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This collection presents research results obtained in the foremost
laboratories of the Soviet Union working on the problemof hypoxia and
adaptation of the organism to 1it.

Among other matters, the volume 1lluminates questions of the com-
parative physiology of adaptation and acclimatization of the organism
to the high-mountain climate, contemporary concepts of the significance
of the cell chemical mechanism in the process of adaptation to hypoxia
are set forth, and data uwre presented on the importance of hypoxemia 1in
the pathology of the childhood years and the role of the age factor in
the reaction of the organism to hypoxia.

New facts are also communicated concerning the influence of hypox-
ia on the propagation of stimull in the motor regions of the brain, on
the influence that it exerts on biloelectric activity, oxygen partial
pressure and the energy indicators of the cerebral cortex and subcorti-
cal formations. The problem of regional oxygen insufficlency and the
importance of this problem in the development of myocardial infarct are
examined. Light 1s also cast on the problems of oxygen starvation and
the mechanisms that compensate it in heart fallure. The question of

foundations for the diagnosis of hypoxic states is raised.

Editorial Staff:
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COMPARATIVE FHYSIOLOGY OF ACCLIMATIZATION TO THE CLIMATE
OF THE HIGH MOUNTAINS
N.N. Sirotinin
(Kiev)

Over a number of years, we have studied adaptation to hypoxia in
the aspect of comparative physiology. In our papers* we have noted an
Increase in sensitivity and a decrease in resistance to oxygen insuffi-
clency as the organism develops in both the phylogenetic and ontogene-
tic senses and the resulting amplification of the mechanisms for active
adaptation to hypoxia. It would be of interest to cast light on the
analogous problem in acclimatization to the climate of the high moun-
tains, since this would cla’ify the capacity of the human organism to
adapt to the hypoxic states that arise so frequently over the course of
its lifetime.

For this purpose, we have collaborated with G.A. Leont'yeva over
the past nine years 1in translocating representatives of all classes of
vertebrates from Kiev to various altitudes on Mount El'brus. The am-
phibians taken there 1lncluded 55 frogs (Rana esculenta) and 20 toads
(Bufo vulgaris); among ttre reptiles, we selected lizards (Lacerta viri-
dis) and Monitors (Varanus griseus), 20 individuals; grass snakes
(Tropidonotus natrix), 6 individuals; racers (Zamenis gemonensis), 5
i{ndividuals, and bog turtles (Emys orbicularis), 45 individuals. The
birds taken for the experiments were 45 chickens, 10 turkeys, 41 ducks
and 10 geese; the mammals were 10 hamsters (Cricetus cricetus), 35
gophers (Citellus suslicus), 40 guinea pigs, 60 laboratory rats; 80

-1 -
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laboratory mice; 20 rabbits; 6 goats, 25 sheep, 2 suckling pigs, 1 Him-
alayan bear (Ursus tibetenus), 5 cats and 18 dogs. Also observed from
time to time were 120 humans - participants in the expedition and test
subjects. Some of these were at high mountain alti#udea for the first
time in their lives, while others had been there several times over 10
years and more; I personally was in the mountains for the first time 27
years previously.

The investigations were carried out at Kiev (Altitude 100 g) and
at various altitudes on El'brus: Terskol (2100 m), Novyy Krugozor
(3000 m), the 105th Piket (3400 m), Ledovaya Baza (3700 m), and the
11th Priyut (4200 m). We studied respiration (frequency, depth, pulmon-
ary ventilation), blood circulation (pulse frequency, electrocardio-
grams, and for the humans, blood pressure), the blood picture (hemoglo-
bin content, erythrocytes, reticulocytes), as well as the oxygen satur-
ation of the blood; other investigations were also undertaken in addi-
tion to the above.

The studies were conducted on the second tb third dgy of the alti-
tude sojourn, after 5-10 days since it had begun, and after extensive
acclimatization of the'animalg (gohpers, chickens, ducks) that were
left on El'brus for a year or more. In some of the animal species and
in some of the humans, we investigated the blood after the return to
Kiev. The closest attention was given to the humans and the least to
the small animals, in which, due to technical difficulties, it was not
possible to devote thorough study to all of the indicators named above.

Results of investigations. We were unable to d2tect active adapta-

tion in the form of increased frequency and depth of respiration and
acceleration of cardiac activity at altitudes of 2100 m and above among
the cold-blooded animals. Nor were we able to note a consistent in-

crease in the quantity of hemoglobin or the number of erythrocytes and
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reticulocytes. In some experiments, these indicators were observed to
increase, most frequently among the frogs as compared to the other ex-
perimental animals, but it was found subsequently that this was a func-
tion of btlood thickening due to intensified excretion of moisture from
the surface of the skin at mountain altitudes. A certain tendency to
active acclimatization was observed among the racers. Experiments of
the same type were conducted by L.V. Bogdanova and N.M. Shumltskaya.*
These authors obtained similar data.

The absence of active acclimatization to the high-altitude climate
among the cold-blooded animals is, in our opinion, to be accounted for
on the one hand by the fact that in the lower animals, vital activity
can proceed to a considerable degree by anoxybiotic process and, on the
other, to the fact that the reactivity of the cold-blooded animal or-
ganism to the influence of many different kinds of disturbances 1s less
pronounced than in the case of warm-blooded animals, 1l.e., they are
more stable, as we have noted in print on more than one occasion (1950,
1951, 1952).

TABLE 1

Frequency of Respiration, Number of Erythro-
cytes and amount of Hemoglobin in the Blood of
Ducks at Various Altitudes

l Kass (109 &) 2 hsssea Bess (3790 u)
y } Kibos joy 3 Kpem lof
Do mbes  |eacm opm- -=.)| D resrastun 7 -yn:'e.-n-
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® won.) - o 7 C:- o T— (srme.)| (o rwe.
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TABLE 1 (CONT')

1) Kiev (100 m); 2) Ledovaya Baza (3700 m); 3) blood; 4) respiration
per minute); 5, hemoglobin; 6) after Sahli; 7) number of erythrocytes
in thousands); 8) increase in number of erythrocytes (in thousands).

In the birds, the high-mountain climate produces more distinct
changes in respiration and blood circulation, and acclimatization to
the climate is accompanied by an increase in the amount of hemoglobin
and the numuer of erythrocytes. In ducks, it was possible to observe a
certalin increase in respiration rate and a minor increase in the blood
hemoglobin content even at the altitude of 2100 meters, while in cer-
tain cases the number of erythrocytes also increased. Among the chick-
ens, we did not observe consistently expressed criteria of active ac-
climatization at the 2100-m altitude. At the altitude of 3700 m, both
the ducks and the chickens showed increased respiration rates, an in-
crease in the amoung of hemoglobin, and a greater number of erythro-
cytes (Tables 1 and 2). The depressed erythrocyte content in the blood
of the chickens is apparently to be accounted for by their immaturity.
Approximately the same shifts in the blood indicators were alsc noted
in the geese and turkeys.

As we know, birds that live in the high mountains all the time are
distinguished by their adaptation to hypoxia from birds whose habitat
is the lowlands. Thus, Shtrol observed as early as 1910 that the rela-
tive weight of the heart, and particularly that of the right ventricle,
was greater in alpine partridges than in ordinary partridges. According
to Hall, Dill and Barron (1936), the hemoglobin of birds of the high
mountains has a greater affinity to oxygen than the hemoglobin of birds
whose habitat is the lowlands.

The adaptation mechanism of birds is less distinctly expressed in

hypoxia of short duration. Thus, Khistend and Rendoll (1941) were un-

able to detect intensification of respiration during oxygen insuffi-
-4 <




TABLE 2

Respiration Frequency, Number of Erythrocytes
and Amount of Hemoglobin in Blood of Ducks at
Various Altitudes
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1) Kiev (100 m); 2) Ledovaya Baza (3700 m); 3) blood; 4) respiration
(per minute); 55 hemoglobin; 6) Hall, Dill and Barron; 7) number of
erythrocytes in thousands); 8) increase in number of erythrocytes (in
thousands).

clency in Mallards, house sparrows, starlings and domestic pigeons. We
were also unable to detect any distinct intensification of breathing
due to hypoxla when chickens, ducks and geese were placed in the low-
pressure chamber, although we did observe both accelerated respiration
and an increase in the depth of respiration in these same species of
birds at altitude in the mountains. Apparently this disagreement in the
results is to be accounted for by the presence of auxiliary air cavi-
ties in the birds: during short-term hypoxia in the low-pressure cham-
ber, the blirds use the air reserve in these cavities; under prolonged
hypoxia in the mountains, the partial pressure of the oxygen in the air
sacs becomes equal to that in the external atmosphere, so that the
birds experience more severe oxygen starvation and adapt to it by in-
tensifying their pulmonary ventilation (Fig. 1).

