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Abstract. Aim. This study investigates the efficacy of artificial respiratory media in enhancing aerobic
performance during physical endurance training. Materials and methods. Forty male participants were
randomized into two groups. The training protocol consisted of 10 cycles, each involving a 4-hour session
in the test facility, during which participants performed standardized physical exercises. The main group
(n = 20) trained under the following breathing conditions: argon (30-35%), oxygen (4—-13%), and nitrogen.
After each session, participants in Subgroup A (n = 10) were exposed to hyperbaric conditions (0.05 MPa)
for 60 minutes in a gas mixture of argon (35%), oxygen (25%), and nitrogen (40%). Participants from Sub-
group B (n = 10) recovered under normobaric conditions. The Control group (n = 20) performed identical
exercises in a normoxic-nitrogen environment with progressively reduced oxygen levels: 19% (cycles 1-2),
18% (cycles 3—4), and 17% (cycles 5-10). After each session, participants in Subgroup A (n = 10) were ex-
posed to hyperbaric conditions (0.05 MPa) for 60 minutes in a gas mixture of oxygen (30%) and nitrogen.
Participants from Subgroup B (n = 10) recovered under normobaric conditions. Results. Combined training
in the main group elicited a significant improvement in maximal aerobic capacity across all 20 volunteers,
with increases ranging from 5% to 9% relative to baseline levels. The mean improvement in subgroups A
and B was approximately 8% and 5%, respectively (p = 0.045). In contrast, only 9 individuals (40%) in the
control group exhibited an increase in aerobic performance, 8 of whom belonged to Subgroup A. The mag-
nitude of improvement in the control group ranged from 0.5% to 5%, with mean increases of 2% in
Subgroup A and 1% in Subgroup B. Conclusion. The innovative technology under development demon-
strates efficacy in enhancing physical endurance training, attributable to the multimodal physiological ef-
fects of the applied barotherapeutic agents. This approach may serve as an effective strategy for optimizing
training adaptations in individuals engaged in endurance training.
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Annomayusn. Ueab: oueHUTh 3PPEKTUBHOCTD PA3IMYHBIX UCKYCCTBEHHBIX JbIXaTEIbHBIX CPEA B CO-
Y€TaHUW C MBIIICYHbIMU HAarpy3KkaMu JJid MOBBIMICHUA (l)M3H‘ieCKOﬁ BBIHOCJIMBOCTH YCJIOBCKA. MaTepl/laﬂbl
H MeToAbl. B nccnenoanun npussun ydactue 40 My K4uuH, pa3fielIeHHbIX Ha 2 paBHbIE IPYMIbI (OCHOBHAs
n KoHTposbHast). TpeHupoBka Brmovana 10 nukinoB 4-4acoBoro npeObIBaHUs B UCTIBITATENEHON YCTaHOBKE,
r7ie J0OPOBOJIBLIBI BHIMOIHIIN (PU3UYECKUe Harpy3KH. B 3TOT mepron NCTbITyeMble OCHOBHOW IPYIIIBI Ha-
XOIUIINCH B Ta30BOH cpene, cocrosmiei u3 aproHa — 30-35 %, kucnopona — 14-13 % u azora. [Tocne xax-
JIOW TPEHUPOBKH HCIIBITyeMble OCHOBHOU Tpymmbl A (10 genmoBek) eme B Tedyerne 60 MUHYT HaXOIWIHACh
nof, n30sITounsiM faBieHreM (0,05 Mlla) npu koHumeHTpamum kuciopoma 25 %, aprona 35 % wu asora
40 %. OctanpHble TOOPOBOJBIEI ATOM TPYIIBI (OCHOBHAS rpymma b) Haxonunmuce B OOBIYHBIX YCIOBHSX.
Jlo6poBOIBbIBI KOHTPOJIBHON TPYIIIB BEIIONHSUIM aHAJIOTHYHBIE (DM3NYECKHEe HAarpy3Kd B ra3oBOil cpene
¢ comepxkaHueM kuciopona B azote: 19 % — 1-2 muxia, 18 % — 3—4 mukna u 17 % — 5-10 uuknos. [Tocne
Kaxaoro 1ukia 10 TpeHupyromuxcs U3 3Tol rpynns! (KOHTpOJIbHAS Tpymna A) HaXOIWINCh IOJ 1aBJIeHHU-
em 0,05 MlIla B Teuenue 60 MUHYT NpH cofepxaHun kuciaopoaa B azore 30 %. OcranbHble (KOHTPOJIbHAS
rpynmna b, 10 4yenoBek) HaXOIMIKCh B OOBIYHBIX yCioBHsX. Pe3yiabTaTsl. KoMOMHMpOBaHHBIE TPEHUPOBKH
B OCHOBHOH IpyIine o0ecleumsiv IPUpoCcT MaKCUMAJIbHONW a3poOHON paboTOCIOCOOHOCTH B JMara3oHe OT
5 10 9 % ot ncxoxHoro ypoBHs y Bcex 20 no6poBosbiieB. CpeqHHI TPUPOCT TOKa3aTels B MOArpynmnax A
n b cocrami okoio 8 u 5 % coorBercrBeHHo (p = 0,045). B KOHTpONIBHOI IpyIie NPUPOCT JaHHOTO MOKa-
3aTenst Habroacst Toabko y 9 (40 %) uenoBek, u3 HUX 8 yenoBek — u3 noArpyms! A. I[Ipupoct nokasare-
11 coctami oT 0,5 1o 5 %: B cpeanem B noarpynmne A — 2 %, B noarpymme b — 1 %. 3akaiodyenne. Takum
o0pazoM, pa3pabaTbiBacMasi HAMH WHHOBAI[OHHAS! TEXHOJOIUS MO3BOJISIET ONTUMHU3UPOBATh TPEHUPOBOU-
HBII TpoLece A JIOAEH, TPEHUPYIOIUX (PU3NUECKYI0 BBIHOCIMBOCTD, 33 CUET PA3HOHAIPABICHHOTO BO3-
JIEUCTBHA Ha OPTaHU3M IPHMEHSIEMBIX OapOTEPANIEBTUIECKUX CPEIICTB.

