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Abstract. Data obtained by various researchers indicate the effect of nitric oxide (NO) on expression of
some genes, in particular, the genes associated with myogenesis in birds. But until now it has not been possible
to quantify this effect and possibility of its use, since the control of content of NO metabolites in tissues
presented a methodological difficulty. The purpose of this research was to find out relationship between the NO
content in tissues of avian embryos and the expression of genes responsible for myogenesis at various stages of
embryogenesis. We used a highly sensitive and highly specific enzyme sensor to determine the content of the main
NO metabolites in tissues. Gene expression was determined by PCR-RT. The relationship between the NO content
in tissues and the expression of 7 genes involved in the process of myogenesis was studied in chicken and quail
embryos. There are the genes of myocyte proliferation factor 2c (mef 2c), myogenic differentiation 1 (MyoD1),
myogenesis factor 5 (myf 5), myosin (mhy 1), myogenin (myog), somatostatin (MSTN), gonadotropin hormone
(GHR). Blocking the synthesis of NO, which leads to a decrease in deposited NO in tissues by 50...70%, results
in a change in expression of most of the studied genes. Basically, there was a decrease in gene expression, in
particular, myostatin (MSTN), which is responsible for suppressing growth and differentiation of muscle tissue.
Thus, nitric oxide in an avian embryo can primarily play the role of regulator of muscle tissue growth, which
is important for fast-growing breeds since myoblast proliferation occurs at embryonic stage of development.
Regulation can be carried out by activating the mechanisms of oxidation of NO to nitrate which occurs in the
embryos of fast-growing breeds.
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Introduction

According to several researchers, nitric oxide (NO) affects the expression of a number
of genes [1—3], including genes associated with myogenesis [4]. Until now, it has not
been possible to quantitatively evaluate this effect and determine the prospects for its
use, since monitoring the content of NO metabolites in tissues is methodologically
complicated. Using a highly sensitive and highly specific enzyme sensor that allows
such monitoring [5], we found that in avian embryo, about 2% of arginine is spent on
the synthesis of nitric oxide [6]. The intensity of NO synthesis is approximately the
same in all embryos of birds of the same species. However, in embryos of meat forms,
NO is predominantly oxidized to nitrate, while in embryos of egg forms it accumulates
in so-called NO donor compounds: S-nitrosothiols (RSNO), dinitrosyl iron complexes
(DNIC), high-molecular nitrates (RNO,). The difference in the ratio of nitrate and donor
compounds in the embryo reaches two orders of magnitude [6, 7].

Obviously, nitric oxide is synthesized in excess in bird embryo to ensure vital
physiological processes. This is evidenced by the fact that in the embryos of meat
forms, NO is mainly oxidized to nitrate [6]. It was shown that some histological indices
of embryonic muscles correlate with the degree of NO oxidation in the embryo [6].
Considering data on the effect of NO on gene expression [1—4], it can be assumed
that the main part of nitric oxide in embryo acts as a regulator of gene expression, in
particular, those responsible for myogenesis. We have the opportunity to quantitatively
assess this effect and practically use it in poultry farming.

The purpose of the study was to clarify the relationship between NO content in
tissues of bird embryos and expression of genes responsible for myogenesis at various
stages of embryogenesis.

Materials and methods

Fertilized eggs of the following chicken breeds and crosses were used in the
experiments: cross ‘Smena 9’ (Cornish breed (line SM 56), Plymouth Rock breed (line
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SM 79) and the original hybrid), crosses ‘Hisex White’ and ‘Hisex Brown’, breeds
‘Mini meat’ (line A77), ‘Kulangi’, ‘Brama Palevaya’, ‘Yurlovskaya Golosistaya’ and
‘Orlovskaya’; and quails of ‘Japanese gray’ breed obtained in “Genofond” (Russia).
Incubation of eggs was carried out in conditions of the hatchery (“Zagorskoye”, Sergiev
Posad, Moscow region). Incubators IPH-10 (Russia) were used. The temperature during
the incubation period (from the 1st to the 18th day of incubation) was 37.6 °C, during the
hatching period (from the 19th to the 21st day of incubation) — 37.2 °C in accordance
with the recommendations of Russian Research and Technological Poultry Institute [10].

In all cases, 5...8 embryos of each breed or cross were selected to determine gene
expression.

