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ASYMMETRY AS A COMMON-BIOLOGICAL LAW, UMSA AND PSMU PHYSIOLOGY CHAIR CONTRIBUTION IN
ASYMMETRY AND HANDEDNESS STUDY

Mishchenko I. V., Tkachenko O. V., Kokovs’ka O. V., Zhukova M. Yu.

Abstract. The article is devoted to analyzing the asymmetry as a common-biological law expressed at alive
matter organization all levels with varieties dependently on gender, age, ethnic belonging, while representing the
adaptation essential factor in a new and changeable conditions with understanding that disease represents dys-
adaptation expression. The authors paid separate attention to reviewing the literary data concerning to the brain
and endocrinal system asymmetry, membranes asymmetry, handedness as asymmetry expression at population-
species level the most comfortable for assessment with brilliant examples of the asymmetry and handedness applied
study. They presented the literary and own data describing blood asymmetry study while mentioning a significant
contribution of our educational establishment Physiology chair staff in it with the results received backgrounding.
It is very important to remember about asymmetry of the Er morpho-functional peculiarities including hemostatic
properties, coagulational and tissular hemostasis indices in the symmetrical vascular regions of the observed because
they define “right” and “left” types of blood system activity. It is essentially to take blood from the left fourth finger
and left cubital vein for analysis in the left-handed patients, while from the right ones —in the right-handed because
there can be anemia and hypocoagulation in the blood of subdominant extremity that can be corrected even with
medicines at once. It is wrongly to take blood from the left vessels one time and the right ones — another time. Also
the authors paid significant attention to their researches on the topic about foreign students’ typological belonging
essentiality to take into consideration during work with them, in part in pedagogical process, to reach maximal
individual approach in study and to provide their optimal multi-faceted adaptation.

Key words: asymmetry, blood asymmetry, hemostasis asymmetry, foreign students, International students,
typologies, left-handedness.
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THE PARTICIPATION OF IRISIN IN THE MECHANISMS OF WEIGHT LOSS IN OBESITY
National University of Ukraine on Physical Education and Sport (Kyiv, Ukraine)
poradun07 @ukr.net

During muscle contractions, several biologically active substances are produced, which conduct communication
between various organs, systems and tissues following the body's metabolic needs. Irisin belongs to the list of sub-
stances called myokines. It causes various effects on the metabolism, taking part in implementing the health-im-
proving impact of physical exercises, which determines the interest in its study by researchers in the field of physical
culture. The main effect of irisin is the activation of converting white fat into brown fat in adipocytes, followed by
an increase in mitochondrial lipid oxidation. Despite a wide range of research, the main regularities of the action of
irisin have not yet been systematized. In this review, we analyze the mechanisms and features of irisin's participation
in losing body weight. The study aims to establish the molecular mechanisms and regularities of the participation of
the myokine irisin in losing body weight of obese women during health fitness classes and the possibility of using the
level of circulating irisin as a marker of the effectiveness of training loads using the analysis of scientific literature.
It has been established that in the studies, there is a high heterogeneity of indicators of mRNA and protein irisin
levels in tissues and blood in response to physical exertion. Factors that affect the level of irisin include the type of
tissue, the type of object, the method of measurement, the directionality, intensity and duration of physical exertion.

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunm — 2023 — Bun. 3 (170) / Bulletin of problems in biology and medicine — 2023 — Issue 3 (170) 71



ornaaun NITEPATYPU / LITERATURE REVIEWS

Research on the duration and nature of physical activity that causes probable changes in the increase of irisin, and
therefore the effect on thermogenesis, additional interventions that can be used to control its level, will contribute to
the development of programs of health-improving physical activities aimed at normalizing body weight.

Key words: myokines, irisin, obesity, physical activity, skeletal muscles.

Connection of the publication with planned research
works.

The research is carried out following topic 2.8 of the
scientific work plan of National University of Ukraine
on Physical Education and Sport for 2021-2025: “The
influence of exogenous and endogenous factors on the
course of adaptive reactions of the body to physical ex-
ertion of various intensities”, state registration number
012U108187.

Introduction.

Skeletal muscles are essential to a person’s physical
qualities, and their mass indicates health, duration and
quality of life. Considering that skeletal muscles compose
40-50% of the body weight, it is an important organ that
performs a wide range of functions, mainly movement
and breathing and regulation of energy metabolism.
Along with the well-known functions of skeletal muscles,
the accumulated scientific data made it possible to high-
light another one - functioning as an endocrine organ.
Therefore, since 2008, the concept of skeletal muscles
as an endocrine organ has been formed [1, 2]. Skeletal
muscles can function as a secretory organ that, during
contraction, secretes substances called myokines that
can regulate the homeostasis of peripheral tissues [3].
Myokines are defined as cytokines and peptides pro-
duced and secreted by muscle fibres. These chemical me-
diators affect the interaction between different tissues
and determine the dialogue between skeletal muscles,
liver and adipose tissue. They are produced not only by
muscle tissue but also by lymphoid organs, subcutaneous
tissue, nerve tissue, and even pituitary adenoma cells.
Some of the myokines are synthesized and secreted by
adipocytes, in connection with which myokines and ad-
ipomyokines are released.

Organs with myokine receptors include the pancreas,
adipose tissue, liver, heart, bones, intestine, and brain [4].
Now, there are more than 3,000 myokines, which belong
to different structural and functional groups (cytokines,
chemokines, prostaglandin family, etc.) [3, 5]. The func-
tions of many myokines are controversial. Myokines in-
volved in regulating metabolism can alleviate numerous
diseases, such as insulin resistance, obesity and cancer.

Myokines have a wide range of physiological effects:
they influence the functions of the nervous system and
consciousness, lipid and carbohydrate metabolism, the
conversion of white fat into brown fat, the formation of
bone structure, endothelial function, hypertrophy, skin
structure, and tumour growth. The following functions
are distinguished: 1) immunoregulatory effect (interleu-
kins); 2) regulation of energy and lipid metabolism; 3)
neuroprotective effect; 4) stimulation of angiogenesis; 5)
growth, the proliferation of muscle fibres and bones.

Myokines partially mediate the protective effects of
exercise on cardiovascular health.

Since skeletal muscle is known to be an essential
organ in glucose uptake, 80-90% of infused glucose is
taken up by skeletal muscle, making it an important regu-
lator of glucose homeostasis. Myokines profoundly affect
energy metabolism and inflammation and participate

in the pathophysiological processes of developing type
Il diabetes mellitus (T2D) and other metabolic diseases.
Myokines increase insulin sensitivity, improve glucose
consumption, and regulate glucose and lipid metabolism
[5]. Myokines can also be important in controlling appe-
tite and energy balance [6].

Irisin is one of the widely known myokines produced
mainly by muscles after physical exertion. Discovered in
2012 [7], it is a product of proteolytic cleavage of fibro-
nectin type Ill domain-containing membrane protein 5
(FNDC5). Named after the Greek goddess Iris, it induces
the process of converting white fat into brown fat in adi-
pocytes, followed by increased mitochondrial lipid oxida-
tion and decreased insulin resistance. Irisin mediates the
most beneficial effects caused by exercise on adipose tis-
sue and, as a result, on the whole body.

Since irisin has various effects on the human body, in-
cluding indicators of metabolic health, the effect is impor-
tant and of interest to researchers in physical education.
Since this indicator began to be studied recently, the main
patterns and mechanisms of its action have not yet been
accumulated and systematized. In this review, we analyze
the mechanisms and regularities of irisin’s participation in
losing body weight.

The aim of the study.

Using the analysis of scientific literature to establish
the molecular mechanisms and regularities of the par-
ticipation of the myokine irisin in losing body weight of
obese women in the process of health fitness.

Object and research methods.

This review is based on the analysis of publications in
English presented in the PubMed database, published up
to and including 2023. In particular, the search results in
PubMed using the search words “exercise”, “irisin”, and
“obesity” are 255 publications, of which only 23 - clinical
studies. The review includes studies involving women and
men with varying degrees of obesity and average body
weight and animal studies examining the short-term and
long-term effects of exercise (exercise programs) on irisin
mRNA and protein levels in various body tissues.

Main part.

Secretion of this myokine occurs, according to many
researchers, by cleavage from the FNDC5 (Fibronectin
type Ill domain-containing protein 5) molecule by induc-
tion of PGC1A in response to physical exertion [7]. The
length of the human irisin/FNDC5 protein is 209 amino
acid residues. The molecular weight is 23,659. Initiation
of the cleavage of irisin from the N-terminus of FNDC5
occurs by muscle contraction by the proteasome. Irisin,
with a molecular weight of 12 kDa, contains 112 amino
acid residues [8]. Most of the functions that irisin/FNDC5
exhibits are mediated by p38 and ERK 1/2 signalling.
The primary sources of irisin are skeletal muscle tissue
and white adipose tissue. However, high expression of
the FNDC5 gene is also observed in other muscle organs
(heart, tongue, rectum), a little lower - in the liver and
pancreas, found in the brain and the skin. However, the
expression in skeletal muscles is the highest. According to
some data, it is 200 times higher than in adipocytes [9].
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Browning of white fat is induced by irisin precisely
through the p38 and ERK pathway. It has been shown
in vivo and in vitro that recombinant irisin increases the
phosphorylation of p38 and ERK, which in turn leads to
increased expression of UCP1 [10]. At present, there is
no clear certainty about the exact receptor for irisin, al-
though recent studies have identified the aV family of
integrins as likely receptors on adipocytes and osteocytes
[11].

