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The purpose of the study was to summarize new
literature data on the effect of physical activity on the
secretory function of skeletal muscles and their rela-
tionship with organs.

Materials and methods. Analytical methods were
used in the study. The search for scientific information
was carried out in databases of search systems.

Results. Muscles secrete proteins called myok-
ines, which are involved in a variety of processes by
interacting with tissues. Current research has shown
that exercise, by stimulating the skeletal muscle sys-
tem in vivo, leads to the release of myokines and
causes several effects that explain the positive effect
of exercise in the treatment of several diseases of the
musculoskeletal system.

Skeletal muscles synthesize and secrete a wide
range of myokines that contribute to various func-
tions in organs, including the brain. Recent publica-
tions have focused much attention on one such myo-
kine, the recently discovered protein irisin, which is
secreted into the bloodstream from skeletal muscle
during exercise from the membrane-bound precursor
fibronectin type lll. Irisin promotes metabolic process-
es such as glucose homeostasis and the darkening
of white adipose tissue. Irisin also crosses the blood-
brain barrier and initiates a neuroprotective genetic
program in the hippocampus, which culminates in
increased expression of brain-derived neurotrophic
factors. Most studies report that irisin concentration
is closely related to health status. For example, irisin
levels are significantly lower in patients with obesity,
osteoporosis/fracture, muscular atrophy, Alzheimer’s
disease, and cardiovascular disease.

Over the past decade, several myokines have
been discovered, expanding our understanding of
how muscles interact with other organs. In recent
publications, a lot of attention is paid to the recently
discovered protein irisin, which contributes to met-
abolic processes. A series of studies on irisin have
provided new insights into the mechanisms of exer-
cise to improve bone density, counteract cartilage
degeneration, and maintain overall joint environmen-
tal homeostasis. These studies further contribute to
the understanding of the role of exercise in the fight
against osteoarthritis and may provide important

assistance in advancing the prevention and treatment
of this common disease.

Research on the exercise-induced muscle factor
irisin will help to better understand and explain the
beneficial effects of exercise on maintaining physi-
cal health, especially in the fight against aging and
age-related degenerative changes.

Conclusion. Thus, exercise-induced stimulation
of bioactive cytokines increases muscle anabolism,
bone formation, mitochondrial biogenesis, glucose
utilization, and fatty acid oxidation, and reduces
chronic inflammation.

Keywords: skeletal muscles, myokines, pro-
tein irisin, bone density, environmental homeostasis,
age-related degenerative changes.

Introduction. The skeletal muscle is the larg-
est organ of the body. Skeletal muscles are primarily
characterized by their mechanical activity required for
posture, movement, and respiration, which depend
on the contractions of the muscle fibers. However,
skeletal muscle is not just a component of the mus-
culoskeletal system. During the last decade, skele-
tal muscle has been identified as a secretory organ.
Muscles have been shown to secrete proteins called
myokines that are involved in a variety of processes
by interacting with other tissues. Current research has
shown that exercises can stimulate the skeletal mus-
cle system in vivo, inducing the release of myokines,
and generating new insights to explain the beneficial
effects of exercise in the treatment of several muscu-
loskeletal disorders.

Exercise is known to have a beneficial effect on
improving metabolic disorders, and a combined ther-
apeutic regimen of regular exercise and drug treat-
ment is often recommended. The biology of exercise
is complex and involves various metabolic and mo-
lecular changes that lead to changes in substrate uti-
lization, enzyme activation, and conversely, improved
physical performance. Over the past few decades,
several myokines have been discovered, such as in-
terleukin-6, irisin, myostatin, interleukin-15, brain-de-
rived neurotrophic factor, B-aminoisobutyric acid,
leukemia-inhibiting meteorin-like factor, and secret-
ed protein. acidic and rich in cysteine, according to
secretome analysis. The existence of myokines has
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expanded the understanding of how muscles interact
with other organs, such as bones and brain, adipose
tissue, and the liver, to exert the beneficial effects of
exercise at a whole-body level [1].

As an endocrine organ, skeletal muscle synthe-
sizes and secretes a wide range of myokines that
contribute to various functions in various organs, in-
cluding the brain. Much attention has been paid in re-
cent publications to myosin, the recently discovered
protein irisin, which is secreted into the bloodstream
from skeletal muscle during exercise from its mem-
brane-bound precursor type Il fibronectin [2]. Irisin
promotes metabolic processes such as glucose ho-
meostasis and white adipose tissue darkening. Irisin
also crosses the blood-brain barrier and initiates a
neuroprotective genetic program in the hippocampus,
which culminates in increased expression of brain-de-
rived neurotrophic factors. Most studies report that iri-
sin concentration is closely related to health status.
For example, irisin levels are significantly lower in
patients with obesity, osteoporosis/fractures, muscle
atrophy, Alzheimer’s disease, and cardiovascular dis-
ease [3].