Among the mammals, those investigated in greatest detail as re-
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gards acclimatization to hypoxia were the white laboratory mice; in
these animals, we regularly observed an increase in the number of ery-
throcytes and the hemoglobin content both at mountain altitudes and un-
der the conditions of the low-pressure chamber (Sirotinin, 1934, 1936,
1938, 1940). However, it is difficult to use them in a comparison with
the results of acclimatization experiments run on other animals, and,
in view of this, we have recently been conducting the investigations
simultaneously on various species of mammals. Since we are unable to
present the results of all of our investigations, since they would oc-
cupy too much space, we note only that in all of the mammals studied we
found an increase in the hemoglobin content and erythrocyte count of
the blood in high-mountain acclimatization, but this was not expressed
to the same degree in different species. The increase in these indica-
tors depends on many conditions, and, in particular, on how quickly the
animals are brought up to the mountain altitudes and how long t‘hey stay
there. Table 3 shows the increase in the number of erythrocytes and the
hemoglobin content in the mice.

We obtained approximately the same results in the experiments on
the white laboratory rats. An increase in the oxidation surface of the
blood when rats were acclimatized to hypoxia had been noted by Ye.M.

'~uﬂdﬂv\J\J\/\¢\,A;,\J~U~
'mmm
1RANAAAUULULANS
Fig. 1. Pneumograms of a duck. 1)
At Kiev (100 m); 2) at Ledovaya

Baza (3700 m); 3) time marker (4
sec).

Kreps et al., (1956) and Khenken (1958).
We shall dwell in somewhat greater detail on the investigations

run with sheep, since there are certain departures between our results
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TABLE 3

Number of Erythrocytes and Hemoglobin Content
in Blood of Mice at Various Altitudes, Slow
Ascent (after 10-day sojourn at Altitude of

2100 m)
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8080 n 1030 ” 120 <]
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7830 67 16360 85 11470 1]
v 1013) 8 82 1980 | 101
10240 a2 115 % 10540 | 86
- 8930 80 9210 3 010 | ®
10540 0. e |- 9N 1280 ”
11200 " 11100 ” 1200 Y]
10840 ') 119% - 9 12710 |. 100
11.80 ] 873) n 11150 9l
913) 80 AP ™ 14230 9
1142 ™3 119% &7 12490 | 9
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1) Kiev (altitude 100 m); 2) Terskol (altitude 2100 m); 3) 105th Piket
(altitude 3400 m); 4) increase; 5) blood; 6; erythrocytes (in Thou-
sands); 7) % hemoglobin; 8) erythrocytes; 9) hemoglobin.

and those of the literature. Hall, Dill and Barrcn (1936) observed an
increase in the hemoglobin content and erythrocyte count in sheep in an
ascent through the Andes from sea level to 2800, 4710 and 5340 m. .A.G.
Ginetsinskly and Z.I. Barbashova (1942) found that the oxygen capacity
of the blood in mountain Gissar' sheep was lower than that in lowland
sheep, and, on this basis, advanced the hypothesis that the mountain
sheep adapt to hypoxia by changing their tissue processes. The same
view has been taken by R.P. Ol'nyanskaya (1949), K.M. Bykov and A.D.
Slonim (1949). A.P. Zhukov and V.A. Kozhevnikov (1947) and I.M. Arav
nd Ye.P. Smolichev (1947) noted a slight increase in erythrocyte count
and a decline in the hemoglobin content when Pamir sheep were brought
the Gissar' and Darvaz mountains. However, N.N. Bulatova (1953) found

that Central Aslan mountaln sheep not only had more hemoglobin than
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lowland sheep, but also more blood. N.N. Bulatova (1953) and P.A. Kor-
zhuev, and I.S. Radzinskaya (1957) observed an increase in hemoglobin
content, erythrocyte count and hematorcit number, averaging 20%, in
sheep and cows when they were driven to their summer pastures in Dages-
tan at altitudes of 2000-3000 m.

In 1959, we studied 10 fine-~-fleeced lams of the Kiev region, which
were taken to the heights of El'brus. There, at the "El'brus" collec-
tive farm, we acquired five coarse-haired lambs of local origin, which
were subjected to the same investigation at the same altitudes. The re-
sults of the investigations are presented in Table 4, from which wee
that the erythrocyte count and hemoglobin content were higher in the m
mountain lams and in the Kiev lambs. On the second day after arrival at
the alt tude of 2100 m, all of the Klev lambs showed a drop in erothro-
cyte count and hemoglobin content. Then the amount of the latter in-
creased. On ascending to higher altitudes, the number of erythrocytes
increased both in the mountain lambs and in the Kiev lambs; the hemo-
globin content increased in all of the mountain lambs and some of the
Kiev lambs. v

In 1960, we repreated this experiment using lambs and sheep at the
same altitudes. It was found that not only the number of erythrocytes,
but also the hemoglobin content increased in all of the animals. The
data obtained were comparatively uniform, and this enabled us to derive
average values (Fig. 2). Eight animals were left for the winter at Ter-
skol (altitude 2100 m). On investigation, it was established that their
erythrocyte counts and hemoglobin contents had remained at the initial
values (about 10 million erythrocytes and 60% of hemoglobin). The pos-
sibility is not excluded that the absence of a rise in these blood in-
dicators was a result of a poor food supply. It 1s of interest that a
lamb that had been dropped by one of the ewes brought up from Kiev and
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had been raised at the 2100-meter altitude showed higher erythrocyte
counts and hemoglobin contents than its parents, with its figures close-

ly approaching those of the mountain lambs.

A
Pig. 2. Average erythrocyte

counts (open columns) and hemo-
globin contents (shaded columns)
in 10 lambs 2t Kiev (100 m) and

at the 105th Piket (3400 m). A)
ery hrocites (about million per

a8
e

=2 T

® e & & & &

C W¢

lmm’); B) Kiev (100 m); C) 105th
Piket (3400 m).

We studied the oxygen saturation of the blood (using an oxyhemome -
ter) on the same lambs at Kiev and on the heights of the El'brus, re-
corded respiration on a kymograph and took electrocardiograms. In both
the mountain and the Kiev lambs, the oxygen saturation of the blood re-
mained within normal limits right up to an altitude of 3400 m; the res-
piration frequency and the pulse rate changed insignificantly.

The data presented indicate that as regards high-mountain acclima-
tization, sheep do not differ particularly from other mammals. It may
be that the authors who noted low bleoad indicators in lambs at high al-
titude investigated these animals on the first occasion on which they
were at these altitudes, a time at which the number of erythrocytes and
the hemoglobin content may fall off.

Rabbits, gulnea pigs and dogs have served as the objects of high-
mountain research for over half a century. Many authors have observed
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an increase in their erythrocyte counts and hemogloblin contents at

high altitudes (Misher, 1893; Kemp, Tsunts, Levi, Myuller, and Kaspari,
1905, and others). Abdergal'den, London, Kochneva, Rabinkova, Roske,
Rozner and Vertkheymer (1927) studied hemopolesis in angiostomized dogs
at Halle (78 m), on Davos (1559 m) and at Muottas-Muregli (2450 m); at
the high altitudes, they observed an increase in erythrocyte count 1n
both the peripheral blood and the internal organs.

Beginning in 1930, we began a long serles of studies on rabbits,
guinea pigs and dogs and have noted an increase in hemoglobin content
and erythrocyte count in them at high altitudes; N.M. Shumitskaya ob-
served a rise in the number of reticulocytes in dogs. For the dogs,
concurrently with the above studies, we recorded respiration on the ky-
mograph and registered electrocardiograms, but dogs showed very little
changes in respiration due to various factors, and this makes it diffi-
cult to detect distinctly expressed regular variations.

In the Himalayan bear, the erythrocyte count and hemoglobin con-
tent rose insignificantly at the altitudes of El'brus.. According to
Shumitskaya, an increase in the number of reticulocytes, which had not
been detected under the conditions of Klev, was also noted.

The largest —umber of studies into high-mountain acclimatization
have been made on humans. The first such research dates from the end of
the last century (Viol', 1890-1892; Myunts, 1891; Egger, 1893; Lavrino-
viech, 1898). Most of the research done recently indicates an increase
in erythrocyte count and hemogloblin content at mountain altitudes. The
question that had arisen earlier — as to whether this 1s a real in-
crease or the result of redistribution of the blood - can now be re-
garded as solved: first we observe emergence of erythrocytes from the
blood depots, and then, after two or three days, true hematogenesis be-
gins. This 1is indicated by the rise in the number of reticulocytes in
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the blood, with a leftward shift in their formula, and intensification
of hemopoiesis in the bone marrow.