Since its discovery, several acute and chronic effects
of exercise on FNDC5 gene expression and irisin secre-
tion have been investigated and analyzed in both animals
and humans. It has been established that the opposite
phenomena are observed in humans. Out of 15 studies
of various levels, only 5, including Bostrom, observed an
increase in the expression of this gene [12].

Not all works simultaneously investigated the activa-
tion of PGC1-a, which may explain the result since there
is a close correlation between this transcription factor
and FNDC5/irisin.

A 12-week training program that included combined
strength and endurance exercise induced a concomitant
increase in PGCl-a and Fndc5 mRNA levels in skeletal
muscle. The close correlation between mRNA levels of
these two genes in skeletal muscle before and after exer-
cise supports that PGC-1a regulates FNDC5 transcription.
No significant correlations were found between PGC1-a
MRNA levels in skeletal muscles and irisin levels in blood
plasma. The immediate effect of physical exercise on
the level of FNDC5 mRNA was not established, although
PGC1-a is significantly activated. In addition, an increase
in the level of irisin in the blood was not found, but a
slight effect on the browning of subcutaneous fat was ob-
served [13]. The lack of correlation between PGC1-a and
FNDC5 was established by other researchers [14].

It is believed that the level of irisin increases after ex-
ercise and binds to the receptor (integrin aV/B5) of adi-
pose tissue, which leads to significant weight loss and a
decrease in the body’s overall energy [7]. The formed iri-
sin increases the mRNA expression of UCP1, a transmem-
brane protein that reduces the proton gradient gener-
ated by oxidative phosphorylation and thereby enhances
thermogenesis (heat production).

The effects of irisin on obesity are most often stud-
ied. It is believed that the circulating irisin level in obe-
sity increases secondarily due to increased synthesis of
irisin mainly in adipose tissue and not in muscle. People
who produce more irisin are characterized by less loss of
muscle strength. The scientists concluded that there is a
negative reverse connection relationship between mus-
cle and adipose tissue. In particular, not only does muscle
affect adipose tissue through irisin during exercise, but
also adipose tissue protects muscle during the absence of
physical activity [ 15].

Since obesity is associated with a high incidence of
oncological diseases, the scientific literature considers
the possibility of using myosin as a factor that positively
affects various types of cancer. Although it is difficult to
extrapolate from in vitro studies to in vivo, most data
point to irisin as a potential substance for cancer regres-
sion due to its reduction in anti-inflammatory markers
[16].

The specifics of the action of this myokine have been
established in experiments on animals. A study aimed at
analyzing the effect of diet and exercise on energy bal-

ance in obese mice confirms the mechanism of action
of the PGC-1a-IRISIN-UCP-1 pathway in the browning of
white adipose tissue. In this study, mice of the C57BL/6
line were divided into groups with a standard and high-fat
diet. After ten weeks of a high-fat diet, obese mice were
divided into four groups. Mice performed moderate ex-
ercise on a treadmill. A long-term high-fat diet inhibited
white adipose tissue’s browning by inhibiting the PGC-
1a-IRISIN-UCP-1 pathway in adipose tissue and skeletal
muscle. Eight weeks of exercise and dietary interventions
improved obesity-induced skeletal muscle condition and
induced downregulation of the PGC-1a-IRISIN-UCP-1
pathway in adipose tissue, which promoted white adi-
pose browning and reduced body adipose tissue. The ef-
fect of the combined intervention was the strongest [17].
In another study, eight weeks of aerobic exercise in mice
significantly lost body weight, increased serum FNDC5
levels, and improved assessment of a homeostatic model
of insulin resistance [18].

At the same time, in another study, ten weeks of vol-
untary wheel running led to an increase in the expression
of PGC-1A in the calf muscle of obese mice, but the ex-
pression of AMPKA, SIRT1, FNDC5, or the level of circulat-
ing irisin did not change [19]. Another study in simulated
postmenopausal mice showed irisin may be a thermo-
genic agent affecting adiposity in postmenopausal pa-
tients. Daily administration of recombinant irisin for eight
weeks improved lipid profile and insulin resistance. It was
associated with a decrease in the activity of gluconeogen-
ic liver enzymes and restoration of liver glycogen content.
Irisin reduces ectopic lipid inflation and increases energy
expenditure by activating thermogenesis in muscle and
adipose tissue and reducing metabolic efficiency [20].

In various studies, irisin levels were measured after
physical exertion in various tissues. Thus, the irisin level
probably increases in skeletal muscles, while it practically
does not change in plasma [21].

In mice with obesity induced by a high-fat diet, two
weeks of irisin injections produced an effect similar to
18 weeks of wheel exercising. Myosin injections also af-
fected body weight and metabolic parameters, particu-
larly the HOMA-IR index, although there were probable
differences with the control group. At the same time, the
irisin and the exercise groups had significant decreases in
serum levels of BMP (bone morphogenic protein), insulin
ghrelin, kisspeptin, leptin, and visfatin compared to the
control group. Thus, it has been proven that irisin imitates
the effects of physical exercises on the body [22].

According to the scientific literature results, the im-
mediate effect of a single application of physical exercises
is to increase the level of circulating irisin in overweight
people. The maximum concentration is observed be-
tween 1and 2 hours after physical exertion. High-intensity
interval training (HIIT) protocols were the most effective
[23]. It was shown that in young people (12-18 years old),
a single HIIT training caused more significant increases in
irisin than MICT (moderate-intensity continuous exercise
training). In addition, the increase in the concentration of
circulating irisin decreased up to 35 min after the end of
exercise [24].

The human body’s response to long-term physical ex-
ertion turned out to be more variable. According to the
scientific literature, the level of circulating irisin increases
in obese and overweight individuals [25], but a decrease
in the level of irisin may be observed in individuals with
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an average body weight. Studying the influence of dif-
ferent physical training programs in women and men on
gene expression and irisin level allowed us to establish
specific features.

When examining the level of irisin in adult obese
women after aerobic exercise and high-intensity interval
training in skeletal muscles (vastus lateralis) and plasma,
it was found that the expression level of irisin in skel-
etal muscles increased significantly after a HIIT session
(p<0.05), while aerobic exercise does not affect irisin
levels. An increase in the concentration of irisin in blood
plasma was not observed. In another study, eight weeks
of strength training caused a decrease in serum irisin lev-
els [26].

The effect of different types of training on the level of
irisin and other active metabolites can be considered sep-
arately. A comparative analysis of the impact of 4 weeks
of training in various types of moderate-intensity fitness
training (aerobic, strength and combined training) in
obese women revealed that the most significant changes
in the increase in irisin levels occurred in the group of
women who engaged in combined training (combination
of aerobic and strength training) [27].

Most of the studies on the role of myokines in obesity
were conducted with the participation of women. How-
ever, in studies involving both normal-weight and obese
men, it was found that daily, long-term, moderate-inten-
sity exercise for six months likely increased serum irisin
levels in both normal-weight and male groups with obe-
sity. There is a negative correlation between the level of
irisin and the level of glucose, insulin, and the HOMA-IR
index, both in men with average body weight and obese
individuals. In the blood of obese people, the level of
irisin was higher. In addition, after physical exertion, the
level of this indicator was significantly higher than in the
group with an average body weight. Monthly measure-
ment of the level of irisin in the serum allowed to estab-
lish its growth every month, but a probable increase was
registered only after the 6th month of physical activities.
Thus, in individuals with average body weight, irisin in-
creased from 87.54 + 6.08 ng-ml™ to 97.39 + 5.67 ng-ml?,
while in the obese group from 91.10 + 4, 71 ng:ml* to
139.50 * 6.96 ng-:ml* [28].

The literature shows rare cases of combining physical
exercises and diets or dietary supplements when study-
ing their effect on myokines. In particular, in a study of 6
months of aerobic training of moderate intensity on the
level of cytokines irisin and adipolin, it was established
that a combination of physical exercise and the use of
an aqueous extract of the seeds of rosa canina, enriched
with polyphenols, shows a probable effect. Moreover,
this trend was observed both at the mRNA level in adi-
pose tissue and the protein level in blood serum [29].

In another study, four weeks of moderate-intensity
aerobic exercise (treadmill running) combined with modi-
fied fasting resulted in a significant increase in both calf
muscle FNDC5 protein expression and serum irisin com-
pared to a group that only ran [30].

Irisin promotes osteogenesis, mediating its effect
through the aV integrin receptor [31].

The results of many studies allow us to state that
physical exercises aimed at developing endurance con-
tribute to improving cognitive abilities, especially in older
people [32]. FNDC5 has been found to increase during
endurance training in the hippocampus of mice. PGC-1a

regulates fndc5 gene expression in neurons, and Pgcla/
mouse expression in mice shows a reduced expression of
Fndc5 in the brain. C5 in primary cortical neurons upreg-
ulates Bdnfe expression, whereas RNAi-mediated knock-
down of FNDC5 downregulates Bdnf. Significantly, periph-
eral delivery of FNDCS5 to the liver via adenoviral vectors,
resulting in increased mucosal concentrations, induces
Bdnfan expression of other neuroprotective genes in the
hippocampus. So, our findings link endurance exercise
and important metabolic mediators, PGC-1a and FNDC5,
to BDNF expression in the brain [33].

Due to the massive range of effects caused by irisin,
some researchers attribute it to important endocrine sig-
nals that regulate metabolism in response to changes in
nutrient availability and energy needs [34].

Conclusions.