Many authors provide a significant role in the ef-
fect of irisin on bone metabolism, namely, the role of
irisin in the regulation of bone mineral density, and
bone metabolism, as well as its role in homeostasis
and metabolism of chondrocytes is considered. A se-
ries of studies on irisin have provided new insights
into the mechanisms of exercise to improve bone
density, counteract cartilage degeneration, and main-
tain overall joint environmental homeostasis. These
studies further contribute to understanding the role
of exercise in the fight against osteoarthritis and may
provide important assistance in advancing the pre-
vention and treatment of such a common disease as
osteoarthritis [4, 5].

The purpose of the study was to summarize
new literature data on the effect of physical activity
on the secretory function of skeletal muscles and their
relationship with other organs.

Materials and methods. Analytical and bibliose-
mantic methods were used in the study. The search
for scientific information was carried out in databases
of electronic search systems.

Research results and discussion. It is known
that skeletal muscles and bones are related ana-
tomically and physiologically and play a crucial role
in human locomotion and metabolism. Historically,
the relationship between muscle and bone has been
viewed in light of mechanotransduction, which dic-
tates that mechanical forces applied to muscle are
transferred to the skeleton to initiate bone formation.
However, these organs also interact through an endo-
crine system driven by a family of cytokines, namely
myokines (derived from myocytes) and osteokines
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(derived from bone cells). A third player in this bio-
chemical crosstalk is adipose tissue and the secretion
of adipokines (derived from adipocytes) [6].

Myokines, osteokines, and adipokines have local
autocrine/paracrine effects, as well as through the en-
docrine system, regulating muscle, bone, and fat me-
tabolism. Decreased physical activity and increased
energy intake associated with aging lead to adipocyte
hypertrophy and the involvement of immunological
cells (macrophages). In turn, a decrease in physical
activity releases pro-inflammatory adipokines, which
cause chronic mild inflammation, a key link in the pa-
thology of several diseases [7].

One of the chronic degenerative diseases of the
musculoskeletal system is osteoarthritis (OA), which
is characterized by pathological changes in articular
structures, the frequency of this pathology increas-
es with age. According to incomplete statistics, OA
affects about 240 million people worldwide, which is
about 3.8% of the total world population. The preva-
lence of OA is significantly higher among the elderly,
and this prevalence among adults over 65 years of
age is more than 1/3 of the general population [8, 9].
Its prevalence is expected to continue to rise signifi-
cantly in the future, along with an aging population.
OA has become a global public health problem.

Exercise is considered a key factor in the treat-
ment of OA and is central to non-drug management.
Physical activity is based on skeletal muscle activi-
ty, so exercise therapy may be effective in reducing
pain associated with OA, improving physical function,
and significantly reducing the risk of disability in OA.
Remarkably, age does not seem to affect the bene-
fits of exercise, and the improvement in joint function
after exercise is similar in older and younger adults.
In addition, exercise has been shown to delay skel-
etal sarcopenia and osteopenia and reduce the risk
of diseases such as mechanical arthritis of the knee
and hip that accompanies muscle loss [10]. Thus, ex-
ercise deserves further attention as a relatively safe
treatment modality [11], but the mechanisms that
modulate OA with exercise are still unclear.

Most studies have concluded that moderate-in-
tensity resistance exercise significantly increases iri-
sin levels [12]. However, different types of exercise
showed very different effects on irisin induction. In a
recent study, a resistance training experiment was
designed for rats on a high-fat diet. After 12 weeks
of training, in training rats, serum levels of total cho-
lesterol and triglycerides decreased, and serum irisin
concentrations increased. The authors suggested
that the increased level of irisin in the blood serum
of rats is associated with muscle contraction during
exercise [13]. In a 2019 mouse experiment, exer-
cise-induced irisin had an antioxidant stress effect
and reduced smoking-induced emphysema [14].
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It has recently been demonstrated that various types
of exercise, including aerobic exercise, resistance
and vibration exercise, and skeletal muscle electrical
stimulation, increased irisin expression in the mouse
myocardium. This resulted in the stimulation of mito-
chondrial phagocytosis, increased antioxidant func-
tion, and thus improved cardiac function with a more
significant effect from resistance exercise. Resistance
exercise plays an important role in increasing the se-
rum concentration of irisin [15]. In addition, the study
compared serum irisin levels at different stages of
exercise in subjects with different levels of fitness in
two different forms of exercise, cycling and sprinting,
in detail. The researchers found that irisin expression
was independent of the type of intense exercise and
training status of the subjects, but that running caused
a more sustained increase in irisin compared to cy-
cling. The difference in the duration of irisin activa-
tion may be related to the higher rate of fat oxidation
during running compared to cycling at the same rela-
tive intensity. A recent study reported that 35 minutes
of high-intensity interval training during aerobic exer-
cise induced a higher peak response to serum irisin
in healthy adolescents compared to moderate, con-
tinuous-intensity exercise. High-intensity exercise in-
duced a higher peak serum irisin response in healthy
adolescents compared to moderate continuous exer-
cise, while irisin induction was not evident with exer-
cise in obese or overweight adolescents. Differences
in the rate of fat oxidation provide a possible expla-
nation for differences in irisin expression in different
forms of exercise [16].