We observed an increase in erythrocyte count and hemoglobin con-
tent in participants in all of our expeditions into the mountains of
the Caucasus, Pamir, Tien-Shan and Altal, which were undertaken on an
annual tasis from 1930 through 1940 and from 1949 to the present. In
1933, N.I. Vylegzhanin found us to have an increased number of reticu-
locytes with a shift to the left, and observation confirmed since then
on more than one occasion, including recently by N.M. Shumitskaya. How-
ever, the increase in these indicators does not take place in strict
parallelism with mountain altitude. It depends on a number of condi-
tions: on the speed of ascent, the type of ascent (if the ascent is
made on foot, the initial increase in the blood indicators 1s more
sharply expressed due to the greater output of erythrocytes from the
blood depots), on the interval of time that has elapsed from arrival at
altitude when the investigation is made, and on individual peculilari-
ties of the test subJject, Usually, the erythrocyte shows the greatest
increase, although in certain individuals it is the other way around,
and the hemoglobin index rises by the greater amount.

Some authors reported long ago that the erythrocyte count dropped
at high altitudes (Shauman and Rozenkvist, 1898; Kol 'bryugge, 1838). On
our expedition (1930), Z.I. Malkina found a drop in erythrocyte count
in the present author on arrival at Adyl-Su (1670 m) from Kazan'; a de-
cline in erythrocyte count and hemoglobin content was observed on occa-
sion thereafter, most frequently on tne second day of the high-altitude
sojourn. In 1933, during the Pamir expedition, we attempted to register
erythrolysis by analysis of urilne to determine hemoglobin and bile-pig-
ment content, but the results obtained were not unequivocal. Ya.G.
Uzhanskly described erythrolysis 1in posthemorrhagic anemia. In 1939,
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during the Kazbek expedition, Ya.G. Uzhanskly established such lysls
among the participants of the expedition. Something similar was also
observed in the experimental rats. On more than subsequent occasion we

detected a drop in erythrocyte count and hemoglobin content on the se-

cond or third day of the high-altitude sojourn.
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Filg. 3. Erythrocyte count and hemoglobin content in 3 test subjects at

Kiev and at various altitudes on El'brus (daily observatiorg. The peak

in the rise curve on the fifth day at Terskol is associated with a hike
in the mountains; on the 18th-19th days at 3400 m, the drop in erythro-
cyte count and hemoglobin content is seen distinctly. 1) E.V.G.; 2)

GeI.Ve ; 3) M.I.G. A) Hemoglobin, %; B) erythrocytes, millions; C days
of sojourn at altitude; D) Kiev (100 m); §X Terskol (2100 m); F) Novyy
Krugozor (3000 m); G) 105th Piket (3400 m).
During the sojourn at mountain altitudes, the erythrocyte count
and hemoglobln content fluctuate, an effect that we ourselves have not-
ed on more than one occasion, and one in which other authors concur
(Se 7Zhikharev and T. Prelezhayev, 1936, and others). We noted that af-
ter acclimatization had intervened, approximately three weeks later,
headaches and other symptoms of altitude sickness may make theilr ap-
pearance. N.M. Shumltskaya drew attentlion in 1959 to the fact that
asthma sufferers began feellng poor at an altitude of 3000 m at approx-
imately the time at which acclimatization steps in; this deteriorat on
coincided with the drop ln erythrocyte count and hemogloblin content.
Ya.G. Uzhanskly showed that the initial erythrolysis may arise as a re-
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sult of "autoaggression"” on the part of autoantibodies against the ery-
throcytes. During the 1960 expedition, G.I. Vinogradov, M.I. Grutman
and E.V; Gyulling made a speclal study of this problem, i1nvestigating
autoantibodies against erythrocytes. Using the Boyden react.on, they
detected an accumulation of autohemagglutinins in the blood serum on
the 18th-19th days of the sojourn at high altitude, a polnt in time co-
inciding with the drop in erythrocyte count. Simultaneously, they ob-
served a decline in the cond.tion of the test subjects, although this
was followed immediately by a rapid increase in erythrocyte count (Fig.
3). It appears that erythrolysis results in the formation of autoanti-
bodies, which, during the time of thelr maximum accumulation, cause
further erythrolysis, so that the products of the lysis activate hemo-
polesis. It should be noted that this phenomenon may be manifested to
different degrees and observed at different times. It depends on the
titre of the antibodies that have formed and may not appear if they are
present in small contents. In any event, these facts should be taken
into account by all investigators studying hemopoiesis at high alti-
tudes. It may be that the cases described in which the erythrocyte

count dropped or falled to rise are assoclated with the above phenomen-
on.

On our test subjects, we studied the respiratory frequency (kymo-
graph recording), pulmonary ventilation, cardiac frequency, electrocar-
diograms at rest and under metersd loads of muscular work, with simul-
teneous investigation of the oxygen saturation in the blood. These oxy-
hemometric investigations were originally conducted during the expedi-
tion organized by the Physiology Institute of the Academy of Sciences
Ukrainian SSR under Ye.M. Kreps and V.I. Voytkevich in 1954, and then
by the present authors each year on the expeditions that followed; on
one of the expeditions, we also studled the rate of bloodstream flow.
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The investigations that we carried out indicate that the human or-

ganism, which 1s sensitive to hypoxia, begins to adapt to it quite ear-

ly, In most cases basically by increasing pulmonary ventllation and in

a minor: .y of cases chiefly by intensifying the circulation of the

blood. The erythrocytes, which at first increase in number due to out-

put from the depots may be 1lised quickly to some degree; the products

of the erythrolysis activate true hemopolesis. As the erythrocyte count

and hemogloblin content increase, adaptation due to intensified respira-

tion and blood circulation vacates into the background. In its turn,

adaptation to hypoxia through an increase in the oxidation surface of

the blood may be replaced bty compensatory changes in the tissues.

All of the above tears testimony to the fact that higher animals,

man included, possess varylng, distinctly expressed mechanisms fcr ac-

tive adaptation to hypoxia. Use of these properties of the organism

with the obJective of eveclving a high-altitude therapy suggests itself

in a natural manner.

Manu-

script

Page
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[Footnotes]

M.M. Sirotinin, Pro rezistentnist' do znizhenogo atmosfernoco
tisku [Resistance to Lowered Atmospheric Pressure], Med.
zhurn. AN URSR [Med. J. Acad. Sci. UkrSSR], 1940, X, 5, page
1415; Pro yevolyutsiyu adaptatsiil do gipoksii [Evolution of
Adaptation to Hypoxia], Med. zhurn. AN URSR, 1951, XX, 6,
page 5; Sravnitel'no-fiziologicheskiye osobennosti rezistent-
nostl organism k gipoksii [Comparative-physiological Singul-
arities of the Organism's Resistance to Hypoxia), VIII Vses-
oyuznyy s'yezd fiziologov, blokhimikov, farmakologov, Tezisy
aokladov [VIII All-Union Congress of Physiologi sts, Blochem-
ists and Pharmacologists, Toplcs of Papers], Moscow, 1955,
page 552.

L.V. Bogdanova, "Ob adaptatsii k gipoksii nizshikh pozvonoch-
nykh zhivotnykh" [On the Adaptation of Lower Vertebrates to
Hypoxia]; N.M. Shumitskaya, "Sravnitel 'no-fizlologicheskiye
osobennostl funktsil krovotvorenlya u zhivotnykh v usloviyakh
vysokogornogo klimata" [Comparative-Physiological Features of
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the Hematogenesis Function in Animals Under the Conditions of
the i)ilgh Mountain Climate] (published in the present collec-
tion).
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ON THE ADAPTATION OF LOWER VERTEBRATES TO HYPOXIA
L.V. Bogdanova
(Moscow)

On the basis of experimental studies carried out on representa-
tives of various classes of animals, N.N. Sirotinin (1940, 1951, 1955)
established that the lower the organization of the animal, the better
does it withstand hypoxia.

A.N. Sokolov (1941) failed to observe adaptation to hypoxia in
lower vertebrates. The experiments were run on fish (Carassius auran-
tius), frogs (Rana esculenta) and turtles (Emys europaea). When the
fish were brought up to 10,000 m, the hemoglobin percentage did not
change, while the erythrocyte count dropped very insignificantly. In
the frogs after a two-hour "ascent" (10,000 m) and in turtles after twc-
hour and even seven-day residence in the low-pressure chamber, the ery-
throcyte counts and hemoglobin percentages dropped off slightly.

Z.I. Barbashova and N.N. Sirotinin (1941) failed to observe a
marked rise in hemoglobin percentage, erythrocyte count or the oxygen
capacity of the blood in experiments on reptiles [turtles (Emys orbic-
ularis), grass snakes (Natrix natrix) and legless lizards (Ophisaurus
apus)] placed in the low-pressure chamber (altitude 7000 m). N.N. Siro-
tinin concludes that these animals have no reactio to hypoxia, and
that at best we may speak only of a'tendency to increased hemoglobin,"
Z.I. Barbashova suggests that reptiles have a speclal tissue type of
acclimatization to hypoxia. Such adaptation would take the form not of
a struggle on the part of the organism to "retain" oxygen in its blood,
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but of adaptation of the tissues to functlon under conditionc cof coxy.ren
insufficiency.

