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ABSTRACT

Background: Type 2 Diabetes (T2D) in the elderly is an epidemic that significantly impacts global
health. This experimental study aimed to compare the responses of microRNA-133a (miR-133a) in

Article Type: :  different tissues and of Runt-related transcription factor 2 (Runx2) in bone marrow tissue following
:  resistance and endurance training in old rats with High-Fat Diet and Streptozotocin (HFD/STZ)-
Research Paper : induced type 2 diabetes.

Materials and Methods: T2D was induced by HFD/low-dose STZ in 30 male Wistar rats (21-month-
old, Mean+SD weight 418+43 g). The rats received HFD (55%, 31%, and 14% of energy from fat,

Article info: . carbohydrate, and protein, respectively; 5.2 kcal/g). The diets continued for eight weeks in both
Received: 05 May 2021 : groups. Over week four, the rats in the group with HFD/STZ-induced T2D received treatment with
Revised: 19 Jun 2021 low-dose STZ. After one week of familiarity with the laboratory environment, they were randomly

divided into three groups: Diabetic Endurance Training (DET, n=10), Diabetic Resistance Training
(DRT, n=10), and Diabetic Control (DC, n=10). The eight weeks of endurance training protocol
comprised five sessions of moderate-intensity training (60%-75% velocity at maximal oxygen uptake
(WO, ) and low intensity (30%-30% vVO,_ ). In 60% Maximum Voluntary Carrying Capacity
(MVCQC), the resistance group climbed the ladder 14-20 times with 1-minute rest, five days a week.
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Results: The results of the 1-way ANOVA test showed no significant change in serum miR-133
expression (P=0.411) and muscle tissue (P=0.077) following resistance and endurance training.
However, significant differences were observed in bone marrow miR-133 expression (P=0.003)
and Runx2 gene expression (P=0.002) between groups. Tukey’s post hoc tests showed that the bone
marrow miR-133 expression had a significant increase following eight weeks of resistance training
compared to the endurance training (P=0.006) and control (P=0.002) groups, and bone marrow Runx2
gene expression in rats exposed to resistance training compared to the endurance training (P=0.044)
and the control (P=0.018) groups.

Keywords: :
Exercise, MicroRNA, : Conclusion: It seems that longer periods of exercise are required for cellular changes in the metabolism
Diabetes mellitus, Aging ¢ of'these tissues after these exercise protocols. This topic should be studied in future research.
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Introduction

s a common chronic disease in the elderly

population, type 2 Diabetes (T2D) has a

major impact on global health [1]. T2D

has harmful effects on bone and increases

the risk of bone fractures [2]. Bone Mar-

row Stromal Cells (BMSCs) are critical
cells for tissue engineering and regenerative medicine
of various tissues because of their osteogenic differentia-
tion capacity [3].

Historically, the mechanical interaction between bone
and muscle has been well described, but in the last de-
cade, the concept of muscle-bone crosstalk has emerged.
Bone changes occurring due to alterations in muscle
mass have been mainly attributed to biomechanical
stimuli and compressive and tensile strengths applied to
the skeleton [4]. On the other hand, skeletal muscle is an
endocrine tissue capable of affecting metabolism in other
tissues and organs through the secretion of hormonal fac-
tors (myokines) [5].

Muscle-specific microRNAs (myomiRs) usually con-
trol the fate of myogenic precursors and muscle homeo-
stasis and regulate basic biological processes in muscles,
including muscle remodeling, metabolism, and recovery
[6, 7]. Previous studies documented the pivotal role of
myomiRs in bone remodeling and homeostasis and the
close association between impairment in some serum
myomiRs and bone diseases [8]. For example, Cao et
al. found an upregulation for miR-133a in circulating
monocytes extracted from patients with postmenopaus-
al osteoporosis [9]. MyomiRs are also involved in the
pathophysiology of T2D [10]. In addition, it has been
suggested that myomiRs could act as “endocrine signals”
during myogenesis [11]. In this regard, miR-133a has
been shown to play an essential role in fracture healing
inhibiting through targeting Runt-related transcription
factor 2 (Runx?2) and several other molecules involved in
osteoblastic differentiation and bone formation. Runx2,
as a core-binding factor, is a specific transcription factor
to regulate the differentiation of mesenchymal stem cells
into osteoblasts. On the other hand, miR-133a in BMSCs
reportedly inhibits bone resorption [12].

