TEOPIA I METOAUMKA ITIIAI'OTOBKH

CIHOPTCMEHIB

POSSIBILITY OF APPLICATION OF
TERVAL HYPOXIC HYPOBARIC TRAINING
COURSE FOR INCREASING COGNITIVE

RESERVE OF ATHLETES-BOXERS

'Kovalenko Yulia, **Vrublevskiy Evgenii
Vitebsk State Order of Peoples’ Friendship Medical University, Belarus
2Francisk Skorina Gomel State University, Belarus
3 University of Zielona Gora, Poland

AHoTauis

B yMoBax MITy4HOTO TilOKCHY-
HOTO TINOOApUYHOTO TPEHYBaHHS
MOJIEJIIOIOTBCS  KJIIMATUYHI yMOBH
TipCchKOi MICIIEBOCTI, Jie TOJIOBHUM
JTIOBUM YHHHUKOM € 3HUKCHHS
MapIiiaTbHOTO THCKY KHUCHIO y BIIHU-
XyBaHOMY [OBITpPi, IO 3aIyCKae
peaxiii ajmanraiii, B SKHX OepyTh
y4acTh BC1 OpraHu 1 CHCTEMHU.

B pesynbrari 3ampomoHOBaHOTO
Kypcy rinodapuynoi agantamii y 30
CIIOPTCMEHIB-00KCEpiB 301IBIIIITH-
Csl MOKa3HUKU PECYpPCiB KOT'HITUB-
HUX (QYHKIIH B JTJOOOBHUX YacTKax,
MEePEeBaXKHO JIOBIILHOI yBaru (amii-
mityna xpwii P300). Takox otpu-
MaHi JaHi Oynu MiATBEpIKEHI 3a
JOTIOMOTOI0 TECTy «IH(ppoBoi TO-
CJIiTOBHOCTI».

KirouoBi cioBa: KOTHITHBHHI
pesepB, 1HTepBallbHA T1MIOKCUYHOTO
TpEeHyBaHHs, OapokaMepa, ToKCis,
rinodapidyHe TpEeHYBaHHS, CHOPTC-
MEHH, OOKCEpH.

AHHOTALMA
B ycnoBusix HCKycCTBEHHOMH
THUITOKCUYECKOW  THUTIo0apHyYeCcKoi

TPEHUPOBKH MOJCIHUPYIOTCS KIIH-
MaTHYECKUE YCIIOBHS TOPHOH MecT-
HOCTH, TJIe TVIABHBIM JICHCTBYIOIIUM
(haxTOpOM SABISIETCS CHIDKCHHUE TTap-
LIMAJIBHOTO AABJICHHS KHCIOPOJIa BO
BIBIXacMOM BO3IyXe, UTO 3aITyCKa-
€T Peakluy aJanTaluK, B KOTOPBIX
YYacTBYIOT BCE OPTAHBI M CHCTEMEI.

B pesyabrare npeanioKeHHOTO
Kypca TUIO0apHIeCcKON aJTanTaIum
y 30 cnopTcMeHOB-OOKCEpOB YBe-
JTUYUIINCH TIOKA3aTelld  PECypcoB
KOTHUTHBHBIX (DYHKIMH B JOOHBIX
JONSIX, TPEUMYIIECTBEHHO IIPOM3-
BOJIHOTO BHHUMaHHs (aMIUTATYIA
Boabl P300). Taxxe momydeHHBIS
JIAHHBIE OBLIH MOATBEPKICHBI C TO-
MOIIBI0 TecTa «IU(POBOI mmociTe-
JIOBaTEIBHOCTH.

KioueBble c10Ba: KOTHHUTHB-
HBII pe3epB, UHTEPBAIbHAS TUIIOK-
CHYeCcKasl TPEHHpPOBKa, Oapoxame-
pa, THIOKCHs, THUIoOapuyecKas
TPEHUPOBKA, CIIOPTCMEHI, O0Cephl.

Problem statement.

Hypoxia is one of the most pow-
erful factors modifying metabolic
processes in the body. Methods of
increasing nonspecific resistance
of the body are known at present as
well as prevention of various diseas-
es by means of hypoxic training in
the mountains, in a pressure cham-
ber under low pressure, equivalent
to the conditions of rising to differ-
ent altitudes (hypobaric therapy) or
breathing with hypoxic mixtures
(with low oxygen content) under
ground-based conditions (normo-
baric therapy) [3]. Factors affect-
ing athletes in the environment of
intensive training and competitive
process can be attributed to extreme
ones for a person.

Sport competitions require sig-
nificant physical and emotional
costs and accompanying environ-
mental conditions refer to a serious
exposure of external factors on the
body of athletes. Such effects start
a whole series of response reactions
in human organs and tissues as a re-
sult of which, changes in the body
may have important pathogenetic
significance for the formation of
health disorders.