Al'tand and Parker (1955), conducting experiments on turtles (Ter-
rapene carolina carolina) in a low-pressure chamber at an "altitude" of
25,000-45,000 feet (18,000-13,500 m) observed no increase in the hemo-
globin percentage or erythrocyte count regardless of the duration of
the experiment (over 100 days). Nor was any stimulation of erythropoie-
sis observed, although blood-letting experiments c1 the turtles showed
that they do have such a reaction. Placing the turtles in a gas mixture
with low oxygen content (3%) resulted in a change in the nature of
their respiration, but wlithout noticeable hyperventilation. The authors
come to the conclusion that the abillity of turtles to withstand oxygen
insufficiency is associated with the use of energy formed by anaerobic
processes. It is interesting to note that turtles withstand hypoxia
much more poorly at 36-38°C than at 20-23°c.

Bonne (1929) showed that for fish and frogs, a pressure of 10-

20 mm hg in a 1-2-hour exposure each day for 6 days is not sufficient
to stimulate erythropoiesis.

Ya.M. Britvan (1949), subjecting frogs to acute hypoxia by tying
off the pulmonary arteries and poisoning them with cyanides, observed
neither deeper nor more frequent respliration, but noted only a peculiar
type of periodic respiration not normally observed in these animals.

At the same time, Gordon (1935) described stimulation of hemato-
genesis in the salamander (Necturus maculosus) during hypoxia. After 7
days' exposure in the low-pressure chamber to a pressure of 330 mm hg,
immature erythrocytes and hemocytoblasts made their appearance in the
peripheral blood.

K.P. Ivanov (1955, 1958) observed an increase in the number of
formed elements in the blood by 90-110 thousand (20-22%) together with

- 18 -




increased pulmonary ventilation, even at altitudes of 2,000-3000 m,
when frogs were periodically "raised" in the low-pressure chamber to an
"altitude" of 10,000 m (3-4 hours a day for 10-15 days at a temperature
of 4-6° ).

The author speaks of the high sensitivity of amphibians to hypoxia,
and also indicates that they have certain adaptive reactions. In his
opinion, turtles are less sensitive to oxygen insufficiency and thelir
respiratory reaction appears only at an "altitude" of 8000-10,000 m.

These contradictions in the literature data were what prompted us
to make these investigations.

The work was done from June to August 1958 with faclilities of the
Physiology Ir.stitute named for A.A. Bogomolets, Academy of Sclences
Ukrainlian S5R and during the El'brus expedition led by N.N. Sirotinin.

The first serles of experiments was conducted in a low-pressure
chamber. The experimental animals were frogs (Rana esculenta). The ani-
mals were divided into two groups. One group was "elevated" to the ap-
propriate altitudes 1in aquaria filled with water, while the other "as-
cended"” without benefit of aquaria, with the object of ascertaining
whether the increase 1n erythrocyte count and hemoglobin content that
was noted, for example, by Ivanov (1955) was a result of thickening of
the blood due to evaporation from the surface of the skin.

In two experiments (Nos. 1 and 2), we "went up" together with the
experimental animals in the chamber and conducted studies at altitudes
of 2000, 3000, 4000, and 5000 m. Blood was taken from the frogs at the
ventral vein, and respiration was recorded from a noose sewed through
the mental reg on. In the frogs that ascended 1n aquaria filled with
water, the hemoglobin content dropped from 54 — 50% to 75 — 55%, while
in the frogs that went up without aquaria, it elther also dropped to
68 — 58% or showed almost no change at 48 — 50%. The erythrocyte count
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was 450,000 — 480,000, it is interesting to note that distinctly mani-
fest periodic respiration appeared in three of the six animals at the
altitude of 4000 m.

TABLE 1

Change in Hemoglobin Content gin %) and Number
of Erythrocytes (in thousands) in Blood of
Frogs on Periodic "Ascents" in the Low-Pressure

Chamber
1 gl‘-'.i--(hncoﬁ) ‘Bpurpsunis (o Tae. 8 | )
o] - . 2 1.5
mpm 8- § mpsan ¢Amageen | 8-8 momvem
s | 51 ¢
| 43 40 - 4 30 =
2 % §7 50 1)) 42) 540
3 65 » — 42) 8 —
] ] 14 3 5N 310 430
3 70 83 430 360 0
4 ] 54 - 42) k3 4] -
[ ] »n* —_ 42) 22) -

Note: The No. 1 and 3 animals were 1in a
water-filled aquarium; animals Nos. 1 and 5
were "ralsed" to altitude in an aquarium with-
out water; *frog died immedilately after was
taken.

1) Frog No.; 2) hegoglobin after Sahli (in %); 3) erythrocytes (in
thousands per 1 ); 4) normal; 5) 6th ascent; 6) 8th ascent.

Subsequently, we made an attempt to acclimatize frogs to hypoxia
by raising them periodically in the low-pressure chamber, The possibil-
ity of such acclimatization was shown by Z.I. Barbashova (1956) in ex-
periments on white mice.

For this purpose, the frogs were placed in the low-pressure cham-
ber at an "altitude" of 10,000 m and a temperature of 20-23° C each day
for six days, for 3-3.5 hours each day. The blood was analyzed before
the experiment and after the sixth "descent" then the experimental ani-
mals were twice again taken up to an "altitude" of 10,000 m and the
blood analyzed a second time. Several frogs died during the experiment:
one in the water-filled aquarium (in the sixth "ascent"), two in the
aquarium without water (after six "ascents") and three frogs that were
taken up without water (their spleens had been removed previously).
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1s interesting to note that under normal atmospheric pressurc, the
frogs whose spleens had been removed showed no differences in behavior
from normal frogs.

The results of the experiment were consistent: the hemoglobin per-
centage and erythrocyte count fell in all cases (Table 1). In frogs
raised periodically to the "altitude" of 10,000 m 1n the low-pressure
chamber, no adaptive reaction on the part of the red blood was otserved.
The animals taken up without water also developed anemia instead of the
expected thickening of the blood due to evaporation of molsture from
the surface of the skin. The reaction of.the frog organism assoclated
with dr_ing of the skin cannot be reduced simply to thickening of the
blood. It would seem more probable that this reaction 1s conslderatly
more complex and to be accounted for by invoking more profound mechan-
isms.

As we have already noted, the second serles of experiments was
carried during the expedition under natural conditions, at altitudes of
1) 58 m above sea level at Klev; 2) 2100 m above sea level at Terskol;
3) 3000 m above sea level at Novyy Krugozor and 4) 3400 m above sea
level at the 105th Pilket. The studies were made on the 2nd and 635-732
days of the sojourn at each new altitude. The temperature did not drop
helow 15° C. The experimental animals included amphiblians and rept.les:
frogs (Rana esculenta), turtles (Emys europaea), racers (Zamenis gemon-
ensis ) and lizards.

TURTLES (Emys europaea)

No adaptlive reaction at all on the part of the red blood was ob-
served 1n turtles at Terskol (altitude 2150 m). On the third day of the
sojourn at this altitude, either no changes were noted (5 cases out of
12) or a slight anemia developed. After 10 days of residence at this
same altitude, 2 cases showed a minor increase iIn hemoglobin percentage
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(s1ightly more than in the preceding determinaticn, but almoct within
rormal limits); see Tables 2 -nd 3. At the altitude of 3000 m, 0% of
the animals showed an lncrease in hemoglobin percentage and erythrocytc
count, .But this does not constitute stable acclimatization. Such chang-
es might be more aptly referred to as an unstable reaction, the more so
since four animals out of 6 did noi reach the normal range in spite of
the rise that they showed in these indicators. The inciplent reaction
was supplanted by intensified anemia as the high-altitude sojourn con-
tinued. Removal to the altitude of 3400 m either aggravated the anemia
or produced no observavle changes in S0% of the animals. Only in 2
cases did we note an increase in hemoglobin percentage and erythrocyte
count., It would appear that this is the same unstable reaction (in tur-
tle No. 8, the increased hemoglobin percentage dropped sharoly after a
few days). As a result of a month-long sojourn (stepwise ascent tc al-
titude of 3400 m), 50% of the experimental animals developed severe an-
emla. In the others, the oxygen capacity of the blood either showed no
change or changed very insignificantly, chilefly downward.

