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Abstract. The purpose of the study was to determine differences in the fast kinetics of O, consump-
tion, CO, release, pulmonary ventilation and heart rate, as well as differences in sensitivity of the
cardiorespiratory system (CVS) to hypercapnia in athletes of various sports specializations. Meth-
ods. Inthree groups of elite runners (19-24 years old) at a distance of 100, 800 and 5000 m peak
responses and their fast kinetics were studied (half cycle T, , «breath-by-breath» method). Sensitiv-
ity to CVS hypercapnia was determined by the «return» breathing method. Results. It was revealed
that the fast kinetics of VO and V , when performing work of average aerobic power at VO 53.5%
of VOzmax.was higherin sprlnters as compared to long-distance runners. For «critical» power at VO
93,4 % of VO,max the characteristics of reaction kinetics were higher in long-distance runners. The
findings suggest an association between differences in CVS sensitivity to CO, in sprinters, middle
and long distance runners, and differences in the kinetics of fast reactions of CVS in athletes. The
value of AP,CO,/AV_ was significantly higher for sprinters as compared to long and middle distance
runners. Conclusions. The findings indicate the differences in CVS sensitivity to CO, in sprinters,
middle and long distance runners, as well as differences in the kinetics of fast reactions of CVS in
athletes, differences in the degree of involvement of anaerobic metabolism and VCO, kinetics. The
latter has been associated with respiratory compensation of metabolic acidosis, which provided the
most pronounced differences between long and middle distance runners, as well as sprinters.
Keywords: athletes, specialization, reactivity, cardiovascular system.

Pe3siome. Meta pocnipxeHHs nonarana 'y BUSHA4YEHHI BiAMIHHOCTEN LWBUAKOI KIHETUKN CNOXUBAHHS
O,, BuainenHs CO,, nereHeBoi BEHTUNALLT i 4aCTOTN CePLIEBUX CKOPOYEHb, & TaKOX BiIMIHHOCTEW
4YyTNMBOCTI KapaiopecnipaTopHoi cuctemu (KPC) oo rinepkanHii y CmoOpTCMEHIB Pi3HUX CMOPTUBHUX
cneuianizauin. Metogu. Y Tpbox rpyn eniTHux 6iryHis (Bikom 19-24 poku) Ha gmncTtaHuiax 100,
8005000 m Gyno nocnifxeHo nik peakwjii i LBUAKY iX KiHeTuky (Hanisnepio T, meTon «breath-
by-breath»). Yytnusicte go rinepkanii KPC B13Ha4ann MetoaoM «3B0POTHLOI0» OVXAHHS.
Pesynbraty. BusiBneHo, Lo WwenaKa KiHeTvka VO i V niJ, Yac BUKOHaHHS pob0oTn cepeaHboi
aepOoObHOI NOTYXHOCTI Npu VO 53,5 % Big, VO max 6yr|a BULLIOIO Y CMIPVHTEPIB NMOPIBHAHO 3 BiryHamu
Ha OoBri guctaHuii. Ans p060Tl/I «KPUTUYHOI» I'IOTy)KHOCTI npu VO 93,4 % Big, VO max xapakTte-
PUCTUKN KIHETUKM peakLii 6ynm BuLLj y GiryHis Ha OOBTI ,EI,I/ICTaHLI,II OTpumati ,u,aH| cBig4aTtb Npo
HasBHICTb B3AEMO3B’A3KY MiX BigMiHHOCTAMM B 4yTnmBocTi KPC no CO, y cnipuHTepis, y GiryHis