This creates premises for the
growth of somatic morbidity in ath-
letes. According to M.M. Bulatova
and V.N. Platonov [3], A.Z. Kol-
chinskaya [9], and also other au-
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thors [4, 5, 6, 11] such a condition is
indicated as a syndrome of chronic
adaptive overstrain based on endo-
crine and metabolic changes in the
body.

One of the methods is the use of
interval hypobaric hypoxic train-
ing based on the concept of cross-
adaptation in which emergence of
resistance to one external factor in-
creases the body’s resistance to the
whole complex of different effects.

Climatic conditions of moun-
tainous terrain are artificially mod-
eled in the pressure chamber where
the main functioning factor is the
decrease of partial pressure of oxy-
gen in inhaled air (i.e. artificially
established hypoxia). Under condi-
tions of moderate hypoxia minute
volumes of respiration and blood
circulation raise and then intracel-
lular protective adaptive adjustment
reactions, in which all organs and
systems participate, start.

The use of available and effec-
tive interval hypobaric hypoxia in-
stead of costly stay in conditions of
continuous hypoxia during training
in the mountains is a perspective
and economically grounded meth-
od [1, 9, 10]. With daily compara-
tively short sessions of hypoxia (1,
5 hours) each session is replaced
by normal entry of oxygen into the
body which creates optimal condi-
tions for rehabilitation. During the
course of interval hypoxia the body
does not withdraw from staying in
conditions of normal atmospheric
pressure.

In connection there are no effects
of deadaptation which may cause
disturbance of working capacity
after descent to the plain of people
having been in the mountains for a
long time. Duration of adaptive ef-
fect retention after finishing the ef-
fect of interval and continuous hy-
poxia is almost identical. However,
the body’s resistance to hypoxia af-
ter interval adaptation is more signi-
fied than after a continuous one.

The method of interval hypo-
baric hypoxic training due to its ef-
ficiency, simplicity of use and econ-
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omy has found wide application in
the process of training athletes in a
number of leading countries in the
world [4, 5,9, 12, 13].

Oxygen deficiency and intense
muscular activity activate similar
physiological processes. The effect
of cross adaptation allows to rely on
the possibility of using hypoxia with
the purpose of improving athletes
working capacity.

Performance level of highly
qualified athletes is determined by
many components: coordination of
the body systems in the process of
muscular activity, capabilities of the
cardiorespiratory system, activity
of tissue enzymes. In overtraining
there is, first of all, violation of co-
ordination processes [2, 4, 5, 7].

Analysis of recent research
and publications. The search for
ways of optimizing organization
of training athletes at present is in-
creasingly aimed at the subject of
activity and more precisely to the
search for such training programs
that allow to take into account indi-
vidual characteristics of athletes and
due to this purposefully effect the
athlete’s body developing its pow-
erful and compensating weak spots.

In this review of the literature
data we want to pay attention to
the effect of hypoxic exercise in the
training of athletes.

In the recent decades the method
of experimental hypoxic training
which involves the use of hypo-
baric and (or) normobaric hypoxia
in intermittent (interval) mode has
received a widespread use in sports.
There are numerous data on high
efficiency of interval hypoxic train-
ing in improving physical working
capacity and sports results in vari-
ous sports [2, 4, 5, 6, 8, 10, 13]. At
the same time there are data that a
2-week course of interval hypoxic
training on efficiency corresponds
to a monthly stay of athletes in the
middle altitude [9]. It should be
noted that despite numerous stud-
ies on the effect of various types of
hypoxia on athletes body in vari-
ous sports the changes in sport re-

sults and physical working capacity
are mainly considered. At the same
time the mechanisms of hypoxia ac-
tionon the body often remain out of
researchers’ side.

The recent literature data un-
equivocally testify to the positive
effect of adaptation to the action
of regulated hypoxia on the human
body [1, 4, 6, 7, 8, 11]. At the same
time a great variety of hypoxic ef-
fects types - normobaric, hypobaric,
high-altitude; regimens as well as
the time of exposure (from 30-min-
utes hypoxic mixture inhalation to a
month stay in the mountains) often
sets a difficult task in choosing a
mode of hypoxic action for a coach
and doctor in sports medicine.

We should not forget about so-
called hypoxia load arising regu-
larly during training and especially
competitive loads. A well-proven
combined method of interval hy-
poxic training on the basis of tra-
ditional sport training [10, 12] does
not give an answer to the question
of adaptation contribution to the ac-
tion of regulated hypoxia into over-
all effect of the training process and
about the role of psychoemotional
factor undoubtedly making its own
adjustments into the formation of
a systemic structural adaptation
trace, since staying of a person in
the pressure chamber, in the moun-
tains and the use of «hypoxicators»
has certain psychological and emo-
tional load.