To determine the content of nitro- and nitroso compounds in homogenates, an enzyme
sensor was used, the action of which is based on the unique ability of nitrite and other
nitroso compounds containing NO+ group to inhibit catalase in presence of halogen ions
with approximately equal efficiency, equally dependent on pH of the environment [5-8].
The ability to inhibit the enzyme is lost under the influence of several substances specific
to each group of nitroso compounds [5]. To determine nitro compounds, vanadium
trichloride was used to reduce the nitro group to a nitroso group, which can inhibit
catalase. The sensitivity of the method is 40 nM [5, 7].

Gene expression was studied using the RT-PCR method [9]. The housekeeping gene
TATA-binding protein (TBP) was used as a control, since nitroarginine and arginine had
no effect on its expression. RNA was isolated from homogenized tissue and synthesized
to DNA using the PCR method with reverse transcription. The expression of candidate
genes in quantitative RT-PCR detection was calculated relative to the control gene TBP
using the 22T method [9], where Ct is the PCR cycle in which the fluorescent signal
from the dye crosses the established threshold level. Thus, the smaller the Ct value, the
more intense the amplification process and, consequently, the higher the gene expression.

On the 6th—7th day of embryogenesis, due to the complexity of muscle tissue
selection, embryo homogenate was obtained using a glass homogenizer DWK Life
Sciences GmbH, Germany (8 min, 40 frictions/min, 6 °C). On the 13th—14th day of
development, homogenate of the chest and femoral muscles of the embryo was obtained
using an Oster tissue grinder (Mexico).

To establish relationship between the content of deposited NO in tissues and the
expression of the studied genes, solutions of exogenous substances were introduced
into the eggs before laying and on the 11th day of incubation: a nitric oxide synthesis
blocker — nitroarginine (H), as well as a mixture of nitroarginine and a nitric oxide
synthesis substrate — arginine (H + A). The dosage is indicated in Tables 3, 4. Sterile
saline was introduced into the control group (C) at the same time. The introduction into
the egg was carried out through the shell from the side of the air chamber with insulin
syringes. Nw-nitro-L-arginine and L-arginine Merck were used, dilution was carried out
in sterile physiological saline.

For statistical processing, the BioStat software package was used.

Incubation was carried out in vivarium conditions (“Zagorskoye”, Russian
Research and Technological Poultry Institute, Sergiev Posad, Moscow region). IPH-10
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incubators (Russia) were used. The temperature during the incubation period (1st to
18th day of incubation) was 37.6 °C, during the hatching period (19th to 21st day of
incubation) — 37.2 °C in accordance with the recommendations of Russian Research
and Technological Poultry Institute.

For statistical processing, the BioStat software package was used.

Results and discussion

Embryos of ten chicken breeds, lines and crosses characterized by high (80% and
more — group 1) and low (2...4% — group 2) degree of NO oxidation in embryonic
tissues were studied. On average, the expression value of most genes in embryos of meat
and fighting forms, distinguished by a high degree of oxidation of nitric oxide to nitrate
in tissues, was lower than in embryos of egg forms, distinguished by insignificant degree
of oxidation. According to the expression of myogenic differentiation factor 1 (myoD1),
myogenesis factor 5 (myf 5) and myogenin (myog), there were reliable differences
between these groups according to the Mann — Whitney criterion (Tables 1, 2).

Table 1

Expression of genes: myocyte proliferation factor 2c (mef 2c), myogenic
differentiation 1 (myoD1), myogenesis factor 5 (myf 5), myosin (mhy 1), myogenin (myog),
somatostatin (MSTN), gonadotropic hormone (GHR) — in tissue of pectoral muscles of
chicken embryos of various breeds, lines and crosses on the 14th day of incubation* (n = 7)