Ha cepeHi Ta AOBri AUCTaHLji, i BIOMIHHOCTAMM WBWAKOI KiHeTuku peakuii KPC y cnopTcMeHis.
3HayeHHs AP,CO,/AV_ 6yno OOCTOBIPHO BULLIMM Y CMIPUHTEPIB MNOPIBHAHO 3 GiryHamu Ha 40Bri i
cepefHi ancTaHuii. BucHosku. OTpumaHi aaHi ceigyate Npo BigmiHHOCTI B YytnsocTti KPC oo CO, y
CNpUHTEPIB, y BiryHiB Ha cepeaHi Ta AOBri AMCTaHLT, a TaKoX BiIMIHHOCTI LUBUAKOT KIHETUKM peakujn
KPC y cnopTcMeHiB, BiMIHHOCTI y CTyrneHi 3any4eHHs aHaepo6GHoro metaboniamy i kinetukun VCO,,.
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OcTtaHHe Oyno NOB’A3aHO 3 AMXaNbHOK KOMMEHCALIEI0 MeTaboNiyHOro aumaoay, LWo 1 3abeanedvyBano HanbinbL
BUPaXeHi BiAMIHHOCTI Mi> 6iryHamMmn Ha OOBri Ta cepenHi ANCTaHLIi, a TakoX CrpuHTEPaMU.
KnroyoBi cnoBa: criopTCMeHun, CMOPTUBHA Creuiani3auia, peakTUBHICTb, KapaiopecnipatopHa cuctema.

Pesiome. Liesib nccnenoBaHns 3akiioyanach B OnpenesnieHnn pasnnymin 6biICTpon KnHeTukn notpednexus O,
BblaeneHuns CO,, Nero4Hor BEHTUNALMMN U HaCTOTbl CEPAEHHbIX COKPALLEHWUIA, 8 TaKXe Pasivyunii 4YyBCTBUTENbHOCTM
kapanopecnmpatopHoi cuctembl (KPC) k runepkanHnm y CopTCMEHOB PasnyHbiX CIOPTUBHbBIX Crieumanmaaumi.
MeToabl. Y Tpex rpynn annTHbix 6eryHos (19-24 net) Ha guctaHumsx 100, 800 n 5000 m 6binm nccnenoBaHbl MUK

peakuuin 1 BGuicTpas nx KMHeTrKa (nonynepvop, T,

meTon «breath-by-breath»). YyBCcTBUTENBHOCTH K rUNepKanHum

KPC onpenensann MeToaoM «BO3BPATHOIO» AbIXaHUSI. Pesynbrarbl BmeﬂeHo 4TO ObICTPAs KMHETUKA VO " V

npu BbINOJIHEHUN PaboTbl cpeaHel adpoOHON MOLLHOCTY Npu VO 53,5 % ot VO max Gblna Bbllle y CﬂpI/IHTepOB
1o CpaBHeHWIo ¢ 6eryHamu Ha AaviHHbIe AucTaHumn. ns pa60Tb| <<KpI/ITI/I'-IeCKOVI>> mouHocTu npu VO, 93,4 % ot
VO ,Max XxapakTepUCTUKN KUHETVKN PeakLmm Obinv Bbile Yy 6eryHoB Ha AJIMHHbIE ANCTaHLMN. I'IonyquHble DaHHble
CBI/I,EI,eTeﬂbCTByIOT 0 HaNN4YMKN B3aUMOCBA3W MeXy pasnm4namu B 4yscteutenibHocTM KPC k CO, y CnpuHTepos, y
6eryHoB Ha cpeaHue 1 A/IVHHbIE AVCTaHUMM, 1 Pa3NMYMaMU B GbICTPON KMHETUKE peakLmi KPC Yy CMOPTCMEHOB.
3HaueHne AP,CO /AV OblN10 JOCTOBEPHO BhILLE Y CIPUHTEPOB MO CPaBHEHMIO C 6eryHamMu Ha OJINHHbIE U

cpegHue ,EI,I/ICTaHLI,I/II/I BbIBOﬂbI MonyyeHHble NaHHbIe yKa3biBaloT Ha pasnunyms B 4yBcteutenbHocTn KPC k CO, y
CNPUHTEPOB, y 6eryHoB Ha CpeHve 1 [UIMHHbIE AMCTaHLUMN, a TaKxXe pasnmyns B GbICTPON KHETUKE peakLmi KPC
Yy CMOPTCMEHOB, Pas3ninyuns B CTENEHM BOBJIEYEHUS aHAa3POOHOro MmeTabonramMa n KNHeTUKM VCO MocnenHee
OblN0 CBA3AHO C AblXaTelbHOM KOMMeHcaumen metabonmyeckoro aumao3a, kotopas u o6ecneqv|Bana Hanbonee
BblpaXeHHbIE pas3ninyunsa mexay 6eryHamm Ha AJIMHHbIE U cpeaHMe ANCTaHUMN, a TakKe CrpUHTEpPaMU.

