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Objective. To find out the specifics of muscle tissue contraction
under the conditions of exposure to low doses of ionizing ra-
diation in parents and their irradiated offspring by evaluating
changes in the content of contractile proteins and ATPase ac-
tivity of skeletal and cardiac muscles. Methods. Experimental
studies were conducted on 50 rats. Animals were randomized as
follows: group 1 — intact sexually mature rats; 2 — sexually ma-
ture animals irradiated with a dose of 1.0 Gy, group 3 — month-
old rats obtained from intact individuals, group 4 — month-old
rat pups obtained from parents irradiated with a dose of 1.0 Gy;
group 5 — month-old rats obtained from animals irradiated with
a dose of 1.0 Gy, which were irradiated at the same dose. The re-
sults. Muscle dysfunction in irradiated offspring and parents is
manifested by a decrease in the content of contractile proteins,
functional dysfunction of the actomyosin bridge, and a decrease
in the ATPase activity of contractile proteins. Marked mus-
cle dysfunctions during the post-radiation time period may be
the reason for the formation of orthopedic pathology in a signifi-
cant contingent of irradiated persons. Conclusions. The expres-
sion of muscle dysfunction in the offspring of irradiated animals,
which were also exposed to ionizing radiation, is greater than
the corresponding processes in their irradiated parents, which
indicates the mediation of muscle dysfunction in the second gen-
eration of irradiated animals by epigenetic mechanisms. Marked
muscle dysfunctions during the post-radiation time period may
be the reason for the formation of orthopedic pathology in a sig-
nificant contingent of irradiated persons.

Mema. 3’acysamu 0co6au60Ccmi CKOPOUEHHS M 930601 MKAHUHU
3a YMOG BNIUGY MANUX 003 IOHI3YIOU020 ONPOMIHEHHS 6 Oamb-
Ki6 ma IXHIX ONpOMIHEeHUX HAUWAOKIE WAAXOM OYIHIOBAHHS 3Mi-
Hu emicmy ckopomaueux oOinkie ma ATP-aznoi axmusnocmi
cKenemnozo il cepyesoeo ma3ie. Memoou. Excnepumenmanvhi
docaioocenns npogedero Ha 50 wypax. Panoomizayiro meapun
301IICHIO8ANU HACTNYNHUM YUHOM: epyna 1 — inmaxmui cmame-
603pini wypu, 2 — cmameso3piii meapunu, ONPoMiHeHi 003010
1,0 I'p; epyna 3 — micauni wypsama, ompumani 6i0 iHMaKmMHux
ocobun, epyna 4 — micauni wypama, ompumawni 6i0 b6amv-
Ki6, onpominenux 0ozor 1,0 I'p; epyna 5 — micauni wypama,
ompumani 6i0 meapun, onpominenux d0ozor 1,0 I'p, skux onpo-
Mint06anu 6 mitl camiti 003i. Pesynomamu. M’s306a oucgyHk-
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oHcyme Oymu npuUYUHOIO (POPMYBAHHA OPMONEOUUHOI namo-
71021 8 3HAUHO20 KOHMUH2EHMY ONpOMIHeHux ocid. BucHoskiu.
Bupaosicenicmv m’s130801 ouchynxyii 6 Hauaoxkie onpomiHeHux
MBAPUH, AKI MAKOIC NIONAIU N0 8NIUSE [IOHIZVIOU020 ONPOMIHEH-
Hi, € OIIbUIOI0 3 NOPIGHSHHS 3 8IONOGIOHUMU NpOYecamul 8 ix-
HIX ONPOMIHEHUX 6ambKis, Wo C8i0uUmMs NPO ONOCePeOKYEaHHs.
M’230601 Ouc@YHKYIL Yy Opyeomy NOKOIIHHI ONPOMIHEHUX MEAPUH
eniceHeMmuyHUMU MeXanizmamu. Biosnaueni m’sa306i ouc@ynryii
NPOMS2OM NICIANPOMEHEBO20 NEPIOAY HACY MOACYMb OYMU NPU-
YUHOIO OPMYBAHHS OPMONEOUUHOL NAMOI02I] 6 3HAUHO20 KOH-
muneenmy onpominenux ocio. Knwouosi cnosa. Cxenemuuii ma
cepyesuti MA3uU, IOHI3yI0Ue ONPOMIHEHHA, HAWAOKY ONpoMiHe-
HUX MBAPUH, M A3084 OUCPHYHKYIA, NAMOSEHEMUYUHT MEXAHIZMIL.
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Introduction

