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Z. A. Serebrovskaya, E. E. Kolesnikova

Intermittent Hypoxia Alters Hypoxic Ventilatory
Responses

Abstract

Intermittent hypoxic training (IHT) shows promise for prevention and treatment
of some diseases and efficiently produces great advancement in athletic training.
We studied (1) hypoxic ventilatory responses (HVR) in supine and sitting positions
during normobaric, isocapnic, progressive hypoxia (rebreathing technique) and (2)
lung ventilation and gas exchange while breathing ambient air at rest and during
5 min of breathing 11% O,. Duel measurements were made pre- and post-15-day
[HT regimen on 12 (experimental) healthy males (24,6 y.0. = 1,9 y.0.) and on 6
(control) healthy males (24,2 y.o. = 2,3 y.0.) given pseudo-IHT (p-THT) without
decreasing PiO,. THT involved rebreathing eucapnic (chemically absorbed) air as
PO, decreased to 35 mmHg, three 6-7 min sessions, three times a day, with
10 min breaks between each session over a 15 day training period. Without IHT,
HVRs were the same in sitting and supine positions at low levels of hypoxic
challenge (slope one-S,: PO, from 110-60 mm Hg) and significantly higher (by
45%) during severe hypoxia (slope two-S,: PO, from 60—-35 mm Hg). IHT caused
an increase in HVR in both sitting and supine positions: S, by 70 and 100 %, S, by
158 and 200 %, maximal lung ventilation by 35 and 78 %, respectively. There were
no significant changes in the p-IHT group. IHT also caused enhanced respiratory
reactions during sustained hypoxia (lung and alveolar ventilation increased by 36
and 22 %, respectively). A striking hypoxic ventilatory sensitivity was noted in
subjects with hyper-reactive breathing patterns.

Two physiologic perspectives support and explain hypoxic influences. First,
hypoxia causes profound disturbances of physiological systems accompanied by
significant pathological shifts. Secondly, being a powerful stimulator of general
nonspecific body reactivity, hypoxia promotes a cure during the course of many
illnesses. Both of these aspects of hypoxic action depend on the methods of hypoxic
enfluence, initial health status, and the individual peculiarities of the organism’s
reactivity. Intermittent hypoxic training (IHT) is now a promising trend of
prevention and treatment for some diseases such as hypertension [19, 26], bronchial
asthma [31], rheumatoid arthritis [21], and blood disturbances after radiation
exposure [30]. In addition, THT proved to be efficient in a number of sports for
attaining the highest achievements [15, 20, 25, 28]. Increased hypoxic ventilatory
response (HVR) is an essential defence mechanism against global hypoxia.
Susceptibility to high altitude pulmonary edema is associated with a decreased
HVR [4, 14, 23]. Attenuated carotid body hypoxic sensitivity was observed after
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prolonged hypoxic exposure in cats [34]. On the other hand, an increase in HVR in
healthy males has been shown after acclimatization to prolonged (1 year) altitude
hypoxia [29].

Concerning the effects of very short hypoxic exposure (minutes to hours)
there are contradictory results. Easton [10] and Berkenbosch, et al, [6] observed
that the acute hypoxic response was depressed after 25 min of sustained hypoxia
(Sa0, = 80%) in healthy subjects. But Engwall [12] reported an increase in hypoxic
ventilatory sensitivity after 4 hr acclimatization to hypoxia. This result was not
dependent on the modality of hypoxic exposure (isocapnic vs.poikilocapnic).
Augmentation in respiratory reactions during 8 hr of isocapnic and poikilocapnic
hypoxia was observed in humans by Howard and Robbins [16].

Investigations devoted to intermittent chronic exposure to high altitudes [17,
18, 27] show that miners’ intermittent chronic exposure was accompanied by
physiological responses different both from the responses of acute exposure and
from the responses of permanent high altitude residence. Most of these changes
seem to be intermidiate between acute and chronic hypobaric hypoxia exposure.
HVR and gas exchange data were not provided in these investigations.

We have investigated the influence of a 2-week course of short-term (7 min
sessions, three times a day) intermittent hypoxia, which produced clinically benefitial
effects, on hypoxic ventilatory sensitivity, lung ventilation, and gas exchange of
healthy subjects.