Knrwouesvie cnosa: Guznyeckas BHIHOCIUBOCTb, aprOHO-TMIIOKCHUYECKas TPEHUPOBKA, rurepoapuue-
CKHE BO3JIEHCTBUS
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1. Introduction

Currently, specialists in occupational and
sports physiology and medicine are actively
searching for non-drug means and methods to
enhance the effectiveness of physical training
aimed at expanding the physiological functional
capacities (PFC) and increasing aerobic endurance
of persons with a predominantly motor profile of
professional (sports) activity [8, 13, 14, 19]. A
mandatory requirement for such means is their
safety for the body (no doping effect). As addi-
tional requirements, convenience of use, the speed
and persistence of positive changes in the body,
affordability of the technology, the possibility of
using it in “field” conditions, and other criteria
are considered.

To date, the high efficiency and safety of
such auxiliary non-drug methods as massage and
vibromassage, electrical and electromagnetic
stimulation, local and general thermal proce-
dures, ultraviolet radiation, hydrotherapy, acu-
puncture, biofeedback-based bioacoustic correc-
tion, etc., have been proven [6, 14, 22, 23].
The mechanisms of action of these and similar
methods on the body are synergistic with physi-
cal training, which determines the increase in the
effectiveness of the latter in the case of their
combined (parallel) use.

Non-specific, non-drug methods that help
expand PFC also include pneumotherapy, includ-
ing the use of artificial respiratory media (ARM)
with high or low oxygen content at high, normal,
or low total barometric pressure [3, 4, 11, 12].

At the same time, the use of hyperoxia in the
form of oxygen therapy or hyperbaric oxygena-
tion is, first of all, a way to restore the body after
heavy physical exertion, auxiliary treatment of
musculoskeletal injuries, and other concomitant
pathologies [4, 11]. Hypoxic hypoxia is used as
a training factor, the so-called hypoxic training —
HT (normo-, hypo-, or hyperbaric training) [3, 12].
The main mechanism of HT is an increase in the
resistance of tissues of vital organs to transient
hypoxia, which is known to be a key link in the
development of fatigue during prolonged and
intense physical activity [1, 2, 21].