Further increase in muscle strength with resistance
training helps older people improve sedentary life more
effectively, which is a risk factor for T2D, possibly due
to increased mitochondrial fatty acid B-oxidation. In ad-
dition, resistance training has improved hemoglobin Alc
levels in the elderly [13].

Research in Molecular Medicine

Scientific research has shown that physical activity af-
fects many molecular and cellular processes. Numerous
factors such as mode, intensity, and duration of exercise
training may affect the response of bone hemostasis in-
dicators to exercise interventions [14].

We hypothesized that after endurance and resistance
training, myomiRs could act as an endocrine factor and
affect biomarkers of differentiation of bone marrow stem
cells through blood circulation. Thus, the present study
aimed to compare the response of miR-133a and Runx2
following resistance and endurance training in old rats
with a High-Fat Diet and Streptozotocin (HFD/STZ)-
induced type 2 diabetes.

Materials and Methods

This study was approved by the Local Ethics Commit-
tee for Laboratory Animals of Shahrekord University
(Shahrekord City, Iran).

All procedures were performed according to the rel-
evant instructions and regulations. This study was con-
ducted according to ARRIVE guidelines (Animal Re-
search: Reporting of In Vivo Experiments) [15] for the
care and use of research animals.

The research units were 30 male Wistar rats (21-month-
old) purchased from Pasteur Institute of Iran (Karaj City,
Iran), which were transferred to the laboratory animal
housing of Shahrekord University to adapt to the Lab envi-
ronment. The animals were kept at 22+3°C under a 12/12
h light/dark cycle with free access to rat feed and water.
After one week of familiarity with the laboratory environ-
ment, the rats were randomly assigned to three groups:
Diabetic Endurance Training (DET, n=10), Diabetic Resis-
tance Training (DRT, n=10), and Diabetic Control (DC,
n=10). Then, they did strength and endurance training
protocols five sessions a week for eight weeks. Due to
the adaptation of animals to training, they were tested for
Maximum Voluntary Carrying Capacity (MVCC) once at
the end of every four weeks. Endurance exercise intensity
was determined based on a new exhaust test, the veloc-
ity at maximal oxygen uptake (vVO, ) [16]. Next, 72
hours after the last training session, the animals were anes-
thetized by ketamine/xylazine combination for surgery,
tissue extraction, and cellular-molecular tests and finally
were dissected. It should be noted that seven rats failed
to continue training during the study for various reasons,
including failure to perform exercises properly or injury
and illness. In the end, the animals were reduced to 7 in
the endurance training group, 8 in the resistance training
group, and 8 in the control group (Figure 1).
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HFD/STZ-induced T2D

T2D was induced by HFD/low-dose STZ (manufac-
tured by the Sigma Company) based on the protocol
proposed by Zhang et al. [17] and Liu et al. [18]. The
rats in the HFD group received 55%, 31%, and 14% of
energy from fat, carbohydrate, and protein, respectively;
5.2 kcal/g. The diets continued for eight weeks for three
groups. Over week four, the rats in the group with HFD/
STZ-induced T2D received treatment with low-dose
STZ (Sigma-Aldrich, St Louis, MO, USA). All rats re-
ceived an intraperitoneal injection of low-dose STZ (30
mg/kg, dissolved in 0.1 M sodium citrate buffer at pH
4.4). One week later, blood glucose tests were prepared
using a blood glucometer. The animals with blood glu-
cose levels lower than 16.7 mmol/L received a second
injection of STZ (30 mg/kg). These diets continued after
injections. Four weeks after the injections, the animals
with blood glucose concentrations over 16.7 mmol/L
were regarded to have diabetes and chosen for more ex-
aminations [3, 19].

Determining velocity at maximal oxygen uptake
(vVO

Zmax)

The rodent treadmill was used to evaluate vVO,
through ten 3-min stages of running the experiment. Ac-
cording to Leandro et al., the initial running speed test
was 0.3 km/h, and a 0.3 km/h increase in the speed was
considered in each 3-min period (with a slope of 0%).
When the rats could not keep running, the vVO,  was
taken into account [20].

23-month-old Injection of STZ (30
Wistar rats mg/kg, IP)

Familiarization by
new
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Identifying Maximal Voluntary Carrying Capacity
MvCQ)

The familiarization of the rats was first carried out us-
ing a vertical climbing model (110 cm, 2-cm grid, 850
of inclination) with no overloads [21]. Overall, 72 h after
the final session on familiarizing the rats, each animal re-
ceived a test to assess Maximal Voluntary Carrying Ca-
pacity (MVCC). Regarding the primary climb, each rat
was loaded 75% of its body weight carried to the top of
the ladder (that is, the house chamber), and the rats could
take a rest for a 120-s interval. Then, some weight incre-
ments of 30 g were added until the rats could not reach the
top of the ladder because of the loads. This process was
repeated until the animals failed in climbing the complete
length of the ladder on three successive voluntary efforts.
Besides, MVCC indicated the highest load, carried across
the total length of the ladder successfully [21].