Muscle tissue is one of the four tissues of the hu-
man body that performs significant functions, it is
the framework that surrounds all bones and keeps
them in the right direction and location [1]. Tak-
ing into account the scale (the total mass of mus-
cles has been proven to be equal to more than 40 %
of the body mass) and prevalence in the structure
of internal organs, it becomes clear its decisive role
not only in ensuring the verticalization of the human
body and its movement in space, but also in the regu-
lation of functional activity vital organs and systems
(1, 2].

Due to these reasons, muscle dysfunctions ad-
versely affect the functioning of the entire body, as
well as dynamic changes in pressure and direction
of the location of the bones to which they are at-
tached [3]. In this aspect, our attention was drawn to
the chronic effect of a small dose of ionizing radiation
on human muscles, since this problem has appeared
since the accident at the Chernobyl nuclear power
plant in 1986 and has gained maximum relevance
now, when during military aggression against our
country the use of chemical weapons by the enemy
is quite possible [4—8]. Another additional component
of the study is incomplete ideas about the epigenetic
mechanisms of the formation of muscle disorders,
since there are descendants of people who were ex-
posed to ionizing radiation in 1986 at a fertile age.
Currently, the mechanisms of induction and mainte-
nance of radiation-induced instability of the genome
in offspring remain incompletely understood. There
are publications that indicate both the role of direct
DNA damage and the effect on genetic instability
of altered cellular metabolism.

Study of the impact of ionizing radiation on me-
tabolism in muscle tissue is considered by a num-
ber of researchers [4, 9]. It was found that general
irradiation of rats with doses of 0.5-4.5 Gy causes
irreversible and dose-independent changes: edema-
tous degeneration, intracellular lysis, damage to mi-
tochondria of myocardial endotheliocytes, which may
play a role in the development of deterministic, non
-stochastic effects of radiation in small doses.

Since muscle function directly depends on the en-
ergy received as a result of oxidative metabolism re-
actions, firstly, the course of these reactions is dis-
rupted due to the influence of ionizing radiation,
and, secondly, energy deficit significantly changes
the functional activity of actomyosin bridges, ar-
ticulation of contractile muscle proteins, which by
the mechanism of positive feedback initiates at least

the development of pathological dysfunction of or-
gans and systems of the body [10, 11].

The main functional characteristic of actomyosin
is ATPase activity. The process of muscle contraction
is associated with the formation of the actomyosin
complex and its subsequent conformational changes
due to the energy released because of the enzymatic
splitting of ATP by myosin. Such activity of acto-
myosin is such a characteristic of it, by which one
can judge the ability of muscles to contract. Mg?*,
Ca?"*-ATPase activity is detected in the presence
of Mg?*, Ca?" ions in the environment, which are nec-
essary for muscle contraction.

Actomyosin is characterized by Mg?'-ATP-ase
activity, and actually Mg?*-ATP is a substrate acto-
myosin ATPase. In the presence of Ca*’, this activity
increases. In the absence of divalent cations, which
is achieved by adding EDTA to the solution, myosin
ATPase is activated by monovalent cations K', NH*,
Rb*. This activity of myosin was called EDTA-AT-
P-ase or K™-ATP-ase activity. Monovalent cations
reduce myosin's ability to bind ATP and therefore
contraction is less activated. K"-ATP-ase activity is
arelaxing ATP-ase activity in the absence of divalent
cations. The rate of the K-ATPase reaction is limited
at the stage of ATP binding (much weaker than in
the case of divalent cations) [2, 12].