1. There is a high heterogeneity of mRNA and protein
levels of irisin in tissues and blood in response to physical
exertion. Factors influencing the response range include
tissue type (serum, skeletal muscle, adipose tissue), ob-
ject type, measurement method (enzyme-linked immu-
nosorbent assay, Western blotting, PCR), direction, inten-
sity, and exercise duration.

2. The urgent effect of physical exertion on the level
of irisin in blood plasma in most cases is registered only
during intense physical exertion (for example, HIIT).

3. In obese individuals, trained and untrained, the
level of irisin in the blood plasma exceeds that of irisin in
individuals with an average body weight.

4. Prolonged physical exertion in obese individuals
causes an increase in the level of irisin, both in men and
women. Probable changes in the irisin level are registered
after six months of training. Three months of training do
not cause an increase in the level of irisin in the blood. In
individuals of average body weight, exercise may cause a
decrease in irisin levels (irisin resistance).

5. In most studies, changes in the irisin level were
recorded in skeletal muscles and not in blood plasma,
which may be related to the duration of exercise expo-
sure. In addition, most likely, changes are established at
the protein level by the method of Western blotting and
not at the level of MRNA.

6. Additional use of recombinant irisin improves lipid
profile and insulin resistance.

7. Physical training, which differs in the direction, in-
tensity and duration of physical exertion, is characterized
by a unidirectional effect on the level of irisin but varies in
the magnitude of the increase. HIIT induced more signifi-
cant changes in plasma irisin levels than aerobic exercise,
and combined aerobic and strength training programs
produced more substantial shifts in myokine levels. Thus,
the nature, intensity and duration of physical activity af-
fect the irisin level in human blood.

Prospects for further research.

Further research consists of the established possi-
bilities of using indicators of the irisin level as a marker
that reflects the scale of the influence of the intervention
(diet, exercise, recombinant irisin) on metabolism. The
duration and nature of physical exertion, which causes
probable changes in irisin growth and, therefore, the ef-
fect on thermogenesis, require additional study.
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YYACTb IPUSUHY Y MEXAHISMAX 3HUXEHHA MACU TINTIA NPU OXKUPIHHI
HauioHanbHui1 yHiBepcuteT disnuHOro BuxoBaHHsa i cnopty YKpaiHu (m. Kuis, YkpaiHa)
poradun07 @ukr.net

1i0 Yac M’A308UX CKOpoUYeHb 8UPOBAIEMbLCA HU3KA Bi0/102{YHO AKMUBHUX pe408UH, W0 30iliCHIOIOMb KOMYHIKAYito
MiMC PI3HUMU Op2aHamu, cucmemamu i MKAGHUHAamu 8ionogioHo 0o memabosniyHux nompeb opaaHiamy. [Jo nepesniky
MAaKux PevyosuH, WO MarmMe HA38Y MIOKIHU, HOAeXUMmMb [pU3uH. BiH CrpUYUHIOE Pi3HOMAHIMHI ehekmu Ha
memaboniam, npulimarodu yyacme y peanizauii 0300posyo2o egpekmy izudHUX 8r1pas, W0 06yMosstoe yikagicmeo
00 io2o 0ocnionceHHA 0ocniOHuUKi8 y cgpepi ¢hizudHoi Kynbmypu. OcHoBHUl ehekm ipU3UHY — akmusayis npouecy
nepemeopeHHs binozo »cupy Ha bypuli y adunoyumax 3 HACMynHUM 36in16UWEeHHAM MiIMOXOHOPIa1bHO20 OKUC/AEHHSA
ninidis. Monpu wupoKuli cnekmp 00cni0HeHb 0OCHOBHI 3aKOHOMIipHOCMI Oii ipU3UHY We He cucmemamu308aHO.
Y ybomy 0271a0i MU aHAMI3YEMO MeXaHi3Mu ma ocobsusocmi yyacmi ipusuHy y npoueci 3HUMEeHHA Mmacu mina.
Mema 0ocnidxceHHA - 30 00NOMO20K0 QHAI3Yy HAYKOBOI simepamypu 8CmMaHO8UMU MOAEKYAAPHI MexaHi3amu
ma 3aKOHOMIPHOCMI y4acmi MIOKiHY [pU3UHY Y 3HUXCEHHI Macu mina }iHOK i3 OMCUPIHHAM 8 Mpouyeci 3aHAMb
0300p08YUM PiMHECOM MA MOH/IUBICMb BUKOPUCMAHHA PiBHA LUPKY/AHOHH020 ipU3UHY AK MapKepa echekmugHocmi
mpeHysanbHUX HaBAHMAax)eHb. BcmaHosneHo, wo y 00Cai0XeHHAX Criocmepieaemsca 8UCOKA 2emepo2eHHICmb
rnoKasHukie pieHA MPHK ma 6inKy ipu3uHy y mKaQHUHOX ma Kposi npu 8idnosidi Ha gizuyHi HasaHMaxceHHsA. [Jo
akmopis, W0 8nauUBaOMb HA PiBEHb iPU3UHY HAAEHAMb, 8UO0 MKAHUHU, mun 06’ekmy, Memoo 8UMIPHOBAHHS
CrpPAMOBAHICMb, IHMEHCUBHICMbL Ma mpusasicme i3u4HUX HasaHMaxeHn. [ocnioxceHHA mpusasocmi ma
Xxapakmepy hi3u4HUX HABAHMAMEHb, WO BUKAUKAOMb 8ip02iOHi 3MiHU y npupocmi ipu3uHy, a om xe U enaus
Ha mepmozeHe3, 000amkKo8i iHmepeeHuii, 3a 00NOMO20t0 AKUX MOXHA Kepysamu 020 pieHem, Cripusmumyme

po3pobuyi npoepam 0300po84YUX iBUYHUX 30HAMb, CIPAMOBAHUX HA HOPMAI3Ayito Mmacu mina.
Knwo4oei cnoea: MioKiHU, ipU3uH, OXUPIHHA, i3U4Hi HABAHMAXEHHS, CKes1emHi M A3U.

38’A30K nyb6aikauii 3 n1aHOBMMM HAyKOBO-4OCNIg-
HUMU poboTamu.

[ocnigyKeHHA BUKOHYETbCA 3rigHO Temn 2.8 nnaHy
HayKoBOi poboTn HauioHanbHOro yHiBepcutety ¢ismu-
HOro BMXOBAHHA i cnopTy YKkpaiHuM Ha 2021-2025 p.p.
«BnnuB eK3oreHHUX Ta eHAOreHHMX ¢aKkTopiB Ha ne-
pebir aganTauiiHnx peakLii opraHiamy Ao ¢isnyHux
HaBaHTaXKeHb Pi3HOI IHTEHCUBHOCTI», AepXKaBHUW pee-
CTpauinHuin Homep 012U108187.

Bcryn.

CkenetHi M'A3M € BaroMMm UYMHHWUKOM  PisUUHMX
AKOCTEN NOAMHM, a X Maca € NOKA3HWMKOM 340pOB A,
TPMBANOCTI Ta AKOCTI UTTA. 3BaXKatouM Ha Te, LLO CKe-
NneTHi m’a3u cknagatoTb 40-50% Big, macwy Tina — Le Baxk-
JIUBUIA OpraH, WO BMKOHYE LUMPOKUIN cneKTp GyHKLUIN,
cepepn, AKX FONOBHUMMU € PyXWU Ta AUXaHHA, perynauisa
eHepreTMyHoro metaboniamy. Mopsz i3 3aranbHOBIAO-
MUMU GYHKLIAMM CKeNeTHUX M’A3iB, HAKOMWYEHI HayKo-
Bi 4aHi LO3BONUAM BUAINNUTY Le 0aHY — QYHKLiOHYBaH-
HA AK eHOOKPUHHOTO opraHy. Tomy, noynHatoum i3 2008
p. GOPMYETbCA KOHLEML,A CKENETHUX M’A3iB, AK eHA0-
KpUHHOTO opraHy [1, 2]. CKeneTHi m’a3u MOXKyTb QyHK-
LLiOHYBaTK AK CEKPETOPHUIA OpraH, AKWI Nif Yac CKopo-
YEHHSA CEeKPEeTYE PEYOBUHMU, LLLO HA3MBAKOTLCA MiOKiHaMM
Ta 34aTHi perynoBat romeoctas nepudepuyHux TKa-
HUH [3]. MioKiHM BM3Ha4alOTb AK LMTOKIHM Ta NenTu-
OV, WO BUPOBAAIOTLCA Ta BUAINAOTLCA M A30BMMU BO-
NokHamu. Lle XimiuHi nocepeaHUKK, AKi BNANBAOTL Ha
B3AEMOLIIO MiXK PiI3BHUMW TKaHWMHaMK, 0BYMOBAIOOTL
Aianor MixK CKeNeTHUMM M’I3aMU, NMEYIHKOLO i }KMPOBOHO
TKaHMHOM. BOHWM MpoayKyloTbCcA He nvwe M'A30BOHO
TKaHMHOIO, a 1 NiMPOigHUMM OpraHamu, NiAWKiIPHOO
KNITKOBUHOIO, HEPBOBOIO TKAHWHOIO | HAaBITb KAITMHaMM
ageHomu rinodiza. YacTMHa MIOKIHOB CMHTE3yeTbCA i
CEKPETYETHCA aANNOUUTAMM, Y 3B"A3KY i3 UMM BUAINAOTD
MIOKiHM | AMNOMIOKiHM.