Breed, lines, cross zga;// DonorsNO+nitrate,| MSTN GHR mef2c myog mhy 1 myoD1 myf5
h /o IJM
Group 1
Minimeat(ine | go7,18| 49558211 | -15£07|-13405| -1605| 07204 | 5406 | -0.5¢05| 101205
A77 group 2)
SM56‘Comish’ | 97.642.7 | 5198417.6 | 25404 | -26403| 14403 | 20+04 | 42:05 | -1.2:05| 9304
Kulangi 957:25| 5285+17.7 | -02:04|-12:06| -06:05| 72¢13 | 13341.1| 64404 | 20402
Smena9 979426| 57274185 | -3.8+04| -25+03| -26403| -28403| 15817 | -34£04| 3103
Bramapalevaya | 80.4$29| 50113171 | -52£10| -49405| -7.9¢29| 1.1£05 | 07¢05 | 46207 | 29:05
Group 2
Hisex White 1810 | 47464166 | -13+09] 23406 -2041.1] -0.3+0.8| 47£04 | -21£06] 59:06
;\'}I’;“;“‘hR“k 29413 | 4617:182 | -28:05| -22+07| -21£13| -62:0.8| 4805 | -1.6+1.1| 24408
Yurlovskaya 36419 | 4481:153 | -67:05| -6.1¢1.1| -810.6| -1.1£0.3| -03£02| 29408 | -0.3£0.2
Hisex Brown 23+08 | 4746166 | 04:04 | -26:04| -27:12| -0.8:07| 0.4+03 | -46407 | -0.640.4
Orlovskaya 19+11 | 44414142 | -1408| -17404| -1.1408 | —2.6:07| 133+23 | -41404| 5110

uexp< ucvit uexp< ucvit

*Table 1 shows ACt = Ct — Ct TBP.

Source: compiled by V. Yu. Titov, |.I. Kochish, O.V. Myasnikova, A.M. Dolgorukova, M.A. Zaitseva,
PS. Romanov, H.R. Vardanyan.
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Table 2

Expression of genes: myocyte proliferation factor 2c (mef 2c), myogenic differentiation
1 (myoD1), myogenesis factor 5 (myf 5), myosin (mhy 1), myogenin (myog),
somatostatin (MSTN), gonadotropic hormone (GHR) — in leg muscle tissue of chicken
embryos* (n =7)

Breed,lines, | NO,/ DonorsNO+nitrate,| MSTN GHR mef2c myog mhy 1 myoD1 myf 5

cross NO, % uM

Group 1
Mini meat 97.6+1.8| 501.5%18.2 04+0.8 | 07+02 | -23+1.8| 1.4%1.0 | 6.8+13 | 0912 | 11.5%17
SM56

Cornish Line | 95.812.9 520.1£16.4 -19+03 | -1.7t04 | 0704 | 120£1.7 | 83+26 | 3.4+0.8 | 134121
‘Smena 9’

Kulangi 95.2+26| 5285+17.7 | -1.840.9 | -22+1.8 | 29%17 | 7.0%1.6 | 143+20 | 3906 | 1.4+09

‘Smena9’ 98.1+2.6| 561.7+187 | -21%04 | -1.7+05| -1.1+08 | -2.6+1.4 | 126223 | 4112 | 28%04

Brama 785+3.0| 4955+166 | -3.3%0.5| -3.2+14 | -71£09 | 05+03 | -0.2+0.1 | -4.3£0.7 | -5.8+0.6
Group 2

Hisex White | 2.4+1.1 44251158 | -04+02 | -04%0.1 | -1.3+0.5 | -0.2+0.1 | 6.2+0.2 | -2.5+04 | 6.7+1.5

Plymouth

rock SM79, 31118 493.2117.4 -21+02 | -1.6t03 | 00+0.1 | -0.4+0.1| 6.7t22 | -3.8:0.5| 50+0.8
line ‘Smena 9’

Yurlovskaya | 3.8+1.8 434.7+16.1 -5.6+06 | -47+0.6 | -9.0+1.4 | -0.6+0.2 | -1.1+0.8 | -47+04 | -7.5+14
HisexBrown | 2.3%1.3 4516172 | -1.0£09 | -1.2+22 | 08402 | 04+10 | 10124 | -04+18 | 29+23
Orlovskaya 23%1.2 428.3+13.1 04£02 | -0.7403 | -0.8+0.2 | -1.8+0.3 | 124+19 | -2.5+04 | 43+0.8

u <u

exp crit
* Table 2 shows ACt = Ct—Ct TBP.

Source: compiled by V. Yu. Titov, I.I. Kochish, 0.V. Myasnikova, A.M. Dolgorukova, M.A. Zaitseva,
PS.Romanov, H.R. Vardanyan.

Within these groups, large differences in gene expression were found. For example,
myostatin expression varied from—1.2 to—6.9 in group 2 and from —1.6 to—5.4 in group
1 in pectoral muscles (Table 1). The differences in leg muscles were no smaller (Table 2).
There were significant differences between these groups according to the Mann-Whitney
criterion in expression of myogenic differentiation factor 1 (myoD1) and myogenesis
factor 5 (myf 5) in pectoral muscles and myogenin (myog) in leg muscles.

