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The climate of the interior of Antarctica combines the characteristic features of a high-mountain cl imate with 
the specific polar conditions. The effect of this combination of man has not been discussed in the literature, al- 
though fairly detailed studies have been made of the action of both high-mountain and polar conditions separately. 
An increase in the rate and depth of respiration has been found at high altitudes [1, 9, 14, 16]. Most investigators 
have observed hyperventilation within a few minutes of exposure to hypoxia. Z . I .  Barbashova [4] and N. K. Veresh- 
chagin and V. B. Boldyrev [6] consider, however, that the increase in pulmonary ventilation develops very gradually 
during accl imatizat ion to high altitudes. Hyperventilation usually does not develop before a certain threshold alti- 
tude has been reached: a height of 3000 m is usually mentioned [3, 8, 11, 13]. N. I. Averin [2] found no significant 
changes in pulmonary ventilation in persons living at an altitude of 2000 m. Investigation of the alveolar air re- 
vealed a considerable decrease in the CO z and oxygen pressure, as a result of which the blood oxygen saturation was 
lowered [7, 8, 15, 19]. Harvath and co-workers [17] found an increase in pulmonary ventilation during exposure to 
cold. During the polar night, Lindhard [18] recorded a decrease in pulmonaryventilation of persons wintering in the 
Arctic, associated with a fall in the respiration rate and an increase in the partial pressure of carbon dioxide in the 
alveolar air. 

E X P E R I M E N T A L  M E T H O D  

Investigations were conducted at the Soviet Antarctic Station "Vostok" (for an account of the conditions see 
our paper in this journal, No. 12, 1963). 

We investigated the respiration rate at rest and during physical effort, the rhythm of respiration, the volume 
of the pulmonary ventilation, the composition of the alveolar air, the blood oxygen saturation, and the maximaldura-  
tion of breath holding. Data were collected regularly each month. All the investigations were carried out in close 
to basal metabolic conditions(in the morningbefore breakfast, after a preliminary rest). 

Respiration was recorded by a thermoelectric method: an ordinary meteorological thermopile was held at a 
distance of 15 cm from the mouth of the sleeping subject. As a result of the difference between the temperatures 
of the expired and inspired air, the difference between the temperatures of the two sides of the thermopile was in- 
creased during expiration, which was accompanied by an increase in the potential difference; during inspiration the 
potential difference was reduced. These variations in potential were recorded on an oscillograph. The composition 
of the gases of the alveolar air was studied with a Haldane's apparatus. The blood oxygen saturation was determined 
by the method of oxyhemography. 

E X P E R I M E N T A L  R E S U L T S  

After the first few hours of their stay at the station, all the winterers had marked dyspnea at rest. Throughout 
the winter, especially when asleep, most of the investigated persons exhibited Cheyne-Stokes respiration (Fig. 2).They 
were usually aware only of the phase of more intensive respiration, but sometimes, at times of self-observation, they 
also noticed the phase of the respiratory pause, which frequently gave rise to considerable uneasiness. Some subjects 
complained that they were afraid to sleep at night for fear that they would stop breathing. They complained most 
often of dyspnea during the polar night. This was explained, firstly, by the fact that even a simple walk in the dark- 
ness through the drifting snow in heavy weatherproof clothing (often during a blizzard) requires considerable effort 
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Fig. 1. Respiration rate (per minute) (1)and 
pulmonary ventilation (in l i ters/rain)(2) at 
various times during the winter. 

and is accompanied by an increase in pulmonary vemflation; 
secondly, respiration in the icy air becomes more superficial, and 
during a deep inspiration laryngeal spasm is frequently observed; 
in these circumstances the hypoxia becomes still more severe and 
for a time the person may almost lose consciousness. 

During the first days of their stay at the station, the respira- 
tion rate of the winterers rose slightly (Fig. 2), but gradually 
slowed thereafter, and at the end of the winter period it amounted 
in most subjects to 11-13/rain. During physical exertion the res- 
piration rate rose sharply, especially during the first months. 
Whereas at the beginning of the winter period the respirationrate 
after squatting 15 times exceed 10/min in 8 subjects, at the end 
of the winter it was not more than 5/min. 

The pulmonary ventilation reached its highest value during 
the first days of their stay at the station, after which it fell grad- 
ually (Fig. 1), reaching its minimal  level during the polar night. 

With the appearance of the polar day the ventilation volume again increased slightly, but even at night the pul- 
monary ventilation exceeded the normal value by 50010. If the volume was reduced to normal conditions (0", 760 
m m  Hg), it was very little different from the normal value. Throughout the winter a gradual increase in the tidal 
air volume was observed. 

Fig. 2. Characteristic respiratory rhythm of winterers during sleep 
(recording of subject T. on July !7, 1959). 

The changes in external respiration described above indicate a considerable degree of adaptation to the new 
environmental conditions. At first the body reacted to the oxygen lack by an increase in pulmonary ventilation caused 
by a faster rate of  respiration; later the depth of respirationwasincreased. 

The composition of the alveolar air was studied 5 times between February and Apri l  Altogether 20 air samples 
were tested. The results of the analyses showed that one month after the beginning of the winter period the compo- 
sition of the alveolar air became stabilized at what must be regarded as a new physiological norm for the particular 
environmental conditions. This level corresponded to a partial oxygen pressure of 53-56 mm Hg and a carbon pres- 
sure of 9.6-29 mm Hg. It  may  be noted that, despite the marked hypocapnia, the level of the pulmonary ventilation 
remained high. 

