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The aim of the study is to assess the effect of various aversive environments on the oxygen consumption in muscles and
blood in mice Under conditions of the “forced swimming” test.

Materials and methods. The study was performed on outbred male mice. Exhausting physical activity was modeled in the
“forced swimming” test in various aversive environments. The oxygen consumption by the muscle tissue, as well as the oxy-
gen capacity of the blood, were estimated using the respirometry method (AKPM1-01L (“Alfa Bassens”, Russia)).

Results. In the course of the study it was found out that in the group of the animals swimming in hot water (at the tempera-
ture of 41°C) as an aversive environment, there was no significant change in the oxygen consumption by mitochondria of
striated muscle and by red blood cells in comparison with the intact group of the animals. At the same time, in the group of
the mice, where cold water (at the temperature of 15°C) as an aversive environment was used, a statistically significant (by
the end of the experiment) decrease in the swimming time was observed in relation to the intact group of the animals. It was
accompanied by a decrease in the oxygen consumption by muscle mitochondria, with a constant level of the blood oxygen-
ation. Under conditions of exhausting physical exertion, in the group of the animals that received Metaprot®, an increase in
working capacity was noted in both hot and cold water. After peak days of working capacity, a slight decrease in physical ac-
tivity was observed in both experimental groups. At the same time, it should be noted that oxygenation of blood and muscle
tissue against the background of exhausting physical exertion in the group that received Metaprot®, did not differ from the
group of intact animals in various aversive environments.

Conclusion. Thus, based on the obtained data, it can be assumed that under conditions of “forced swimming” with loading,
the most profound changes in the structure and functions of the striated muscles are observed in animals in cold (15°C) water
That is reflected in a decrease in the physical strain and in reducing the oxygen consumption by muscle tissue. The use of
the drug Metaprot® promoted correcting the changes in the physical performance of the animals, which was reflected in its
increase by 144.8% (p <0.05), compared with the initial swimming time of this group, without the oxygen consumption by
erythrocytes and mitochondria of striated muscles.

Keywords: exhausting physical overload, forced swimming with loading, oxygen consumption, blood oxygen capacity, respi-
rometry, Metaprot®
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Lienb uccnepoBaHUA — OLEHWUTb BAUAHME PA3/IMYHON aBEPCUBHOM Cpeabl Ha NOTPeBAEHE KMCIOPOAA B MbILULIAX M KPOBU Y
MbILWEN B yCN0BUAX TeCTa «MPUHYAUTENBHOTO MIaBaHUAY.

Matepuanbl U meToabl. MiccneposaHue 6b110 BbINOAHEHO Ha 6ECNOPOAHbIX Mbllax-camuax. Mctowatowme dpusmyeckme Ha-
rPYy3KM MOAEMPOBaau B Tecte «MPUHYANUTENbHOTO NAaBaHMA» B Pa3NYHbIX aBEPCUBHbIX cpegax. MoTpebneHue Kuciopoaa
MbILIEYHOM TKaHbIO, @ TaKXKE KUC/IOPOAHYH0 EMKOCTb KPOBM OLEHMBAN C MOMOLLbIO MeToga pecnmpometpum (AKMM1-01/1
(Anbda bacceHc, Poccus)).

