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Features of manifestation the energy
potential of qualified athletes and sensitivity
of cardiorespiratory system to hypercapnia
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Abstract. Objective. To identify the types of cardiorespiratory system (CRS) responses to hypercapnic
shifts in respiratory homeostasis of qualified athletes who specialized in competitive distances of different
duration, and to determine their association with the character of the energy and functional potential
realization under physical loads. Methods. To analyze the CRS responses to physical loads, a set of tests
was used to determine the aerobic and anaerobic capabilities of the athlete's body. To evaluate the CRS
responses to hypercapnia, progressive hypercapnic stimulation by the method of "recurrent respiration
was used. Characteristics of the athletes' functional fitness were determined as well. Results. With an
increase in the duration of the main competitive distance and the level of overall work capacity of athletes,
the sensitivity of CRS to CO,-H* stimulus was decreased. A positive relationship was established between
the sensitivity characteristics of CRS to CO,-H* stimulus with the level of CRS responses and the rate

of their development under conditions of average aerobic load and the negative relationship — under
conditions of load of maximal aerobic power.
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Oco6MBOCTI NPOSIBY eHepreTU4YHOro noTteHuiany keanigpikoBaHUX CNOPTCMEHIB
i YyTNUBICTb KapAiopecnipaTopHOi CUCTEMM A0 rinepkanHii
O. JluceHko, I'. JlonateHko

Pesiome. Merta. Buginutu Tnm peakuii kapgiopecnipatopHoi cuctemun (KPC) Ha rinepkarnHiyHi 3py-
LLIEHHS ANXaNbHOrO rOMeoCcTa3uncy kBanidikoBaHNX CIOPTCMEHIB, SKi CrewjianiayBannca Ha 3maraibHux
OMCTaHLNX PiBHOT TPMBAOCTI, a TaKOX BU3HAYNTK iX B3AEMO3B’ 130K 3 XapakTepoMm peanisauji eHepre-
TUYHOIO | GYHKLOHANIbHOI O NOTEHLjany B yMoBax Qi3n4HMX HaBaHTaxXeHb. MeToau. [ns aHanizy peakuin
KPC Ha di3nyHi HaBaHTaxXeHHs1 Y10 BUKOPUCTAaHO KOMIMJIEKC TECTIB, AKNIA AAB MOXI/TMBICTb BUSHAYNUTU
aepobHi 1 aHaepOoOHi MOXIMBOCTI opraHiaMmy cnopTcmeHiB. ns ouiHkn peakuii KPC Ha rinepkarnHito
BVKOPWCTOBYBaIM NPOrpecytoyy rinepkarnHiyHy CTUMYNSALI0 METOA0M «3BOPOTHOIO ANXaHHS». BusHa-
Yyasnu xapakTepUCTUKM PYHKLIOHANIbHOI NiAroTOBNEHOCTI CMOPTCMEHIB. Pe3ysibtaty. 3i 36iNbLUEHHSIM
TPUBaNOCTi OCHOBHOI 3MarasibHOi AUCTaHLLi | piBHA 3arasbHOi Npaue3aaTHOCTi CMOPTCMEHIB Bia3Ha-
yanocs 3HmkeHHs yyTneocTi KPC no CO,-H*-cTmyna. BCTaHOBIEHO NO3UTVBHIIN B3AEMO3B’A30K MK
xapaktepucTtvkamu 4ytnnsocTi KPC go CO,-H*-cTumyna 3 pisHem peakuirt KPC i LUBUAKICTIO iX pO3BUTKY
B YMOBaXxX HaBaHTaXeHHs cepefHboi aepoOHOI NOTY>XXHOCTI | HeraTMBHNI B3aEMO3B’1I30K — B yMOBaXx Ha-
BaHTaXXEHHS MakCHMasibHOI aepPOBOHOT MOTY>XXHOCTI.

Knro4yosi cnoBa: cnopTCcMeHU, kapaiopecnipatopHa cnctema, QisnyHi HaBaHTAXKEHHS.