Physical training in mountainous (hypobaric-
hypoxic) conditions has found wide application
primarily in sports medicine [15, 16]. However,
this method has many limitations and disadvan-
tages associated with organizational difficulties,
unpredictable weather conditions in mountainous
areas, the risk of mountain sickness in trainees,
possible adaptation and re-adaptation issues, etc.
[12, 16, 21].

A more convenient and affordable option
is normobaric hypoxic training (NHT). Unlike
mountain-climatic therapy and pressure-chamber
“high-altitude” hypoxia, this method has no nega-
tive effect of barometric pressure drops and pro-
vides strict dosing of the therapeutic factor and
adequate direct control of the functional state of
the trainee, economical efficiency, and ease of use.

An innovative technological solution that
made it possible to significantly expand the NHT
possibilities, solve the problems associated with
the “mask” type of breathing by hypoxic ARM
from gas-balloon inhalers or hypoxicators, was
the development of hypoxic facilities that allow
the formation of a hypoxic gaseous medium of
a given and easily changeable composition in
a sealed chamber. The most important advantage
of this technological solution is the combined
(simultaneous) use of NHT and physical training,
which ensures their greatest synergy in solving
the main task, i.e. increasing physical endurance,
expanding PFC, and preventing overtraining
[9, 10, 20].

In addition, the most technically equipped
facilities can create conditions for high or low
barometric pressure [18, 20] by adding other
gases to the gas environment, of which the use of
inert argon gas seems to be the most promising,
which has proved its pronounced antihypoxic,
cerebro-, cardioprotective and other effects in
multiple reliable experimental studies [5, 7, 17].
At the cellular level, argon facilitates the trans-
port of respiratory gases and cellular metabolites
in the most intensively functioning organs, and
thus accelerates metabolic processes. These and
other effects of argon provide an increase in tis-
sue tolerance to hypoxia and, therefore, make it
possible to safely reduce the oxygen content in
the training hypoxic gas environment to increase
the effectiveness of combined training. At the same
time, argon is not included in the official list of
substances prohibited for use by elite athletes by
the International Anti-Doping Committee.

However, despite the obvious promise, to
date, the issues of differentiated combined use
of innovative pneumotherapy (including the use
of argon-containing AGE) and physical exercises
to expand the PFC and increase human muscle
endurance have not been sufficiently studied.

This determined the objective of this study,
i.e. to conduct a comparative assessment of
the effectiveness of the combined use of various
artificial respiratory media, hyperbaric effects
and muscle loads to increase physical endurance
and expand the functional potential of a person.
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As a result of this work, we considered the
development of an optimal regimen for the use of
AGE, which provides the most effective training
for the formation of aerobic physical endurance.

2. Materials and Methods

The study involved 40 male volunteers (19—
23 years old), divided into groups (MG, 20 peo-
ple, and CG, 20 people), comparable in signifi-
cant anamnestic, anthropometric and functional
characteristics. All volunteers indicated the ab-
sence of bad habits (alcoholism, smoking), had
a normosthenic body type (body mass index
22-26 kg/m®), trained regularly (running, cycling,
strength training, sports games), but were not
elite athletes.

The training programs included 10 cycles
(10 days) of 4-hour stay of volunteers in the test

i Procedure room and medical
Exercise room, control

—
B
:- .E.’. (o | -w-

chamber (schematically shown in Fig. 1), where
they performed physical exercises on an exercise
bike and a treadmill. The specified power of
physical work is 70-100 W (depending on the
initial PFC of the volunteer), the duration is
120-140 minutes with several breaks.

Variants and regimens of pneumotherapeutic
effects in the compared groups and subgroups are
schematically shown in Fig. 2.

The subjects of the Main group performed
the specified physical activities while staying
inside the premises, where the normobaric argon-
hypoxic respiratory medium (ArHRM) was main-
tained: argon — 30-35%, oxygen — 14-13%, ni-
trogen — the rest. After each training, the subjects
of the Main group A (10 people) stayed in the
premises for another 60 minutes (in a calm state,

Living quarters Control room

Fig. 1. Schematic representation of the complex/chamber
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Fig. 2. Pneumotherapy training scheme
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rested lying or sitting), where the following condi-
tions were created: an overpressure of 0.05 MPa
(0.5 atm.), oxygen 25%, argon 35%, nitrogen —
the rest. The remaining volunteers from this group
(Main group B, 10 people) remained under our
supervision for 60 minutes, being under normal
conditions (normal pressure, atmospheric air).