TABLE 2

Change in Hemoglobin Conternt (in %) in Blood of
Turtles on "ascents" in low-pressure chamber

1 2 «Bucotm s
M wpe- & 2150 2150 3000 3000 3400 2150
amxn
| 3B-7 0 15 1011 16 6 6-8
2 28 25 25 25 0 24 —
3 8-40 a5 41 42 30 1] 21-22
4 | 58 3 Tloru6aa g aopare
5 25 -7 27 23 12 8-10 12 [ 10—12
6 16--20 18 17 10 7-8 67 16
7 26 - 30 20 24 24 26 —
8 35 3n—-32 21 2830 23 48 18
9 - 28 - 30 2) 10—11 10—12 12 =
10 42 30 2) 26 &) 37 28--30
11 27—-8 25 27-20 | 40-—42 28 24-26 14
12 | 3)--32 35 25 35 L MoriGna
13 — 3537 28 = 2 30--32 —
32 k]| 27 32 28 26 22
‘ 27 25 2) 10 [} 9 93

Note. The trlangle denotes average figures
for the hemoglobin content in the blood of ani-



mals Nos. 1, 5, 6 and 9, while the circle pre-
cedes the averages for animals Nos. 2, 3, 7,
10, 11, 12 and 13.

1) Turtle No.;2)"altitude" in m; 3) died ir tran-
sit; 4) died.
TABLE 3

Change in Erythrocyte Count (in thou-
sands) in Turtles on “"Ascents" in low-
Pressure Chamber

1 2 dmsemea
% wne-
e » peres povs e
10 4350 100 120
; gﬂ) 70 450 N
3 ) 40 @00 20
4 450 3 1 refm 3 popore
] K ) %0 23 2%
(3 310 260 160 110
7 539 480 30 0
8 49) 40 490 730
9 0 M0 180 260
10 760 4% §io 0
1" 460 0 760 490
12 M 550 o0 TlornBan
13 = 40 1) L 5m
& 560 430 50 420
® 420 % 180 180

Note. The triangle denotes aver-
aged Tigures for the hemoglobin [sic]
content in the blood of animals No. 1,
5, 6 and 9, while the circle precedes
those figures for animais Nos. 2, 3,
7, 10, 11, 12 and 13.

1) Turtle No.; 2) "altitude" in m; 3)
died in transit; 4) died.

AAnA AN,
Respiration curves for racer No. 6. a) At altitude of 2150 m; b) at al-
titude of 3000 m; time marker - 5 sec.

Nor was any adaptive reaction o served in respiration. Turtles
normally breathe periodically and nonuniformly, and it is difficult to
take respiration-pattern changes into account at an altitude of 3000 m.

Ivanov (1955) noted some change in respiration in turtles only at
an "altitude" of 8000-10,000 m, while Al't'land and Parker (1955) ob-
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served distinct chonges in the rnature of the respliratory curve on ad-
minictration of a gas mixture contalning only % of cxyrm n., In our «7z-
periments, 4 animals out of 12 showed a certain speedup in the respira-
tory movements, rut at the same time 2 of them showed clower and ancothi-
er shallower respiration.

In the racers (Zamenis gemonensis), residence at an altitude of
2100 m produces no changes In the nature of respira'ic:.. When tne alti-
tude 18 increased to 3000 m, the animals react with a ‘ertain increase
in respiratory frequency (see Figure).

In the frogs (Rana esculenta), neither an increase 'r. the oxyzen
capacity of the tlood (according to erythrocyte count and nemozlotin
content) nor a resplratory reaction was observed at alftitudes of 2150

and 3000 m.

2
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INFLUENCE OF HYPOXIA ON THE CONDITIONED REFLEXES OF FISH
T.A. Aref'yeva
(Kiev)

It was established as a result of the researches of N.N. Sirotinin
that the sensitivity of the organism to hypoxlia increases as the organ-
ization of the central nervous system becomes more complex, and that
the lower vertebrates are less senslitive to oxygen insufficiency tha-
the higher vertebrates.

It 1s interesting to conslder the effect of hypoxia on the func-
tional state of the central nervous system — the system most sensitive
to unfavorable disturbances of all kinds. In the literatiure avallatvle
to us, we have not been able to find information concerning the infiu-
ence of hypoxla 1in an aquatic medium on the functlonal state c¢f the
lower vertebrate central nervous system, particularly in fish, and
hence made it the objective of the present work to investigate the in-
fluence of hypoxia on conditioned-reflex activity in fish.

METHOD

The experiments made use of goldfish (Carassius auratus L.) up to
10-15 cm in length. A system of positive and negative food-acquisition
conditioned reflexes was developed by the technique of N.V. Prazdnikova
(1953). On the conditioned signal, the fish would swim over to a glass
bead and hold it, after which the reflexes were reinforced with focod.

A beam of colored light from a small electric rtulb situated at a dis-
tance of 10-15 cm above the aquarium provided the conditioned light
stimuli. The second conditioned stimulus was an electric bell mounted
on the wall of the aquarium. The positive conditicned reflexes were de-
veloped to red light and the bell, and the negative reflexes to yellow

light.
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For variceus reasons, we were unatle ¢ uce the technique cmployis
in the studies of varlous authors for creating hypoxlc conditionz in
water (Vintershteyn, 1908) by passing hydrogen or nitrogen throuzh tLhe
water. We were unable to lower the oxygen content to below 1 cm;/liter
bty tolling the water to drive oxygen out of it, a fact not altogether
satisfactory as regards the conditions of the experiment.

Studies of the conditioned reflexes of the fish were carried out
in a lo. -pressure chamber for the first series, "raising" the aquarium
with the fish to definite altitudes. "Elevations" to altitudes of 2000,
3000, 4000, 5000 and 6000 m were used (the respective partial oxygen
pressures at these altitudes were 125, 110, 98, 86, and 74 mm hz). The
exposure to each of these altitudes was 30 minutes.

In the second series of experiments, hypoxic conditions were set
up in the water by placing the aguarium, which contained 15 liters of
water heated to 30-500 C, In a low-pressure chamber under an atmospheric
pressure corresponding to an "altitude" of 1500 m. The water was held
at this atmospheric pressure for a definite period of time (up to 60
min) and vaseline oill poured in in an amount suffieient to form a layer
up to 2-2.5 cm thick. When the surface of the water aad been uniformly
and completely covered by the layer of vaseline o0il, we restored the at-
mospherlc pressure in the low-pressure chamber to normal. A wire screen
was placed under the o1l film to prevent the fish from swallowing oil
in their asphyxia. The content of oxygen dissolved in the water was de-
termined by the Winkler method, and in cases in which the .ater con-
talned 2 large amount of organic matter by the Rideal-Styuart method.
At this point the fish were put into this wat:r. They stayed there for
10 min, following which thelr conditioned-reilex activity was studled.

Four goldfish (Carassium auratus L.), Nos. 1, 4, 5, and &, were
used in the first series of experiments. "Ascents' were to altitudes
of 2000 and 3000 m, 4000, 5000 and 6000 m.

At the altitude of 2000 m, the fish showed both normal and dis-
turbed conditioned-reflex activity. No disturban to conditioned-re-
flex activity were observed in fish No. 4. In fish Nos. 1, 5 and 8, we
noted a disturbance of conditioned-reflex activity manifesting in non-

performance of conditioned-reflex reactions. Not all of the conditioned 'i
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rtimull used in the experiment produced conditioned-reflex rssponse re-
actions, as will be seen from the notes from the experiment of 28 Sep-
tember 1955 on {.sh No. 5 (see table ).Of the 7 positive conditioned
signals used, condition reflexes were obtained only with 3; disinhibi-
tion of differentiation was not observed.

Oomission of conditioned reflexes to the light and bell was also
observed in Fish No, 1 at an altitude of 2000 m. Of the five positive
conditioned stimull employed, a conditioned reflex was obtained to two
(red light and bell).

In fish No. 8, there was no reflex to the bell at an altitude of
2000 m. The oxygen content in the water was 2.5 cm3/11ter.

Differentiation was not disturbed in the experimental fish at an
altitude of 2000 m. At 3000 m, complete absence of conditioned re-
flexes (fish No. 1) was cbserved together with a drop in the percentage
of positive responses.

On ascent to altitudes of 2000m and 3000m, the fish became some-
what, excited. They swam faster, and 1t was noticed in many cases that
they were "swimming" at almost the same position, frequently butting
their noses against the wall of the aquarium, with an oscillatory move-
ment of the body. An increase in the number of between-signal responses
was noted. When they were "elevated" to higher altitudes (4000, 5000,
and 6000 m), the fish tended to lose equilibration, swimming only with
difficulty. There were no conditioned reflexes in evidence at this
time.