With this in mind, the determination of the con-
tent of contractile muscle proteins, the work of which
determines the functional activity of skeletal and
cardiac muscles, and ATPase activity, which high-
lights the ability to split ATP molecules, releasing
at the same time the energy necessary to ensure
the contractile activity of muscles [1, 13], we consider
to be the leading criteria, the study of which is impor-
tant under the conditions of exposure to small doses
of ionizing radiation.

Purpose: to find out the specifics of muscle tissue
contraction under the influence of low doses of ioniz-
ing radiation in parents and their irradiated offspring
by evaluating changes in the content of contractile
proteins and ATP-ase activity of skeletal and cardiac
muscles.

Material and methods

Experimental studies were conducted on 50 sex-
ually mature Wistar white rats kept on a standard
vivarium diet. Keeping, processing and manipula-
tion of animals was carried out in accordance with
the “General Ethical Principles of Animal Exper-
iments” adopted by the Fifth National Congress
on Bioethics (Kyiv, 2013), while being guided by
the recommendations of the European Convention for
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the Protection of Vertebrate Animals for Experimen-
tal and Other Scientific Purposes (Strasbourg, 1985),
the methodological recommendations of the State
Center of the Ministry of Health of Ukraine “Preclin-
ical studies of drugs” (2001) and the rules of humane
treatment of experimental animals and conditions ap-
proved by the bioethics commission of the Odessa
National Medical University (Protocol No. 32D dated
17.03.2016).

To conduct the experiment, sexually mature rats
were exposed to a single total gamma irradiation
of 60Co in the morning on an empty stomach us-
ing the Agat telegammatherapy unit, the distance to
the absorption source was 75 c¢m, the dose rate was
0.54 Gy/min, the absorbed dose was 0.5 Gy; 1.0 Gr.
For irradiation, the animals were placed in a spe-
cial chamber made of organic glass, size 20 x 20 x
6 cm, separated by partitions according to the size
of the animals. Parents were placed in the ratio
of 1 male to 5 females. The offspring of irradiated
animals were not separated by sex. The experiments
were conducted on the basis of the Odesa Regional
Oncology Dispensary during August-September
2016, in accordance with the agreement on scientific
cooperation between Odessa National Medical Uni-
versity and Communal Enterprise “Odesa Regional
Oncology Dispensary” dated 01.04.2016.

Randomization of animals was carried out as
follows: group 1 — intact sexually mature individ-
uals; group 2 — sexually mature rats irradiated with
a dose of 1.0 Gy; group 3 — month-old rats obtained
from intact animals; group 4 — month-old rat pups
born from parents irradiated with a dose of 1.0 Gy;
group 5 — month-old rats obtained from animals ir-
radiated with a dose of 1.0 Gy, exposed to irradiation
with the same dose. There were 10 rats in all groups
at the beginning of the study.

Animals were removed from the experiment by
euthanasia under propofol (IV, 60 mg/kg) anesthe-
sia. After their autopsy, blood was collected, the heart
(2/3 of its top) and the front group of thigh muscles
(mainly quadriceps and tetanus) were removed.

Actin, myosin, troponin, and tropomyosin were
isolated from skeletal and cardiac muscles of rats at
a temperature of 4 °C according to the Pardee method
with minor modifications [14]. The purity of con-
tractile proteins was assessed using denaturing poly-
acrylamide gel electrophoresis with sodium dode-
cyl sulfate in 10 % separation medium according to
the method proposed by Laemmli [15].

The ATPase activity of actomyosin and myosin
was determined by the amount of inorganic phos-

phate (Pi) formed as a result of ATP hydrolysis, ac-
cording to the Fiske-Subbarow method [16].