In this regard, to establish relationship between the content of deposited NO in tissues
and the expression of the genes studied, the most informative seems to be varying the
concentration of deposited NO within one breed, line and cross, using blockers of NO
synthesis and the substrate of its synthesis — arginine.

Nitroarginine effectively inhibits NO synthesis, which leads to decrease in content
of NO metabolites in embryonic tissues, without changing the degree of oxidation
of synthesized NO to nitrate (Tables 3, 4), which is determined by peculiarities
of embryonic tissues [6]. But the effect of H is not constant. Introduced before
incubation, it effectively inhibits NO synthesis in chicken and quail embryos for up
to 11 days. Then its effect disappears but resumes after repeated introduction into the
egg [6]. H is a competitive inhibitor competing for NO synthase with arginine (A),
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a substrate for NO synthesis. Introduction of A into the egg together with H in
a concentration 10 times greater than H completely removed the inhibitory effect
of the latter (Tables 3, 4).

As we have established, A in the egg is at a saturation concentration for NO
synthase [6]. Its introduction into the egg does not lead to intensification of NO synthesis,
but removes the effect of H (Tables 3, 4).

H introduced before incubation provided decrease in intensity of NO metabolite
accumulation in embryo by 7 days by approximately 70% (Tables 3, 4). At the same time,
in the tissues of chicken embryos, as well as quails, there was a decrease in expression
of most of the studied genes, which did not change if arginine (H + A) was introduced
into the egg together with H. The content of NO metabolites in homogenates also does
not change when H + A is introduced. A, introduced into the egg without H, did not have
a reliable effect either on gene expression (Table 3) or on content of NO metabolites in
embryo tissues (Tables 3, 4).

Table 3

The effect of NO synthesis blocker nitroarginine on expression of some genes
in 7- and 14-day embryos of chickens of X2 line of Hisex White cross*

NO,/ | DonorsNO+ Expression (gene-TBP)
Group NOS% nitrate, uM
’ ’ MSTN | Myfs | Me2 | GHR | Myog | MyoDt Mhy1
7 days
K 1.5+08 | 1622484 | -2451025 | -1.12+0.15 | -0.21+0.23 | -1.85+0.21 0.38+0.07 | -1.15:0.18 | -2.61+0.24
548155 -1.3840.07 048013 | -1.08+0.26 -0.25£0.06 | -0.58+0.14
Ho|tasn ] DO 5<005 007s004 | "7 peogs | 0234006 | T s 5<005

H+A | 16409 | 167.1+88 | -253+#01 | -077+0.11 | -091+0.22 | -2.01+0.28 | -0.13+0.09 | -0.70+0.13 | -2.08+0.14

A | 16410 | 1711499 | -24910.15 | -0.8740.13 | -0.5840.22 | -1.96£0.27 | -0.08+0.07 | -0.96+0.16 | -2.91+0.26
14 days, pectoral muscles
K | 25412 | 4657+103 | -243+038 | 1.31£005 | -003+022 | -1.85:0.34 | -1.02£0.19 | -1.83+022 | -3.7240.15

H 2612 250.2+9.5 | -1.18+0.06 167029 0.53+0.17 | -1.01£018 | -0.54%0.16 | -0.80£0.20 | -2.93%0.12
p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05

H+A | 28415 | 4624+11.2 | -1.56£0.09 | -1.1240.06 | -0.13+0.23 | -1.35+0.09 | -2.30+0.31 | -1.91+0.27 | -3.52£0.20

14 days, leg muscles

K 2512 | 47574103 | -1.36+0.08 | -042+0.14 | 1.37:0.24 012101 -1.60£026 | -0441027 | -247:044

230285 | 0141022 | 1214021 1055014 | 001£015 | -035£0.19
Ho 1268120 " 005 | p<005 | peoos | 4203 | 0572035 1005 | pe00s | pe00s

H+A | 2815 | 4523+11.2 | -1.07£0.18 | -0.5110.30 0.1£0.19 -1.08t0.14 | -229+0.27 | -0.7610.26 | -1.6410.41
*0.3 ml of 30 mM nitroarginine was added to the eggs of group H before incubation and on the 11th day; 0.15 ml of
60 mM nitroarginine + 0.15 ml of 600 mM arginine were added to the eggs of group H+A before incubation and on
the 11th day; 0.3 ml of sterile saline was added to the control (C) eggs at the same time. 0.3 ml of 300 mM arginine
was added to group A before incubation.