Methods

All subjects were lacking a history of cardiovascular or pulmonary disease. Two
groups of male volunteers participated in this study and gave their informed consent.
All were sea-level residents. The first group (Gr.I) consisted of 12 healthy army
servicemen (age 24,6 yr 1,9 yr, height 178 cm = 1,9 cm, wight 71,2 kg = 2,2 kg)
who participated in ITHT. The second group (Gr.II) comprised of 6 healthy male
subjects (age 24,2 yr + 2,3 yr; height 183 cm = 2,2 cm; weight 70,4 kg = 3,1 kg)
formed the control (placebo) group (p-IHT) in which the THT was imitated without
decreasing PiO,. All tests were executed twice: one day before THT and one day
after a 15-day IHT regime.

The sequence of the study was identical in all groups. Subjects were tested in
the morning on an empty stomach. Gas exchange was determined first at rest
during room air respiration. Subjects lay in a supine position and breathed into a
mouthpiece through a low-resistance, open circuit with a uni-directional valve, a
volume meter coupled to the inspiratory limb, and a tap for sampling expired gas
from a 5-liter mixing bag. Measurements were begun after a 10 minute acclimation
period for relaxed adjustment to the apparatus. Values for inspired minute ventilation
(V,) and respiratory frequency (f, breaths /min) were obtained from the volume
meter VEB MLW (DDR). From analysis of the mixed expired gases in the mixing
bag, O, uptake (VO,, STPD) and CO, production (VCO,, STPD) were calculated.

P;;0, and end-tidal CO, concentration (P;CO,) were continuously monitored
at the mouth with a medical mass spectrometer MX62-02 (USSR) which was
calibrated before and after each test with standardized gases that had been assayed
by the Scholander technique. Measurements were performed while the subject
breathed room air and then repeated after five minutes of hypoxia, induced by
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breathing 11% oxygen. After 10 minutes of rest, hypoxic ventilatory drives were
tested in a supine position and 10 minutes later in a sitting position.

A rebreathing technique was used. HVR was measured during isocapnic hypoxia.
The subjects breathed into a spirometer in which the O, concentration fell with
time. The initial gas composition consisted of 20,9% O,, 79,1% N,. P.CO, was
maintained at a resting room air value by regulation of the CO,-product absorption
rate. Rebreathing was carried out for about 5 or 6 minutes, until a P;,0, = 40—
35 mm Hg was reached. The ventilatory responses were analyzed by relative minute
ventilation (V) to P¢;0,. Curves were hyperbolic in shape. The piecewise linear
approximation technique was used for analysis of the curves [32]. This method
enabled the independent analysis of the slopes during the first phase of slowly
increasing ventilation (S,) and during the second phase of sharply increasing venti-
lation (S,). Fracture point coordinates and peak readings of the parameters were
also analyzed (Fig. 1). IHT was administered using normobaric isocapnic progressive
hypoxia (rebreathing technique beginning with room air and continuing to the 40—
35 mm Hg range) during 15 days of three-per-day, 6—7 minute sessions with 15 minute
breaks. Statistics were performed using Student’s matched pair test.

Results

The ventilatory respenses to hypoxic stimulus were found to be similar in sitting
and supine positions at low-level hypoxic challenge (Fig. 1, Tabl. 1). However, as

Table 1. Ventilatory responses to isocapnic progressive hypoxia
in young healthy males before and after 15 days of hypoxic training

GROUP I (with HT) N = 12 | GROUP II (placebo) N = 6
before | after | p before | after | p

S, lmin"t mm Hg!  sit  0,10£0,02 0,1740,05 NS 0,12+0,06 0,13+0,07 NS
sup  0,08£0,01 0,1620,06 NS 0,11x0,09 0,11=0,04 NS
Py NS NS NS NS

8, |- min™". mm Hg™! sit 0,43+0,03 1,11+0,06 =0,001 0,46+0,05 0,51£0,06 NS
sup 0,30+0,03 0,90+0,08 =0,001 0,31=0,04 0,36=0,04 NS

Parameters Position

P, <0,00  =0,05 <0,02 <005 NS

FP (V,), - min™ sit 13,0:1,1 18,3£2,8 <0,05 13,5:2,1 14,509 NS
sup  11,30,56 13,2¢1,5 <0,01 12,2¢1,0 12,8410 NS
D, NS NS NS NS

FP (P;0,), mm Hg  sit  79,0¢.54 61,0%4,1 <001 72,032 64,335 NS
sup  7.8#1,1 59,6+23 NS 66630 65743 NS