[lo opraHiB, WO MalOTb MIOKIHOBI peuenTopu Bia-
HOCATb NiALWNYHKOBY 3aN03y, *KMPOBY TKaHUHY, ne-
YiHKY, cepue, KiCTKM, KULWKIBHMK Ta MO30K [4]. 3apas
HaniuyoTb 6inbwe 3000 MmioKiHiB, sAKi BigHOCATbCA A0
Pi3HUX CTPYKTYPHO-OYHKLiOHANbHUX Tpyn (LUTOKIHM,
XeMOKiHW, pOAMHa npocTarnaHauHiB Ta iHw.) [3, 5].
dyHKUji 6araTboi MioKiHiB € cynepeunnsmumm. MiokiHu,
3a/lyyeHi go perynauii metaboniamy, MOXKyTb nosaerwm-
TW YNC/IEHHI 3aXBOPIOBAHHA, TaKi AK PE3UCTEHTHICTb A0
iHCYNiHY, OXKMPIHHA Ta OHKONOTIYHI 3aXBOPIOBAHHA.

MioKiHM MatloTb LWKWPOKKI CnekTp ¢isionoriyHmx
edeKTiB: 34iCHIOITb BN/IMB Ha QYHKLT HEPBOBOI CUCTe-
MW Ta CBiLOMICTb, }KMPOBUI Ta BYF1€BOAHUI 0OMiH, ne-
peTBOpPeHHA 6inoro Kupy y bypuii, bopmyBaHHsS CTPYK-
TYPU KiCTOK, eHAoTenianbHy OyHKLUio, rineptpodito,
CTPYKTYPY LWWKipX Ta PiCT NyXAnH. BuainaioTb HacTynHi
dYHKUi: 1) imyHOperynaTopHuii BNAuB (iHTEpNenKiHK);
2) peryntoBaHHA eHepreTMYHOro Ta MinigHoro obmiHis;
3) HeMpPONPOTEKTOPHUI BNAKB; 4) CTUMYAALA aHriore-
Hesy; 5) picT, nponipepalia M A30BMX BOIOKOH i KiCTOK.

MioKiHM YacTKOBO OMOCEPeKOBYIOTb MPOTEKTUBHUI
BB isMYHUX BNPaB Ha KapAioBacKynApHe 340p0B's.

OCKi/IbKM BiZIOMO, LLLO CKEeNeTHi M’'i3M € BaX/IMBUM
OpraHoOM Yy CMOMBaHHI rtoko3n, 80-90% iHdy3inHOI
TIIOKO3W MOMMHAETLCA CKENEeTHUMU M'A3aMK, Tomy
BOHW € BA)KMBUM PEryIAaTOPHUM OPraHOM [/1HOKO3-
HOro romeoctasy. MioKiHM MatoTb IMOOKMI edeKT Ha
eHepreTMYHNM meTabosi3m, 3ananeHHa Ta NpUiMatoTb
yyacTtb natodisionorivHmx npoLecax PO3BUTKY LIYKPOBO-
ro giabety Il Tuny (T2D) Ta iHWKMX MeTaboniyHMX 3axBO-
ptoBaHb. MiOKiHM NigBULLYIOTb iHCYNIHOBY YyT/IMBICTD,
NOKPALLYOTb CMOXMBAHHA [NIOKO3M Ta PeryaaLio rmo-
KO3HOro Ta ninigHoro metaboniamy [5]. MioKiHW Takox
MOXYTb OYTU BaXKNIMBUMM Yy KOHTPOi aneTuTy i eHepre-
TUYHoro 6anaHcy [6].
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OpHMM i3 LIMPOKO BiAOMMX MIOKIHIB, WO BUPO-
ONsAETbCA MEepeBa)KHO M’'A3amu  nicna  isMYHUX Ha-
BaHTa)KeHb € ipu3uH. Bigkputnit y 2012 poui [7], BiH €
NPOAYKTOM MPOTEONITUYHOTO PO3LLENEHHA MeMBpaH-
Horo 6inKy 5, Wo MicTuTb gomeH dpibpoHeKkTuHa Il Tuny
(FNDC5). HasBaHuit B yecTb rpeupbKoi 6oruHi lpuc, BiH
iHAYKYE npouec nepeTBopeHHA B6inoro xupy Ha 6ypuit
y aAuMnoumTax 3 HacTynHUM 36iNbLEHHAM MITOXOHAPI-
A/IbHOTO OKMCNEHHA NiNiAiB Ta 3MEHLIEHHAM iHCYNiHO-
BOI PE3UCTEHTHOCTI. |pU3NH onocepesKOBYE HaMbiNbLL
KOPUCHI edeKTn, BUKAMKaHI isMYHMM BnpaBamMu Ha
YKMPOBY TKAHWHY Ta SIK HAC/AOK, Ha LinA opraHism.

BpaxoBytouu Te, Wo ipU3MH Ma€E PiSBHOMaHITHI edek-
TV Ha OPraHi3m NOAMHW, B TOMY YMUCAi HA MOKA3HWUKN Me-
TaboniyHOro 340p0B’A, € BN/IMB € BaXK/IMBUM Ta LLiKaBUM
ONA AocniaHukie y cdepi disnyHoi Kynbtypu. OcKinbKn
LLei MOKa3HWK NoYaB AOCAIAXKYBATUCA HELLLOAABHO, TOMY
e He HaKoMW4eHi i He NMPOCUCTEMATU30BAHI OCHOBHI
3aKOHOMIPHOCTI Ta MexaHi3mu oro gji. B ubomy ornagi
MW QHaANI3yEMO MEXaHi3MM Ta 3aKOHOMIPHOCTI y4acTi
iPU3MHY Yy NpOLECi 3HMKEHHA MacK Tina.

Merta gocnigeHHs.

3a [ONOMOro aHasi3y HayKoBOi NiTepaTypu BCTa-
HOBUTW MOJIEKYIAPHI MexaHi3MM Ta 3aKOHOMIPHOCTI
YyYacTi MIOKiHY ipM3MHY Yy 3HUMKEHHI MacK Tina XKiHOK i3
OXMPIHHAM B MPOLLECi 3aHATb 0340POBUYNMM DITHECOM.

O6’eKT i meTOAU AOCNiAXKEHHA.

Llen ornag 6asyeTbcs Ha aHanisi nybnikaui aHrin-
CbKOK MOBOIO, npeactasneHux y 6asi PubMed, ony-
6nikoBaHMUX BKAOYHO A0 2023 p. 30Kpema, pesynbra-
TV nowyky y PubMed 3a gonomoroto nolykoBux chis
«exercise», «irisin», «obesity» ctaHoBUTb 255 ny6ni-
Kalil, 3 HUX TiNbKK 23 — KAiHiYHi gocnigxeHHs. Ormag,
BK/IHOYAE AOCMIAMKEHHSA i3 YYACTHO XKIHOK Ta YOJIOBIKIB 3
Pi3HMM CTyneHem OXMPIHHA Ta HOPManbHOK MacCo
Tina, a TAKOX JOCANIOKEHHA, NPOBeAeHi Ha TBAapUHAX,
Y AKUX BMBYABCA KOPOTKOTPMBANUI Ta AOBrOTPUBAINN
epeKT ¢i3NYHUX HaBaHTaXKeHb (TpeHyBasibHUX MpO-
rpam) Ha piseHb MPHK Ta piBeHb 6ifKy ipM3nHY B pisHMX
TKQHWHAX opraHismy.

OcHOBHa YacTuHa.

Cekpeujia UbOro MioKiHy BiabyBaeTbcA, Ha AYMKY
6araTbox AOCNIAHMKIB, LWASXOM BiAlWEnneHHs Big Mo-
nekynn FNDCS5 (Fibronectin type Ill domain-containing
protein 5) wnaxom iHayKuii PGC1A y Bianosigb Ha ¢i-
3UYHi HaBaHTa)KeHHs [7]. JoBMKMHa NOACBKOrO ipusnH/
FNDC5 6inky cknagae 209 amiHOKMCNOTHUX 3a/ULLKIB,
MONeKkynsipHa maca 23 659. IHiujauia BigwenneHHs
ipn3nHy Big N-KiHua FNDC5 BiabyBaeTbca LWAAXOM
M’A30BOr0 CKOPOUYEHHA NMPOTEOCOMOIO. |PU3NH MONEKY-
nAapHoto macoro 12 kfa, mictutb 112 aMiHOKMCAOTHUX
3anunwKkis [8]. bBinbluictb GyHKLUIN AKi ipn3mH/ FNDC5
BMABNAE onocepearosytoTbea p38 ta ERK 1/2 curHa-
niHrom. OCHOBHMMW O)Kepenamu ipusnHy € CKeneTHa
M’A30Ba TKaHWHa Ta 6ina KMpoBa TKAHMHU, XO4a BUCOKA
ekcnpeduia reHy FNDC5 cnocTepiraeTbCa TakoX i y iHLLIMX
M’A30BUX OpraHax (cepue, A3MK, NpAMa KULWKa), TRIWKK
HU¥KYe — y neviHui Ta NiAWAYHKOBIN 3a103i, MiCTUTbCA
Yy MO3KY Ta LWKipi. Ane eKcnpecisa y ckeneTHUX m’sasax €
HanBMLLO. 3a AesKuMK gaHumm y 200 pasiB BULA, HiXK
y agunoumTax [9].