On investigating the oxygen content in water that had been at al-
titudes of 2000-6000 m for 30 minutes, we were unable to detect any
significant drop in this content. The initial water had contained 3.5-
5 cm3/11ter of oxygen at a temperature of 20-22° C. In water in which
hypoxic conditions had been created by the technique described, the
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Record of Experiment of 28 September 1955. Fish

No. 5
n;zi -—:T Sageane- '
b, K ) o i -J‘ -nnu- 5 Tpumswunse
1 : _ Y

Kpacoull caer + 4 + }l.. d—-—.—
&-nadynqze' + 2 + lﬁ:gnn-n'ur
Mc:'r"lg = : "3
Mmss = - l%-'ll-l! pees-
xummaﬁ:; 10 - -

3unnaubuﬁp8 o+ 2 + 9 _
Kpecnud caer 10 - - Mﬂ:rnun-npam

1) Conditioned stimulus; 2) presence of conditioned reflex; 3) time of
conditioned reflex; 4) unconditioned reinforcement; 5) remarks; 6) red
light; 7) numerous between-signal reactions; 8) vibrator bell; 9) be-
tween-signal redctions; 10) yellow light.

oxygen content in one liter of water did not drop below 1.7 cm3. With
the experiment set up in this way, the conditicned-reflex activity
could change either as a result of hypoxia or as a result of the change
in hydrostatic pressure. To differentiate between the effects of these
factors, hypoxic conditions were created in an aquatic medium in ad-
vance (second series of experiments).

The conditioned-reflex activity of three goldfish was studied in
water having an oxygen content of 3.3 to 0.22 cm3/11ter. No changes
were observed in the conditioned reflex activity of the fish in water
having oxygen contents of 3.3-1.0 cm3/11ter. Signs of disturbance to
their conditioned-reflex activity were observed at higher degrees of
hypoxia, when the oxygen content in the water was lowered below 1 cm3/
/liter.

Fish No. 1 showed disturbance of its conditioned reflexes at an

3 {n 1 1iter of water (see table). In this ex-

oxygen content of 0.5 cm
periment, we noted the presence of two positive conditioned responses
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to the 4 st mull employed. The motor activity of the fish showed no in-
crease here,

In another experiment with the same oxygen content in the water
(0.5 cm3/11ter), we obtained identical data. The disturbance of condi-
tioned reflex activity was more pranounced in fish No. 4 at the same
oxygen content. Of the 5 positive conditioned stimull used, only one
(red 1ight) produced a conditioned reflex. This fish entered asphyxia —
it would rise frequently to the upper layers of the water. Its general
state was characterized by excitability higher than normal.

Total absence of conditioned reflexes was observed in two experi-
ments with fish No. 8 in which the water had oxygen contents of 0.6 and
0.5 cm3/11ter.

At an oxygen content of 0.22-0.29 cm3

in 1 liter of water, there
were no conditioned reflexes from any of the experimental fish. The
fish swam up to the top layers of the water and swallowed water from
Just under the screen. If the screen was removed, they swam up to the
oil film and swallowed small portions of 1it.

Spasmodic movements of the tody, alternating with total immobility,
were noted in fish No. 1 at an oxygen content of 0.22 cm3/11ter. It
hung close to the screen at all times and swallowed water from the top
layers. There were no conditioned reflexes.

It follows from the data given above that a disturbance to condi-
tioned-reflex activity is noted in fish at oxygen contents below 1 cmj/
/liter. The initial phase of the disturbances manifests in a drop in
conditioned reflex activity, failure to produce specific conditioned-
reflex responses to conditioned stimuli. Some of the fish showed no
conditioned reflexes even when the oxygen content was lowered to 0.5
cm3/11ter. The higher degree of hypoxia between 0.3 and 0.22 cm3/11ter

and below tnis range produces complete disruption of conditioned reflex
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activity in all of the fish.
DISCUSSION OF EXPERIMENTAL DATA

It has been established that the lower vertebrates are signifi-
cantly more resistant to hypoxia than the higher ones. Toads withcstand
a drop in atmospheric pressure to 80 mm hg for several hours. Goldfich
begin to perish when they are "elevated" in the aquarium to an atmo-
gpheric-pressure of 60 mm hg (N.N. Sirotinin, 1951). Asphyxia is ob-
served in fish at oxygen contents of 0.4-0.5 cm3/11ter (Vintershteyn,
1908). The oxygen threshold for trout is 1.26 mg/liter (Mints, 1954),
According to Khlopin, Nikitin and Kuptsis, fish cannot exist in water
containing less than 1 cm3/11ter of oxygen. Water containing less than
3.5 cm3/11ter of oxygen 1s not a suitable habitat for trout (Koenig,
1954). Data on the oxygen threshold for fish are contradictory, a fact
possibly to be accounted for by the ecological peculiarities of the
fish studied. Literature data on conditioned reflex activity in lower
verteorates under conditions of hypoxia are totally nonexistent, al-
though numerous papers are accessible on the changes in the basic ner-
vous processes — stimulation and inhibition — in oxygen insufficiency
in higher vertebrates (Sirotinin, 1939; Lifshits, 1949, Kolchinskaya,
1953 and othe:s).

In the experiments conducted, oxygen deficiency in the water
caused an intensification of motor activity in the fish; they swam
restlessly and rose to the upper layers of the water. In a number of
cases of severe hypoxia, we noted that the fish were moving from side
to side in a spasmodic manner. Thig state alternated with total immob-
1lity. A certain intensification of the excitation process could also
bve noted in studying the conditioried reflex activity (the number of be-
tween-signal reactions increased).

On the basis of the data compiled from two series cf experiments,

- 30 -




it can be noted that a change in hydrostatic pressure has a stronger
effect on the conditioned reflex activity of fish than does oxygen ir.-
sufficiency. Conditioned reflex activity was disturbed when the oxygen
content was adequate (quantity not allowed to drop below 1.7 ml/bm3)

but the hydrostatic pressure was left unchanged ("altitudes" of 2000
and 3000 m in the low-pressure chamber). In the subsequent series of
experiments, conditioned reflexes were disturbed under considerably
deeper hypoxia. In the series of experiments in which hypoxia was es-
tablished in the water in advence, it was established that the fish

show conditioned reflexes at a much deeper stage of oxygen insufficien-
cy — when the oxygen content in the witer is below 1 cm3/11ter. Partial
disruption of conditioned reflex activity manifested in a lower percen-
tage of positive reactions. Conditioned reflexes were totally absent
when the oxygen content was lowered to 0.3-0,22 cm3/11ter. Distinct
asphyxla was observed in the fish during this time: they swam up to the
upper layers of the water and made deglutitory motions. This oxygen con-

tent represents the lower threshold and borders on the concentrations

lethal for fish.
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'THE ELECTROCARDIOGRAM OF THE RACER UNDER NORMAL CONDITIONS
AND IN HYPOXIA
V.I. Deanilenko
(X1ev)
Our observations were made on 10 full-grown racers, Coluber jugu-
laris and Ptyas mucosus, with body lengths ranging from 140 to 191 cm.

The electrocardiogram was registered in lead three, using a VEKS-
0l vector electrocardioscope on animals in the normal gaseous medium
and in rarefied media corresponding to altitudes of 3000, 6000, 9000

and 12,000 m. The temperature of the air surrounding the animals reached
17-18° c.

The animals, which were taped to the machine, occupied a horizon-
tal attitude in the first series of experiments, while in the second
series they were held in a vertical position. The prevailing conditions
were such that the activity of the animals' cardiovasculqr systems was
rendered difficult by the unfavorable position of the body relative to

the gravity vector and the resuiting hydrostatic pressure differences
that appeared in the circulatory system.

Since no essential differences were noted betwe.n the EKG's of
these two specles of reptiles, the data obtalned are collected in a
single table.

Below we present the initiel data characterizing the electrocar-
d.ograms of the racers as reglstered 20 min after the animals had been
fixed: the R-R interval is 2.49 + 0.22 sec,_which corresponds to a
pulse frequency of 24 beats per minute; P-Q 1s 0.40 + 0.09 sec, QRS is
0.15 + 0.03 sec, and Q-T is 0.98 + 0.20 sec. The P deflection in nine

animals out of ten was negative énd equal to 0.20 + 0.09 mv; a positive
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P deflection was registered in one case (0.14 mv). The R deflection
reached 1.19 + 0,20 mv, and T was positive in all cases at 0.29 + 0,12
mv (see table). (

When the atmosphere was rarefied to the extent corresponding to
3000 m, we noted a 13.7% acceleration in the R-R intervals, and an in-
crease in the variabllity coefficient of the figures characterizing P-Q,
the EKG segment and the amplitude of the T-wave. The length of the @-T
intervals and the variabllity of the amplitudes of the P and R deflec-
tions diminished by 10.2%, but the average values of these waves did
not change. When the gaseous medium was rarefied to the level corres-
ponding to an "altitude" of 6000 m, the duration of the R-R intervals
came to 89.1% of the initial value. The P-Q interval increased by 5%
and the QRS interval by 13.3. The voltage of the R deflections dropped
by 7.6%; in two cases, negative T-waves were produced.