Py =0,001 NS NS NS
V,(50), 1 min™! sit  26,2¢1,8 30,0:834 NS 24,5820 222:20 NS
sup  13,3=1,1 20,0:26 <0,02 17,421 17,6519 NS
Py =0,000  <0,05 <0,05 NS
max Vg, I min™! sit  31,062,1 42,0s58 NS 28426 290+1,9 NS
sup  17,6%1,7 31,4%2,6 <0,001 22,1£3,0 20,5%2,1 NS
Py =0,001 NS <0,1 <0,01

min PO, mm Hg  sit  38,1#1,7 37,6522 NS 40,6+2,0 44,34,1
sup  34,0s12 353+1,7 NS 40,2+29 42,2+37 NS
P, <0,05 NS NS NS

p, — level of significance of differences between sitting and supine position (Student’s
t-test)
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Ve, Ifmin Ve, limin
35
25 4
15 |
-] 5 4
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110 90 70 50 30 110 90 70 50 30
a b

Fig. 1. Hypoxic ventilatory responses before (1) and after (2) intermittent hypoxic training:
a — supine position; b — sitting position; S, — phase of slowly increasing ventilation;
S, — phase of sharply increasing ventilation.

revealed by high-level hypoxia (S,) , the HVR demonstrated significant differences
between these positions. S, in sitting versus supine position in Gr.I and Gr.IT was
higher by 43 and 48%, respectively. The peak meanings of V, at P.:O, = 50 mm
Hg were also significantly higher in the sitting position. Five minutes of breathing
with an hypoxic gas mixture (11% O, in N,) did not evoke significant changes in
parameters of lung ventilation in any group (Tabl. 2). We did not find any increase
in Vi, for V,. As a result, oxygen consumption fell by 22% (Gr.I) and 25% (Gr.I1)
under hypoxia. No changes were observed in CO, production.

THT caused considerable shifts of ventilatory sensitivity to the hypoxic stimulus.
First an increase in HVR was observed in Gr.I both in sitting and supine position:
S, by 70 and 100%; S, by 158 and 200%; and maxV by 35 and 78%, respectively.
Greatest alterations were expressed in the supine position. No significant changes
were found in Gr.II (Tabl.1). Changes in lung ventilation and gas exchange were
observed when breathing a constant hypoxic mixture after IHT (Table. 2). In the
contrary of the first investigation, Gr.I revealed a significant increase of Vgand V,
when inhaling 11% O, by 36 and 22%, respectively. This increased ventilation
prevented the fall in oxygen consumption: VO, did not change during hypoxia,
and CO, purging increased. Responses to inhalation of 11% O, after 15 days of
p-THT remained unchnaged in Gr.II subjects. We suggest therefore, that IHT caused
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Fig. 2. Hypoxic ventilatory responses, lung ventilation and gas exchange in males with

high (1, n = 5) and low (2, n = 4) respiratory reactivity: I — normoxia, Il — hypoxia.

* P <0,05 between 1 and 2; ** P<0,01.
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Table 2. Lung ventilation and gas exchange in young healthy males during 5
min breathing with gas mixture (11% O, in 79% N,) before and after 15 days
of intermittent hypoxic training

GROU 1 (with IHT)

GROU II (placebo)

T. V. Serebrovskaya, R.

Parsineteny B0, before —r after I p before i after [ p
Vg, |- min™ 20,9% 6,75+0,34 6,62+0,53 NS 6,82+0,49 6,82£0,41 NS
11% 6,86+0,29 8,98+0,6 <0,002 6,83+0,76 7,7x0,43 NS
Py NS <0,002 NS NS
f, min’! 20,9%  10,4+1,0 10,3x0,92 NS 11,3%0,87 10,2+1,16 NS
1% 99+12 11,914 NS 11,8+1,36 11,2+0,97 NS
P, NS NS NS NS
V1 min™ 20,9% 4,57+0,38 4,20+0,31 NS 4,05+0,28 4,17£0,32 NS
11% 4,19+0,28 5,11%0,39 <0,05 4,18+0,58 4,70£0,32 NS
P, NS < 0,05 NS NS
Vo, , ml - min™ 20,9% 252+13 269+18 NS  247+19 270+27 NS
11% 197+19 264+19 <0,02 185+24 197£20 NS
Py <0,02 NS <0,05 <0,05
Vco, , ml - min™ 20,9% 238415 229+17 NS + 217213 23624 NS
11% 229+14 28920 <0,02 217431 250+18 NS
Py NS <0,02 NS NS

p, — level of significance of differences between sitting and supine position (Student's
t-test)

an increase in hypoxic ventilatory sensitivity, which resulted in: 1) an increase of
HVR during rebreathing, and 2) an increase of lung and alveolar ventilation with
sustained hypoxia.