The obtained data were subjected to statisti-
cal processing using mean “T-tables” analysis with
the o2 criterion and computer software. The minimum
statistical probability was defined as p < 0.05.

Results

Irradiation of sexually mature animals with a dose
of 1.0 Gy leads to a significant decrease in the content
of contractile proteins in skeletal and cardiac mus-
cles. The content of such proteins in these muscles
decreases with increasing time after exposure to radi-
ation, reaching the lowest value on the 15" day com-
pared to this indicator in intact animals (Table 1).

Assessment of the Mg*, Ca?*-ATP-ase activity
of actomyosin in sexually mature animals irradi-
ated with a dose of 1.0 Gy showed that one day af-
ter the procedure, this indicator in skeletal muscle
rose slightly, and then, as the time after irradiation
increased, it decreased, reaching minimum value on
the 30" day. In the heart muscle, a sharp increase in
activity was observed on the 1 day and its decrease
by the 30th day, but at the same time it remained
greater than in intact animals (p < 0.05; Table 2).

A slight decrease in K'-ATP-ase activity of acto-
myosin in skeletal muscle was proved on the 1% day
of the experiment, on the 3 day there was a slight
increase compared to this indicator in intact animals.
Then, with increasing time after irradiation, this ac-
tivity gradually decreased, but still exceeded these
data compared to intact animals, in contrast to heart
muscle, where actomyosin K'-ATPase activity with
increasing time after irradiation gradually decreased
and reached its lowest value on the 30" day compared
to this indicator in intact animals (p < 0.05).

Significant changes in the functioning of muscle
tissue occurred in rat pups born from irradiated with
a dose of 1.0 Gy, exposed to radiation at the same
dose. A decrease in the content of contractile proteins
in skeletal and cardiac muscles was observed in off-
spring born from sexually mature animals irradiated
with a dose of 1.0 Gy compared to the corresponding
indicators in intact rat pups (p < 0.05; Table 3).

One day after irradiation with a dose of 1.0 Gy,
offspring born from sexually mature animals irradi-
ated with the same dose showed a tendency to de-
crease the content of contractile proteins in skeletal
and cardiac muscles compared to intact rats, espe-
cially the content of troponin and tropomyosin in
skeletal muscle liver, the content of which was prob-
ably lower than the similar indicators of intact rats
by 2 and 2.6 times, respectively, and tropomyosin in
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heart muscle, where this indicator was probably lower
by more than 2 times (p < 0.05).

With increasing time after irradiation, the con-
tent of contractile proteins sharply decreased in both
skeletal and cardiac muscles compared to intact rats
and reached its peak decrease on the 30" day after
exposure to radiation, where the content of myosin
in skeletal muscle was lower by almost 2.5 times, but
not likely, the content of actin — 9 times, troponin —
7.3 times, and tropomyosin — 7 times, which was
significantly less compared to the corresponding val-
ues in intact rats (p < 0.05).

In the heart muscle, the content of actin was al-
most 2.3 times lower, troponin — 6.8 times, and tro-
pomyosin — 8.5 times, which was less compared to
the corresponding values in intact rats, in contrast to
myosin (p < 0 .05), the content of which was almost

45 % lower, which slightly differed from this indica-
tor in intact rat pups.

After irradiation with a dose of 1.0 Gy of rat pups
born from animals irradiated with the same dose,
with increasing time after exposure, the activity
of Mg?*", Ca**-ATP-ase of actomyosin and myosin and
K*-ATP-ase of actomyosin and myosin in all types
of muscle decreases muscles, reaching the lowest val-
ues on the 30" day, where in skeletal muscle Mg?",
Ca*-ATP-ase activity of actomyosin and myosin is
2.2 and 2.8 times lower, respectively, compared to in-
tact animals, and K'-ATP-ase activity of actomyosin
and myosin — 1.6 and 2 times, respectively (p < 0.05;
Table 4).