Pe3ynbTatbl. B X04e NpPOBEAEHHOTO IKCMEPUMEHTA/IbHOTO UCCAeA0BaHMA BbiI0 YCTAHOB/IEHO, YTO B FPYMMe KUBOTHbIX, Y
KOTOPbIX B Ka4ecTBe aBepPCUBHOW Cpeabl MCMoAb30Banach ropsadyan Boga (tTemnepatypa 41°C) CywecTBEHHOIO OTINYMA MO-
TpebneHns KUCN0POoaa MUTOXOHAPUAMM MOMEPEYHO-MO00CATON MYCKYIATyPbl U 3PUTPOLMUTAMM B CPABHEHWUM C MHTAKTHOM
rPYMMoM }XMBOTHbIX OTMEYEHO He 6b1/10. B TOXKe Bpems y rpynrbl MbllUei, [4e B Ka4yecTBe aBePCMBHOM cpeapbl MCMo/ib30Baau
X0n04Hyt0 Boay (Temnepatypa 15°C) Npofo/IKUTENbHOCTb N1aBaHUA (K KOHLY SKCMepumeHTa) 6blla CTaTUCTUYECKU HUKE MO
OTHOLUEHMIO K MHTAKTHOM TPYMMe }MWBOTHbIX, COMPOBOXKAAEMOE YMEHbLUEHUEM NOTPEGNEHNUA KMC/IOPOAA MUTOXOHAPUAMM
MbILULL, MPU HEM3MEHHOM YPOBHE OKCUreHaLMM KPOBW. B yC/I0BUAX UCTOWAOWMX GU3NYECKMX HArpPy30K, B rPYMMe KMBOT-
HbIX, Monyyaswas MeTtanpot®, 6b110 OTMEYEHO HapacTaHne paboTocnoco6HOCTM, KaK B ropAYen, Tak U B XONIOLHOW BOZeE.
Mocne NMKOBbIX AHE paboToCNOCOBHOCTH, B 06EMX IKCMEPMMEHTA/IbHbIX FPYNMnax Hab1to4an0Ch He3HaYMUTEIbHOE NajeHne
bu3nYecKom akTMBHOCTH. Mpyn 3TOM, HEOBXOAMMO OTMETUTD, YTO OKCUTEHALMA KPOBU M MbILLEYHOM TKaHM Ha GOHE ncToLa-
IOLLLMX HArpy30K B rpynne, noay4yasliein Metanpot®, He OT/IM4anach OT FPYMMbl MHTAKTHbIX XMBOTHbIX B PA3/IMYHbIX aBEPCHUB-
HbIX Cpesax.

3aktoueHmne. Takum 06pa3om, Ha OCHOBAHMM MOJYYEHHbIX AAHHBIX MOXHO MPEANO/IONKMUTb, YTO B YCIIOBUAX MPUHYAUTE b-
HOTO NaBaHMA C OTATOLEHUEM Y KMBOTHbIX Hanbonee ry6okme nsmeHeHUs GyHKLMIA NONepeYHO-NoI0CaToN MyCKyn1aTypbl
OTMeYatoTca B Xon04HOM Boge (15°C), BbicTynatowein B poav CTPECCOpa, YTO OTPAKAETCA B CHMMKEHUU dU3nyeckoi pabo-
TOCMOCOBHOCTH, @ TAKKE B CHUMXKEHUM NOTPEBNEHWSA KUC0POAA MbILEYHOW TKaHbto. MpumeHeHne npenaparta MetanpoT®
cnoco6CTBOBAIO KOPPEKTUPOBKE BO3HMKLLMX M3MEHEHWIA GU3MYECKO paboTOCMOCOBHOCTM MMBOTHbIX, YTO HALLJIO CBOE OT-
pakeHue B ee NoBblweHnn Ha 144,8% (p<0,05), B cpaBHEHUM C UCXOAHbLIM BPEMEHEM M1IaBaHMA AAHHOW rpynmbl, 6e3 nsme-
HeHWA NoTPebAeHNA KUCN0POAA SPUTPOLMTAMU Y MUTOXOHAPUSMM MOMEPEYHO-MON0CATbIX MbILUL,

KnioueBble cnosa: uctowlatolwme dpusnyeckmne Harpysku, notpebneHme KUCA0poaa, KMCI0POAHAA EMKOCTb KPOBU, PECTIMPO-

meTpus, MeTanpot®

INTRODUCTION

Currently, a large number of people are exposed
to exhausting physical overload. This category in-
cludes highly skilled athletes [1], as well as individuals
whose professional activity is associated with a num-
ber of negative environmental factors affecting the
body [2-4]. These include: reduced partial pressure
of 0,and CO,, high and low temperatures, dustiness,
desynchronosis leading to a breakdown of the adap-
tive capabilities of a person and the development of
disadaptation [5].