The changes in the EKG's of the racers became more distinct as the
rarefaction of the gaseous medium in which they were situated was deep-
ened. Toward the end of a sixty-minute sojourn in the rarefied atmos-
phere corresponding to the "altitude" of 12,000 m, the R-R, P-Q and Q-T
intervals had been shortenéd by 21.5, 22.2, and 16.3%, respectively.

The QRS interval had increased by 26.7%. The voltage of the R wave
dropped by 16.8¥4. The positive and negative T-waves became higher
(deeper). |

Immediately after the animals had been returned to the normal gas-
eous medium, the most substantial changes were noted in the sizes of
the R-deflections as compared with the level registered at the end of
the "plateau;" at the "altitude" of 12,000 m, it had increased by 16.1%.
All of the T-waves became positive. The shifts in the remaining ele-

ments of the EKG were lese pronounced.

A N
wiem?

Under the physical load to which the cardiovascular systems of the
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racers were subjected after they had been fixed 1n the vertical posi-
tion, the reaction to hypcxia became even more pronounced. In the rare-
fied atmosphere corresponding tc the 3000-m altitude, the R-R and Q-T
intervals were shortened by 8.2 and 3.4%, the P-Q interval increased by
28.6% and the QRS showed no change. The voltage of the R-waves dropped
by 5.3%. The voltage of the P- and T-waves also changed.

Three of the racers did not adjust to the conditions of tlic exper-
iment. Thils conclusion was drawn on the basis of the manifest bradycar-
dia (pulse slower than 10 beats per minute) and pathological changes in
certain elements of the EKG (splitting of the R-wave, a considerable
increase in the voltage of the T-waves, which differed in magnitude
from the deflections on the EKG's of the other animals, and, finally,

the appearance of a monophase curve instead of the RQST complex).

Electrocardiogram of animal No. 6. On the left: EKG reglstration of an-
imal when sublected to rarefied atmosphere 1n horizontal position; on
the right: same, vertical position. a) EKG before experiment, 15 min
after fixing animal on bench; b) after 5 minutes of residence at "alti-
tude" of 3000 m; c) at "altitude" of 6000 m; d) 9000 m; e) 12,000 m,
immediately after "ascent;" f) 12,000 m, after 30 min; g) 12,000 m, af-
ter 60 min; h) immediately after return to normal atmosphere. Calibra-
t%on and sweep speed are indicated at the upper left corner. 1) 1 mv;

2) 0.5 sec.
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It would hardly be advisable Lo average the results of the ovzer/-
ations made on animals that did not respond well to the conditions of
the experiment and were apparently in a preterminal state, since theczc
data are so widely scattered. For example, in the orthostatic position,
even in the normal atmosphere the amplitude of the R-waves came to 1.7,
2.0 and 3.4 mv in three different animals, while the T-waves were —0.29,
-0.96 and -0.86 mv, and so forth. In view of this, the table presents
data from the EKG's of those animals that withstood the experimental
conditiors satisfactorily.

The electrocardiogram of one of these ainimals 1s shown in the fig-
ure,

CONCLUSIONS

l. The data set forth in this paper give an idea of the basic ele-
ments of the electrocardiograms of Coluber Jjugularis and Pitas mucosus.

2+ A drop in barometric pressure causes no funct onal disturbances
in the cardiovascular system as long as it is possible to avold the ef-
fects of hypoxla or dysbarism.

3. Analysis of the data that we obtalned indicates that the racers
show, together with a distinct stability with respect to conslderable
lowering of the oxygen partial pressure in the insplired air, certailn
statistically dependable changes In the electrocardicgram, even when
the gaseous medium is rarefled to the degree corresponding to an alti-
tude of 3000 m (shortening of the ventricular §-T complex and the R-R
interval, drop in amplitude of T-waves, and so forth).

4, Use of the physical-load technique under the conditicns of hy-
poxia makes 1t possible to obtaln a wide variety of changes in the

electrocardiogram.
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COMPARATIVE-PHYSIOLOGICAL FTATURES OF HEMATOGENETIC FUNCTION
IN ANIMALS UNL..i THE CONDITIONS OF
THE HIGH MOUNTAIN CLIMATE
N.M. Shumitskaya
(Kiev)
One of the most prominent adaptive reactions of animals and man in
the mechanism of adaptation to hypoxic corliditions is hematogenesis. The

question as to what constitutes the hematogenetic reaction in higher

"vertebrates and man under the conditions of depressed oxygen partial

pressure in the inspired air has been treated in rather complete detail
in the literature.

Apart from an incrcase in the hemoglobin content and erythrocyte
in the peripheral blood, we may draw reliable conclusims as to the
bone marrow function under hypoxic conditions from the number and ma-
turity of reticulocytes, which represent an early stage in the develop-
ment of erythrocytes from nuclear normoblasts.

According to Zeyfart {1927), Marchevskiy (1934), Dabin (1934),
Kozlovskaya and Kryukovaya (1934), Faynberg (1937), Gordon and Kleyn-
berg (1937), Kudrin (1940), Sokolov (1940, 1941, 1944, 1946) and Bel-
ler (1958), humens, other mammals and birds show an increase in reticu-
locyte content together with the increases in erythrocvte count and he-
moglobin content as a result of extended residence in a low-pressure
chamber - 6-15 days at an "altitude" of 5-8 thousand meters.

These changes in the number of reticulocytes in hypoxia manifect
even more clearly under the conditions of the high-mountain climate
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(Barkroft, 1925, 1927; Vylegzhanin, 1933, 1937; Geyl'meyer, Reknagel’,
Al'bus, 1933; Gerke, 1935; Tal'bot, 1936).

Thus, while the problem of the active-adaptation mechanism for dc-
pressed partial oxygen pressure in the inspired air in mountains and
under the conditions of the low-pressure chamber has been solved for
the higher vertebrates and man, the question as to whether the lower
vertebrates have analogous adaptive reactions to hypoxia on the part of
the hematogenetic function 1s far from finally answered.

The present report gives only part of the data collected in a com-
plex project carried out by staff members of the Laboratory of Compara-
tive and Developmental Physiology of the Physlology Institute named for
A.A. Bogomolets, Academy of 3ciences Ukrainian SSR, a study devoted to
the comparative-physiological study of the effect of hypoxia on the an-
imal organism.

Data were obtained under laboratory conditions at Kiev (initial
data) and during four expeditions to Mount El'brus, which were organ-
1zed by the Institute of Physiology named for A.A. Bogomolets, Academy
of Sclences Ukrainian SSR and implemented under the leadership of Ac-
tive Member of tle Academy of Medical Sciences USSR Prof. N.N. Sirotinin
in the years 1955, 1956, 1957 and 1959.

METHOD

Preference was given to adult representatives of various classes
of animals in this investigation. The exceptions were ducklings and
chicks 2-3 months old.

Amphibians:
a) Pond frogs (Rana esculenta) 7 specimens
b) Grass frogs (Rana temporaria) 11 specimens
Reptiles:
a) Common grass snakes (Tropidontus natrix) 2 specimens Q%
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b) Pond turtles (Emys europaea) 13 specimens

Birds:
a) Leghorn chickens 5 specimens
b) Geese 10 specimens
c) Ducks 7 specimens
d) Turkeys 9 specimens
e) Ducklings 7 specimens
f) Chicks 7 specimens
Mammals:
Orders:
1) Rodents: a) White laboratory mice 18 specimens
b) Hamsters (Cricetus cricetus) 5 specimens

c) Spotted gophers (Citellus citellus) 5 specimens

2) Carnivores:

a) Domestic cats 5 specimens

b) Mongrel dogs ' 10 specimens

c) Himalayan bear (Ursus tibetanus) 1 specimen
Total: 122 specimens

In addition to the above, 36 human individuals were studied. Of
these, four were Juveniles aged 13-17 years.

For all of the above-listed representatives of the animal world,
dynamic studies were made on smears of peripheral blood to find the
reticulocyte count in terms of 1000 erythrocytes. A blood analysis was
run in Kiev prior to the expedition, at normal atmospheric pressure
(58 m above sea level) and others during the expedition to El'brus: at
Terskol (altitude 2000 m) on the 2nd or 10th day of the sojourn in the
mountains, at Novyy Krugozor (altitude 3000 m) on the 9th-13th days,
at Piket "105" (altitude 3400 m) and at Ledovaya Baza (altitude 3700 m)
on the 13th-16th days of the expedition.

During the 1655-1957 expeditions, some of the animals and some of
the expedition members were studied at Priyut-11 at an altitude of
4200 m above sea level, on the 17th-19th days of the stay in the moun-
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tains.
The technique used in taking blood samples and preparing thc
smears for counting the reticulocytes was that generally accepted in

practice.