In the heart muscle on the 30™ day after irradia-
tion, the K*-ATPase activity of actomyosin and myo-
sin was 1.5 times lower compared to intact animals,

Table 1

Time course of the content of contractile proteins in skeletal and cardiac muscles
of sexually mature rats irradiated with a dose of 1.0 Gy

Protein under Location The content of contractile proteins in rat muscles after exposure to ionizing radiation, M = m, (umol per 1 g of tissue)
the study (muscle)
intact, n =10 1 day,n=10 3 days,n =10 7 days,n=9 15 days,n=8 30 days,n=7
Myosi Skeletal 89+57 77+5.6 72+£55 7.0+£5.5 6.5+55 6.6+55
0oS1n
Y Cardiac 97+59 8.8+5.8 85+5.8 8.1+57 78+5.6 8.2+57
Acti Skeletal 40+04 35+04 32+0.3 30+03 26+0.2 2.8+0.3
clin
Cardiac 45+04 42+04 41+04 40+04 37+0.3 40+04
. Skeletal 1.7+0.2 1.5+0.2 1.3+0.2 11+£0.2 0.8+0.1 1.0+£0.1
Troponin -
Cardiac 1.8+0.2 1.7+0.2 1.4+0.2 1.2+0.1 1.0£0.1 1.3+0.1
) Skeletal 1.8+0.2 1.7+0.2 1.4+0.1 1.1£0.1 1.0+0.1 1.0+0.1
Tropomyosin -
Cardiac 20+0.2 1.7+0.2 1.6+0.2 1.3+£0.2 1.1+0.2 1.3+£0.2
Table 2

ATPase activity of actomyosin and myosin in skeletal and cardiac muscles

of sexually mature rats irradiated with a dose of 1.0 Gy

Protein under Location ATPase activity of actomyosin and myosin in rat muscles after exposure to ionizing radiation,
the study (muscle) M £ m, (nmol Pi/min per mg of protein)
intact,n= 10 1 day,n=10 3 days,n=10 7 days,n=9 15 days,n=8 30 days,n=7
Mg?*, Ca*- Skeletal 96.50 +£11.32 | 98.80+11.74 | 9290+ 11.62 | 92.30+ 11.56 | 91.80 +11.54 | 90.70 + 11.52
ATP-ase
activity Cardiac 108.80 = 10.66 | 129.20 + 10.94 | 118.60 + 10.72 | 119.40 + 10.68 | 126.80 + 10.56 | 116.40 + 10.54 *
of actomyosin
K*-ATPase Skeletal 17.80 = 2.76 16.80 £3.25 18.60 £3.22 17.40 £ 3.18 17.90 +3.14 17.30 £3.12
activit
of actofnyosin Cardiac 2480+3.16 | 21.80+3.14 | 2040+3.12 | 2020+318 | 20.80+3.16 | 2020=3.16
Mg?*, Ca*- Skeletal 104.20£8.52 | 101.40+8.46 | 99.20+8.38 | 98.30+8.24 | 96.80+8.22 98.60 + 8.25
ATPase
act1v1ty. Cardiac 116.90 £ 6.84 | 118.60 +£6.84 | 110.20 +6.68 | 104.60 = 6.56 | 102.40 £ 6.48 | 100.80 + 6.34
of myosin
K*-ATPase Skeletal 50.60 + 3.26 50.60+£3.25 | 66.84+392* | 6438 +3.86* | 62.52+3.84* | 60.86+3.72
activit
ofmyoysin Cardiac 52.88 +3.30 60.26 £4.24 | 6848 +4.22* | 7446+4.18* | 72.32+4.16* | 70.84 £4.14 *

Note. * — p < 0.05 — probable discrepancies of the studied indicators compared to the corresponding indicators in intact

animals.
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and the Mg*",Ca*"-ATPase activity of actomyosin and
myosin was 1.8 and 2.1 times, respectively (p < 0.05).