Volunteers of the control group (20 people)
performed similar physical activities in the pre-
mises with normobaric HRM, in which oxygen
was partially replaced by nitrogen. A standard
stepwise reduction in the oxygen content in the
HRM was applied, which is safe and recom-
mended for persons not trained for hypoxia
[Omunbka! Ucrounuk cepuiku He Haiigen.]: 19% —
1-2 cycles, 18% — 34 cycles, 17% -
5-10th cycles. After each cycle, 10 trainees from
this group (Control group A) for 60 minutes (in
a calm state, rested lying or sitting), stayed in the
premises at a 30% oxygen content in nitrogen
and an overpressure of 0.05 MPa. The remaining
persons of this group (Control group B, 10 people)
remained under our supervision for 60 minutes,
being under normal conditions (normal pressure,
atmospheric air).

Medical control of the functional state of
volunteers during each training and recovery cycle
included:

— visual observation;

—recording of complaints;

— periodic control of heart rate, blood pres-
sure and oxygen saturation of capillary blood using
Microlux automated diagnostic system (Russia);

—sampling of capillary blood: before and
after each training cycle and then after another
60 minutes (in subgroups A — after HBT). Blood
samples were used to measure hemoglobin, pH
and lactate using Gem-Premier*3000 automated
gas analyzer (USA).

The physical performance of the subjects was
assessed based on standardized functional tests:

— Maximum aerobic performance. The test
was performed on a Schiller Cardiovit CS-200
bicycle ergometer (Switzerland) until the ana-
erobic threshold (AnT, W) was reached accord-
ing to the protocol: the power of the first “stage”
was 50 W, the increment of the “stage” was 25 W,
the duration of each “step” was 1 min, except for
a step with a power of 100 W, the duration of
which was 2 min.

— Ruffier squat test (30 squats for 45 se-
conds) with the calculation of the corresponding
index (Rufier's index);

— Stange test to determine resistance to hy-
poxia.

All volunteers performed functional tests
twice: before (Stage 1) and after (Stage 2) a course
of combined training.

The results were processed using the me-
thods of wvariational statistics and Excel and
STATISTICA for Windows (v. 12). The mean
values (M) and standard deviations (o) of the
evaluated criteria were calculated, which were
presented in tables. The significance of diffe-
rences in pairwise parameters in related and unre-
lated samples was determined using the Wil-
coxon T-test and the Mann — Whitney U-test,
respectively. Differences were considered sig-
nificant at p < 0.05.

The studies were organized and conducted
in accordance with the provisions and principles
of current international legal acts, in particular
the Declaration of Helsinki of 1975 and its re-
vision in 2013. All examined persons signed
a voluntary informed consent to participate in
the studies. The legitimacy of the studies was
confirmed by the conclusion of the independent
ethical committee of the Northern State Me-
dical University (protocol No. 5/10-15 dated
19.10.2015).

3. Results and Discussion

There were no significant differences be-
tween groups and subgroups at baseline; all sub-
jects had a moderate or relatively high level of
physical performance and resistance to hypoxia
(Table 1).

Observation showed that physical training
in a hypoxic environment places significant de-
mands on the body, forcing it to perform activi-
ties with high stress on physiological supporting
mechanisms. However, despite this, all volun-
teers successfully completed the training pro-
grams. It is important to note that there were no
significant differences in the functional state of
the volunteers of the main and control groups
during physical exercises, despite significant dif-
ferences in the oxygen content in the HRM and
ArHRM at all stages of the study.