It is worth noting that the influence of an aversive
environment on the body under conditions of exhaust-
ing physical overload is realized through changes in the
activity of skeletal muscles, while the main compensa-
tory mechanisms in muscle tissue, in response to the
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stressor, are: increased oxygen consumption, activation
of protein-synthetic processes, intensification of meta-
bolic reactions, etc. [6, 7].

Thus, the assessment of changes in oxygen con-
sumption by muscles and blood in various aversive envi-
ronments can become the main strategy for developing
means of preventing muscle fatigue.

MATERIALS AND METHODS

Laboratory work

The experimental study was performed on 80 out-
bred male mice weighing 23-25 g, obtained from the
laboratory animal’s nursery «Rappolovo» (St. Peters-
burg), and kept in the vivarium of Pyatigorsk Medical
and Pharmaceutical Institute — branch of Volgograd
State Medical University. All reproducible manipulations
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with animals complied with the rules of the «European
Convention for the Protection of Vertebrate Animals»
(Strasbourg, 1986). The mice were kept in the natural
lighting mode of the vivarium; the air temperature and
moderate humidity were 22-24°C and 60 + 5%, respec-
tively. The animals were kept in macrolone boxes with
sawdust with free access to feed and water.

Initially, all the male mice were randomized by
swimming time, and distributed into the following ex-
perimental groups: an intact group of mice underwent
swimming with rest days (IN , the water temperature of
15° C) (n = 30), a negative control group (NC, the water
temperature of 15°C) (n = 10) [8]; an intact group (IN,,
the water temperature of 41° C) (n = 30) and a nega-
tive control group (NC,, the water temperature of 41°C)
(n = 10) [9]. Two groups of mice (10 animals in each)
were treated by «Metaprot» at the dosage of 25 mg/kg
(«Pharmproekt», Russia) [10].

Muscular Dysfunction Model

Validation methods for assessing the physical stress
of the animals in an aversive environment (15°C) with a
load of 20% of the body weight of the animal has already
been carried out before [8]. Along with this methods, it
could be of interest to assess physical performance in
hot water [9]. On the 10th day of the experiment, the
animals were decapitated with biological material col-
lected. It was followed by an assessment of oxygen con-
sumption by striated muscles and blood in various aver-
sive environments.

Biomaterial sample preparation

In the work, skeletal muscles and blood were used
as biological materials. The skeletal muscles were ho-
mogenized in Potter mechanical homogenizer with the
addition of HEPES buffer. The obtained cell population
was subjected to differential centrifugation: first in the
mode of 3,500g for 5 min, then the supernatant was
transferred to other tubes, and centrifugation was re-
peated in the second mode: 13000 g for 10 min. For the
further analysis, the supernatant liquid was selected
[11].

Respirometric analysis

Oxygen consumption in cell cultures was performed
using AKPM1-01L laboratory respirometer (“Alfa Bas-
sens”, Russia). The course of work was fully consistent
with the manufacturer’s instructions attached to the de-
vice.
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Methods of statistical analisys

Statistical processing was performed using the pro-
gram “STATISTICA 6.0”. Intergroup differences were an-
alyzed by parametric or non-parametric methods, de-
pending on the type of distribution. T-Students test was
used as a parametric criterion; Mann-Whitney U-test
was used for a nonparametric one. The differences were
considered significant at p <0.05.

RESULTS

As a result of the conducted experimental study in
various aversive environments, it was noted that in the
group of the intact animals, the duration of swimming
was unchanged throughout all the days of the experi-
ment (Fig. 1).

The swimming time of the initial day of the experi-
ment (the 1* day) in the group of NC_mice was 128.7+9.5
seconds. Then, starting from the second day of the
experiment, the duration of swimming of animals in-
creased linearly, while the peak of physical performance
was noted on the fifth day of swimming of mice with
loading (161.3+11.0 sec.). On the peak day, the duration
of swimming was longer by 25.3% (p <0.05) relative to
the initial day of swimming in this group. However, from
the sixth day of the experiment in the group of the mice
subjected to daily physical overload, there was a slight
decrease in their swimming time, which was shorter in
comparison with the day of maximum swimming time
of this group by 23.1% (p <0.05). It should be pointed
out that the tendency to a noticeable decrease in swim-
ming was noted beginning with the 7th day and until the
end of the experiment (Fig. 1). The performance of mice
in the “forced swimming” test with loading in the NC_
group was lower by 51.4% (p <0.05) relative to the initial
swimming of the animals in this group and by 56% (p
<0.05) in comparison with the initial time of the perfor-
mance in the IN_. group.