Source: compiled by V. Yu. Titov, I.I. Kochish, 0.V. Myasnikova, A.M. Dolgorukova, M.A. Zaitseva,
PS.Romanov, H.R. Vardanyan.

Of the genes whose expression was significantly affected by H, we note first
myostatin (MSTN). In chickens, it decreased more than 2-fold on the 7th day (Table 3), and in
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quails, it decreased 7-fold on the 6th day (Table 4). Also, expression of gonadotropic hormone
(GHR) decreased 1.3-fold in quails and 2-fold in chickens. The effect on expression of other
genes is not always unambiguous. Thus, there was no significant effect on the expression
of myogenesis factor 5 (myf5) in quails (Table 4), and on the verge of significance — in
chickens (Table 3). There was a significant effect on expression of myocyte proliferation
factor 2 (mef2) in chickens — a decrease of 1.6—1.7 times. There was no significant effect
in quails (Table 4). There was no significant effect on myogenin (myog) expression in
chickens on the 7th day. In quails, there was a significant decrease in expression by 1.5
times. No significant effect on expression of myogenic differentiation factor 1 (myoD1) was
observed in chickens on the 7th day. Myosin (mhy 1) expression in chickens significantly
decreased by 2—4 times. This gene is not present in quails (Tables 3, 4).

H, administered repeatedly on the 11th day, caused a decrease in accumulation of
NO metabolites in embryonic tissues by 50...60% on the 14th day (Tables 3, 4). This was
accompanied by change in expression of the studied genes, primarily myostatin (MSTN)
and gonadotropic hormone (GHR). In hens, MSTN expression under the influence of H
decreased by 2.3-2.4 times in tissues of pectoral and leg muscles (Table 3), in quails in
pectoral muscles — by 1.17 times, in leg muscles —by 1.9 (Table 4). GHR expression
decreased in hens by 1.4...1.7 times, in quails in pectoral muscles the expression decreased
by 1.5 times, in leg muscles — by 2.7 times (Tables 3, 4). The effects on other genes
were also preserved. Note that the differences in gene expression between the pectoral
and leg muscles are significant in some cases, even though there is no reliable difference
in the content of NO metabolites between them.

Table 4
Effect of NO synthesis blocker nitroarginine on expression of some genes
in 6- and 13-day-old embryos of Japanese gray quail*
NO,”/ DonorsNO + Expression (gene-TBP)
Group 3 .
NO% | nitrate, uM MSIN | M5 [ Me2 | GHR | Mpog | MyoDI
6 days
K [11:08] 1493479 -0.61+006 | 282:006 | -156:008 | -0.20£0.08 | -0.80+0.30 | 0.05%0.05
28121 220£0.80 021:010 | -0.20%0.05
H | 1208 p<005 <005 294010 | 1228009 | " 0 p<005 0.15£0.10
HtA | 11208 | 150581 -148:0.18 | 246%008 | -1.10:0.11 | -015£0.18 | -074+009 | 0.21£0.07

13 days, pectoral muscles
K | 2515 576.6113.3 0.20£0.16 2.2910.13 0.2110.07 0.91£0.12 0.8910.18 0.6610.12

H 24112 32241112 0.42+0.08 2.39+0.13 0.18+0.07 1.54:0.04 1.21£0.13 0.91+0.17
p<0.05 p<0.05
13 days, leg muscles
K | 2415 565.4112.8 -043£0.13 | 220£0.13 -027+0.07 | 0.15£0.18 0.21£0.10 0.3810.06
3081128 0.48+0.20 0.3910.17 1.60£0.24 1.24+0.14 1.1410.09

Ho| 234141 = 005 p<005 | 2710 005 p<0.05 p<0.05 p<0.05

*0.15 ml of 15 mM nitroarginine was added to the eggs of group H before incubation and on the 11th day. In group
H+A, 0.15 ml (80 mM nitroarginine + 300 mM arginine 1:1) was added before incubation and on the 11th day. In the
control group (C), 0.3 ml of sterile saline was added at the same time.
Source: compiled by V. Yu. Titov, |.I. Kochish, O.V. Myasnikova, A.M. Dolgorukova, M.A. Zaitseva,
PS. Romanov, H.R. Vardanyan.
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The introduction of H + A removed these effects, as well as the effect of H on
reducing the concentration of NO metabolites (see Tables 3, 4).