In addition, large inter-individual variations were observed in changes in
HVR under THT. S, increases varied from 28 to 500% in the sitting position and
from 88 to 780 % in the supine position. Because ventilatory response to hypoxic
stimuli may reflect individual reactivity [5] and in order to determine the main
differences in respiratory function of subjects with different manifestations of HVR
reactions, subjects in Gr.I were divided into subgroups demonstrating either low
(Lo) or high (Hi) increases in HVR under IHT. A cluster analysis was employed
such that a minimal number of individuals with mean S, (supine position) values
were excluded from the analysis while maintaining statistically significant differences
between subgroups Lo and Hi for most ventilatory parameters. Five persons fell
into Hi-AS, with IHT (AS, = 338 % =+ 18 %) and four persons fell into Lo-AS,
(AS,= 109 % + 9%). Fig.2 shows some of the characteristics of these subgroups.
Individuals with Hi-DS, have the highest HVR (both S, and S, ) in the initial
state, highest respiratory frequency, lowest tidal volume and V, /V. ratio both in
normoxic and hypoxic conditions, and highest oxygen consumption under hypoxia.
These subjects exhibit hyperreactive type of respiration [5]. Thus we can conclude
that THT causes the greatest increase in hypoxic ventilatory sensitivity in subjects
with hyperreactive breathing paterns.

Discussion

Our data have demonstrated significant differences in hypoxic sensitivity of healthy
persons before and after intermittent hypoxic influences. While these differences
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were observed in both sitting and supine positions, the influence of THT was
manifested more vividly in the supine position. No changes were observed in control
subjects.

The effects of body position on ventilatory responses to hypoxia and hypercapnia
have been characterized in normal subjects [3, 9, 35]. These studies showed that
the lower slopes of HVR in the supine position were due in part to greater air flow
impedance in this position in combination with limitation of peak inspiratory pressure.
According to, Cotes [8] and Allen [2], the vital capacity (VC) decreases by 7 %
when the subject lies down. Factors thought to explain the lower values in the
supine position include diminished excursion of the chest wall and /or diaphragm
and /or longer intrapulmonary blood volume. The fact that HVR during IHT in
the supine position increased to a greater degree indicates that ventilatory limitations
of respiratory apparatus can be improved due to repetitive hypoxia. The results
confirm and extend our previous studies [30] in which 10 days of intermittent
hypoxic training caused a significant increase in human hypoxic ventilatory slopes
and a tolerance to extreme hypoxia. Experiments on dogs confirm our results as
well. Cao [7] reported that repetitive hypoxia (9 % O,, 1,5-2 min with intermittent
breathing of air 1,5-2 min, 6-13 times) induced a clear increase in normoxic
ventilatory drive which lasted more than 30 min.

The mechanisms by which repetitive hypoxic exposure induces an increase in
ventilatory drive are unclear. While Millhorn et al. [22] have provided evidence
that central sirotonergic neurons in the raphe obscurus nucleus of the brain stem
could mediate the long-lasting stimulation of respiratory drive, many other
mechanisms may potentially be involved. Soto-Arape et al. [33] suggest that during
hypoxia the initial hyperventilation has a glutamate-releasing component.
Furthermore, it is possible that repetitive exposures to hypoxia may raise the
metabolic rate as a result of sympathetic nervous system activation [7]. In this
study we did not observe an increase in VO, and VCO, levels after a course of
intermittent hypoxia. Ogawa, et al [24] suggests a role of endogenous NO as a
retrograde messenger in an L-glutamate-releasing positive feedback system
contributing to the augmentation of ventilation during hypoxia. As seen in high-
altitude adaptation, an increased chemoreceptor input over a long period can further
increase synaptic output of the respiratory control system [11]. This phenomenon
is a manifestation in the hippocampus of plasticity, such as long-term potentiation
in the hippocampus. NO might be involved in this plasticity [24]. However, Grimes
[13] suggests that the autonomic nervous system’s nitric oxide synthase positive
innervation in the carotid body plays an important role in chemosensitivity primarily
through release of nitric oxide which affects vasoregulation. The response to NO
could be modified by free radicals [1]. We propose that reactive oxygen species
which are produced during periods of hypoxia-reoxygenation during THT play a
specific role in NO release. We have shown in this investigation that THT caused
not only an increase in HVR but also an increase in respiratory reactions during
sustained hypoxia: increased alveolar ventilation and oxygen consumption under
inhalation of 11 % O,.

