volume RT+ sucrose (SL),
High volume RT+sucrose (SH)
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Figure 2. Serum Myonectin levels (ng/ml) after 8 weeks of RT. mean ± E | *: p<0.05 RT
versus controls; #: p<0.05 sucrose fed versus normal fed; Control (C), Low volum RT
(L), High volum RT (H), Control+sucrose (SC), Low volume RT+ sucrose (SL), High
volume RT+sucrose (SH)

DISCUSSION
The results of the present study showed that
in the groups fed with sucrose solution, serum
myonectin levels were reduced compared to the
groups fed with normal diet. Myonectin is highly
dependent on food to the extent that it is referred
to as hormonal food (9). Myonectin also reduces

in obesity state. In the study conducted on rats
got fat with a normal diet compared with rats
with a low-fat diet, it was observed that
circulating levels of myonectin are significantly
less in obese rats (9). In the initial study of
Seldin et al., reduced levels of myonectin in rats
fed with a high-fat diet were considered due to
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reduced mRNA levels in skeletal muscle (9). In
the present study, myonectin levels in rats fed
with sucrose were lower than in rats fed with a
normal diet as well. However, a recent study by
Peterson et al. showed an increase in myonectin
circulation in obese Zucker rats (24). Since
Zucker rats are genetically deficient in leptin
receptor and show continually increased hyperleptinmy (increased levels of leptin), such effects
may be due to chronic stimulation of the muscle
cells by leptin. It was recently shown that leptin
acts on muscle cells to stimulate the myonectin
gene (25). However, leptin levels were not
measured in this study. On the other hand, it has
been observed that myonectin serum levels
remain unchanged in rats with calorie
restrictions (26).
This study showed that eight weeks of
resistance training—regardless of the volume of
training—significantly reduces myonectin levels
in all training groups fed with sucrose and
normal, compared to the control group. In 2012,
Seldin et al. investigated the expression and
systematic circulation of myonectin following
two weeks of treadmill-free exercise on male
rats model of C57BL/6; the results of this study
indicated the increased expression of myonectin
in muscle and also its increased serum levels (9),
which contradict the results of the present study.
In another study—in line with the results of this
study—rats model Zucker, both lean and obese,
exercised aerobic training for nine weeks and
five days a week on the animal treadmill. At the
end, the expression of the myonectin gene—
regardless of the state of obesity, both in lean
rats and obese rats—was significantly reduced
(6, 24).
One of the interesting points, which can be a
reason for these contradictions, is the training
period in these two studies. In the study of
Seldin et al. (27), the duration of training was
two weeks, which increased the myonectin
expression. But in the study of Peterson et al.
(25), the effect of long duration (nine weeks) on
myonectin was assessed for the first time, which
reduced the expression of myonectin. In the
present study, myonectin serum levels decreased
after eight weeks of resistance training in all rats,
including normal and those fed with sucrose.
Peterson et al. showed the reduction of
myonectin mRNA in Zucker rats after exercise