OCco0GeHHOCTU NPOSIBIIEHNS 3HEePreTUYeckoro noTeHumana KkeanmpuumpoBaHHbIX
CMOPTCMEHOB U YYBCTBUTEJIbHOCTb KapAuopecnMpaTopHOW CUCTEMbI K TMNepKanHum
E. JlbiceHko, I'. JlonaTteHKO

Pe3stome. Liesib. Bbigenntb TUNbl peakumv kapauopecnupatopHon cuctemsl (KPC) Ha runepkanHuyeckuie
COBUIM ObIXaTeNIbHOr0 roMeocTasnca KBampuumpoBaHHbIX CTIOPTCMEHOB, KOTOPbIE CNELMANN3VNPOBAINCH
Ha COPEBHOBATESbHbIX AVCTAHUMSX PA3HOM MPOAOIKUTENBHOCTU, & TakKe ONPeaenmTb X B3anMOCBSA3b

C XapakTepoM peanmsaumv SHEPreTUYECKOro N GyHKLUMOHANBHOMO MOTEHLMANA B YCNOBUSX (PUSNYECKNX
Harpysok. Metoabi. Ans aHannaa peakupii KPC Ha pursmyeckmne Harpyskm MCrnosb30Basics KOMIIEKC
TECTOB, NO3BONAOLLMX ONPenenTb a3p0obHbIE 1 aHa3POOHbIE BO3MOXHOCTY OpraH1n3mMa CropTCMEHOB.
[ns oueHkn peakupmn KPC Ha rmnepkanHmio NCnosib30Basiv NPOrpPeCcCupYIOLLYIO FMNepKanHU4ecKyo
CTUMYNSILIMIO METOAOM «BO3BPATHOIO AblxaHusi. Onpenensnm xapakrepuctrky GyHKUMOHAIbHON
MOArOTOB/IEHHOCTM CMOPTCMEHOB. Pe3ysibTarel. C yBenniyeHnemM npoaomHKUTENbHOCT OCHOBHOMN
COPEBHOBATENIbHOW AVNCTaHLUMN U YPOBHS 00LLIEN PabOTOCNOCOOHOCTM CMOPTCMEHOB OTMEYAI0CH
cHmkeHue 4yBcTBUTENbHOCTM KPC k CO,-H*-cTuMyny. YCTaHOBIEHa NONOXUTENbHASA B3aVIMOCBA3b MEXY
xapakrepucTukamm HyscTeuTesibHoCTn KPC k CO,-H*-ctimyny ¢ yposHeM peakumin KPC 1 ckopocTbio nx
pa3BUTKS B YCITOBUSIX HArpy3Ku CPeaHel adpobHO MOLLIHOCTM 1 OTpUUaTeNbHas B3aMMOCBS3b —

B YC/TOBMSIX HArpy3kn MakCrMasibHOM a3p0OBHOM MOLLIHOCTMU.

KnoyeBble csioBa: cCnopTCMEHbI, KApAMOpEeCnmpaTopHas cuctema, Guandeckmne Harpyaku.
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Introduction.

Human’s ability to resist for extreme factors
appreciably depends from individual features of an
organism physiological reactivity, speed of involv-
ing and efficiency urgent adaptation mechanisms.
Mechanisms of adaptation at various environment
influences and physical loadings have as the com-
mon and individual features. A probable basis of
arising individual differences in adaptation under-
lies hereditary features of reactivity on humoral
stimulus and character of metabolisms which are
under the genetic control and are interconnected
to development, structure and actions of skeletal
muscles [1, 7, 9]. The specific metabolic capacities
usually are related to aerobic potential realization
during loads of different power and specific of
athletes’ aerobic-anaerobic energy potential utili-
zation for sports event [2, 3, 5, 10, 12]. During
human’s adaptation to intense physical loadings
the special urgency is got with specific features
realization of power organism opportunities which
are presumably connected to specific features of
cardiorespiratory responsiveness [4, 6, 8, 10, 11].
The aim was put to allocate features of cardiores-
piratory responses on hypercapnic shifts respira-
tory homeostasis at the elite sportsmen, which are
long specialized in running different distances of
various duration, and also to reveal interrelation
of these features with character of power realiza-
tion and functional potential in conditions physical
loadings.

Methods. Research spent in the competi-
tive period with participation of 54 highly elite
athletes — male in the age of 19—24 years who
have been training for 5—8 years in 100 m running
(n =19), 800 m running (n = 15) and 5000 m run-
ning (n = 16).