But these reactions (like HVR moderation) differed from one individual to
another. Our previous studies demonstrated considerable inter-individual differences
regarding adaptation both to intermittent- and high-altitude hypoxia [29,30]. Two
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opposing strategies of respiratory adaptive processes were distinguished: an active
«aerobic» strategy, characterized by enhanced ventilatory reactions to hypoxia, a
«fight-for-oxygen» response with low anaerobic glycolysis processes; and a passive
«anaerobic» strategy with gradually declining ventilatory reactions to hypoxia
with considerably enhanced anaerobic glycolysis. The present investigation confirms
these two strategies for ventilatory adaptation and adds new data on the body’s
response to sustained short-term hypoxia.

In summary, our results indicate that IHT caused an increase in HVR and
enhanced respiratory reactions during sustained hypoxia. A striking hypoxic
ventilatory sensitivity was noted in subjects with hyper-reactive breathing patterns.

T. B. Cepe6poschka’, P. /Ix. Ceoncon?, I. M. Kapa6aus®,
3. 0. Cepebposcbka’, €. E. Kosecnikosa!

BIIVIMB NEPIOAUYHUX INIIOKCHYHUX HNOJAPA3HEHb
HA YYTJIIMBICTb JUXAHHS JIOJUHHA 10 TIIoKcIi

Meroa nepioAHYHUX TIMOKCHYHHX MOAPa3HeHb OCTAHHIM YacOM CTAB Bee HplIe 3ac-
TOCOBYBaTHCh /1A 3aMoGiraHHs Ta AiKyBaHHS ACSKHX XBOPOG, a TaKOX B CHOPTHBHIMH
MPAKTHI B KOMILIEKCI TPeHYBaIbHUX 3aX0iB. MexaniaM nosurusmoi aii inTepsassio-
ro rinoxcmwanoro tpenysanns (II'T), sokpema, na QyHkiilo Auxanus, 6arato B yoMy
32/IHIIAETBCS Hea'AcoBaHUM. MU BHBYAIM MYTAMBICTh CHCTEMY AMXAHHS [0 TiMOKCHY-
HOTO NMOAPa3HHKa, JIereHeBy BEHTHIAUIIO Ta ra3oo6Mil B HODMAILHHX YMOBaX Ta IpH
AuXamii razosolo cymimmno 3 11 % xucHio fo i micaa 15-gennoro kypey IIT y 12 sgopo-
BUX 4o0BiKiB (24,6 pokis + 1,9 pokis), a Takox y 6 wonosikis (24,2 PokH = 2,3 po-
KH) KOHTpOJbHOI rpynm, sxuM iMitysamm giio ITT Ges sumkenus BMICTY KHCHIO ¥
BauxyBsanoMy nositpi. IIT npoBogu/an METOAOM eyKamuiYHOTO 3BOPOTHBOTO AMXAHIA
3i aminoio P,O, Bix 110 1o 35 MM pr.cT. Ha nporssi 67 XBMAMH, TPHYi Ha AcHb 3
10-xBuumnnuMu nepepsamu. Ilepesl MOYATKOM TpeHYBaHHS BEHTHIATOPHA BIANOBiAL
(HVR) na rinokcusnuit moapasuuk maoi semusumn (S, P,O, Bia 110 10 60 mm pr.ct.)
He BUApi3HANach B ZIBOX MONOXKeHHAX Tina (cuasum Ta nexawu), ane Gyna ua 45 %
BHIIA B TIONOXEHHI CHAAYM MpH cyBopiif rinokcii (S,, P,0, six 60 go 35 MM pr.c1).
ITT purcmkana migeumenss HVR B o6ox monoxennsx: S, — siamosigno na 70% a
100%, S, — na 158% ta 200%, a Takok 3HauHe 36iMblICHHSA MAKCHMAZBHO] BeHTHALILT
aerens (na 35% ra 78%, sianosiamo). CrmocTepiragocs TakoX MiABHIIEHHS peaxuii
JIereneBol Ta aMbBe0IIPHOI BEHTHJISLIT Ha BAMXYBaHHs rinokcuuanoi cymimni (#a 36% ra
22%, signosigno). Hait6insmi sMinu napameTpisB Auxanus 6y10 BUABAEHO Yy oci6 3
rineppeakTHBHUM THIIOM BeHTHJISIIL. OO6roBoOpIOIOTECA MOK/IMBI MEXaHI3MH BHABJ/E-
HHUX peakiiii.