According to duration and fre-
quency of hypoxic exposure meth-
ods of adaptation to hypoxia may
be conventionally divided into two
main groups: stationary (staying
in the mountains, in the pressure
chamber, continuous breathing with
hypoxic mixtures on the ground)
and interval or pulse ones (short-
term repeated hypoxic effects al-
ternating with approximately equal
time periods of reoxygenation - nor-
mo- or hyperoxic exposures). Inter-
val hypoxic training (IHT) is carried
out in the hyperbaric chamber by
repeated risings to the altitude and
descents to the ground. For carry-
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ing out interval breathing sessions
with «mountain air» on the ground
«hypoxicators» creating required
hypoxic gas mixtures have been de-
veloped.

Methods of hypoxic training de-
pending on conducted conditions of
the latter include: normobaric (on
the ground breathing with hypoxic
gas mixtures) and hypobaric (stay-
ing in the mountains and rising in
the pressure chamber), when the
main adaptation factor — hypoxia
is combined with hypobaria - low
barometric pressure [1, 4, 9, 12].

The main mechanism of adap-
tive effect of all hypoxic training
types is due to the activation of
stress-limiting urgent adaptation
systems and formation of structural
trace of long-term adaptation aimed
at compensation of oxygen defi-
ciency in inhaled air. The central
nervous system, cardiorespiratory
and hormone system, erythropoi-
esis and antioxidant enzymes are
stimulated at the same time, RNA
formation and tissue capillarization
of vital organs increase, anaerobic
and aerobic processes of energy for-
mation in mitochondria are activat-
ed and become more effective, the
body’s defense against the effect of
free radicals and peroxide products
enhances [1, 3, 4, 9].

Adaptation to physical loads
making the basis of training is ac-
companied by morphofunctional
changes in somatic and visceral
organs determining tolerance to
the muscular activity [6, 9, 13]. A
number of structural changes pro-
viding high system performance re-
sponsible for oxygen delivery take
place in the body during long-term
cyclic sports since just they play a
determining role in providing hy-
permetabolism caused by muscular
activity. High level of development
of functional capacities of the respi-
ratory and circulatory systems and
blood determines, as a rule, high
overall and special performance of
athletes’ bodies.

One of effective ways of hypox-
ic effect is staying and training in
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middle altitude and moderate high-
land (up to 2,500-2,700 m above sea
level) which have shown high effi-
ciency in improving overall physi-
cal performance and improving
sports performance of athletes [3, 9,
12]. At the same time there are dif-
ficulties in organizing and planning
training sessions in the mountainous
terrain connected with the duration
of crossings, time zones change,
diet, financial costs and etc.

In addition, it is noted that in the
first days of staying in a mountain
climate, athletes have a decrease
in general and special working ca-
pacity which creates difficulties for
planning and dosing muscular activ-
ity because in conditions of hypox-
ia athletes lose ability to perform
usual amount and physical loads
[1, 9]. Decrease in working capac-
ity is accompanied by inadequate
intensification of the cardiovascular
and respiratory systems in the first
days of staying at altitude and re-
quires long term acclimatization in
the middle and highland. It has been
established that after return to the
plain athletes have a variability in
the level of working capacity which
sets an urgent problem of optimal
re-adaptation scheduling during
which athletes are able to show high
sporting result.

According to experts establish-
ment of adequate conditions for re-
covery and adaptation processes can
be carried out in two directions: op-
timizing the planning of educative -
training process and targeted use of
the means for recovery and improv-
ing working capacity [9, 12, 13].

The proven effect — during two
or three weeks of pre-competitive
training one can achieve maximum
results. Such an effect cannot be
achieved in other conditions even
with optimal training program.
Within three weeks of pre-competi-
tive training with the use of pressure
chamber the results are increased by
12-15%.

Today there isn’t more effective
recovery method than barotherapy.
Oxygen helps the body to break

down lactic acid more actively, ac-
celerate recovery after exercise and
increase physical endurance. The
use of oxygen pressure chamber
leads to rapid healing of wounds and
stimulates recovery after injuries.

Effectiveness in numerous sports
associated with the manifestation of
endurance is determined, first of all,
by the condition arising from insuf-
ficient supply of oxygen to the body
tissues and adaptation to this con-
dition [1, 3, 4]. Representatives of
cyclical sports encounter with the
problem of hypoxia at average, long
and extralong distances. There are
about half in winter and one third
in summer of such types of sports
in the Olympic program. Oxygen
insufficiency «strikes» on represen-
tatives of other sports such as figure
skating, calisthenics and etc.

In sport games especially at the
end of halves, periods or matches
there are too frequent incomprehen-
sible mistakes that can also be ex-
plained by acidification of working
muscles and deppression of the cen-
tral nervous system. Therefore the
main direction of training athletes
in many sports is training aimed
at improving of the structures pro-
viding oxygen delivery to working
muscles.