Resistance and endurance training protocols

The rats in the resistance training group performed
a moderate-intensity ladder-based resistance training
model to be familiarized with performing the training
protocol for one week. After the last adaptation ses-
sion, the MVCC test was taken from the animals, and
MVCC was defined as the highest successfully carried
weight [22]. According to the adaptation of animals to
exercise at the end of the fourth week, the MVCC test
was taken from the animals, and their exercise inten-
sity was determined based on the new test [16, 23]. The
moderate-intensity resistance training protocol consist-
ed of climbing a special training ladder (110 cm long,
80° slope, 26 steps, and 2-cm space between each step)
for eight weeks, five days a week. The moderate-in-
tensity resistance training was performed with 60% of
MVCC and 14-20 times climbing the ladder [16, 23].

—

week), treadmill and -Treadmill training: 5 d/wk
resistance training (1 -Resistance training: 5 d/wk
week)

Laboratory
‘maintenance without
intervention

HFD (55% energy from fats, 31% from carbohydrate, and 14% from protein)

| ‘Weekly blood glucose measurements |

E 5

| Sacrifice and blood sampling: 72 hours after last session |

. N

-Aortic tissue extraction for molecular and histological measurements

-Blood samples were taken for biochemical measurements

Figure 1. Study design
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The animals in the endurance training group were in-
troduced to the treadmill and how to run on it for a week.
After 48 hours of rest from the last familiarization ses-
sion, exhaustive testing was taken from the animals to
determine exercise intensity [20]. The rodent treadmill
was used to evaluate vVO,  through ten 3-min stages
of running the experiment. According to Leandro et al.,
the initial running speed test was 0.3 km/h, and a 0.3
km/h increase in the speed was considered in each 3-min
period (with a slope of 0%). When the rats could not
keep running, the vVO,  was taken into account [20].

2max

During the eight weeks of training, the animals were
exposed to endurance training programs. The intensity of
endurance training was then calculated by vVO, . At
the beginning of ET, the animals were trained at 40%-
50% vVO, _  for 5 minutes and a 0% slope to warm up.
Endurance training protocol included frequent sessions of
high-intensity training as well as low-intensity training, 2
minutes of running with 60% vVO,__ in the first week,
65% vVO,  in the second week, 70% vVO,  in the
third week, and finally 75% vVO,__ in the fourth week
until the end of training time. In addition, low-intensity
competitions included a 2-minute run with 40% vVO,
from the first week to the end of the third week and 30%
vVO, from the beginning of the fourth week to the end
of the eighth week. Finally, the number of high-intensity
intervals increases from two to eight repetitions from the
first week to the end of the eighth week [24].

Plasma glucose and insulin measurements

Blood glucose was determined by a glucometer (Ger-
many) and enzyme-linked immunosorbent assay (ELISA)
(Pars Azmoon, Cat. No: 5825; Tehran, Iran), with a sensi-
tivity of 0.1 mg/dL in the tail-vein blood sample. After the
induction of T2D with HFD/STZ, the measurement of the
blood glucose levels was carried out to evaluate the start of
hyperglycemic conditions (FBG>200 mg/dL). The measure-
ment of the plasma insulin levels also took place through an
ELISA kit (Monobind Co., Cat No: 5825-300; California,
The USA) in animals subjected to fasting for 4 h.

RNA extraction

To this end, 72 hours after the last training session, the
rats were anesthetized by intraperitoneal injection of ket-
amine (30 to 50 mg/kg) and xylazine (10 mg/kg). Then,
bone marrow samples from the tibia and muscle tissue
from Flexor Hallucis Longus (FHL) were harvested and
collected into RNase-free microtubes. Finally, the sam-
ples were frozen in a nitrogen tank at -80°C and trans-
ferred to the laboratory [25].