training (6). The weakness of the study of
Peterson et al. was the lack of measurement of
myonectin in serum samples: the authors
assumed that circulating myonectin levels can be
associated with its intra-muscular levels.
Myonectin plasma levels and insulin resistance
index were investigated in another study using
concurrent training on elderly women. In this
study, 40 elderly women, in different groups,
conducted concurrent training (endurance-power
or intermittent) for eight weeks and three
sessions per week. The results of this study
showed no significant difference in myonectin
and plasma insulin levels between training and
control groups (28). This means that exercise
training had no effect on the plasma myonectin.
However, the authors of this study reported that
insulin resistance index decreased significantly
in training groups.
Various myonectin changes by exercise
training in previous studies may be because of
differences in experimental animal models in
particular, or may be relevant due to differences
in the action of leptin and exercise type
(strength, endurance, combination and optional
running). Overall, the available results show that
the expression of myonectin may be regulated by
leptin, the secretion of which may also be
stimulated by nutritional status; as shown, it
decreases after exercise. Decreased myonectin
expression in the study of Peterson et al. may
reflect reduced leptin after training, though the
authors have not measured it. In total, there is
still no consensus in connection with myonectin
changes with diet and exercise, and more
research is required in this area.
The results of the present study also
suggested that insulin resistance in the groups
fed with sucrose solution was greater compared
to the groups fed with normal food. Also, the
insulin resistance index of the control groups
was higher compared with the training groups,
regardless of whether training volume and
resistance training reduced insulin resistance.
The results also showed that there is a significant
positive correlation between the serum levels of
myonectin and insulin resistance index in the
groups fed with sucrose solution. The impaired
secretion and action of myokines—like
myonectin—may
be
involved
in
the
development of insulin resistance. On the other
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hand, several studies have shown that insulin
resistance in skeletal muscle may alter the
expression and secretion of Myokines. This may
subsequently affect the metabolism of fat and
glucose in adipose tissue, leading to a vicious
cycle between impaired myokine production and
insulin resistance (8). Although muscles directly
increase GLUT4 transport and glycogen
synthesis in response to insulin, myokines affect
the metabolism of glucose and lipids in the
whole body, and the energy balance as well.
Also, as has been demonstrated, they act on the
adipose tissue, liver, pancreas and intestines (8).
Therefore, simultaneous increase of myonectin
and insulin resistance through feeding with
sucrose sucrose as well as a concurrent reduction
of myonectin and insulin resistance in this study
seems reasonable.
There is less information available from
studies on the effects of resistance training with
different amounts on insulin resistance and
myokine secretion (17, 18); researchers still have
not reached any consensus on this matter. For
example, it has been shown that various types of
myokines show different changes to resistance
training with different volumes; low volume in
some myokines and high volume in others may
cause changes or no changes in them (22). On
the other hand, it has been shown that highvolume and moderate-intensity exercise leads to
further reduction of insulin resistance (19),
which is not consistent with the present study.
This contradiction in results may be because of
the nutritional status of this study and exercise
duration. On the other hand, a study showed that
exercise at low to moderate intensity is more
effective, relative to the exercise with moderate
to high intensity (20), while another study
reported that high intensity exercise is more
effective to improve glycemic control (21). In
this respect, Gorge et al. (2011) also observed no
changes in HOMA-IR index after 12 weeks of
combined aerobic and resistance exercises (29).
This difference in results may reflect the
different methods used to assess sensitivity to
insulin. For example, researchers have suggested
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that glycemic–hyper-insulin clamping is more
sensitive in the function assessment of insulin
(29).
In the study of Stefano et al., it was
observed that a significant inverse relationship
between physical activity levels and insulin
resistance exists, in line with previous reports,
emphasizing the beneficial effects of exercise on
insulin sensitivity in different populations (30).
It has been shown that physical activity increases
the insulin sensitivity through changes in body
fat mass as well as through mechanisms
independent of fat mass loss, such as: Increasing
the transfer of GLUT4 and the subsequent use of
glucose in skeletal muscle, improving the
capacity of skeletal muscles for fat oxidation,
increasing fat transfer of muscle cells, and
reducing the amount of fat metabolites (30).

CONCLUSION
The results of the present study showed that
eight weeks of resistance training—regardless of
training volume—leads to reduced levels of
myonectin and insulin resistance in all training
groups. Hence, it seems that even low volume
resistance training can lead to almost similar
improvements in insulin resistance and serum
myonectin change. So, further research is
required in this area.

APPLICABLE REMARKS
 Resistance training regardless of
volume of training can improved
serum insulin levels and insulin
resistance index in both normal and
insulin resistance conditions, and
these improvements accompanied by
decline of serum myonectin levels.
 It seems that improvement of
metabolic condition would occur
even by low volume of resistance
training.
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