Discussion

Therefore, the given data indicate damage to skel-
etal and cardiac muscles as a result of the impact
of ionizing radiation with a dose of 1.0 Gy, manifested
by modification of the functional unit of muscle con-
traction — the actomyosin protein complex. The dis-

proportion of contractile muscle proteins determines
a change in the functional activity of actomyosin
joints and causes an increase in the K"-ATPase activ-
ity of actomyosin in radiation-sensitive muscles.

In the case of ionizing radiation with a dose
of 1.0 Gy on pure myosin, a decrease in Mg?*, Ca*'-
ATP-ase activity of myosin in skeletal muscle was
recorded throughout the entire post-irradiation pe-
riod of observation. In the heart muscle, a wave-like

Table 3

Time course of the content of contractile proteins in skeletal and cardiac muscles of offspring born
from sexually mature animals irradiated with a dose of 1.0 Gy, exposed to the same dose

Protein under Location The content of contractile proteins in rat muscles after exposure to ionizing radiation, M £ m, (umol per 1 g of tissue)
the study (muscle) -
intact, born 1 day, 3 days, 7 days, 15 days, 30 days,
n=10 from irradiated, n=10 n=10 n=9 n=2_8 n=7
n=10
Mvosi Skeletal 49+2.6 34+£22 31+£22 | 29+£23 2.6+1.9 23+1.8 2.0+1.3
osin
Y Cardiac 52+27 47+23 44+£22 | 39+£22 35+2.1 32+£2.0 29+1.8
Acti Skeletal 20+04 1.2+0.2 1.1+£02 [0.8+0.2"! 07+0.1" 0.5+0.1"%2 02+0.1"%2
ctin
Cardiac 2.8+03 23+0.2 21+02 | 2.0+0.2 2.0+0.2 1.5+0.1" 1.2+0.1 %2
T . Skeletal 09=+0.1 0.6+£0.1 04+01'[03+0.1"]021+0.04%2|0.26+0.04"2]0.12+0.02 "2
roponin
P Cardiac 1.0+£0.2 0.7+0.1 06+01 |04+01"'| 03+£01"%* |022+0.04"%%]|0.14+£0.02"2
. Skeletal 1.0£0.1 0.5+0.1 04+£01'[03+01"| 024+0.04" | 0.18+0.04"2 | 0.14+0.02 "2
Tropomyosin -
Cardiac 1.0+£0.2 0.7+0.2 05+01'[03+0.1"']|026+0.04"2|0.18+0.02"2 | 0.12+0.02 2
Notes: ' — p < 0.05 — probable discrepancies of the investigated indicators compared to the corresponding indicators in intact
animals; 2 — p < 0.05 — probable discrepancies of the investigated indicators compared to such indicators in non-irradiated
animals.
Table 4
ATP-ase activity of actomyosin and myosin in skeletal and cardiac muscles of offspring born
from sexually mature animals irradiated with a dose of 1.0 Gy, exposed to a dose of 1.0 Gy
Protein under Location ATPase activity of actomyosin and myosin in rat muscles after exposure to ionizing radiation,
the study (muscle) M + m, (nmol Pi/min per mg of protein)
intact, born 1 day, 3 days, 7 days, 15 days, 30 days,
n=10 from irradiated, n=10 n=10 n=9 n=238 n=7
n=10
Mg?", Ca?*- 80.60 + 72.60 £ 65.30 + 58.60 + 42.40 +
ATP.aso Skeletal 93.54 +£8.32 | 84.80+8.26 822 ] 14 7641 584 1.2 51012
activity | Cardiac 108.20 + 98.40 + 92.60 + 86.80 + 82.40 + 74.80 + 60.80 +
of actomyosin 10.64 9.86 9.24 8.72 8.56 7721 6.14 12
. ATPase | Skeletal 17204276 | 1470224 | 1S30F 1805 ) 10005 ) A0S ) 1000+
activity : . : . .
of actomyosin . 25.20 + 26.80 + 24.60 + 20.80 + 16.40 +
y Cardiac 2430+£3.16 | 22.30+3.12 368 384 324 296 262
Mg, Ca- 84.60 + 76.20 £ 62.80 52.80 + 36.20 +
ATPase Skeletal 102.30+£6.52 | 88.20 £ 6.26 6.04 5881 54412 506 1.2 458 1.2
activity . 90.60 + 84.40 + 79.60 + 70.20 + 56.40 +
of myosin Cardiac 11640 £ 6.86 | 100.90 + 6.68 551 5961 408 1.2 41212 376 1.2
46.80 + 4740 40.80 + 32.60 + 24.80 £
K*-ATPase Skeletal 50.40+£3.26 | 42.60 +3.18 320 324 2861 248 12 21212
activity
of myosin . 47.96 + 48.72 + 45.68 = 38.24 + 34.86
y Cardiac 5276 £3.28 | 46.34 £3.32 3 64 386 326 2861 250 1.2
Notes: ' — p < 0.05 — probable discrepancies of the investigated indicators compared to the corresponding indicators in intact