Against the background of the daily administration
of Metaprot® to the mice, a linear increase in their per-
formance was noted. The day of maximal swimming of
the animals was recorded on the 7th experimental day.
It was higher relative to the baseline data of this group
by 144.8% (p <0.05) and 140.3% (p <0.05) and 165.1%
(p<0.05) relative to the intact and negative control
groups. Subsequently, a slight smooth drop in working
capacity was observed, while on the 10" experimental
day, the swimming time of the animals was longer than
that of the intact group and the negative control group
by 54.7% (p <0.05) and 251.5% (p <0.05), respectively.
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Figure 1 - Duration of mice’s swimming time in the test “forced swimming with a load” in cold water
Note: * — statistically significant relative to the initial swimming time of this group (Student’s t-test, (p <0.05)); u — statistically
significant relative to the peak day of swimming for this group (Student’s t-test, (p <0.05)); # — statistically significant relative to the
initial swimming time of the animals’ intact group of (Student’s t-test, (p <0.05)); y — statistically significant relative to the initial
swimming time of the animals’ negative control group (Student’s t-test, (p <0.05)); 8 — statistically significant relative to the final
swimming time of the animals’ negative control group of (Student’s t-test, (p <0.05)); a — statistically significant relative to the end
swimming time of an intact group of animals (Student’s t-test, (p <0.05)).

When estimating forced swimming of the mice in hot
water, a linear increase in the performance of animals
was noted. Thus, the highest working capaity was noted
on the 4th day of the experiment. It was higher by 73%
(p<0.05) in comparison with the initial swimming time and
by 140.7% (p <0.05) in comparison with the initial swim-
ming day of the group of intact animals (Fig. 2). Starting
from the 4th experimental day, the performance of the
animals began to decline significantly. So, on the 7th day
of the experiment, the swimming time of the mice was
shorter by 56.4% (p <0.05) compared to the peak day of
the mice’s working capacity in the negative control group
and shorter by 33.5% (p <0.05) in comparison with the
IN, group of the animals. It should be noted that by the
10t experimental day, the working capacity of the animals
subjected to daily physical overload in hot water had got
lower by 2.8 times (p <0.05) in comparison with the initial
data of this group. Besides, in comparison with the swim-
ming time of the IN, group, the mice’s working capacity of
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the negative control group was 2.0 times lower (p<0.05)
because of hot water.

Under conditions of exhausting physical overload
in the group of the mice treated with Metaprot®, an in-
crease in their working capacity from the 1° to the 6™ ex-
perimental days (the reak of swimming) was observed.
It was found out that the peak of physical performance
was higher by 129.2% (p<0.05), relative to the initial
swimming time of the group receiving Metaprot®. It
should be noted that the duration of swimming on the
peak day in the group that received Metaprot® was lon-
ger compared to the intact and negative control groups,
by 193% (p<0.05) and 110.6% (p<0.05), respectively. It
is worth noting that by the end of the experiment there
had not been sharp drops in efficiency. The duration of
swimming of the mice treated with Metaprot®, on the
final experimental day was higher by 119% (p<0.05) and
330.2% (p<0.05), relative to the 10*" day of the intact and
negative control groups.