There is a point of view in the literature that NO has an epigenetic effect, influencing
the methylation of histone proteins, inhibiting enzymes that carry out demethylation [2].
There is a reason to believe that in bird embryos, the mechanism of NO oxidation to
nitrate acts as an expression regulator. Based on the analysis of inheritance of degree of
NO oxidation in the embryo, this process is determined by at least two genes [6]. That
is, the genes that determine activation of NO oxidation are inherited.

The only thing that can be said about the mechanism of this oxidation is that
nitrite does not accumulate in tissues [6]. Consequently, oxidation occurs without
generating active forms of nitrogen into the environment. To date, we do not know
a way to artificially reduce the intensity of this oxidation. But there is a way to
artificially increase it. This is irradiation of incubated embryos with green light, which
leads to some increase in the growth rate [10—12], as well as to a reliable increase
in the oxidation state of embryonic NO [6, 7]. The effects on gene expression that we
observed under irradiation were similar for some genes to those observed under the
action of NO synthase blocker [7]. We do not risk considering irradiation with green
light as a complete control, since light can have other effects not associated with NO.
However, a comparison of this effect with the effect of nitroarginine, which blocks
NO synthesis but does not affect the degree of its oxidation (Tables 3, 4), as well as
with the average expression values in egg and meat forms (Tables 1, 2) gives reason
to assume that the effect is associated with the concentration of NO donor compounds
in tissues. The latter include nitrosothiols (RSNQO), dinitrosyl iron complexes (DNIC),
and some high-molecular nitrates [5, 13].

Conclusion

Thus, a decrease in content of NO donor compounds leads to a decrease in expression
of most of the studied genes responsible for myogenesis. We note decrease in expression
of myostatin, responsible for suppression of growth and differentiation of muscle tissue.
Consequently, nitric oxide in the bird embryo can play the role of regulator of muscle
tissue growth, which is important for fast-growing forms, since myoblast proliferation
occurs at the embryonic stage of development. Regulation can be carried out by activating
the mechanisms of NO oxidation to nitrate.
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AddekTbl OKCHAa a30Ta, CBA3aHHbIE C IKCNpeccuen psaaa
reHOB Ha 3M6pUOHaNIbHOM CTaguUU pasBUTUA NTUL,

B.IO. Turos’? g, N.N. Kounur' ~, O.B. MsicHukoBa'

A.M. [ToaropykoBa® =, M.A. 3aiinieBa’, I1.C. Pomanos!, A.P. Bappausau®

"MocKoBCKasi ToCyjapCTBeHHasi BeTepuHapHast akagemuss — MBA um. K.U. CkpsiounHa, Mockea,
Poccutickas ®edepayus
2®enepa/ibHOTO HAYYHOTO 1ieHTpa Beepoccuiickuii HayuHO-UCC/e[0BaTeNbCKHM
U TEXHOJIOTHYeCKUI WHCTUTYT NTUIeBOACTBa, Cepaues ITocad, Poccuiickas ®edepayus
33A0 «HayuHbIi LIeHTD OLIeHKH aHa/Inu3a PUCKOB 0e30TaCHOCTH THILEBBIX MPOAYKTOB», EpegaH,
Pecnybnuka ApmeHus
> vtitov43@yandex.ru