animals; 2 — p < 0.05 — probable discrepancies of the investigated indicators compared to such indicators in non-irradiated

animals.
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change in the activity of the studied indicator was
observed: an increase on the 1% day and a further de-
crease with increasing time after irradiation. We as-
sume that the decrease in Mg?*', Ca?*-ATP-ase activity
of myosin may be due to a violation of the structure
of its active center, since the ATP-ase center of pure
myosin is directly free from interaction with actin,
and that is why myosin is more sensitive to the action
of ionizing radiation.

It is interesting that the K'-ATP-ase activity
of myosin in cardiac and skeletal muscles always in-
creased after irradiation, reaching its maximum value
on the 7" day, and starting from the 15", a tendency
to decrease this indicator was observed.

Comparing the obtained data on the effect of ion-
izing radiation on the general ATP-ase activity,
the following mechanism of influence on the actomy-
osin complex can be assumed. A decrease in ATP-ase
activity under the conditions of action of ionizing
radiation on the muscles of the body occurs due to
the formation of a weak form of binding of myosin
to actin (the AM*ATP and AM°ADP-Pi stage), dis-
orientation of the myosin heads develops, and ac-
tin monomers pass into “off state”. The functional
weakness of the muscle system under the specified
conditions is explained by the dysfunction of the ac-
tomyosin complex, which results in insufficient cou-
pling of the heads of actin, myosin and functional
deficiency of troponin and tropomyosin. Due to this,
the muscle weakness of the skeletal and cardiac mus-
cles, which developed as a result of irradiation, can
be corrected under the influence of a complex scheme
of pharmacological drugs that are able to normalize
the energy resource of the muscles.

Another interesting block of the obtained results
is data on changes in the content of contractile pro-
teins and changes in ATP-ase activity in the offspring
of irradiated rats, which themselves were exposed to
ionizing radiation with a dose of 1.0 Gy. Summariz-
ing the obtained results, we note that in the offspring
of animals irradiated with a dose of 1.0 Gy, which
were exposed to radiation at the same dose, there are
significant changes in the functioning of muscle tis-
sue, manifested by a sharp decrease in the content
of contractile proteins. If we compare these indicators
with the data in the offspring of intact rats, it should
be noted that irradiation sharply reduces the adaptive
capabilities of the organism of the offspring of ani-
mals irradiated with a dose of 1.0 Gy, after exposure
to radiation.