For evaluating physiological reactivity of CRS
we have used a progressively increasing «purely»
hypercapnic stimulation in the rest and have deter-
minate characteristic of functional fitness of ath-
lete. For the analysis of reaction CRS on physical
loadings was used the complex of the testing loa-
dings, allowing to estimate aerobic and anaerobic
opportunities of a sportsman’s organism: 15 sec
the loads of maximal power is characterizing of an-
aerobic alactate potential (W15max); 60 sec loads
of submaximal power is characterizing of anaerobic
glycolytic potential (W60max); loads of graded ex-
ersise stress test is characterizing of aerobic po-
tential of energy supply (W, — power at VOzmax).

During testing, «breath-by-breath» gas ex-
change data («Oxycon Pro», Jager), acid-base
balance of blood («Dr Lange LP 400») and
heart rate (Polar Electro Inc.) to maximum and
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standard physical loads were continuously ob-
tained. Treadmill LE-200 CE («Jager», Germany)
and «Monark 824 E» cycle ergometer («Monarky,
Sweden) was used during this study.

Estimation of results was based on motor mani-
festations of work capacity, on shifts in physiolo-
gical and biochemical indices. The method of pa-
rallel forms when three-four or more indices cha-
racterizing one aspect in functional fitness of ath-
lete was used for promotion reliability of studies.
Index complex was determined which significantly
reflected the level of functional fitness in the body
of athletes.

1.Load power relative body mass (W,
Watt - kg™').
2.The value of maximum oxygen uptake

(VO,max, ml - min~", ml - kg~"* min~') was registered
during performance of loads of graded exersise
stress test and load of «critical» power until re-
fusal.

3. Oxygen pulse (VO,-HR™', ml-beats™) was
determined as ratio VO, to HR at that moment.

4. Functional stability factor according to HR
(HR drift ) at standard work (HR FSF, %):

HR FSF = ((a — b) - c™") x 100 %,

where, a — HR averaged from 10™ to 12" min
of loads, min~'; b — HR averaged from 2" to 4*
min of loads, min~'; ¢ — HR averaged from 2% to
12% min of loads, min~".

5. Functional stability factor according to venti-
latory equivalent for O, uptake at «standard» work
(EQO, FSF, %) — similar to HR FSF of «standard»
work but for EQO,,.

6. Half-period responses to HR, time constant
(T,, HR, sec).

Statistics 5.0 PL in Excel 2007 packet was
used.

Results and Discussion. The investigation
of the features in physical reactivity of CRS to
the shifts occurring in respiratory homeostasis of
skilled athletes with various directions of long-term
adaptation process and its mutual conditionality
with characteristics in CRS responses, manifesta-
tions of physical work capacity and mobilization
features in aerobic and anaerobic mechanisms of
energy-supply under conditions of physical loads
having different energy-supply character are pre-
sented in the article. So, with increasing the dura-
tion of the major competitive distance and the lev-
el of general work capacity, decreased sensitivity
of CRS to CO,-H*-stimulus was observed (tabl. 1).

We have established a close correlation bet-
ween indices of distance speed in the running
and parameters of sensitivity to hypercapnic and
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TABLE 1. Level of
work capacity (W)
and cardiorespiratory

responses to hypercapnia,
to exercise test's of
anaerobic and aerobic

character energy supply

of long, middle and long

distance athletes (Mean

and SD)