151



Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

400 *

350

300 3

Nﬁ
250
200 ©

7 :
150 -
o \.\I\._

¥ ff

50 Metaprot

Day 10

=@=|ntact

- Negative control

swimming time, sec

Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9

Figure 2 — Duration of mice’s swimming time in the “Forced swimming test with loading” in hot water

Note: * — statistically significant relative to the initial swimming time of this group (Student’s t-test, (p <0.05)); # — statistically
significant relative to the initial swimming time of the animals’ intact group (Student’s t-test, (p <0.05)); u — statistically significant
relative to the peak day of swimming for this group (Student’s t-test, (p <0.05)); QO — statistically significant relative to the peak day
of swimming of the animals’ intact group (Student’s t-test, (p <0.05)); y — statistically significant relative to the initial swimming
time of the animals’ negative control group (Student’s t-test, (p <0.05)); 8 — statistically significant relative to the final swimming
time of the animals’ negative control group (Student’s t-test, (p <0.05)); a — statistically significant relative to the final swimming
time of the animals’ intact group (Student’s t-test, (p <0.05))

pared to the intact group, was not statistically and sig-
nificantly different in hot water.

As Fig. 3 shows, in the animals’ negative control
group, the oxygen consumption by erythrocytes com-

11
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Figure 3 — Estimation of oxygen consumption by red blood cells against the background of the
“forced swimming test with loading” in hot water

In the group of the intact animals and rats receiving
Metaprot®, no changes in blood oxygenation were detected.
While the oxygen consumption by mitochondria of
striated muscles in the animals’ negative control group
was 1.8 times lower (p <0.05) in comparison with the
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IN, group of mice,there were no changes established in
the oxygen consumption by the muscles in the group
that received Metaprot®, relative to the animals’ intact
group. However, relative to the negative control group,
this parameter was higher by 2.6 times (p<0.05).
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Figure 4 — Evaluation of the oxygen consumption by mitochondria of striated muscles against
the background of the “forced swimming test with loading” in hot water
Note: * — statistically significant relative to the animals’ intact group (Student’s t-test, (p <0.05)); # — statistically significant
relative to the animals’ negative control group (Student’s t-test, (p <0.05))

In the group of negative control mice, where cold tion by muscle mitochondria by 2.4 times (p<0.05), rela-
water was used as an aversive environment, there wasa  tive to the intact group of the animals (Fig. 5, 6). Hereby,
statistically significant decrease in the oxygen consump-  the blood oxygenation level remained unaffected.

11,5

[y
[y

10,5

Lo
w
1

oxygen consumption , ppm
=
o

Intact Negative control Metaprot

Figure 5 — Evaluation of oxygen consumption by red blood cells against the background
of the “forced swimming test with loading” in cold water

It should be noted that the oxygen consumption by  animals, there were no statistically significant changes
the mitochondria of the striated muscles in the group  detected. It was also noted that against the background
that received Metaprot® was higher, compared to the  of “forced swimming” in cold water, in the group of the
group of the animals of the negative control, by 4.3times  mice that received Metaprot® as the reference drug,,
(p<0.05). As for the comparison with the group of intact  their blood oxygenation level remained unaffected.
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Figure 6 — Estimation of oxygen consumption by mitochondria of striated muscles against the background
of the “forced swimming test with loading” in cold water
Note: * — statistically significant relative to the animals’ intact group (Student’s t-test, (p <0.05)); # — statistically significant
relative to the animals’ negative control group (Student’s t-test, (p<0.05)).

DISCUSSION

The optimal level of physical activity is one of the
main components of a healthy lifestyle, providing the
necessary quality of life of the population [12]. It has
been found out that individuals suffering from physical
inactivity have an increased risk of developing diabe-
tes, hypertension, cancer, obesity, and mental disorders
(anxiety, panic attacks, depression, cognitive deficiency)
[13]. However, excessive, depleting physical exertion, on
the contrary, are a powerful stress factor and can con-
tribute to a significant deterioration in the quality of life
of the population, cause the development of cardiovas-
cular pathology, and a decrease in the intensity of im-
mune responses [14]. In many ways, the stress on the
human body is determined by the nature of the unfa-
vorable (aversive) environment, which aggravates the
effect of the stressor on the body [15]. Under conditions
of depleting physical overload, the effect of an aversive
environment on the body is largely realized through a
change in the activity of skeletal muscles — the main
component of optimal physical activity [7]. Hereby, in
response to the action of an unfavorable environmen-
tal factor the main compensatory mechanisms in the
muscle tissue are: increased oxygen consumption, acti-
vation protein-synthetic processes, the intensification of
metabolic reactions and the activation of metabotropic
transport systems [6]. However, with progressive mus-
cle fatigue, these compensatory mechanisms “turn off”,
and an increase in the oxygen consumption by tissues is
not accompanied by an increase in the energy output,
which, in turn, reduces the activity of striated muscles
and the overall level of physical performance [16].