In addition, in the muscle tissue of irradiated rats
born from animals irradiated with a dose of 1.0 Gy,
there was a significant decrease in Mg*", Ca?*-ATP-

ase activity of actomyosin and myosin and K*-ATP-
ase activity of actomyosin and myosin, which was
the result of impaired fixation of these enzymes by
tissues. And if we consider that during irradiation
with a dose of 1.0 Gy, tissue respiration is suppressed,
then with an increase in the dose, we should expect
more significant disturbances in the bioenergetics
of muscles, especially cardiac ones, since the dom-
inant way of replenishing ATP in it is tissue respi-
ration and the associated phosphorylation, while in
skeletal — glycolysis.

Studies conducted to clarify the mechanism
of the effect of ionizing radiation with a dose
of 0.5 Gy on the functioning of skeletal and car-
diac muscles revealed minor changes in the content
of contractile proteins and almost no ATP-ase ac-
tivity, which was, for the most part, a consequence
of the adaptive variant of the muscle response system
to the action of a stress factor of insignificant inten-
sity [17]. Under these conditions, most likely, biosyn-
thetic processes are stimulated, increasing the adap-
tive capabilities of the body, which can be explained
by the phenomenon of hormesis [18, 19].

Therefore, an irradiation dose of 1.0 Gy, which is
insignificant for the initiation of pronounced changes
in the muscles of irradiated subjects, in case of re-
peated exposure to the next generation, is a sufficient
and necessary model stimulus that provides an oppor-
tunity to study the peculiarities of changes in muscle
characteristics in time course of the post-radiation
period. According to the fundamental mechanisms,
the heart muscle is known to have a greater risk
of developing muscle dysfunction under the specified
model conditions, since the consequence of energy
deficit is more pronounced in it. This is confirmed by
the higher content of mitochondria in cardiac muscle
compared to skeletal muscle [1, 13]. It is in the mito-
chondria that intensively function the processes of tis-
sue respiration, which provide the myocardium with
a higher content of ATP, unlike skeletal muscle, where
the ATP pool is replenished mainly by the glycolytic
pathway [13]. Therefore, stimulation of mitochondrial
energy processes, according to our results, is another
recommendation regarding the scheme of complex
pathogenetically oriented treatment of post-radiation
muscular dysfermentoses.

In summary, we note that the severity of muscle
dysfunction in the offspring of irradiated animals,
which were also exposed to ionizing radiation, was
greater than the corresponding processes in their par-
ents, indicating that muscle dysfunction in the sec-
ond generation of irradiated animals was mediated
by epigenetic mechanisms. Muscle dysfunction in
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irradiated offspring of irradiated parents was man-
ifested by a decrease in the content of contractile
proteins, functional dysfunction of the actomyosin
bridge, a decrease in the ATP-ase activity of contrac-
tile proteins, which generally indicates a pronounced
energy deficit, which makes the process of effective
rapid muscle contraction impossible. Marked muscle
dysfunctions during the post-radiation period of time
can be the reason for the formation of orthopedic
impairment in a significant contingent of irradiated
subjects, if we are talking about skeletal muscle. And
in the case of a predominant damage to the heart
muscle, the signs of heart failure and the pathologi-
cal dysfunction of organs and systems initiated by it
should be expected and prevented [20]. We consider
the given set of actual results as an experimental jus-
tification for the feasibility of pharmacological cor-
rection of energetic muscle deficit in irradiated per-
sons, which has a pathogenetic basis and is a method
of prevention of musculoskeletal disorders.

Conclusions

The expression of muscle dysfunction in the off-
spring of irradiated animals, which were also ex-
posed to ionizing radiation, is greater when compared
with the corresponding processes in their irradiated
parents, indicating the mediation of muscle dysfunc-
tion in the second generation of irradiated animals by
epigenetic mechanisms.

Marked muscle dysfunctions during the post-ra-
diation period may be the reason for the formation
of orthopedic impairment in a significant contingent
of irradiated subjects.

We consider the given set of actual results as an
experimental justification for the feasibility of phar-
macological correction of energetic muscle deficit
in irradiated persons, which has a pathogenetic ba-
sis and is a method of prevention of musculoskeletal
disorders.
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