Group of athletes
Indices p (t-test) < 0,05
100 m (1) 800 m (2) 5000 m (3)
A\'/E/APACOZ, |+ min~ - mm Hg 26,50 + 2,08 21,06 + 1,86 16,78 £2,12 1-2, 3; 2-3
AHR/AP,CO,, beats - min~' - mm Hg 1,29+0,13 0,96 £ 0,09 0,64 £0,14 1-2, 3; 2-3
W15max, Watts - kg™ 10,48 £ 0,19 9,49 £ 0,09 9,08 £ 0,20 1-2, 3; 2-3
W60max, Watts - kg™ 6,48 £ 0,09 6,82 £ 0,07 6,71 +£0,19 2-1
W, ., Watts - kg™ 3,18 0,17 3,27 £ 0,15 4,82 +0,22 3-1,2
HLa immedialy after, mmol - I 11,79 £ 0,75 8,96 + 0,86 7,64 £ 0,96 1-3
V.max (peak), | - min~! - kg™ 1,575 £ 0,124 1,873 £0,119 | 2,223 + 0,078 1-2, 3; 2-3
\'/Ozmax, ml - min-" - kg™ 42,97 + 3,36 50,11 + 3,20 61,08 + 2,38 1-2, 3; 2-3
VCO,max, ml- min~" - kg™’ 56,94 + 3,71 52,03 + 3,06 55,09 + 2,41
HRmax, beats - min~ 191,0 £ 4,55 186,50 £ 4,51 | 184,29 £ 5,65
VOZmax +HRmax', ml - beats™ 15,84 £ 0,65 20,26 £ 1,25 21,97 £ 0,80 1-2,3
VCO,- VO, at VO,max 1,17 £ 0,14 1,07 £ 0,12 0,98 £ 0,09
\'/CO2 . \'/OZ‘1 at recovery 1,45+0,12 1,22+ 0,11 1,18 + 0,08 1-2, 3; 2-3

FSF HR*

A (VO, 51,9-55,4 % from VO,max)

hypoxic stimulation in the training process. The
greater is the sensitivity to hypercapnic stimulus,
the greater is the speed of the athlete running a
short distance (r = 0,58, p < 0,05). When an athle-
te is most affective running a sprinter distance,
the factor that become to be most important in the
structure of functional fitness is anaerobic capacity
and mobility. The lower is the physiological reacti-
vity of the respiratory system on the hypercapnic
stimulus, the greater is speed on long distances
(r=-0,61, p < 0,05). In addition, when the testing
distances have been increased, we have observed
a decrease in sensitivity to hypercapnic stimulus,
plus an increase in the coefficients of correlation
of sensitivity to hypoxic. In the structure of func-
tional fitness of the long-distance runners, the
most significant are the aerobic capacity, stability
and economy of the body.

The studies have demonstrated the differences
of groups of sportsmen with the different type
of sensitivity of CRS responces to hypercapnia
on a level and structure of responses of CRS at
implementation of the testing physical loads with
the different level of distance O, consumption are
represented on Fig.1. These features represent the
changes which provide stability and economy of
functional responses at high level of the power

Fig. 1. Differences of responses of the cardiorespiratory
system (in % in relation to middle data for all sportsmen —
100%) in of loads of moderate (A) and maximal (B)
aerobic power of long (I group), middle (Il group) and long
(Il group) distance athletes.
Note: * — are reliable distinctions between all groups
(p < 0,05); # — are reliable distinctions of the
Ill group in relation | and Il groups (p < 0,05); & — are
reliable distinctions of the Ill group in relation to the
| group (p < 0,05).
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TABLE 2. Speed of development of responses of the cardiorespiratory system at of loads of moderate aerobic power
(VO, 51,86—55,39 % from VO,max) and loads of maximal aerobic power (VO, 80,1-93,2 % from VO,max) of long, middle and

long distance athletes (Means and SD)

Group of athletes
Indices p (t-tecT) < 0,05
100 m (1) 800 m (2) 5000 m (3)
Work loads with VO, 51,86-55,39 % from VO, max
Half-period responses to HR, T,  HR, sec 20,73 £4,21 21,96 + 4,34 35,56 + 5,17 3-1,2
Half-period responses toVO,, T, VO, sec 23,52 £ 3,04 35,84 + 3,08 49,17 £ 8,14 1-2,3;2-3
Work loads with \'/O2 80,1-93,2 % fromVOZmax
Half-period responses to HR, T, HR, , sec 156,44 + 12,32 134,7 £ 14,57 69,56 + 13,56 3-1,2
Half-period responses toVOZ, TSOVOZ «» Sec 178,23 £ 15,72 144,05 £ 10,31 123,46 £ 17,06 1-2, 3; 2-3

physical loads. At sportsmen with the low sensitiv-
ity of CRS on CO,-H*-stimulus (5000 m, Ill group) in
the conditions to loads of moderate aerobic power
(Fig. 1. A) was higher the responses CRS and not-
ed in relation to the level of lung ventilation (V,),
of oxygen uptake (VO,) and heart rate (HR) that
was 82—94 % from middle data for all sportsmen
(p < 0,05). In the conditions of physical to loads
of maximal aerobic power (Fig. 1. B) high level of
work capacity was provided for certain more high-
rate of utilization O, (VO, 122,16 £ 2,18 %) and
level of lung ventilation (V, 117,77 £ 2,09 %).