KnioyeBbie csioBa: cnopTCMEHbI, CNOPTMBHASA Creumnanndaums, peakTMBHOCTb, KapamopecnmpaTopHas cuctema.

Background

Strenuous sports training is characterized by
significant hypoxic and acidosis events in the body
of athletes. They are some of the most important
factors limiting the work capacity. Their expres-
siveness is related to both cardiorespiratory sys-
tem (CRS) functional capacities and intensity-du-
ration of executed training and competitive loads
as well as to the kinetics of aerobic energy-supply
responses [1—4, 7, 10, 13, 15, 16]. Regular repeti-
tion of uniform character of several years’ endu-
rance sports training provides an increase in both
specific metabolic capacities and responsiveness
optimization of cardiorespiratory system (CRS)
relative to specific conditions of athletes’ energy
potential utilization. The specific metabolic capaci-
ties usually are related to aerobic potential realiza-
tion during loads of different power and specific
of athletes’ aerobic-anaerobic energy potential uti-
lization for sports event [2, 6, 8—10, 17]. There is
quite contradictory data about differences in fast
kinetics and sensitivity of CRS responses in athle-
tes of different specialization [5, 8—14, 17]. We
have proceeded from the fact that during specific
training one may observe also definite changes of
not only the limits of work aerobic energy-supply
responses but sensitivity and fast (initial) kinetics
of CRS responses, i.e. character of aerobic po-
tential realization during loads of different power.
Expressiveness of these changes should be con-
nected with specifics of the demands of competi-
tive distance of sprinters or long distance runners,
and thus, reflect adaptation specificity.

The aim of the study was to determine the
differences in fast kinetics of O, uptake, CO, elimi-
nation, lung ventilation and heart rate as well as
sensitivity of CRS responses to hypercapnia in ath-
letes of different sport specialization — of short,
middle and long duration.

Material and methods. Three groups of
runners (19—24 years old) who have been train-
ing for 5—8 years in 100 m running (n = 17;
body mass 77.6 = 1.1 kg), 800 m running (n =
15; 75.1 = 1.2 kg) and 5000 m running (n = 16;
70.6 £ 0.9 kg) were examined. The next exercise
tests have been performed on treadmill: incremen-
tal (10 14 min), work an average aerobic power
at VO 53.5 % of VO max (12 min) and work of
«crltlcal» power at VO 93.4 % of VO max (5 min).
Peak responses and fast kinetics (half period —
T,, «breath-by-breath» method, transition from
6 km-hour™') were determined. Capillary blood lac-
tate was measured after incremental load. CRS re-
sponse sensitivity to hypercapnia was determined
by the re-breathing method under standard resting
conditions. The lung ventilation, heart rate and re-
spiratory sinus arrhythmia (RSA) responses were
measured, by mean of values of inter-beat interval
for 10 sec in percent of mean R—R interval.