However, not all results of irisin modulation
during exercise are consistent. Some studies have
shown that chronic resistance training significantly re-
duced blood concentrations of irisin in a randomized
controlled trial and that irisin also tended to decrease
with endurance exercise. In the published literature,
exercises that cause a decrease in serum irisin lev-
els have included high-intensity circuit training, mixed
physical training, intermittent sprint training, indoor
aerobic training, and high-altitude mountaineering
[17]. In addition, even in studies that report an in-
crease in irisin levels after training, the timing of the
increase in irisin levels is different. Additional research
indicates that irisin activation occurs immediately after
exercise. It has also been reported that the increase
in irisin levels induced by short-term exercise in sub-
cutaneous and visceral adipose tissue could persist
for 1 week after exercise was stopped, and gradually
returned to normal levels only 3 weeks after exercise
was stopped.

Other authors have shown that cold environ-
ments can induce muscle tremors, which produce
an irisin-raising effect similar to exercise. The study
examined changes in serum irisin concentration after

swimming in cold water. Interestingly, when cold was
combined with exercise, winter swimmers unexpect-
edly experienced a significant decrease in serum lev-
els of irisin [18], possibly due to different tissue sourc-
es and the metabolic environment of irisin. In addi-
tion, physical exercise does not always play a positive
role in the metabolic processes of the body and may
cause increased expression of some inflammatory
factors. Excessive exercise has been shown to cause
the activation of inflammatory factors [19].

However, despite some controversy, the posi-
tive role of irisin in the regulation of exercise-induced
metabolism is generally recognized. Interesting data
were presented by several authors on the relationship
between irisin and aging. It has been shown that ex-
ercise-induced expression of irisin is associated with
resistance to aging. A rat study compared the effects
of age and exercise on irisin levels in rat heart, liver,
and plasma samples. The results showed that aging
reduces the level of irisin in the above tissues. Regu-
lar exercise increased irisin expression in all analyzed
tissues compared to a sedentary lifestyle [19]. Recent
studies have also shown that irisin is associated with
improved neurocognitive function in the elderly and
plays a key role in the stimulatory effects of exercise
on learning and memory [20].

Thus, irisin has been proven to play a role in sev-
eral diseases associated with aging. Aging can cause
a decrease in the ability of articular cartilage cells to
repair, destabilize the cartilage extracellular matrix,
and stimulate its degradation. At the same time, iri-
sin causes bone remodeling in the subchondral bone,
causing changes in the mechanical stress of the joint,
while stopping the progression of osteoarthritis.

Another study showed that irisin enhances the ac-
tion of the antioxidant enzyme superoxide dismutase.
Exogenous irisin suppresses the expression of apop-
totic proteins in the postischemic myocardium and in-
hibits inflammation markers in it. Irisin also supported
exercise-induced selective autophagy, and irisin ex-
pression correlated with the expression of markers
of mitochondrial division and mitochondrial phagocy-
tosis in myotubes [21]. Molecular experiments have
shown that irisin also regulates telomerase activity
by inhibiting phosphorylation and increasing telo-
merase activity in senescent hepatocytes, activat-
ing autophagy and improving mitochondrial function
[22]. A similar association has been demonstrated in
articular chondrocytes. In chondrocytes cultured in
three dimensions in vitro, treatment with p-irisin sig-
nificantly reduced phosphorylation levels while sig-
nificantly reducing inflammatory markers by inhibiting
chondrocyte catabolism via extracellular mechanisms
[23]. Therefore, irisin promotes a protective effect on
chondrocyte mitochondria, increasing chondrocyte
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survival in an inflammatory environment and promot-
ing anabolism.

Conclusion. Exercise-induced stimulation of bio-
active cytokines increases muscle anabolism, bone
formation, mitochondrial biogenesis, glucose utiliza-
tion, and fatty acid oxidation, and reduces chronic in-
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Perspectives of further research. Research on
the exercise-induced muscle factor irisin will help to
better understand and explain the beneficial effects of
exercise on maintaining physical health, especially in
the fight against aging and age-related degenerative
changes.
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BMINB ®I3UYHOI AKTUBHOCTI HA CEKPETOPHY ®YHKUIIO M’A3IB

| KICTKOBOI TKAHWUHM NIOOUHN

Tpaeepce I'. M., Nlopowko B. I., JaHunb4yeHko C. I.