Thus, at implementation of loads of different
aerobic power at sportsmen with the low sensi-
tivity of CRS on CO,-H"-stimulus the level of to
efficiency of lung ventilation O, (EQO, 91,02—
97,13 %), economy (O, HR™" 121,34—124,96 %)
and stability (functional stability factor accor-
ding to HR (HR FSF) 70,22—76,14 %, EQO, FSF
69,94—72,85 %) of functioning of CRS was noted
higher, that combined with more low level of res-
piratory compensation of metabolic asid, about
that more low level of carbon dioxide production
(VCO, 82,19—83,76 %) and respiratory exchange
ratio (VCO, - VO, 82,02—93,79 %).

Results of our researches testify, that at sports-
men with a different level of sensitivity CRS on
CO,-H*-stimulus and features of long-term adapta-
tion speed of expansion functional responses dif-
ferent and depends on intensity of testing physical
loads (tabl. 2). So, in conditions of uniform aerobic
loading of average capacity with remote consump-
tion of O, (VO,) 51,86—55,39 % from VO,max high
speed expansion of functional responses which
was estimated on a half-period reaction of increase
in consumption O, (T, VO,) and frequency of heart
rates (T,, HR), was marked at sportsmen with
a high level of physiological reactivity (T,,VO,,
23,52 £ 3,04 sec, T, HR_ 20,73 * 4,21 sec), and
the least speed is characteristic for sportsmen
with the low of sensitivity CRS on CO,-H*-stimulus

(T, VO,, 49,17 £ 8,14 sec, T, HR
35,56 = 5,17 sec). With increase in power of physi-
cal loads (loads of the maximal aerobic power with
VO, 85,92—93,33 % fromVO,max) on the contrary,
higher mobility of functional reactions was marked
at sportsmen with the low of sensitivity CRS on
CO,-H*-stimulus (T, VO,,, 123,46 £ 17,06 sec), than
at sportsmen with a high level of sensitivity cardio
respiratory system (T, VO, 178,23 + 15,72 sec).
Thus at sportsmen with a high level physiological
reactivity performance of testing load in different
character always is accompanied by a high level of
activity anaerobic glycolytic processes in energy-
supply of loading, and also the reduced level of
profitability and stability of functioning CRS.

Thus, in the conditions of loads of moderate
aerobic power high level sensitiveness of CRS on
CO,-H"-stimulus, as it took place at sportsmen-run-
ners on distance 100 m, depend on fast responses
of CRS on the changes of acid base balance of
blood. In the conditions of loads of maximal aero-
bic power low sensitiveness of CRS to hypoxic and
hypercapnia at runners mobilizations promoted on
5000 m, to not oppressing of speed of develop-
ment of functional responses. Positive interrelation
was revealed between characteristics of CRS sen-
sitivity to CO,-H*-stimulus with the level of CRS
responses and the rate of their development un-
der conditions of average-power aerobic loads and
negative interrelation — under conditions of maxi-
mum-power aerobic loads. Opposite interrelation
was observed between the level of CRS sensiti-
vity to CO_-H*-stimulus and the level of functioning
economy and stability as well as positive interrela-
tion with the level of activity in anaerobic glyco-
lytic processes during physical-load energy-supply.

Conclusion.

The orientation of connections between charac-
teristics of physiological reactivity CRS on hyper-
capnic shifts respiratory homeostasis and physical
capacity for work allows to assume presence of
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the general appropriateness, consisting that in-
crease of a level of sensitivity and general reac-
tivity CRS on CO,-H*-stimulus are mutually condi-
tioned by prevalence in training process of training
loads mainly anaerobic character, and decrease in
sensitivity by prevailing use trainings ways direc-
ted on development of aerobic opportunities of an
organism and increase level sportsmen endurance.
It specifies that changes of physiological factors
which determine a level of sensitivity responses
cardiorespiratory systems on shifts respiratory ho-
meostasis, on the one hand, display long accumula-
tion the same training influences on character of
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