During testing, «breath-by-breath» gas ex-
change data («Oxycon Pro», Jager), acid-base ba-
lance of blood («Dr Lange LP 400») and heart rate
(Polar Electro Inc.) to maximum and standard phy-
sical loads were continuously obtained. Treadmill
LE200CE («Jager», Germany) and «Monark824E»
cycle ergometer («Monark», Sweden) was used
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TABLE 1 — Cardiorespiratory responses to incremental (10—14 min) treadmill exercise test of short, middle and long

distance athletes, mean = SD

Groups of athletes
Indices p (t-test) < 0.05
short (1) middle (2) long (3)
Power at VO,max,W-kg"" 3.18+0.17 3.57£0.15 4.82+0.22 1-2,3; 2-3
V_max (peak), L-kg'min"! 1,57 +0,12 1,87 0,12 2,22 +0,10 1-2,3; 2-3
VO,max, mL-kg-min" 42.97 +3.36 50.11 + 3.20 61.0+23 1-2,3;2-3
VCO,max, mL-kg~'-min~' 56.9 + 3.7 52.0+3.0 55.1+2.41
HRmax, b-min- 191.0+45 1865+ 4.5 184.3+5.6
V,/VO, at VO,max 29.97 +1.84 30.50 + 2.43 29.89+0.70
V,/VCO, at VO,max 26.92 + 3.18 32.71+1.36 36.67 £ 2.23 1-2,3; 2-3
VCO,/VO, at VO,max 117 £ 0.14 1,07 £0.12 0.98 £ 0.09 1-3
VCO,/VO, peak at recovery 1.45+0.12 1.22+0.11 1.18+0.08 1-2,3; 2-3
HLa immediately after, mmol-L~" 11.90+ 0.7 8.96 + 0.86 8,10 £ 0.91 1-2,3
Indices Groups of athletes b (t-test) < 0.05 IeA|1BtIEIIEat2ion Z:E Iltl:agrt ra.te
o) | mias | eno ) esponses o hyvercspni
AVJAP,CO, L'min--mm Hg"' [2.27£016| 1.59%0,11 1.09 + 0,14 1-2,3 distance runners, mean £ SD
V, at 50 mm Hg, mL-kg™min~' | 53543 295 + 40 209 + 28 1-2,3;2-3
HR at 50 mm Hg, bmin-" 744128 70.8+3.2 67.1+2.1 1-3

during this study. Statistics 5.0 PL in Excel 97
packet was used.

Results and Discussion. The studies have
demonstrated that at incremental load the peak of
lung ventilation (VE) was higher in long distance
runners as compared to sprinters (2.22 = 0.10 and
1.57 £ 0.12 L-min~""kg™"; p < 0.05). Blood lactate
after the above load was higher in sprinters as
compared to long distance runners (11.90 = 0.76
and 8.10 = 0.91 mmol-L™", respectively). Besides,
sprinters have also been characterized by a hig-
her peak value of VCO,/VO, during recovery pe-
riod (1.45 £ 0.12 and 1.18 = 0.08, respectively;
p < 0.05) (table 1).

It was revealed that fast kinetics VO and V
during the average aerobic power at VO 53 5 f
of VO max were higher in sprinters as compared to
long dlstance runners. For instance, T, VO consti-
tuted 25.5 £ 1.81 sec and 28.9 + 2.1 sec, whereas
T, VE (38.6 £ 2.91 sec and 45.9 £ 3.3 sec, respec-
tively; p < 0.05). Just the opposite was observed
for work of «critical» power at VO 93.4 9% of
VO max — fast kinetics was the Iowest in the group
of sprmters and the highest in long and middle dis-
tance runners. For instance, T, \'/O2 constituted
29.8 *= 3.0 sec in sprinters and 24.4 = 2.9 sec —
in long distance runners (p < 0.05). T, \'/O2 was
22.8 £ 2.5 sec in middle distance runners. The
above value was the lowest in middle distance run-
ners (22.8 = 2.5 sec).
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Runners of different specialization differed
in sensitivity of CRS responses to CO, (table 2,
fig. 1).