Pe3tome. Memoro pocnigkeHHs 6yno ysaranbHEHHS HOBUX NiTepaTypHUX AaHUX NPO BMMMB (i3NyHOI
aKTUBHOCTI Ha CEKPETOPHY (PYHKLIIO CKeNeTHNX M’S3iB Ta 1i 3B’A30K 3 iHLLUMMW OpraHamu.

Mamepianu i Memodu. Y gocnigXeHHi BUKOPUCTAHO aHaniTu4HMiA Ta 6ibniocemaHTuyHmm metogu. MNMowyk
HayKoBOI iHpopMaLii 3giicHioBaBcs B 6a3ax AaHMX €NTEKTPOHHMX MOLLYKOBUX CUCTEM.

Pesynbmamu. Cy4yacHi OOCniAXEHHS NoKasyloTb, WO i3nyHi BNpaBu CTUMYIIOIOTb CKENEeTHY MYyCKyna-
TYpYy in vivo, Wo Npu3BoauTb 40 BUBINTbHEHHS MIOKIHIB Ta CPUYMHSAE HU3KY e(eKTiB, AKi MOSICHIOTb NO3UTUB-
Hi edbekTn hianyHMX BNpaB y NMikyBaHHi OaraTtboX 3axBOPIOBaHb OMOPHO-PYXOBOro anaparty. CkenetHi M'a3m
CUHTE3YI0Tb | BUAINAOTb Pi3HI MIOKIHM, SKi CNPUSIOTL Pi3HUM (DYHKLISIM OpraHis, BKNIOYa4M MO3OK. |pn3nH,
KU 6yB CMHTE30BaHWIA NMOPIBHSIHO HELLIOAABHO, BUAINSAETLCS 3i CKENETHMX M'A3iB Nig Yac isnvHmx Bnpas.
Ip3nH crnpusie Taknm MeTabonivYHUM NpoLecam, sik FOMeocTas rMoKO3K | NOTEMHIHHSA BiNoT XXMPOBOI TKAHUHW.
Ipn3nH Takox gonae rematoeHuedaniyHmn 6ap’ep i iHiuiloe Nporpamy HeEMPONPOTEKTOPHOrO reHa B rinokam-
ni. Lle 36inbLlye ekcnpecito HempoTpodiyHOro dpakTopa Mo3Ky. binbLicTe AocnigkeHb Nokasanu, Wo piBeHb
ipU3MHy TiCHO MOB’A3aHUI 3i cTaHoM 3p0poB’s. OcTaHHi nybnikauii npuainunm 6araTo yBarm HelloO4aBHO Big-
KpuTOMy Binky ipusnHy, skun cnpusie metabonivyHnm npouecam. Cepia gocnigkeHb WoAo ipusmHy Ao3Bonuna
NO-HOBOMY 3pO3YyMITM MEXaHi3aMu1 BMAMBY Ha NMOKPALLEHHS LWiNTbHOCTI KICTKOBOI TKaHWHMW, NPpOTUAIT AereHepadii
Xpsilla Ta nigTPUMKK 3aranbHOro eKosoriyHoro romeoctasdy cyrnobis. Lli gocnigpkeHHAa MOXyTb OO4ATKOBO
CNPUSTU PO3YMIiHHIO porni isnyHKX Bnpas y 60poTbbi 3 0OCTE0apTPUTOM | HagaTn BaXxnuMBy NIATPUMKY B MPo-
CyBaHHi NpodoinakTnKmM Ta NOro mikyBaHHS.

BucHoeok. lHoykoBaHa isU4HUMKU BripaBaMu CTUMyNSUist B6i0akTMBHUX LIMTOKIHIB 30inbluye aHaborniam
M’A13iB, (POPMYBaHHS KICTOK, MITOXOHApPIanbHUi BioreHes, yTunisauito rmioKko3n Ta OKUCHEHHS XUPHUX KUCHOT,
a TaKoX 3MeHLUye XPOHiYHe 3ananeHHs. Y nepcnekTusi po3BUTKY AOCHILXKEHHSA ipU3MHY MOXYTb Kpalle no-
SACHUTWN CNPUATANBMIA BNNMB Pi3MYHMX BNpaB Ha MiATPUMMKY PisMdHOro 300poB’s, 0cobnmeo B 6opoTbOi 3i
CTapiHHAM i NOB’A3aHNMW 3 BIKOM AereHepaTUBHUMN 3MiHaMMU.

Knro4oBi cnoBa: ckeneTHi M'a3u, MiOKiHW, ipU3WH, LWINbHICTb KICTKOBOT TKAHWHW, EKOJTOTIYHUIA FOMeOoCTas,
BiKOBi AereHepaTnBHI 3MiHW.
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