In the carried out study on the impact of the na-
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ture of an aversive environment on the level of oxygen
consumption in muscle tissue and blood oxygen capaci-
ty, it was found out that in the animals’ negative control
group, in which hot water (the temperature of 41°C) was
used as an aversive environment, a change in the working
capacity was observed: in mice, the peak of swimming
was the 4™ day — 70% (p<0.05), relative to the initial day
of swimming in this group. A similar pattern of change in
physical activity in the mice’s negative control group can
be presumably mediated by the action of the aversive
environment (hot water) on the skeletal muscle activity
of the experimental animals. Under current conditions
(hot water), dilatation of blood vessels of striated mus-
cles is likely to be noted, which, despite the increased
muscle need for oxygen, increases the delivery of oxy-
gen and nutrients to skeletal muscle myocytes [17]. In
addition, in the literature data it is reported that thermal
effects on skeletal muscles activate metabolic processes
and prevent muscle fatigue [17, 18]. In the future, a de-
crease in the level of performance was observed, which
was lower by 2.8 times (p<0.05) and 2.0 times (p<0.05)
relative to the initial swimming time value of the nega-
tive control group of mice, and the intact group, respec-
tively. There were changes in the oxygen consumption
only by the mitochondria of the striated muscles. It was
lower by 1.8 times (p<0.05) in comparison with the in-
tact group of animals. This fact of impairment can proba-
bly be attributed to the fact that an unfavorable environ-
ment (hot water) can lead to structural changes in the
muscles, namely, the unfolding and denaturation of the
protein, which, in turn, can contribute to the violation of
the contractile function of the muscles [19].

At the same time, a group of mice (negative control),
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where cold water (the temperature of 15°C), was statis-
tically significant (by the end of the experiment) relative
to the intact group of animals, the decrease in swimming
duration, accompanied by a decrease in the oxygen con-
sumption by muscle mitochondria, with a constant level
of blood oxygenation. At the same time, on the 5" day
of the experiment, the duration of swimming of mice in
cold water increased by 25.3% (p<0.05) relative to the
intact group. The results may be associated with the pe-
culiarities of the effect of low temperatures on the body.
Thus, Naresh C., et al., 2017, showed that the effect of
low temperatures on muscle tissue causes significant
metabolic changes in muscles, followed by activation
of the mitochondrial uncoupling protein,Type 1 (UCP-1)
[20]. Activation of UCP-1 in striated myocytes helps to
reduce the proton gradient in the mitochondrial matrix,
which, in turn, leads to the intensification of glycolysis
with reduced ATP production, accompanied by increased
thermogenesis. That can contribute to the preservation
of muscle activity and, consequently, physical perfor-
mance [21]. However, this compensatory mechanism
has a short-term effect. Later, a significant decrease in
physical activity was noted (a decrease in the duration of
swimming of mice in cold water in comparison with the
intact group of animals by 105.9% (p<0.05) by the 10
day of the experiment). However, later, with sufficient
oxygenation of the blood (in cold water in mice, no de-
crease in the oxygen transport function of the blood was
observed), hyperfunction of the UCP-1 protein contrib-
utes to the separation of oxidation and phosphorylation
due to the practical loss of the proton gradient of the mi-
tochondrial matrix [22]. That leads to a decrease in the
oxygen utilization by skeletal muscles and, as a result,
the synthesis of macroergic compounds deteriorates,
the activation of oxidative stress takes place, which neg-
atively affects the level of physical activity [23].

It can be assumed, that in addition to the activation
of thermogenin UCP-1 under conditions of the effect of
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