The A\'/E/APACO2 value was reliably higher in
sprinters as compared to long and middle dis-
tance runners. According to lung ventilation level

at P,CO, = 50 mm Hg reliable differences were
Vg, L-min”
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Figure 1 — The lung ventilation (VE, L-min~") and P,CO,
(mm Hg) relationship for increscent hypercapnia in short
(100 m), middle (800 m) and long (5000 m) distance runners
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Groups of athletes TABLE 3 — Indices
Indices p (ttest) < 0.05 | °f ;ei';"?t°'gssA"“:
short (1) middle (2) long (3) arrhythmia ( ) for
increscent hypercapnia
Max level of RSA (RSA max), % 1413+224 | 19.51+2.24 | 22.08+2.96 1-2,3 in short, middle and
long distance runners,
P,CO, at RSA max (P,CO,RSAmax), mm Hg| 49.67+1.12 | 51.48+1.17 | 53.81£0.96 1-2 mean + SD
RSA at P,CO, 50 mm Hg (RSA,,), % 1230+1.01 | 1429+0.82 | 18.73+1.04 | 1-23;2-3
P,CO, max onset decrease of RSA, mm Hg | 49.91+0.98 | 53.04+1.08 | 56.18 +1.18 1-2,3; 2-3

observed between long and middle distance run-
ners. In middle distance runners individual dif-
ferences in T, V, and VCO, were related to lung
ventilation response sensitivity to hypercapnia
(r = —0.67 and r = —0.65, respectively; p < 0.05).

Heart rate response to hypercapnia was also
higher in sprinters than long distance runners.
Increasing of parasympathetic activity, measured
by respiratory sinus arrhythmia changes for incres-
cent hypercapnia, to some extent also reflected
specific endurance training status (table 3).

The onset of abrupt sympathetic modulation of
cardiac activity increase took place at high level of
CO,-H*-drive. P,CO,max decrease of RSA was relat-
ed to the stability such modulation of cardiac activity.
This level was related to athletes’ specific training
status and was higher in long distance athletes.

The analysis of all runners has shown that the
peak of gas exchange ratio (VCO,/VO,) after pro-
gressively increased load was related to V_ sen-
sitivity to CO, (r = 0.59; p < 0.05) and showed

References

1. Buitrago S., Wirtz N., Yue Z. et al. (2012) Effects of
load and training modes on physiological and metabolic res-
ponses in resistance exercise. European J. of Appl. Phys.,
vol. 112, no 7, pp. 2739—2748.

2. Burnley M., Jones A. (2007) Oxygen uptake kinetics as
a determinant of sports performance. Eur. J. Sport Sci., vol. 7
(2), pp. 63—79.

3. Caputo F., Denadai B. (2004) Effect of aerobic endur-
ance training status and specificity on oxygen uptake kinetics
during maximal exercise. Eur. J. Appl. Phys., vol. 93, no 1—2,
pp. 87—95.

4. Edgett B. A., Ross J. E. D., Green A. E. et al. (2013)
The effects of recreational sport on VOzpeak, VO, kinetics and
submaximal exercise performance in males and females. Euro-
pean J. of Appl. Phys., vol. 113, no 1, pp. 259—266.

5. Fiamma M. N., Straus C., Thibault S. et al. (2007) Ef-
fects of hypercapnia and hypocapnia on ventilatory variability
and the chaotic dynamics of ventilatory flow in humans. Am.
J. Physiol. Regul. Integr. Comp. Physiol, vol. 292, p. 1985.

6. Grassi B., Porcelli S., Salvadego D., Zoladz J. A.
(2011) Slow VO, kinetics during moderate-intensity exercise
as markers of lower metabolic stability and lower exercise
tolerance. European J. of Appl. Phys., vol. 111, no 3, pp. 345—
355.

1. Harvey J. A. (2011) A Review: Analyzing How Oxygen
Uptake Kinetics Limit Exercise Performance. J. of Exercise
Phys. online, vol. 14 (3), pp. 67—173.

different levels of respiratory compensation of
metabolic acidosis in short, middle and long dis-
tance athletes.

Conclusions. The data indicate a relationship
between the differences in sensitivity to CO, in
sprinters, middle and long distance athletes and
the differences in fast kinetics of CRS response in
athletes as well as degree of anaerobic metabolism
involvement and \'/CO2 kinetics. The latter was re-
lated to metabolic acidosis respiratory compensa-
tion. Its expressiveness provides the most distinc-
tion of long and middle distance athletes as well
as sprinters.