Research in Molecular Medicine

Total Ribonucleic Acid (RNA) (here mRNA), as well
as microRNA (miRNA), from FHL muscle and Bone
Marrow (BM) via RNX-Plus solution kit (CinnaGen,
Iran, Cat. No: RN7713C) and miR kit-amp Pars Genome
(Pars Genome Company, Iran) were assessed according
to the protocols provided by the manufacturers. A260 /
A280>2.0,A260/ A230> 1.8, NanoDrop 1000 (Thermo
Scientific, Wilmington DE 19810 USA) were also used
to measure the content and purity of RNA samples. In
addition, integrity was determined using Ethidium Bro-
mide (EtBr)-agarose gel electrophoresis (Biotium, Hay-
ward, California, USA).

c¢DNA synthesis

RNA (5-10 pg) or mRNA (10-500 ng) transcription
into complementary DNA (cDNA) was also done em-
ploying the RevertAid M-MuLV Reverse Transcriptase
(M-MuLV RT) (1 pL) (Fermentas, GmbH, Germany),
Deoxyribonuclease I (DNase I) (1 puL) (Thermo Scien-
tific Co., Cat number: 89836), random hexamer prim-
ers (1 puL) (Thermo Scientific Co., Cat number: SO142),
deoxynucleoside triphosphate (AINTP) (Thermo Scien-
tific Co., Cat number: R0191) (2 pL), and RiboLock
RNase inhibitor (Thermo Scientific Co., Cat number:
N8080119) (0.25 pL) for 10 min at 25°C, followed by
60 min at 42°C in a final volume of 20 pL. The reaction
was then halted for 5 minutes by raising the temperature
to 70°C. In addition, cDNA synthesis in miRNA sam-
ples was performed based on the miR-amp kit (Cat No.
00101005, ParsGenome, Iran).

Real-Time Polymerase Chain Reaction (RT-PCR) was
performed using the SYBR Green RT-PCR master mix
kit (Qiagen, GmbH, Germany, Cat Number: 204052) to
quantify mRNA. The expression of miRNA and mRNA
was also normalized to the housekeeping gene Glycer-
aldehyde-3-Phosphate Dehydrogenase (GAPDH). The
sequence of mRNA-specific primers and miRNAs is
shown in Table 1. The RT-PCR protocol was performed
in three versions on the Corbett RT-PCR (Rotor Gene-
3000 Thermo Cycler) following a three-step program:

First, the samples were denatured at 95°C for 10 min-
utes. The amplification program was then completed in
three steps (starting at 95°C for 15 s, then at 60°C for 30
s, and finally at 72°C for another 30 s). This procedure
was generally repeated 40 times. In the end, the melting
curve was analyzed in a cycle at a temperature between
72°C and 95°C (transfer rate at 1°C for 5 s).

Following the 2-AACT method, the relative gene ex-
pression for each gene was initially determined according

Res Mol Med, 2021; 9(3):163-172
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to its threshold cycle (CT). Then their CTs were compared
to that of the GAPDH as the housekeeping gene [26].

Statistical analysis

The statistical analyses were performed using the SPSS
software v. 21. Data normality was assessed by the Kol-
mogorov-Smirnov test, and homogeneity of variance
was determined by Mauchly’s sphericity test. For data
with normal distribution, significant differences in lev-
els between the three groups were investigated by 1-way
analysis of variance (ANOVA), and the between-group
differences were determined by Tukey’s post hoc test.
The significance level was set at P<0.05.

Results

The results of the 1-way ANOVA test showed a signifi-
cant difference between groups in blood glucose changes
(P=0.002). But there were no significant differences in
body mass (P=0.251) and insulin changes (P=0.121).
Tukey’s post hoc test for glucose changes showed a sig-
nificant decrease in DRT (P=0.009) and DET (P=0.012)
groups compared to the DC group. There were no sig-
nificant differences between resistance training and en-
durance training groups (P=0.656) (Table 1).

The results of the 1-way ANOVA test showed no sig-
nificant change in serum miR-133 expression (P=0.411)
and skeletal muscle tissue (P=0.077) following DRT and
DET. However, significant differences were observed in
bone marrow miR-133 expression (P=0.003) and Runx2
gene expression (P=0.002) between groups. Tukey’s post
hoc tests showed that the bone marrow miR-133 expres-
sion had a significant increase following eight weeks of
DRT compared to the DET (P=0.006) and DC (P=0.002)

Research in Molecular Medicine

groups, and bone marrow Runx2 gene expression in rats
exposed to DRT compared to the DET (P=0.044) and the
DC (P=0.018) groups (Figure 2).