The repeated examination showed that com-
bined training in the main group provided an in-
crease in maximum aerobic performance in all
20 volunteers, which ranged from 5 to 9% of
the initial level (p = 0.008-0.027). The average
increase in the indicator in subgroups A and B
was about 8% and 5% respectively (pAB =
=0.045).
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Table 1

Functional stress test results in volunteers at different observation stages, M (o)

Survey stage
Subgroup Indicator, unit rev. (c)
Group (number Ruffier Index
of subjects) AT, W . . Breath-holding test, s
(conventional units)
Stage 1
MG A (n=10) 192 (5) 3.41 (0.17) 129 (7)
B (n=10) 190 (4) 3.50 (0.16) 127 (9)
cc _A@=10) 189 (5) 3.57(0.15) 131 (5)
B (n=10) 192 (3) 3.61 (0.22) 131 (9)
Stage 2
_ 207 (4) 2.97 (0.18) 149 (9)
MG A(@=10) p =0.008 b =0.004 p =0.003
B (n=10) 199 (3) 3.14 (0.17) 138 (8)
p=0.027 pAB = 0.045 p=0.028 pAB = 0.042 p=0.035 pAB = 0.047
A(m=10) 197 (4) 3,46 (0,15) 136 (5)
CcG p=0.049 pl =0.035 p=0.049 pl =0.032 p=0.049 p1 =0.030
B (= 10) 194 (3) 3,56 (0,12) 132 (4)
pl =0.045 pl =0.035 pAB = 0.049 pl =0.040 pAB = 0.049

Note: level of significance: p — compared with stage 1 (Wilcoxon test); pl — compared with the main group in
the corresponding subgroup (Mann—Whitney test); pAB — between subgroups within the group (Mann—Whitney test).

In the control group, only 9 (40%) people
had increase in this indicator, and 8 of them were
from subgroup A. The increase in the indicator
ranged from 0.5 to 5%: 2% in subgroup A, on
average, and 1% in subgroup B. At the same
time, at this stage of observation, significant
intergroup differences were recorded between
the corresponding subgroups of the main and
control groups (pl = 0.035-0.045).

Both the groups and subgroups had ap-
proximately similar trends in other criteria of
stress tests that assess the level of PFC. So, in
subgroups A and B of the main group, the de-
crease in the Ruffier index (and, consequently,
the increase in physical endurance) averaged
13% (p = 0.004) and 10% (p = 0.028), respec-
tively (pAB = 0.042). In the control group, this
indicator decreased only by 3% (subgroup A) and
1.4% (subgroup B), with pAB = 0.049. Signifi-
cant intergroup differences were also recorded,
indicating the best effectiveness of the training
and recovery program used in subgroup A of
the main group.

The increase in the Stange test values, which
characterizes the body's resistance to transient
hypoxia, in subgroups A and B of the main group
averaged 16% (p = 0.003) and 9% (p = 0.035),
respectively, at pAB = 0.047. In the CG, the
changes were significantly smaller: about 4%
(subgroup A) and less than 1% (subgroup B),
at pAB = 0.049.

The data showed that physical training in
ArHRM with subsequent recovery using HBT in
the tested version is the most effective of the
tested means of emergency increase in aerobic
performance and resistance to hypoxia. At the
same time, physical activity in combination with
the standard variant of hypoxic training without
HBT cover showed the least effectiveness, appa-
rently requiring a significantly larger number of
procedures to achieve the desired results.

Table 2 shows fluctuations in the level of
capillary blood lactate recorded in the groups and
subgroups at the selected stages. The results ob-
tained daily during the training period were aver-
aged.

As the data shows, as a result of hyperbaric
effects, subjects of subgroups A showed a more
rapid leveling of lactatemia (as well as high
blood acidity and other indicators associated with
exposure to hypoxic and physical activity) than
subgroups B. A greater increase in lactate found
in the main group after training cycles was due to
a significantly higher degree of hypoxia, in which
the subjects of the main group performed phy-
sical activity. Despite this, as a result of the use
of HBT, these differences were leveled.