The problems of using hypoxia
as a means of improving working
capacity of athletes have been seri-
ously studied since the Olympics of
1968 (Mexico, Mexico). This city is
located at an altitude of 2200 me-
ters above sea level. Earlier it has
been noted that athletes living in the
mountains usually have a significant
advantage over those who live and
train in conditions of normal atmo-
spheric pressure in those sports as-
sociated with the manifestation of
endurance. It has determined the di-
rection of scientific research related
to the effect of hypoxia on working
capacity.

Objective (statement of the
problem): to assess possibility of
applying the proposed course of
interval hypoxic hypobaric training
and to identify the possibility of us-
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ing the latter to raise cognitive re-
serve of athletes boxers.

Materials and methods:

Pressure chamber training for
periodic hypoxia increases the
working capacity of athletes with-
out increasing the muscular work,
improves coordination of organs
and systems and has immune-pro-
tective effect.

It allows to prevent overtraining
during training and reduce the like-
lihood of catarrhal diseases both in
the training process and in the com-
petitive period.

30 boxers have been examined,
the average age was 20.7. The hy-
poxic interval 90 minutes and dura-
tion of the course effect 20 sessions
is justified for athletes specializing
in endurance sports. At a given hy-
poxic interval significant increase
of their working capacity can be ob-
tained [1]. A busy schedule of train-
ing and competitions often does not
allow to use fully course pressure
chamber adaptation in annual train-
ing athletes.

Research results and discussion.
We have been proposes the method
for alternating training in the hall with
interval hypobaric training in condi-
tions of «Ural-Antares» multi-seater
medical vacuum installation.

The course of adaptation to
hypoxia has began from «stage «
hoistings to a height of 3-7 m / sec,
«descent» - at a speed of 2-3 m /
sec. And the course of adaptation to
hypobaric adaptation was arranged
according to the following scheme:

I** session - «height 2000 m»
(Stange test before and after the ses-
sion, heart rate before and after ris-
ing);

2nd Session - «height 2500 m»
(duration of the session 90 min),
then rising to «altitude 3000 m»,
(duration at the «height» 60 min);

31 session — «height 3500 my;

4-5" session— « height 3500 m»
(heart rate before and after the ses-
sion).

From the 10" session (heart rate
before and after the session) —rising
to “altitude 3500 m” - 30 min, ris-
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ing to 4500 m («altitude 4500 m» - 5
min), descent - to 3500 m («height
3500 m» - 15 min), descent (dura-
tion of the session - 90 min).

15" session (heart rate before
and after the session);

20" session (Stange test before
and after the session, heart rate be-
fore and after rising to «height»).

«Ural - Antares» for boxers with
a comprehensive assessment of
complete blood cell test, biochemi-
cal blood test, cortisol biochemical
blood test, thyroid hormone level,
anxiety and depression conditions,
electroencephalogram cognitive po-
tentials of P300 wave, «digital se-
quencey test.

As aresult of hypobaric adaptation
course qualification indicators of cog-
nitive functions resources in frontal
lobes have statistically significantly
increased in athletes boxers of various
qualification mainly of voluntary at-
tention (amplitude wave P300). Also
obtained data have been confirmed by
a «digital sequence» test.

Thus, it is shown that an ade-
quate training effect can be achieved
in athletes-boxers by increasing the
interval of stationary hypoxia. Com-
bination of hypoxia and hypobaria
factors allows to withdraw negative
effect of high altitudes and reduce
hypoxic interval [1]. This training
course can be also used in com-
petitive period if it is necessary to
improve urgently the athlete’s func-
tional condition.

Only a small part of athletes in
case of climatic zone change may
immediately join a competitive
schedule. For the majority it takes
time to restore competition form
which leads to worsening of the re-
sults.

Preliminary pressure chamber
adaptation to hypoxia before a trip
to the midland and highland, in
transmeridian flights allows to mini-
mize the evidence of an emergency
adaptation stage to hypoxia. Thus
upon arrival at the competition site
athletes are ready to start the pre-
game training immediately without
worsening athletic results achieved

on the plain [1, 7].

It is known that foothills and
moderate altitudes - 1500-2500 m
above sea level, which are attributed
to midlands, exert the most favor-
able effect on humans [1, 3, 12]. It
is at this altitude where the majority
of well-known mountain resorts is
located. Moderate hypoxia of these
heights is not training for high-class
athletes. At the same time it can be
significant for maintaining a sport
form, withdrawal of competitive
period stressful situation, normal-
izing the function of the endocrine,
immune and antioxidant systems [2,
4,8,10, 13].

Conclusions: Alternation of hy-
perbaric adaptation to hypoxia and
training in the gym makes it pos-
sible to improve the indices of cog-
nitive functions of athletes boxers
which is physiologically justified,
economically advantageous meth-
od for adapting athletes during the
training process, competitive and
recovery periods.
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