Discussion

Understanding the expression of miR-133 in serum,
skeletal muscle, and bone marrow tissues and the Runx2
signaling and responses to various exercise protocols
has become part of extensive research in old diabetic
animals. Based on the literature review, no studies have
evaluated the miRNA profile after endurance/resistance
training to date. We were the first researchers who inves-
tigated the effects of chronic endurance/resistance train-
ing on the miR-133 profile of different tissues.

In the present study, we evaluated the effects of endur-
ance and resistance training on miR-133 in serum, skel-
etal muscle, and bone marrow tissues and Runx?2 signal-
ing in bone marrow tissue of male Wistar rats with HFD/
STZ-induced T2D. All data confirmed that daily food
intake did not differ between groups. Due to the high
risk of life-threatening T2D in elderly patients, exercise
training has always been challenging to treat osteosarco-
penia. Exercise training as a safe method can compen-
sate for age-related bone and muscle disorders such as
osteoporosis and sarcopenia [27].

The results indicated no significant changes in serum
and skeletal muscle miR-133a expression following two
exercise training protocols, but a considerable increase
was observed in bone marrow miR-133a expression.
One of the possible reasons for insignificant differences
in the variables of the present study can be attributed to
the short duration of the study. Most studies observing
changes in variables lasted between 18 and 208 weeks

Table 1. Changes in weight, glucose, and insulin of diabetic rats after 8 weeks of resistance training

MeantSD
Variables Time Groups P
RT ET DC
Pre-test 438.00+54.41 415.00+£30.02 422.40+72.98
Weight (g) 0.251
Post-test 395.20+43.45 373.80£37.29 378.00+£99.58
Pre-test 458.83+102.99 358.55+64.18 376.80+107.98
Glucose (mg/dL) 0.002"
Post-test 371.25+85.64 281.73458.30 362.541£67.92
Insulin (ng/mL) Post-test 0.53+0.60 0.53+0.58 0.22+0.18 0.121

DC: Diabetic Control; DET: Diabetic+Endurance Training; DRT: Diabetic+Resistance Training.

"Significant change compared to the control group.

Res Mol Med, 2021; 9(3):163-172
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Figure 2. Changes in miR-133 expression level in serum, bone, and muscle tissues and in Runx2 expression level in bone tissue

of diabetic rats after 8 weeks of resistance training

* Significant change compared to the control group. # Significant change compared to the endurance training group.
DC: Diabetic Control; DET: Diabetic+Endurance Training; DRT: Diabetic+Resistance Training; GAPDH: Glyceraldehyde-3-Phosphate

Dehydrogenase); Runx2: Runt-related transcription factor 2

[28], and even this response in older people needed more
time than in young and adult people [29].

The miRNAs, which are expressed in various tissues
and are highly stable, have been suggested as potential
new biomarkers of sports-specific responses. In our
study, bone marrow myomiRs-133a showed dynamic
changes in response to resistance training, whereas se-
rum and muscle miR-133a did not respond to these
exercise protocols. Such differential changes for these
myomiRs in serum/muscle/bone marrow tissues may
indicate varying degrees of muscle fiber involvement or
stress/adaptation in response to resistance training com-
pared with endurance training [30].

The present study aimed to investigate whether miR-
133a correlates with response to resistance/endurance
training. The miR-133a is a key mediator in response
to acute and chronic exercise. We found that the bone
marrow miR-133a gene expression relative to muscle
and serum tissues, as well as osteoblastic differentiation
such as Runx?2, differed significantly between the resis-

tance and endurance training groups studied after eight
weeks. The very low responses of miR-133a expres-
sion to endurance training are not surprising. However,
several explanations may exist. A potential explanation
could be the selective release of miR-133a by skeletal
muscles, bone marrow, and serum in response to various
exercise protocols [31]. Thus, unchanged expression of
this microRNA in tissues undergoing endurance training
may be partly due to the limited release of miR-133a by
skeletal muscles and bone marrow in response to endur-
ance training. Second, our analysis suggested that some
myomiRs may play a role in muscle phenotypic changes
and express intergroup changes in response to exercise
training. Previous studies have evaluated the response
to different exercise training of some myomiRs and mi-
croRNAs in the fine-tuning regulation of osteogenesis
(osteomiRs) similar to the present study. These results
are inconsistent with published studies and suggest
that some of these osteomiRs [32] and myomiRs have
changed in response to physical activities.