MobypiHHA 6iNoro XKupy iHAYKYETLCA ipU3MHOM Came
yepes wnax p38 ta ERK. Le 6yno nokasaHo in vivo Ta
in vitro, Wo pekoM6iHaHTHUIA ipU3KNH 36inbLLYE Ppocdo-
puntoBaHHA p38 Ta ERK, wo B cBOIO Yepry npussBoanTb

00 niasuueHHa ekcnpecii UCP1 [10]. Ha TenepiwHin yac
HEMAE YiTKOI BMNEBHEHOCTi Y TOYHO BCTAaHOB/IEHOMY pe-
LenTopi A0 ipU3MHY, X04a Yy HeLWoAaBHIX SOCNIAKEHHAX
6yN10 BCTaHOB/IEHO, WO aV poANHaA iIHTErpuHiB € MMOBIp-
HUMW peLenTopamm aannoumTie Ta octeoumTis [11].

3 MOMEHTY BigKpWUTTA AOCNIAXKEHO Ta NpoaHani-
30BaHO pAA, rOCTPUX Ta XPOHIUHUX edeKTiB di3nyHNX
BMpaB Ha ekcnpecito reHa FNDC5 i BuAineHHsA ipnsnny,
AK Y TBAPWH, TaK i y NtoanMHU. BcTaHOBAEHO, WO Y Ntoaei
cnocTepiratoTbca NpoTUaeHi ¢eHomeHun. 3 15 pocni-
O)XXeHb Pi3HOro piBHA TibKK 5, BKAKOYatoun Bostrom
cnocrepiranu 36inbleHHs ekcnpecii uboro reHy [12].

He BCi po60TK ogHOYACHO AOCANIAXKYBaNIM aAKTUBa-
uito PGC1-a, Wo moxe 6yTh NOSICHEHHSAM pe3y/bTaTy,
OCKi/IbKM iCHYE TiCHa Kopenauis MiX LM TPaHCKPUMNLin-
HUM pakTopom i FNDC5/ ipusnH.

12 TM>KHeBa TpeHyBanbHa NPOrpama, fAka BKAto4ana
KOMbiHOBaHi BNpaBW Ha CWUy Ta BUTPUBANICTb BUKAU-
Kana ogHoyacHe 36iNblUeHHA Yy CKesleTHMX M'A3ax nia-
BULWEeHHA piBHA MPHK PGCl-a Ta Fndc5. LinbHa Kope-
naugia mixk pisHAMn MPHK Uux ABOX reHiB y CKeNeTHUX
M’A3ax A0 Ta Nicnsa TpeHyBaHHA NiATBEPAKYE TOMN daKT,
wo PGC-1a peryntoe TpaHckpunuito FNDC5. He BctaHoB-
JIEHO 3HAYHUX Kopenaui mixk pisBHem mPHK PGCl-a y
CKeNIeTHUX M’A3ax Ta PiBHEM ipM3MHY Yy Na3mi KpoBi.
TepmiHoBUIA edeKT di3MYHMX BNpaB Ha piBeHb MPHK
FNDC5 He 6yB BcTaHOBAEHMI, xo4a PGC1-a npu ubomy
iCTOTHbO aKTUBYETbCA. Kpim Toro, He 6yn0 BCTaHOBAEHO
NiABULLEHHA PIBHA ipM3MHY Yy KPOBI, ane cnocTepiras-
CA HEe3HaYHUI BNIMB Ha NOBYPIHHA NIAWKIPHOIO XUpy
[13]. BigcyTHicTb Kopensuii mixk PGC1-a Ta FNDC5 6yno
BCTQHOB/IEHO iHWWMM AocniAHUKamu [14].

BBakatoTb, W0 PiBEHDb iPU3MHY MiABULLYETLCA MicaA
bisnyHMX BNpaB i 38°A3yeTbcA 3 pelenTopom (iHTerpuH
aV/B5) KMPOBOI TKAHWHW, WO NPU3BOAMTL A0 3HAYHOI
BTPaATU Barn Ta 3HMMKEHHA 3arajibHOi eHeprii opraHis-
My [7]. YTBOpeHuit ipusnH 36inbluye ekcnpecito MPHK
UCP1, TpaHcmembpaHHOro 6inka, AKMM 3MeHLIYE Npo-
TOHHWIA TPAAIEHT, YTBOPEHUN OKUCHMM docdopunio-
BaHHAM i TUM CaMUM NOCUIIOE TepMmoreHes (NpoayKLito
Tenna).

HaluacTtiwe BuBYatoTbcA edeKkTu ipu3nHy npu
OXMPiHHI. BBa)Ka€eTbCA, WO piBEHb LMPKYJAHOYOro
iPU3MHY NPU OXKMPiHHI  36iNbLIYETBCA NPU LbOMY BTO-
PUHHO, BHAC/iAOK NOCUNEHOrO CUHTE3Yy ipU3MHY nepe-
Ba)KHO Y KMPOBI TKAaHWHK, a He m’s30Bil. Ocobwu, y
AKUX BUPOBAAETLCA Binblue ipi3nHY XapaKTepmsyoTbea
MEHLWWMW BTPaTamu cuamn m’asis. BueHi aiiwnm suc-
HOBKY, LLO iCHYE HEraTMBHWI 3BOPOTHMI 3B'A30K MiXK
M’A3aMM Ta KMPOBOK TKAHWHOI, 30KPEMA, HE Ti/IbKK
M’A31 BNAMBAIOTb HA }KMPOBY TKAHMHY Yepes ipuU3nH Nig
Yyac TPEeHYBAHHSA, a/le TAaKOX KMPOBA TKAHMHA 3aXMLLAE
M’A3uM nig vac BiacyTHocTi pisnyHoi akTmsHoCTI [15].

OCKi/IbKM OKMPIHHA MOB’A3YIOTb i3 BMCOKOK Yac-
TOTOIO BMMAZKIB OHKONOTYHMMW 3aXBOPIOBAHHAMMU, Y
HAYKOBIN NiTepaTypi poO3rALaloTb MOMK/IWBICTb BUKO-
PUCTaHHA MIO3MHY AK GaKTOpy, WO 3AINCHIOE NO3UTUBHI
edeKTn Ha pi3Hi BUAK paKy. Xoya BaKKo pobUTU BUCHO-
BKM 3 in vitro gocnigxeHb Ans in vivo, 6inbwicTb AaHUX
CXUAAOTb A0 AYMKM NPO ipU3UH AK NOTeHLianbHY cy6-
CTaHLiO 4NA perpecii paky Yepes 3HMKEHHA HUM NPOTU-
3ananbHUX Mapkepis [16].

B eKkcnepumeHTax Ha TBapuHax BCTAHOB/JEHO OCO-
6AMBOCTI Ail LbOro MioKiHy. [JOCNiAMKeHHS, CNpsaMoBaHe
Ha aHani3 edpeKTy AieTn Ta GisMUHUX BNpaB Ha eHepre-
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TUYHUIM BaNaHC Yy MULLEN 3 OXKMUPIHHAM MNiATBEPOKYE
mexaHiam gaji PGC-1a-IRISIN-UCP-1 wnsxy y nobypiHHi
6inoi KMPOBOI TKAHWUHWU. Y UbOMY AOCAIAMKEHHI MU
Ninii C57BL/6 6ynn nogineHi Ha rpynu 3i 3BMYaiHUM
Xap4yyBaHHAM Ta BMCOKOXMpoBOt gietoto. [icna 10
TUXKHIB XapyyBaHHA BUCOKOXMPOBOK iKe Mui 3
OXMPiIHHAM Bynaun noaineHi Ha 4 rpynu. MuLli BUKOHYBa-
M NOMIpHi ®i3NYHI HaBaHTaXKeHHA Ha TpegMmini. byno
BCTAHOBJIEHO, LLO [AOBroTPUBasa BMCOKOXMPOBA Ai€Ta
npurHivye NobypiHHA 6iN0T }KMPOBOT TKAHUHU LLIAXOM
npurHiyeHHs PGC-1a-IRISIN-UCP-1 wnsxy y uposii
TKAHWHI Ta CKeNeTHUX m’sasax. Bicim TUXKHIB isMUHUX
BMpaB i AIETMYHUX BTPYYaHb MOKPALLMAWN CTaH CKenet-
HUX M'A3iB, CNPUUNHEHUIM OXKUPIHHAM, BUKANKAAWN 3HU-
eHHs perynauii wnaxy PGC-1a-IRISIN-UCP-1 y uposiii
TKaHWHI, Wo cnpuano nobypiHHo 6inoi *KMPoBOi TKaHU-
HU Ta 3MEHLUEHHIO }XMPOBOI TKAaHWHU Tina. Bnane kom-
6iHOBaHOI iHTepBeHLii 6yB HallcUAbHiWKMM [17]. B iHWil
po6oTi BiciM TUMKHIB aepOBHMUX HAaBaHTaXEHb Y MULLIEN
3HAYHO 3HM3MAM Macy Tina, nigsuwman piseHb FNDC5 y
CMPOBATLL KPOBI Ta MOKPALLUAN OLHKY FOMEOCTaTUYHOI
MOZAENi Pe3NCTEHTHOCTI A0 iHCcyniHy [18].