As an illustration of one of the mechanisms
of the influence of combined training on the
maximum aerobic performance of a person, Fig. 3
shows the changes in blood hemoglobin in volun-
teers of the groups at the stages of observation.
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Table 2
Changes in blood lactate concentrations (mmol/l)
at different diagnostic stages among volunteer groups, M (o)
Group
Stage Subgroup (number of observations)
of measurement MG CG
A(n=10) B(n=10) A (n=10) B(n=10)
. 2.7(0.2) 2.4(0.2)
Baseline 1.7 (0.3) pAB = 0.027 2.0 (0.2) pAB = 0.042
i 5.9(0.4) 4.8(0.2) 5.0(0.4)
Post-training 3:4(04) pAB = 0.047 pl =0.037 pl =0.038
5.6 (0.3)
1-hour post-training 4.8 (0.3) 1A6l§7=(%2())02 4.7 (0.3) pl =0.035
P ' pAB =0.022

Note: level of significance: pl — compared with the main group in the corresponding subgroup; pAB —
between subgroups within the group (Mann—Whitney test).

158

156 1

154 ~

Hemoglobin, g/l

152 1

150 A

148 A

146 1

p<0,001

p=0,005

+5,1%

+1,9%

p1=0,001
1=0,023

144 T
Baseline

Day 5 of training

End of training

=== Group 1 (n=20)

—=%— Group 2 (n=20)

Fig. 3. Changes in capillary blood hemoglobin levels across observation stages in study groups, M * ¢
Note: level of significance: p — compared with the baseline (Wilcoxon test); p1 — compared with the main group
(Mann —Whitney test)

As we can see, already by the 5th cycle of
training, MG showed a significant increase in
hemoglobin content, which averaged 3.5% of the
baseline level and increased to 5.1% by the end
of the training. CG tended only to increase in
hemoglobin content by the end of training, which
did not reach an average of less than 2% of the
initial level. Thus, by the end of the training cy-
cles, MG had a significantly greater increase in
the oxygen capacity of the blood, which un-
doubtedly contributed to the above-mentioned
increase in aerobic physical endurance and the
expansion of PFC in the individuals of this
group.

In our opinion and according to the data of

other researchers [3, 12, 15, 21], the physiolo-
gical basis of the revealed high efficiency of
combined physical and normobaric hypoxic trai-
ning is their synergistic effect on the body.
The combined effect of hypoxic hypoxia and the
so-called “load hypoxia” helps more quickly and
safely expand the PFC of the athletes.

The following are considered as intimate
mechanisms of the effects of hypoxic training
[1,2,12,15,21]:

— adaptive restructuring of all components
of the body's gas transport system,

— specific metabolic and regulatory changes;

— improvement of regional blood circulation
and microcirculation;
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— optimization of diastolic function of the
heart;

— reduced hyperreactivity of the heart and
resistive vessels to external effects.

The consequences of adaptation to hypoxia
are [1, 3, 15, 21, 24]:

— increase in the proportion of perfused and
ventilated alveoli;

— broncholytic and vasodilating action;

— increased erythropoietic activity of hema-
topoietic organs.

The addition of argon to hypoxic AGEs
helps safely increase the intensity and effective-
ness of physical training in a hypoxic environ-
ment. Argon is excreted from the body within
a few minutes, without any cumulative effect.
At the same time, in addition to increasing the
body's resistance to hypoxia, argon, having a num-
ber of specific organ-protective effects [5, 7, 17],
makes it possible to safely perform heavier loads
under hypoxia, which will make it possible in
the future to increase the effects of combined
training.

4. Conclusion

Thus, a non-drug method based on a rational
combination of physical and normobaric hypoxic
training can be considered an effective means of
increasing the physical performance of a person

engaged in intense muscular activity. The main
advantages are the controllability of the training
process due to the individual selection of the in-
tensity of the hypoxic stimulus, the nature and
power of physical activity. By combining these
factors, optimal training results are achieved.
Special mention should be made of the safety
of this method for the body and the absence of
a doping effect, “rebound” or “addiction” syn-
dromes.

Another advantage is the possibility of chan-
ging the composition of the artificial gaseous
medium by including the inert gas argon. Our
studies have shown the high efficiency of argon-
hypoxic and physical training and confirmed the
safety of this method for the body. In addition,
staying in an argon-hyperoxic gas environment
after the end of each training session (for up to
60 minutes) can significantly speed up the reco-
very processes in the body and ensure better
readiness for the next cycle.

Summary. Considering the above facts, the
innovative technology we are developing, due to
the multidirectional effect on the body of the ap-
plied non-drug means, can significantly optimize
the training process for various categories of
people who train physical endurance, including
elite athletes.
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