We have observed dependence of fast kinetics
VO,, VCO, and cardiorespiratory peak responses in
sprinters and long distance runners upon the load
intensity. Under submaximal power sprinters dem-
onstrated higher response kinetics as compared to
long distance runners. For power at VOzmax higher
response kinetics has been noted in long and short
distance athletes.

8. Inbar O., Faina M., Demarie S., Whipp B. J. (2013) VO,
Kinetics during Moderate Effort in Muscles of Different Mass-
es and Training Level. SRN Physiology (electronic journal),
vol. 2013, article ID 101565, 9 pages. Available at: https://
www.hindawi.com /journals /isrn /2013 /101565/ (accessed
15 May 2016).

9. Kovalenko S. O., Hrechukha S. V., Kudiy L. I. (2012)
Probe analysis of lungs maximum ventilation with additional
respiration rsistance. Medical Informatics and Engineering,
no 4, DOl http://dx.doi.org/10.11603/mie.1996-1960
2012.4.408, Available at: http://ojs.tdmu.edu.ua/index.php/
here /article /view /408 (accessed 22 May 2013)

10. Mishchenko V. S., Lysenko E. N., Vinogradov V. E.
(2007) Reaktivnye svojstva kardiorespiratornoj sistemy kak
otrazhenie adaptacii k napriazhennoj fizicheskoj trenirovke
v sporte [Reactive properties of the cardiorespiratory system
as a reflection of adaptation to strenuous physical training in
sport]. Kyev: Scientific world. (in Russian)

11. Mishchenko V., Suchanowski A., Lysenko O. (2009)
Changes Related to Fatigue in Cardiorespiratory Response
Sensitivity to Hypoxic and Hypercapnic Stimulation dur-
ing Strenuous Physical Load. Baltic J. of Health and Physi-
cal Activity (Formerly Research Yearbook), vol. 1, no 1,
pp. 25—29.

12. Mishchenko V., Shynkaruk O., Suchanowski A., Ly-
senko O. (2010) Individualities of Cardiorespiratory Respon-
siveness to Shifts in Respiratory Homeostasis and Physical
Exercise in Homogeneous Groups of High Performance ath-

23



CnoptuBHa meavumHa i @isndHa peabinitadis, Ne 2, 2016

letes. Baltic J. of Health and Physical Activity, vol. 2, no 1, pp.
13—29.

13. Miyamoto T., Inagaki M., Takaki H. et al. (2012) Ad-
aptation of the respiratory controller contributes to the at-
tenuation of exercise hyperpnea in endurance-trained athletes.
European J. of Appl. Phys., vol. 112, issue 1, pp. 237—251.

14. Phillips S. M., Green H. J., MacDonald M. J., Hugh-
son R. L. (1995) Progressive effect of endurance training on
VO, kinetics at the onset of submaximal exercise. /. of Appl.
Phys., vol. 79, no 6, pp. 1914—1920.

15. Reis J. F., Alves F. B., Bruno P. M., Vleck V. (2012)
Effects of aerobic fitness on oxygen uptake kinetics in heavy

lysenkoolena9@gmail.com

24

intensity swimming. European J. of Appl. Phys., vol. 112,
no 5, pp. 1689—1697.

16. Tomiak T., Mishchenko V., Lusenko E., Diachenko A.,
Korol A. (2014) Effect of moderate and high intensity training
sessions on cardiopulmonary chemosensitivity and time-based
characteristics of response in high performance rowers. Baltic
J. of Health and Physical Activity, vol. 6, no 3, pp. 218—228.

17. Zasada M., Mishchenko W., Sawczyn S., Lysenko O.,
Vinogradov W., Tomiak T. (2011) Cardiorespiratory respon-
siveness throughout continuous strenuous physical exercise
and its individualities in endurance athletes. Medical and Bio-
logical Sciences, vol. 25, no 4, pp. 55—64.

Hapgiviwuna 26.07.2016