Res Mol Med, 2021; 9(3):163-172
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According to the present study’s findings, endurance
training did not improve serum/skeletal muscle/bone
marrow miR-133a contents compared to other groups.
The skeletal muscle levels of myomiRs-133a also ex-
perienced dynamic alterations in reaction to resistance
training, whereas the serum/skeletal muscle/bone mar-
row miR-133a showed no responses to other treatments.
These differential alterations in such myomiRs in muscle
tissues could show various degrees of recruiting muscle
fibers or stress/adaptation in reaction to resistance train-
ing compared with endurance training [30].

Of note, miR-133a is a crucial mediator of acute and
chronic exercise responses. In this study, it was observed
that gene expression of miR-133a in muscles, as well
as osteoblast differentiation biomarkers such as Runx2,
were significantly different between the resistance train-
ing group after eight weeks. The very low responses of
serum/bone marrow miR-133a expression to endurance
training were not surprising. However, there are several
possible explanations, including the short study duration
and the age of the rats.

These differential alterations experienced by the myo-
miRs in skeletal muscle tissues can show various levels
of recruiting muscle fibers or stress/adaptation in reaction
to resistance training compared with endurance training
[30]. According to the primary hypothesis in this study,
several circulating miRNAs, in particular myomiR-133a,
were highly responsive to resistance training due to re-
cruiting skeletal muscle over resistance training. Never-
theless, the analyses did not indicate any alterations in the
mirR-133a levels of serum/skeletal muscle/bone marrow
following endurance training. Accordingly, no secretion
of muscle-specific miRNAs can be assumed into the
blood through passive transport. In contrast, several miR-
NAs can have the potential of selective release, exerting
the desired roles in different tissues or cells [33].

Another potential explanation could be the limited re-
lease of miR-133a by the skeletal muscle and the bone
marrow to the serum in response to different exercise
training [34, 35]. Thus, the unchanged expression of
these microRNA in tissues with endurance training may
be partly due to the limited release of miR-133a by the
skeletal muscle and bone marrow tissues in response to
the mentioned treatments. Thirdly, the analyses indi-
cated that some myomiRs could conceivably play a part
in the phenotypic changes of skeletal muscle and bone
marrow and lead to pronounced intergroup variations in
the endurance training response [36]. Previous studies
have further evaluated the response to different types of
endurance training in some of the same myomiRs and

Res Mol Med, 2021; 9(3):163-172
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osteomiRs in the present study. These results did not
correspond to the reports in the related studies, indicat-
ing that some of these ostemiRs [32, 37] and myomiRs
[37-39] have changed in reaction to endurance training
regimes skeletal muscle and bone marrow. Likewise,
Nielsen et al. reported that 12 weeks of endurance train-
ing had decreased the miR-133a expression [38].

Another possible explanation was that endurance train-
ing regimens might reduce age-related differences in
miRNA expression in skeletal muscle and bone marrow.
However, adaptations due to muscle contraction in gene
expression may differ between young and old animals
[40, 41]. The altered gene expression pattern induced by
endurance training regimens in old age does not improve
miRNA expression in skeletal muscle and bone marrow.
However, evidence suggests that muscles and bones are
reactive as mechanical tissues [42]. Younger animals ap-
pear to be more mechanically responsive to myogenic
and osteogenic signals, hormones, growth factors, and
cytokines than older animals [43, 44].

It was also hypothesized that myomiRs might differ-
entiate osteoblastic BMSCs in response to eight weeks
of HFD/STZ-induced T2D endurance training. In addi-
tion, myomiRs isolated from skeletal muscle specimens
may be involved in bone and muscle health benefits.
More recently, experiments have shown possible pat-
terns in cell-cell communication, where myomiRs may
mediate cellular-molecular signaling in target cells simi-
lar to hormonal and myokine signaling [11, 45]. As the
researchers found, myomiRs can be vital mediators of
bone health, and exercise techniques may be responsible
for cellular communication [46, 47].

Conclusion

In this study, resistance training exhibited higher os-
teogenic potential due to increased Runx2 expression.
Thus, it could be concluded that resistance exercise has
more potential for osteogenesis. But, cellular changes in
the metabolism of these tissues after these exercises re-
quire longer periods of exercise, which should be studied
in future research. However, some limitations should be
noted about the present study. The method used in our
study can only analyze a small number of myomiRs and
osteomiRs expressed in FHL muscle and tibial-derived
bone marrow, respectively. It means that we could not
use other genome-wide association studies (such as se-
quencing and microarray). In addition, only older rats
were examined for different physical training protocols.
Future research should compare the effects of these pro-
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tocols on the expression of myomiRs and osteomiRs and
their association between young and old animals.
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