'Tnemumym dpizionozii in. 0.0. Bozomorsys HAH Yxpainu, Kuis;
?flenapmamenm Gionoziunux nayx, Vuisepcumem Ond Jominion

ma Incmumym [xonca, Meduuna Ilxora Cxidnoi Bipzinii, Hopponx, CIIIA;
*Incmumym zeponmonozii AMH Yxpainu, Kuis;

*Meduunuii Ynisepcumem in. O.0. Bozomoavys, Kuis

REFERENCES

1. Adnot Serge, Raffestin B., Eddahibi S. Hypoxia and nitric oxide: how does physiologic
hypoxia effect NO synthesis and EDRF in the pulmonary vasculature. In; Hypoxia and
the Brain, ed. by J.R.Sutton,C.S.Houston, and G.Coates. Proc.9th Int.Hypoxia Symp.,
Lake Louise, Canada, Feb.14-18,1995. — P.194-210.

16 ISSN 0201-8489  ®izion. xypu., 1999, T. 45, Ne 5

T. V. Serebrovskaya, R.

2. Allen S.M., Hunt B.,
79: 267-271, 1985.
3. Attinger E.O., Monro
postures. I. Normal s
4. Bartsch P., Paul A., |
pulmonary vascular r
ed. by J.R.Sutton, C
Louise, Canada, Feb
5. Berezovsky V.A., Ser
and its assessment. F
6. Berkenbosch A., Dahe
the peripheral and ce
/ J. Physiol. 456:71
7. Cao K.Y., Zwillich C
induced by repetitiv
2088, 1992.
8. Cotes J.E. Lung Func!
Scientific, Oxford, 1
9. Duggan C.J., Watsor
supine posture in as
A716, 1990.
10. Easton P.A., Slyker
hypoxia in normal a
11. Eldridge F.L., Mii
control system. In: F
Control of Breathin,
Bethesda, MD, USA
12. Engwall M.J.A., B
after hypoxic acclim
1990.
13. Grimes P.A., Mokas}
of the cat carotid bc
14. Hackett P.H., Roa
high-altitude pulmo:
15. Hopeller H. Perma
muscle tissue with e
16. Howard L.S., Robb
and poikilocapnic hy
17. Jalil J., Casanegra |
Chile: human adapt:
the Brain, ed. by J.R
Lake Louise, Canad:
18. Jimenez D. High a
P.284-291.
19. Karash G.M., Strelk
and rehabilitation. -
20. Kolchinskaya A.Z.,
sportsmen. — In: Inte
Kiev, Institute of F
21. Kotlyarova L.A., St
with rheumatoid art
12, 1994,
22, Millhorn D.E., Eld
endogenous central :

ISSN 0201-8489 i3



Responses

stinguished: an active
eactions to hypoxia, a
rocesses; and a passive
reactions to hypoxia
investigation confirms
w data on the body’s

increase in HVR and
. A striking hypoxic
ve breathing patterns.

15,

\SHEHb
YKCIT

M CT4B BCe IMpuIe 3ac-
, & TAKOXK B CHOPTUBHIA
THBHOT Aii inTepBaibHo-
HXaHis, 6arato B oMy
1 AHXaHHA [I0 TiMOKCHY-
IAIbHHX YMOBaX Ta I[P
o xypcy II'T y 12 anopo-
iB (24,2 poxu = 2,3 po-
KEHHA BMICTY KHCHIO Y
) BBOPOTHBOTO AMXATHS
UJIMH, TPHY] Ha JleHb 3
EHTHIATOPHA BiJMOBIlbL
Bia 110 10 60 My p1.cT.)
), ane Gyna nHa 45 %
ix 60 no 35 MM pr.c1).
Bianosimio Ha 70% Tta
KCHMa/JbHOl BEHTHASALLIT
K MiABHUIEHHS peaxilii
unoi cymimi (na 36% ta
Y10 BUABJICHO y oci6 3
1Bl MEXaHiIMU BUABJe-

Kuia;
jOH
Hopgoax, CIIIA;

: how does physiologic
ature, In: Hypoxia and
th Int.Hypoxia Symp.,

ph., 1999, T. 45, Ne 5

T.

V. Serebrovskaya, R. J. Swanson, I. N, Karaban, Z. A. Serebrouvskaya, E. E. Kolesnikova

2.

3.

Allen S.M., Hunt B., Green M. Fall in vital capacity with posture. Brit.J.Dis.Chest.
79: 267-271, 1985.

Attinger E.O., Monroe R.G., Segal M.S. The mechanisms of breathing in different body
postures. I. Normal subjects. J.Clin.Invest. 35: 904-911, 1954.