B TOl ke yac y iHWoMmy gocnigrKeHHi 10 TUKHiB go-
bposinbHoro 6iry y Koneci Nnp1M3BoAnTb A0 36iNblUEeHHSA
ekcnpecii PGC-1A y NMTKOBOMY M’3i MULLEN i3 OXUPIiH-
HAMm, ane ekcnpecis AMPKA, SIRT1, FNDC5 abo piBeHb
LMPKY/OKYOTO ipU3NHY NPU LbOoMy He 3MmiHuanca [19].
B iHWOMY AoChig*KeHHi Ha MMULWAX 3 MOAENbOBAHUM
NoCTMeHOMay3aAbHMM NepiofoM MOKa3aHo, WO ipi3uH
MOXe BYyTM TEepMOreHHUMM areHTOM, Lo BMAMBAE Ha
O)MPIHHA Yy NOCTMEeHOoNay3abHMUX NauieHTiB. LLlogeHHe
BBeAEHHA PEKOMBIHAHTHOrO iPi3UHY NPOTATOM 8 TUXKHIB
nokKpaLlyBano NinigHnin npodain Ta iHCyNiHOBY pesuc-
TEHTHICTb. Lle 6yn0 NoB’A3aHO 3i 3HWMKEHHAM aKTUBHOCTI
TNIIOKOHEOreHHUX GePMEHTIB NeYiHKM Ta BiAHOBAEHHAM
BMICTY I/1iKOreHy B MeviHu,i. |pU3MH 3MeHLUYE eKTOoMiYHY
iHpAAUjito Niniais Ta NiABUWMB BUTPATK eHepril Waaxom
aKTMBALIT TepmoreHesy B mM’A3ax i }KMPOBIM TKaHUHI Ta
3HUXKEHHA meTabonivyHoi edpekTnBHOCTI [20].

Y xoAi pisHMX AOCNiAKeHb BUMIPHOBANM piBeHb ipu-
3MHY Nicna Gi3MYHMX HaBaHTaXKeHb Y Pi3HMUX TKAaHUHAX.
Tak, y CKeNeTHUX m’s3ax piBeHb ipU3nHYy BiporiaHo nig-
BULLYETbCA, TOAi AK Y MAA3Mi NPAKTUYHO HE 3MIHIOETbCA
[21].

Y muwen i3 OXKMPIHHAM, BUKAMKAHUM BUCOMKMPO-
BOIO ZLIETOMO, 2-X TUMKHEBE BBeAEHHA iH EKLIN ipi3nHy BK-
KANKaNo edeKT, CXOXKMi Ha 18 TUKHIB JOBINbHMX BNpaB
(wheel exercising). IH’ €KLl Mio3MHY NpU3BENM 40 TAKOXK
BN/IMBY Ha Macy Tifla, HAa NOKa3HWKKM meTaboniamy, 30-
Kpema iHgekcy HOMA-IR, xo4a 6ynu BiporigHi BiamiH-
HOCTI i3 KOHTPO/IbHOO rpynoto. B Tol »e yac, AK B rpyni 3
ip3MHOM, TaK i B rpyni, Lo 3aliManacb Bnpasamu Biaby-
JINCb BiporigHe 3HMXKeHHs piBHA BMP (KicTkoBoro mop-
doreHHOro npoTeiHy), rpeniHy iHCyAiHy, KicnenTuHy,
NIeNTUHY Ta BichaTUHY Y CMPOBATLL KPOBI, Y NOPIBHAHHI
i3 KOHTPO/IbHOIO rPynoto. TakKMM YNHOM [0BEAEHO, WO
ipM3KH imiTye epeKTn di3nyHMX BNpas Ha opraHism [22].

3rigHO pe3ynbTaTiB HAayKOBOI NiTepaTypu TepMiHO-
BUIA epeKT BNINBY OAHOPA30BOro 3aCTOCyBaHHA di3ny-
HWX BNpaB NONAra€ y NiABULLLEHHI PIBHA LLUPKYIOKOYOro
ipn3MHy y ocib i3 Haa/MWKOBOK Macoto. MaKcMmasibHa
KOHLLEHTpaLiA cnocTepiraeTbca mixk 1 Ta 2 rognHamu
nicna ¢isMYyHMX HaBaHaTaxKeHb. Halbinblw epeKkTUBHM-
MW BUABUIUCb MPOTOKOAM i3 3aCTOCYBaHHA BUCOKOIH-
TEHCUBHUX iHTepBanbHMX HaBaHTaxkeHb (HIIT) [23]. Byno

NnokKasaHo, Wo y monoamx (12-18 pokis) oaHopasose
TpeHyBaHHA HIIT BUKAMKaNo Ginbli NpupocTu ipusmHy
Hi3k MICT (TpuBani BnpaBu MOMIiPHOI iIHTEHCUBHOCTI),
KPiM TOro 3pOCTaHHA KOHLEHTPAL,iT LLUPKYAOHYOTro ipu-
3MHY 3MeHLYBanocb A0 35 xB nicna 3aBepLUeHHA BNpas
[24].

Bianosigb opraHiamy ntoguMHu Ha gosrotpmsani oi-
3WYHi HaBaHTaXKeHHA BMABUAACH Binbl BapiabenbHoto.
3rifiHO JaHWMX HAYKOBOI /liTepaTypu piBEHb LIMPKY/IHOYO-
ro ipu3nHy NiABULLYETLCA Y OCIb i3 OXKMPIHHAM Ta Haa-
JIMWKOBO Macoto Tina [25], ane y ocib i3 HopmanbHO
MacCOI0 TiJla MOXKe CMOCTEPIraTUCA 3HMUMKEHHA PIBHA ipn-
3uHy. [locnigrKeHHAa BNAMBY Pi3HMX nporpam ¢isnyHuX
TPeHyBaHb Y *KIiHOK Ta Y0/10BiKiB Ha €KCMpecito reHa Ta
piBeHb ipU3NHY [03BONINMAM BCTAHOBUAW crnieundivHi
ocobamBocCTi.

Mpw gocnig»eHHi piBHA ipM3MHY Y JOPOCAUX XKiHOK
i3 OXMPIHHAM MicnA aepobHUX BNPaB Ta BUCOKOIHTEH-
CUBHUX iHTEpBa/ibHUX TPEHYBaHb Y CKeNeTHWX M’A3ax
(vastus lateralis) Ta nnasmi BCTaHOBNAEHO, WO piBeHb
eKcnpecii ipysnHy B CKeNeTHUX M’A3ax 3HayHO nia-
BUWMBCA nicaa ceaHcy HIIT (p<0,05), Toai AK aepobHi
BMNPaBM He BNAMBAIOTb Ha PiBEHb ipM3nHY. MigBuLLEeHHA
KOHLLEHTpALii ipu3nHy B Naasmi KpoBi He cnocTepirano-
cA. B iHWoMmy gocnigKeHHi 8 TUXKHIB CUMA0BUX TPEHY-
BaHb BUKNMKANWN 3MEHLUEHHSA PiBHA iPU3NHY Y CMPOBaTLL
KpoBi [26].

OKpemo MOKHa po3rnagatv edekT pisHUX BUAIB
TPEHyBaHb Ha PiBEHb IPU3NHY Ta iHLIMX aKTUBHUX Me-
Tabonitie. MopiBHANBHUI aHaNi3 BNANBY 4-X TUXKHIB 3a-
HATb Pi3HMMM BUAAMM 03L00POBYUYMX 3aHATb MOMIPHOI
iHTeHCMBHOCTI (aepobHi, cunoBi Ta KombiHOBaHiI Tpe-
HYBaHHA) Y KiHOK 3 OXMPIHHAM BUSIBUB, LLO HaWbinbLi
3MiHW Yy NPUPOCTi piBHA ipU3NHY BigbyBatoTbCA B rpyni
XKIHOK, AKi 3alManncb KOMBIHOBaHMMM TPEHYBaHHAMM
(noeaHaHHA aepobHMX Ta cuioBux Bnpas) [27].

binbwicTb AocnigKeHb poai MIOKIHIB NPU OXKUPIH-
Hi NPOBOAMNACL 3 YHACTIO XKIHOK. Ane y JOCNiAXKEeHHAX
3 y4yacTo Y0/0BIKiB, AK HOPMasIbHOI Macu Tina TaKk i 3
OXMPIHHAM, BCTAHOBJIEHO, WO LWOAEHHI 4OBroTpMBa-
Ni Pi3nyHi BNpaBM NOMIPHOI IHTEHCMBHOCTI MPOTATrOM
LIeCTM MICALIB BMKIMKANAW BiporigHe 3pOCTaHHA PiBHA
ipM3KHY y cMpoBaTLi KPOBI, AK B rpyni ocib 3 Hopmab-
HOI Macolo, TaK i B rpyni YONOBIKiB i3 OXKMPiHHAM. Cno-
CTepIiraeTbCa HeraTMBHA KOPENALIA MiXK piBHEM ipU3NHY
Ta pPiBHEM [/1lOKO3M, iHCYNiHY, piBHA iHAekcy HOMA-IR
, K B TPyni YONIOBiKiB 3 HOPMA/ZIbHOK Macoto Tifa, Tak
i rpyni oci6 i3 okuMpiHHAM. B KpoBi 0OCib i3 OXKMpPIHHAM
piBeHb ipU3nHY BYB BULLMM, KpiMm TOro, nicaa ¢ismuHmx
HaBaHTaXKeHb 3HAYHO NEepeBULLYBAB PiBEHb LLbOro Mo-
Ka3HWKa B rpyni i3 HOpManbHOK Macoto Tina. LLomicay-
He BUMIiPHOBAHHA PiBHA ipU3MHY Y CMPOBATLL 403BOINI0
BCTAHOBWUTM MO0 3pOCTaHHA LOMIcALA, ane BiporigHe
36iNblIEHHA 3aPEECTPOBAHO Ti/IbKKM MNicnsa 6-ro micaua
bi3nyHMX 3aHATb. TakK, y 0Cib 3 HOPMaNbHOK Macoko
Tina ipusuH 3pic Big, 87,54 £ 6,08 Hr-mnt 1o 97,39 £ 5,67
Hr-MAY, ToAi AK B rpyni i3 oxupiHHam Big 91,10 + 4,71
Hr-mat oo 139,50 + 6,96 Hr-mn? [28].