AnHotanus. [laHHble, O/TyUeHHbIe Pa3TUUHBIMU UCCTeJ0BaTeIsIMHI, CBI/eTeIbCTBYIOT O BIMSIHIN OKCHAA
a30Ta Ha KCIPeCCHIO Psifia TeHOB, B YaCTHOCTY I'€HOB, CBsI3aHHBIX C MHOreHe30M Y rtur]. KoymryecTBeHHas orjeH-
Ka 3Toro 3dekTa 1 U3yueHHe NepcrieKTUB ero UCI0/Ib30BaHUs paHee He TIPOBOJM/INCE, MOCKOIBKY KOHTPOJ/Ib
coziep>kanust MetabonnToB NO B TKaHSIX NPeJCTaB/Isl METOLUUECKYIO CIIOXKHOCTh. Llesb nccieoBaHus —
BBISICHUTh B3aUMOCBsI3b cofiep>kaHust NO B TKaHSIX NTHUbUX SMOPHOHOB M 3KCIIPECCUU FeHOB, OTBETCTBEHHBIX
3a MHOT€eHe3, Ha Pa3/IMuYHBIX CTaAusaX IMOproreHe3a. VICro/b30BasIcs BBICOKOUYBCTBUTEIBHBIN 1 BHICOKOCIIEL]-
UQUUHBIA (epPMEHTHBII CeHCOp, MO3BOJISIOIIUI OMIePaTHBHO OMPe/IeNISTh COfiep>KaHe 0CHOBHBIX MeTabo/I1ToB
NO B TKaHsIX. DKCIPECCHIO TeHOB onpezensiii MetooM ITIP-PB. Ha sMOproHax Kyp U MeperesioB UCC/IeA0BaIA
B3aMMOCBs3b coziepkanus NO B TKaHSX U 9KCIIPECCHH 7 TeHOB, YUacTBYIOIMX B Npoliecce MyoreHesa: dax-
Topa nponudepanun MuonuToB 2¢ (mef 2¢), muorenHol guddeperuyanyu 1 (myoD1), dakropa MuoreHesa
5 (myf 5), muo3una (mhy 1), muorenuHa (myog), comarocraruna (MSTN), ronagorponHoro ropmona (GHR).
YcraHoBieHo, uto 6/0kupoBanue cuHTe3a NO, CHIDKarolee cofiepykaHue AernoHupoBaHHOro NO B TKaHAX

Ha 50...70%, IpUBOAUT K M3MeHeHUIO SKCIpecCHy HO/IBIIMHCTBA UCC/Iel0BaHHBIX TeHOB B HECKOJIBKO pas.
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B ocHOBHOM MMe/I0 MECTO CHU)KEeHHEe JKCITpeCCUHr reHoB, B YaCTHOCTH, MUOCTaTUHA (MSTN), OTBETCTBEHHOI'O
3a MoZ@B/IeHHe PocTa U AuddepeHpalyy MbIeyHo! TKaHy. TakuM 06pa3oM, OKCHZ| a30Ta B ITHUbEM SMOPHOHE
MOJXXET UI'PaTh POJib MPEXK/E BCETO PEryJISTOPa POCTa MBILLIEUHOU TKAHH, UTO BaXKHO AJist ObICTPOPACTYILUX HopM
MOCKOJIBKY Tiposvdepaiiyisi MHO6/IaCTOB TPOUCXOUT Ha SMOPUOHANBHOM CTaZik Pa3BUTHSL. Peryisiiust MoXKeT
OCYIIIeCTB/IATHCS MyTEM aKTHUBAL[MKA MexaHu3MoB okucienuss NO [0 HUTpara, UTO UMeeT MeCTO B SMOPHOHAxX
OBICTPOPACTYILHX (HOPM.

KiroueBsbie cj10Ba: NMTUYBU 3M6pI/IOHbI, CoeUHEeHMA-TOHODBI NO, 3M6pI/IOFEHe3 NTUL], MUOTeHe3

BkJ1apy aBTOpOB: ABTODBI B DaBHOM CTeleHH BHEC/T CBOW BKJIa/| B TIOJITOTOBKY /IaAHHOTO VICC/Ie/IOBAHMUS M PYKOITHCH.
dunHaHcupoBaHue. VccieoBaHye BHITIONHEHO 3a cyeT rpadTta Poccuiickoro HayuHoro ¢oHzaa Ne 24-26-00148.
3anB/eHne 0 KOH()IMKTEe HHTEPECOB. ABTODBI 3asiB/ISIIOT 00 OTCYTCTBUY KOH(JIMKTA HHTEPECOB.
Hcropus craresu: noctymuia 1 gqekabpst 2024 r., npunsita K nybivkauu 20 gekabps 2024 .

Jnsa uurtupoBanusa: Tumos B.FO., Kouuw U. 1., MacHukoea O.B., Tonzopykosa A.M., 3atiyeea M.A., Po-
manog I1.C., BapdaHsit A.P. DbdexTh OKCHia a30Ta, CBSI3aHHBIE C IKCIIPECCUEeH Psijia TeHOB Ha IMOPHOHATBEHOM

CTajuu pa3BuTHs NTuL] // BecTHUK Poccuiickoro yHuBepcuTeTa Jpy>K0bl HapooB. Cepusi: ATPOHOMUS U XKHU-
BorHOBOZCTBO. 2025. T. 20. Ne 1. C. 151—161. doi: 10.22363/2312-797X-2025-20-1-151-161 EDN KBMDZX
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