. Bartsch P., Paul A., McCullough R.E. et al. Hypoxic ventilatory response and hypoxic

pulmonary vascular response in HAPE-susceptible subjects . In: Hypoxia and the Brain,
ed. by J.R.Sutton, C.S.Houston, and G.Coates. Proc. 9th Int. Hypoxia Symp., Lake
Louise, Canada, Feb,14-18, 1995. — P.265-270.

. Berezousky V.A., Serebrovskaya T.V. Individual reactivity of human respiratory system

and its assessment. Fiziologicheskij Zhyrnal (J.Physiology, Ukraine). 34(6): 3-7, 1988.

6. Berkenbosch A., Dahan A., De Goede J., Olievier 1. The ventilatory response to CO, of

20.

21,

the peripheral and central chemoreflex loop before and after sustaind hypoxia in man /
/ J. Physiol. 456:71-84, 1992.

. Cao K.Y., Zwillich C.W., Berthon J.M., Sullivan C.E. Increased normoxic ventilation

induced by repetitive hypoxia in conscious dogs // J. Appl. Physiol. 73(5): 2083-
2088, 1992.

_Cotes J.E. Lung Function: Assessment and Application in Medicine. (4th ed.). Blackwell

Scientific, Oxford, 1979. — P. 74.

. Duggan C.J., Watson A., Pride A.B. Increases in nasal and pulmonary resistance in the

supine posture in asthma and normal subjects // Amer. Rev. Respir. Disease. 141:
A716, 1990.

. Easton P.A., Slykerman L.J., Anthonisen N.R. Recovery of the ventilatory response to
hypoxia in normal adults // J. Appl. Physiol. 64(2): 521-528, 1988.

. Eldridge F.L., Millhhorn D.E. Oscillation, gating and memory on the respiratory
control system. In: Handbook of Physiology, section 3, The Respiratory System, vol.2,
Control of Breathing, ed. Cherniack N.S. & J.P. Widdicombe. Amer. Physiol. Soc.,
Bethesda, MD, USA., —P.93-114.

. Engwall M.].A., Bisgard G.E. Ventilatory responses to Chemoreceptor stimulation
after hypoxic acclimatization in awake goats // J. Appl. Physiol. 69(4): 1235-1243,
1990,

3. Grimes P.A., Mokashi I., Stone R.A. et al. Nitric oxide synthase in autonomic innervation

of the cat carotid body // J. Auton. Nerv. Syst. 54:80-86, 1995.

. Hackett P.H., Roach R.C., Schoene R.B. et al. Abnormal control of ventilation in
high-altitude pulmonary edema // J. Appl. Physiol. 64(3): 1268-1272, 1988.

. Hopeller H. Permanent and intermittent hypoxia as response modifiers of skeletal
muscle tissue with exercise training // Acta Andina. 2(1):24-25, 1996.

. Howard L.S., Robbins P.A. Alterations in respiratory control during 8 h of isocapnic
and poikilocapnic hypoxia in humans/ /J. Appl. Physiol. 78(3):1098-1107,1995.
_Jalil J., Casanegra P., Braun S. et al. Working an high Altitude in andean miners from
Chile: human adaptation to long term intermittent hypobaric hypoxia. In:Hypoxia and
the Brain, ed. by J.R.Sutton,C.S,Houston, and G.Coates. Proc.9th Int. Hypoxia Symp.,
Lake Louise, Canada, Feb.14-18,1995. — P.292-297.

. Jimenez D. High altitude intermittent chronic exposure:Andean miners. — Ibid. —
P.284-291.

Karash G.M., Strelkov R.B., Chizhov A.G. Normobaric hypoxia in treatment, prophylaxis

and rehabilitation. — Moscow: Meditsina, 1988. — 352 p.

Kolchinskaya A.Z., Thachuk E.N., Tsyganova T.N. Intermittent hypoxic training of

sportsmen. — In: Intermittent hypoxic training, effectiveness, and mechanisms of action. —
Kiev, Institute of Physical Culture, 1992. — P. 6-9.

Kotlyarova L.A., Stepanova E.N., Tkatchouk E.N. et al. The immune state of patients

with rheumatoid arthritis in the interval hypoxic training // Hypoxia Med. J. 4: 11-
12, 1994,

22. Millkorn D.E., Eldrigde F,L., Waldrop T.G. Prolouged stimulation of respiration by

ISSN 0201-8489

endogenous central serotonin // Respir. Physiol. 42: 171-188, 1980.

Dizion. xypn., 1999, T. 45, Ne 5 17



23.