Y niTepatypi 3ycTpivaoTbCA HEMOOAMHOKI BMMALKK
noeaHatTv QisnyHi BNpaswu Ta gietn abo AieTnyHi nobas-
KW NPV BUBYEHI iX BNJNBY Ha MIOKiHW. 30Kpema y Ao-
cnipXeHHi 6 micauis aepobHMX TpeHyBaHb MOMIPHOI iH-
TEHCWBHOCTI Ha PiBEHb LIUTOKIHIB ipU3NHY Ta agMnoniHy
BCTQHOB/IEHO, LLO BipOriAHNIA edeKT BUABNAE NOEAHAH-
HA i3MYHUX TPEHYBaHb Ta BXKMBaAHHA BOLHOIO eKCTpa-
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KTY HaCiHHA NJ0AIB LWMMNOBHKUKA cobayoro (rosa canina),
36arayeHoro nonipeHonamu. Mpuyomy LA TeHAEHLIA
cTepiranacb AK Ha piBHi MPHK TaK y »KMPOBIi TKaHWHI,
TaK i Ha piBHi BiNIKy y cupoBaTLi Kposi [29].

Y iHWoMy JocnigxKeHHi 4 TUXKHI aepobHUX 3aHATb
NoMipHOT iHTEHCMBHOCTI (6ir Ha TpeaMini) y NnoeaHaHHi
3 MmoandiKoBaHUM ronoayBaHHAM NPU3BOANAN A0 Bipo-
rigHOro 36iNblUIEHHSA Y WypiB AK PiBHA eKcnpecii 6inky
FNDC5 y nMTKOBOMY M’513i, TaK i CMpOBaTKOBOTO ipU3NHY
y MOPIBHAHHI i3 rpynoto, AKa TiIbKK 3alimanacb 6irom
[30].

IpM3nH cnpuAe ocTeoreHesy, OMNOCEPEeSKOBYHUMN
cBolo fito yepes peuentop aV integrin [31].

Pe3ynbTaT BENMKOI KiNbKiCcTi focnigXeHb [03BO-
NATb CTBEpAKYBaTH, WO i3MYHi BNpaBu, cnpamoBa-
Hi HQ PO3BUTOK BUTPMBAJIOCTI, CMPUAIOTb NOKPALLEHHIO
KOTHITUBHUX 34i6HOCTEN, 0cO6/IMBO Y NtoAEel CTapLuioro
BiKy [32]. BctaHosneHo, wo wo FNDC5 nigsuwyeTbea
nig Yac TpeHyBaHb Ha BUTPMBAICTb Y riNOKammi muLLen.
Ekcnpecia reHa Fndc5 y HelpoHax peryntoeTbea PGC-1a,
a ekcnpecia Pgcla/muwi y MyLien AeMOHCTPYE 3HUXKe-
Hy ekcnpecito Fndc5 y mo3Ky. C5 y nepBUHHUX KOPTU-
KaNbHUX HEMpPOHax Nocuoe ekcnpecito Bdnfe, Togi sk
RNAi-onocepeakosaHe HokaayH FNDC5 3HuKye Bdnf.
BarknmBo, wo nepudepuyHa goctaBka FNDC5 go ne-
YiHKM Yepe3 afeHOBIPYCHI BEKTOPM, LLLO NPU3BOAUTL 40
NigBULLEHHA KOHUEHTpaLil cin30B0i 000/IOHKM KPOBi,
iHOYKYE eKkcnpecito Bdnfan iHWKWX HEMPO3aXUCHUX FeHiB
y rinokamni. Y cyKynHocTi Hall BUCHOBOK BMNpaBu Ha BU-
TpuBanicTb i BaxKAUBi meTaboniuHi megiatopu, PGC -1a
Ta FNDCS5, 3 eKkcnpecieto BDNF y mo3ky [33].

[eski gocnigHMKKM Yepes BeNnYe3HUin cnekTp edek-
TiB, AKi BUK/IMKAE ipU3MH BiAHOCATb MOTO A0 BaXK/IMBUX
E€HOOKPUHHUX CUTHANIB, AKi peryniotoTb metabonism y
BigNOBiAb Ha 3MiHW AOCTYNMHOCTI MOXWUBHUX PEUYOBUH i
notpebu B eHeprii [34].

BucHoBKM.

CrnocTepiraeTbCA BMCOKA reTeporeHHiCTb MOKA3HUKIB
piBHA MPHK Ta 6inKy ipM3uHy y TKaHMHaxX Ta KpoBi npu
BiANoBiAi Ha ¢i3nyHi HaBaHTaxeHHA. [lo paKkTopis, WO
BM/IMBAKOTb Ha Aiana3oH BiAMNOBiAi HanexaTb, BUA, TKa-
HUHKU (CMpPOBaTKa, CKeNeTHi M'A3M, KUPOBa TKAHMHM),
TMN 06’€KTy, MeToA BUMIpOBaHHA (iMyHOpEepMEHTHUN
MeTof, BecTepH-6/10TTiHr, M/IP), cNpAMOBaHICTb, iHTEH-
CUBHICTb Ta TPMBaNiCTb Ppi3UYHNX HABAHTAMKEHD.

TepmiHoBUil edekT ISUYHUX HaBaHTaXKeHb Ha pi-
BEHb ipM3MHY Yy BiNbLIOCTI BUNAAKIB Y NAa3mi KpoBi pe-
ECTPYETHCA TiNIbKN NPU iHTEHCUBHUX i3UYHMX HaBaHTa-
eHHax (Hanpuknag HIIT).

Y ocib i3 OXKMpPIHHAM, SIK TPEHOBAHMX, TaK i HeTpe-
HOBaHWX, PiBEHb iPM3MHY Yy NJA3Mi KPOBi NepeBuLLyE
piBeHb ipM3KNHY y 0Cib i3 HOpMaNbHOK Macoto Tina.

JoBsroTpmeani Gpi3anyHi HaBaHTaXKeHHS Yy 0Cib i3 OXKu-
PIHHAM BMKAWKAOTb NiABULLEHHA PIBHA IPU3KNHY, AK Y
YONOBIKIB, TaK i XIHOK. BiporigHi 3miHW piBHA ipU3NHY
PEeECTPYIOTbCA NicnA 6 MicALIB 3aHATb. 3 MicAUA 3aHATb
He BWMKIMKAOTb MiABULWEHHA PiBHA ipU3MHY Yy KPOBI. Y
0ci6 i3 HopManbHOI Macoto Tisla TPEHYBAHHA MOXYTb
BMK/IMKATU 3HUKEHHA PiBHA ipM3KHY (ipM3nMHOBa pesuc-
TEHTHICTb).

Y 6inblocCTi 4OCNIAMKEHb 3MiHW PiBHA ipU3NHY diKcy-
Ba/IM Y CKENETHUX M’A3aX, @ He N1a3mi KPoBi, L0 MOXKe
6yt NoB’A3aHO i3 TepMiHOM BMAMBY Gi3UYHUX BMpPaB.
Kpim Toro, HalyacTilwe BiporigHi 3MiHWM BCTAHOB/OKOTb-
csl Ha piBHi camoro 6inky metogom BectepH-610TTiHTY, a
He Ha piBHI MPHK.

[opatkoBe 3acTOCYyBaHHA PEKOMOiIHAHTHOro ipu3u-
HY NPU3BOAUTL [0 NOKPALLEeHHA AinigHoro npodaiay Ta
iHCYNiHOBOT Pe3UCTEHTHOCTI.

®i3nyHi TPeHyBaHHA, AKi BiAPI3HAIOTLCA 33 CNPAMY-
BaHHAM, IHTEHCUBHICTIO Ta TPMBANICTIO Pi3UYHUX HaBaH-
Ta)KeHb, XapaKTepun3yoTbCA O4HOHAMNPABIEHICTIO BMN/U-
BY Ha piBEHb ipU3MHY, ane BigpPi3HAOTLCA BEIMYNHOO
npupocty. HIIT BUKAMKaB 6ifbll 3HAYHi 3MiHW y PiBHi
ipM3MHY B NNa3mi KPoBi, HiXk aepobHi BNpaBu, KOMBIHO-
BaHi Nporpamu 3 BUKOPUCTaHHAM aepobHMX Ta CUIOBUX
BMpPaB, BUKANKAOTb CUJbHILWWI 3CyBW Yy PiBHI MIOKIHIB.
TakMM YMHOM, XapaKTep, IHTEHCMBHICTb Ta TPMBANICTb
bi3MYHMX HaBaHTaXKeHb BM/IMBAKOTb HA PiBEHb iPU3UHY
Y KpPOBi I0AMNHM.

MepcneKkTMBM NOAANbLUNX [OCNIAMKEHD.