The blood oxygen saturation was investigated by means of an oxyhemograph as follows. After allowing suffi- 
cient t ime for the apparatus and the sub]eel s ear to warm up, 7-8 deep inhalations of oxygen were made, so that the 
blood oxygen saturation reached 10001~ whereupon the apparatus was calibrated. The subject then breathed ordinary 
air quietly. In normal conditions the level of  physiological hypoxemia when breathing ordinary air usually did not 
exceed 3-401o; nevertheless, a far greater fall in the blood oxygenation was observed. In individual subjects the blood 
oxygen saturation ranged between 88 and 76olo at the beginning of the winter period, and subsequently the range of 
individual variations contracted to 87-82010, The next stage was investigation of the maximal  forced hyperventila- 
tion. In ordinary conditions forced hyperventilation causes hardly any increase in the blood oxygen saturation. In 
our conditions for this test the saturation rose by 6-16010. The overall level of blood oxygen saturation reached 89-94% 
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It may be noted that in persons with a higher level of blood oxygen saturation during quiet breathing, the increase in 
level as a result of hyperventilation was minimal. The next tests was Hench's test of maximal breath holding in ex- 
piration. The blood oxygen saturation during this test fall appreciably in all the winterers (to 76-60%), although the 
individual variations were considerable (from 6 to 18%). The duration of holding the breath also varied greatly. With 
the passage of time and in the course of acclimatization the duration of holding the breath gradually diminished, 
which does not accord with ideas of adaptation reactions of the third and fourth order [5]. Some workers have attri- 
buted this phenomenon to a decrease in the alkali reserve of the blood [12, 20] and others to increased excitability 
of the respiratory center [6], although the excitability of this center is, in fact, known to be raised during the period 
of the polar night [10]. 

We consider that the principal cause of this shortening of the breath-holding period during the polar night is a 
change in higher nervous activity-depression of the central nervous system, especially of the cerebral cortex, weak- 
ening the subject' s ability to hold his breath voluntarily. 

During physical exertion a considerable increase in hypoxemia (to 62-80%) was observed. In the course of ac- 
climatization some increase was found in the degree of oxygen saturation of the blood at rest and after physical ex- 
ertion (66-82%). 

SUMMARY 

Observations were made at the Soviet antarctic station, "Vostok". Tachypnea and considerable hyperventila- 
tion were observed during the first days after arrival at the station. With acclimatization, the frequency of respira- 
tion restored to the normal, pulmonary ventilation decreased, reaching the lowest level during the polar night period 
(however, even during that period it is 1~  times greater than the normal value); the depth of respiration increased 
considerably. During the whole period of stay in Antarctica every individual had Cheyne-Stokes respiration, espe- 
cially during sleep. Dyspnea increased considerably, even during slight physical strain. Composition of alveolar air 
became stabilized at a new level corresponding to a partial oxygen pressure of 53-56 mm Hg and to CO z pressure of 
26-29 mm Hg. The blood oxygenation during quiet respiration was 80-87% increasing with voluntary hyperventila- 
tion to 85-94%. Hypoxemia rose considerably with voluntary breath holding and physical strain. 

LITERATURE C I T E D  

1. M.F. Avazbakieva, Abstracts of Proceedings of the First Conference of Physiologists, Biochemists, and Phara- 
cologists of Central Asia and Kazakhstan [in Russian], p. 7, Tashkent (1956). 

2. N.I .  Averin, Sov. zdravookhr. Kirgizii, 6, 56 (1958). 
3. !. P. Baichenko, Byull. Vsesoyuzn. inst. 6ksper. reed., 2, 31 (1935). 
4. Z.I .  Barbashova, The Problem of Acclimatization to a Low Partial Pressure of Oxygen [in Russian], Moscow- 

Leningrad (1941). 

5. Z . I .  Barbashova, Acclimatization to Hypoxia and its Physiological Mechanisms [in Russian], Moscow-Lenin- 
grad (1960). 

6. N.K. Vereshchagin and V. B. Boldyrev, Transactions of the El'brus Expedition of the USSR Academy of Medi- 
cal Sciences [in Russian], p. 419, Moscow-Leningrad (1936). 

7. G.P. Kondradi, Abstracts of Proceedings of a Scientific Conference of the Tadjik Medical Institute [in Russian], 
p. 8, Dushanbe (1947). 

8. M.E. Marshak, The Physiological Basis of "Hardening" the Human Body [in Russian], Moscow (1957). 
9. O.N. Pavlova, Data on the climatophysiology of the cardiovascular and hemopoietie systems. Doctorate dis- 

sertaion, Tashkent (1944). 

10. K.A. Rapoport, Gas exchange and respiration in man in the Arctic. Candidate dissertation, Moscow (1952). 
11. A.A. Rachkov, Voen.-san. delo, 3, 39 (1937). 

12. L.G. Filatova, Investigations of the Physiology of Acclimatization of Animals and Man to High Altitudes [in 
Russian], Frunze (1961). 

13. A.M. Charnyi, The Pathophysiology of Anoxic States [in Russian], Moscow (1947). 
14. R. Dripps and L Comroe, Am. I. Physiol., _149, p. 277 (1947). 
15. M. Fitzgerald, Philosoph. Trans. roy. Soc., B, 9._~0ap. 351 (1913). 

16. J .S.  Haldane and I. G. Priestley, Respiration [Russian translation], Moscow-Leningrad (1937). 
17. S. Horvath, C. Radcliffe,B~ Hutt, et al., I. appl. Physiol., 8, p. 145 (1955). 
18. I. Lindhard, Danmark-ekspeditonen til Gronlands nordostkyst, Bd. 4, N. 3, S. 77 (1906-1908). 
19. A. Lowy, Physiologie des H6henklimas, Berlin (1932). 

20. A.I .  Lear, Anoxia and its Effect on the Organism [Russian translation], Moscow (1947). 

21 