24.

25.

26.

27,

28.

29,

30.

31,

32.

33.

34.

35.

Moore L.G., Harrison G.L., McCullough R.E. et al, Low acute hypoxic ventilatory
response and hypoxic depression in acute altitude sickness / /J. Appl.Physiol. 60:
1407-1412, 1986.
Ogawa H., Mizusawa A., Kikuchi Y. et al. Nitric oxide as a retrograde messenger in
the nucleus tractus solitarii of rats during hypoxia // J. Physiol. 486(2): 495-50 4,
1995.
Platonov V.N., Bulatova M.M. Hypoxic training in sports / /Hypoxia Med. J. 4: 17-
23, 1994.
Potievskaia V.I. Mechanisms of therapeutic and preventive effects of adaptation to
hypoxia in arterial hypertension / / Fiziol Zh. 39(2-3): 94-107, 1993.

Saldias F. The inspiratory muscles function in subjects exposed intermittently to
hypobaric hypoxia. — In: IXth Int. Hypoxia Symp.Proc., 1995. — P.29.

Savourly G., Garcia N., Bernard Y. et al. Physiological changes induced by pre-
adaptation to high altitude/ / Eur. J. Appl. Physiol. 69; 221-227, 1994,
Serebrovskaya T., Ivashkevich A. Effects of a 1-yr stay at altitude on ventilation,
metabolism and work capacity / /J. Appl. Physiol. 73(5): 1749-1755, 1992.
Serebrovskaya T., Serebrovskaya Z., Afonina G. Effect of intermittent hypoxic training
on human respiration, free radical processes and immune system. — In: High Altitude
Medicine, ed. by G. Ueda et. al. Matsumoto: Shinshu University Press, Japan, 1992. —
P. 77-82.

Serebrovskaya T., Swanson R., Mankovskaya I. et al. Training with intermittent
hypoxia influenccces free radical processes and glutathione antioxidant system enzymes
in bronchial asthma patients / / Allergie and Immunol. 27(7): 226, 1995.
Serebrovskaya T.V., Vergulis T.G. The method for estimation of the human hypoxic
and hypercapnic sensitivity. — In: Problems of Respiratory and Circulatory Regulation.
Kujbyshev, 1985. —P.56 -62,
Soto-Arape 1., Burton M.D,, Kazemi H, Central amino asid neurotransmitters and the
hypoxic ventilatory response/ / Amer. J. Respir. Crit. Care. Med. 151(4):1113-1120,
1995.
Tatsumi K., Pickett C.K., Weil J. V. Atteunated carotid body hypoxic sensitivity after
prolonged hypoxic exposure/ /J. Appl. Physiol. 70(2): 748-755, 1991.

Xie A., Takasaki Y., Popkin J. et al. Influence of body position on pressure and
airflow generation during hypoxia and hypercapnia in man// J. Physiol. (London).
1993, 465: 477-488, 1993.

A.A. Bogomoletz Institute of Physiology Received 3.10.98
National Academy of Sciences of Ukraine, Kiev;

Department of Biological Sciences,

Old Dominion University and The Jones Institute,
Eastern Virginia Medical School, Norfolk,
Virginia, USA;

Institute of Gerontology AMS Ukraine, Kiev;
A.A. Bogomoletz Medical University, Kiev

18

ISSN 0201-8489 Dizion. xypw., 1999, T. 45, Ne 5

YK 616-053.31-

JI. 1. llleBuer

CraH geak
JIAHOK aja
3 eKCIiepu!

Made.
AU RO
Medul
HOIHB
cymxt
Hole
HBLX A
da. B
36EHO;
ocobe

Beryn

¥ MexaniaMax ag
SAKI BHHUKAIOThH

TajJbHOI Ta anTe
AlnAETbCA podi

4]. Ipu usomy 1
CTPeC]iMiTy 104U
HA EKCHEePUMEHT,
TALLiHHO-TTPHCTOC
yrpo6uoi rinokce

MeToanka

MojenoBaHHs
JKEHHAM OCHOBH
CJIAZKEHHS [1POE
CTPOKAMH Bariti
Baritui Kposauii
POGHOIO TiMmoKCie
Bup4amm n
KaMM BIJAKPUTTA
H#M 3 rHi3ja, Bl
IMpo aminu
NOKa3HUKaMH Ki
Topi AVL-965 (/
(I1TOJ1) i anTuo:
MAJIOHOBOTO Aia.
rToaukoio Stoks

@ JI. 1. lllesyenxk

ISSN 0201-8489