Mopanbwi AoCNiAXKEHHA NONATAlOTb Y BCTAHOB/EHI
MO/IMBOCTI BUKOPUCTAHHA MOKA3HMUKIB PiBHA iPU3NHY,
AK Mapkepa Wwo Bigobparkae MmacwTab BNAMBY iHTEpP-
BeHLUiT (4ieTH, di3UYHMX HaBaHTaXKeHb, PEKOMBiIHAHTHO-
ro ipusunHy) Ha meTtaboniam. TpuBanicTb Ta Xxapaktep ¢i-
3MYHMX HABAHTaXeHb, WO BMK/AUKAIOTb BipOrigHi 3MiHM
y MPUPOCTi ipU3UHY, @ OTXKe 1 BN/IMB Ha TepMOreHes, no-
TpebyloTb L04ATKOBOrO BUBYEHHS.
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YYACTb IPUSUHY Y MEXAHI3SMAX 3HUXEHHA MACU TINA NMPU OXKUPIHHI

MaH4yeHKo 0. M., Apo3poscbka C. b.

Pe3stome. Okpim gobpe BiAOMUX OCHOBHUX GYHKLN, CKENETHI M3 MOXKYTb PYHKLIOHYBATM K CEKPETOPHUIA
opraH, CTUMYIOIOYM CKOPOYEHHAM BUPODBIEHHA Ta CEKPELLiII0 PEYOBUH, LLLO HA3UBAKOTHCA MiOKIHAMM, MatOTb LUIMPO-
KU cnekTp disionoriuHmx edeKTis Ta 34aTHI peryntoBaTv romeoctas nepudepuyHnx TKaHuH. OaHUM i3 HanbinbLBI-
OOMUX MIOKiHIB, O BUPOBNAETLCA NepeBayKHO M’'A3aMu nicia GisMYHMX HaBaHTaXKeHb € iPU3UH. BBaKaeTbes, WO
BiH iHAYKYE NpoLec nepeTBoOpeHHs 6inoro Xupy Ha bypuit y agunoumTtax 3 HaCTynHUM 36inblIEHHAM MITOXOHAPI-
ANbHOrO OKMUCNIEHHA NiNiAiB Ta 3MEHLWEHHAM iHCYNiIHOBOI PE3UCTEHTHOCTI.

IpM3MH NoYanu AOCNIAKYBATM HELLOL4ABHO, TOMY e He AO0CTAaTHbO NPOaHaNi30BaHi OCHOBHI 3aKOHOMIPHOCTI Ta
MexaHi3amu noro gii. Kpim Toro, edbekTn woao nobypiHHA 6i10ro *Kupy, oTpUMaHi B eKCnepmMmeHTax Ha TBapuHax He
MaloTb YiTKOro NiATBEpPAKEHHA Y Ntoaen.

Y 0cib i3 OXKUPIHHAM, AK TPEHOBAHUX, TaK i HETPEHOBAHMX, PiBEHb iPM3MHY Y NIA3Mi KPOBI NepeBuLLYE PiBEHb
ipM3KnHy y 0cib i3 HopMasbHOK Macoto Tina.

Y 6inbluoCTi foCNiAKEHb TEPMIHOBUI edeKT BNANBY OA4HOPA30BOr0 3aCTOCYBAHHA Qi3MUYHUX BNPAB MOAAMAE Y
NiABULLEHHI PIBHA LIMPKY/IOKOYOTrO ipu3nHY y OCib i3 HaANMILKOBOK Macot. MaKcMmanbHa KOHLEHTpaLia cnocTe-
piraetbca mixk 1 Ta 2 rogMHamm nicna GisvyHUX HaBaHaTa*KeHb. Hanbinbw edeKTUBHUMM BUABUINCH NMPOTOKOAN i3
3aCTOCYBAHHA BUCOKOIHTEHCUBHUX iHTEPBA/IbHUX HAaBAHTAMKEHb.

Bianosigb opraHiamy ntogMHM Ha foBroTpueani GisMyHi HaBaHTaXKeHHA BUABMIACL binbl BapiabenbHoto. JoB-
rotpmani ¢isMyHi HaBaAHTAXKEHHSA y OCib i3 OXKMPIHHAM Ta HaZ/IMLLIKOBOK MACOMO Tijla BUK/AMKAOTb NiABULLEHHS
PiBHA LMPKYAIOKYOTO ipU3NHY, AK Y YOJIOBIKIB, TaK i XKiHOK. BiporigHi 3MiHW piBHA ipU3MHY peecTpytoTbea nicaa 6
MicALLIB 3aHATb. Y OCib i3 HOPManbHOK MACOIO Tifla TPEHYBAHHA MOXYTb BUK/IMKATU 3HUMKEHHSA PiBHA ipu3uHYy (ipu-
3MHOBA PE3UCTEHTHICTb). BUCOKa reTeporeHHiCTb NOKa3HMKIB piBHA MPHK Ta 6ifKy ipU3nHY y TKaHMHax Ta KPOBi Npu
BiANOBIAi Ha Qi3MYHI HaBaHTAXKEHHSA 3aN1eXUTb Big, BUAY TKAaHUHU, TN 06’ €KTY, MeToAy BUMIiptoBaHHA. i3nyHi Ha-
BaHTaXKeHHA, AKi BiAPI3HAIOTLCA 3a CMPAMYBAHHAM, iIHTEHCMBHICTIO Ta TPMBAICTIO, XapaKTepu3yTbCA OA4HOHaNpPaB-
NIEHICTIO BMNJINBY HA eKCNPECito ipU3nHy, ane BiAPiI3HAITLCA BEAMYMHOI NPUPOCTY.

Y 6inblioCTi AocnigKeHb 3MiHU PiBHSA ipU3KHY diKCyBann y CKENETHUX M'A3aX, @ He MNJ/1a3Mi KPOBI, LLLO MOXKe byTn
nos’A3aHo i3 TepmiHoOM BNAUBY $isMyHMX BNpaB. Kpim Toro, HalvacTiwe BiporigHi 3MiHM BCTAaHOB/IOKOTLCA HA PiBHI
camoro 6inky metogom BecTtepH-6/10TTiHrY, a He Ha piBHi MPHK. [logaTkoBe 3acTocyBaHHA peKOMBiHAHTHOrO ipu3u-
HY NPU3BOAMTb A0 NOKpaLLEeHHsA ninigHoro npodaiiny Ta iHCyNiHOBOI Pe3UCTEHTHOCTI.

Kno4oBi cnoBa: MiOKiHW, ipU3KNH, OXKUPIHHA, Gi3UYHI HaBaHTAXKEHHS, CKeNeTHI M’A3u.
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THE PARTICIPATION OF IRISIN IN THE MECHANISMS OF WEIGHT LOSS IN OBESITY

Panchenko Yu. M., Drozdovska S. B.

Abstract. In addition to the well-known basic functions, skeletal muscles can function as a secretory organ,
stimulating the production and secretion of substances called myokines, which have a wide range of physiological
effects and are able to regulate the homeostasis of peripheral tissues. Irisin is one of the most well-known myokines,
produced mainly by muscles after physical exercise. It is believed to induce the conversion of white fat to brown fat
in adipocytes, followed by an increase in mitochondrial lipid oxidation and a decrease in insulin resistance.

Irisin began to be researched recently, so the main laws and mechanisms of its action have not yet been
sufficiently analyzed. In addition, the effects on the browning of white fat obtained in experiments on animals do
not have clear confirmation in humans.

Obese subjects, both trained and untrained, have higher plasma irisin levels than normal-weight subjects.

In most studies, the immediate effect of a single exercise session is to increase circulating irisin levels in
overweight individuals. The maximum concentration is observed between 1 and 2 hours after exercise. Protocols
using high-intensity interval loads turned out to be the most effective.

The response of the human body to long-term exercise turned out to be more variable. Prolonged physical
activity in obese and overweight individuals causes an increase in circulating irisin levels in both men and women.
Probable changes in the level of irisin are registered after 6 months of classes. In individuals of normal body weight,
exercise may cause a decrease in irisin levels (irisin resistance). The high heterogeneity of indicators of mRNA and
protein irisin levels in tissues and blood in response to exercise depends on the type of tissue, type of object,
and measurement method. Physical loads, which differ in direction, intensity and duration, are characterized by a
unidirectional effect on the expression of irisin, but differ in the magnitude of the increase.

In most studies, changes in irisin levels were recorded in skeletal muscle, not blood plasma, which may be related
to the duration of exercise exposure. Most often probable changes changes are established at the level of the
protein itself by the method of Western blotting, and not at the level of mRNA. Additional use of recombinant irisin
leads to improvement of lipid profile and insulin resistance.

Key words: myokines, irisin, obesity, physical activity, skeletal muscles.
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PREDICTORS OF UNFAVORABLE COURCE OF PAPILLARY THYROID CARCINOMA
Zaporizhzhzia State Medical University (Zaporizhzhzia, Ukraine)
k.a.t.i.a.zim59@gmail.com

Determination of risk factors for metastasis and aggressive course of PTC is important in determining the scope
of surgical treatment, namely the need for lymph node dissection in patients with this cancer.

Aim - to review the professional medical literature to determine the factors of unfavorable course of papillary
thyroid carcinoma.

According to the results of studies, size of tumor larger than 1.0 cm and multifocal lesions can be considered an
indicator of the aggressive course of PTC. AIT complicates the cytological diagnosis of nodal masses. A definite cause-
and-effect relationship between AIT and PTC remains unclear. The basis for this relationship is the molecular, hor-
monal and histopathological similarity of these diseases. Galectin-3 is a regulator of normal cell proliferation, and
its overexpression leads to malignant cell transformation and metastasis. The neoplastic transformation of benign
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