Change in Number of Reticulocytes in Peripher-
al Blood in Representatives of Various Classes
of Animals and Man at Various Altitudes on El'-

brus
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1) Species of animal; 2) Kiev (average data); ?) %; 4) Terskol, 2000 m
(2nd day); 5) Novyy Krugozor, 3000 m (10th day); 5 Ledovaya Baza,
3700 m (13th day); 7) Priyet-11, 4200 m [I9th day); frogs; 9) pond; 10)
grass; 11) grass snakes; 12) turtles; 13) chickens; 14) ducks; 15) tur-
kevs; 16) chicks; 17) geese; 18; ducklings; 19) hamsters; 20) mice; 21)
gophers; 22) dogs; 23) cats; 24) bear; 25) adult humans; 26) juveniles.
The studies that we conducted showed that the ability of the or-
ganism to adapt under conditions of reduced oxygen partial pressure in
the air inspired in the mountains 1s not manifest to the same degree in
representatives of the varlous classes of vertebrates — the amphibians
(pond and grass frogs), reptiles (grass snakes and turtles), birds
(chickens, ducks, geese, turkeys, chicks and ducklings) and in the mam-
mals (mice, hamsters, gophers, cats, dogs and bears), as well as in the
adult and Juvenile humans. It depends not so much on the altitude of

the ascent, the rarefaction of the atmosphere, or the time of residence
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under hypoxic conditions as on the species of the animal and the level
of its organization in the comparative-physiological plan.

In the amphibians (grass frogs), we did not succeed in discerning
any active adaptation of the organism to the hypoxia by way of hemato-
genesis, in the form of an increase in the number of reticulocytes in
the peripheral blood.

The slight increase in the number of reticulocytes observed at
Terskol (2000 m above sea level) in some of the water frogs 1is more
probably a result of thickening of the blood due to drying of the skin

under the stiff breezes and strong sunlight that prevall in the moun-
tains at these altitudes (see Table and Figure).
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Dynamics of change in number of reticulocytes in peripheral blood of
animals of varlous groups in the mountains: average data on the number
of reticulocytes are plotted along the vertical in percent of the ini-
tial values; on the horizontal axis we present: a) The initial data
(Kiev, 58 m5; b) Terskol, 2000 m (second day); c¢) Novyy Krugozor,

3000 m &tenth day); d) Piket-"105," 3400 m (15th day) 5 e) Ledovaya Baza,

3700 m (16th-18th days). 1) Amphiblans 2) reptIles; 3) birds; 4) mam-
mals.

The results that we obtalned from investigations on the frogs dis-
agree with the data of Ivanov (1955, 1958), but are in agreement with
the material compiled by Bonne (1929), Sokolov (1940, 1941), Barbashova

(1941) and Sirotinin (1949). The results of our experiments tend to
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confirm Sokolov's opinion (1940) to the effect that amphibians do nct
have a blood depot or show true hematopolesis in response to oxygen
starvation.

Among the reptiles (grass snakes and turtles), our experiments
showed an adaptive reaction of the organism to hypoxia - albeit not in
all cases and not distinctly manifested — in the form of an increase
in the number of reticulocytes in the peripheral blood as the elevaticn
was increased to 2000, 3000, and 3700 m above sea level. Among the
grass snakes, this proliferation of reticulocytes was more regular,
thus supporting the viewpoint of K.N. Sirotinin (1951) that grass
snakes, as representatives of the reptile group, already show a certailn
amount of adaptation to lowered oxygen partial pressure in the inspired
alr due to an increase in the oxydation surface of the blood.

Most of the turtles used in our experimePts did exhibit a dis-
tinctly manifest additive reaction by the red blood in the form of an
increased reticulocyte count with increasing time of residence 1n a
rarefied atmosphere at various altitudes on El'brus . Some of the ani-
mals showed an™unstable” or "indistinct" reaction followed by a drop
in the number of reticulocytes in the blood to a count below the ini-
tial count.

Among the representatives of the birds, we begln to note a dis=-
tinct adaptive capacity of the organism that acclimates 1t to hypoxic
conditions. It 1s characterized by a significant increase in the retic-
ulocyte count in the peripheral blood, beginning with the 2nd day of
the sojourn at the 2000-meter altitude and contlnues to develop with
increasing altitude, increasing rarefaction of the air, and increasing
time of residence under these conditlons.

The capacity for active adaptation to the conditions of hypoxia
comes particularly sharply to the fore in the higher mammals and par-
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ticularly in man. This is manifested in the fact that a significant in-
crease in the number of erythrocytes in the peripheral blood has taken
place at an altitude of 2000 m above sea level, and, moreover, a left
shift in the reticulocyte formula is noted at an altitude of 3000 m or
higher even on the 9th-17th days of the mountain sojourn. In particular,
not only do the numbers of preexisting group III and IV reticulocytes
increase substantially in the peripheral blood, but the reticulocyte
group II even makes its appearance as a function of the maturity stage
of the latter (data from experiments on mice). All of this indicates a
genuine stimulation of hematopolesis (stimulation of the bone marrow)
in mammals and man at these altitudes.

The research results that we have obtained confirm those of N.N.
Sirotinin (1940, 1949, 1951, 1955) in indicating differing sensitivi-
ties to oxygen starvation for animals standing at different levels of
the evolutionary ladder, and, as a function of this, differing degrees
of development of the hypoxic active adaptation mechanisms among them.
CONCLUSIONS

1. Among representatives of the various classes of vertebrates -
amphibia (frogs), reptiles (grass snakes, turtles), birds (chickens,
ducks, turkeys chicks, ducklings) and mammals (mice, hamsters, gophersz,
cats, dogs, bears) and also in juvenile and adult human beings, all of
which have attalned different levels on the evolutionary ladder, the
abllity of the organism to adapt to conditions of depressed oxygen par-
tial pressure 1n the insplired air in the mountains 1s expressed to dif-
ferent degrees. It depends on the specles of the animal and the level
of its organization.

2. The criterla for active adaptation to hypoxia on the part of
the hematogenetic functlion as seen 1n changes in the number of reticu-
locytes 1n the peripheral blood are not observed in amphiblians and be-
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gin to make their appearance only in the reptiles (grass snakes, tur-
tles).

3. The capacity for acclimatization to the conditions of hypoxia
are manifested particularly clearly in the higher mammals and chiefly

in man.




ON THE ROLE OF THE AGE FACTOR IN THE ORGANISM'S REACTION
TO HYPOXIA
N.V. Lauer
(Kiev)

Despite the research effort of comparatively long standing on the
subject of hypoxia, age-related pecullarities of hypoxic states have
been given little attention. Meanwhile, resolution of a number of as-
pects of this problem has acquired particularly urgent importarce for
prevention and elimination of oxygen deficlency due to various causes
in the clinical treatment of numerous human disorders arising from the
time of birth to extreme senility.

The complexity of this important problem is obvious. On the one
hand, evaluation of pathological hypoxic states at any age must be
based on proper understanding of the state and of the development of
the organism itself, 1its various systems, its cell and molecular struc-
tures, the physiological peculiarlt;es of the organs and of the regu-
latory mechanisms, the enzyme systems, the blochemical and other proces-
ses taking place in them. On even cursory examination of the tremendous
distance covered by the mammalian organism, and by man in particular,
from the time of its birth to extreme senility, it becomes obvious that
complex interrelationships between the organism and its environment un-
dergo changes in the process of individual development, each of them an
expression of physiologlical features peculiar to its own ontogenetic
stage.

On the other hand, the physiological features of an age level are
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directly related to the species of the animal, to the time required {or
its embryonic development and life cycl~s, and to the rate at which th-
organism forms before and after birth. These age factors also depend on
the maturity of the organism at the time of birth, on the Eomplexity of
the nervous system of full-grown specimens and on many other factors.
This 1s why, even though a large amount of factual material on oxygen
deficiency, on the states of functional systems and metabclism at early
stages of ontogenesis has been collected and the progressive develop-
ment of these stages to the mature state and the changes that take
place 1in old age have been traced, ther. still remain open many ques-
tions concerning the age peculiarities of the physiology and pathophys-
1ology of hypoxic states, further study of which 1s urgently required.
In evaluating the various phenomena related to the age peculiari-
ties of hypoxic states, the situation as to early postnatal ontogenesis,
during the short time when the response of the organism to oxygen in-
sufficiency changes more than 1t does over a number of years in the
adult state, 18 most open for discussion. Inadequate attention 1s again
given to the fact that during the newborn phase, the specific peculiar-
ities of the reactions to hypoxia are expressed considerably more dis-
tinctly than in maturity. ,
One of the most expressive over-all indicators of ecuilibrium be-
tween the organism and its environment 1is its ability to survive, 1its
viability, under a given set of conditions. When we examine the changes
in the resistance of an organism to hypoxia from the time of 1ts birth
to its 0ld age, we are struck by the fact that newborn animals are dis-
tinguished by a special ability to withstand extremely severe degrees
of oxygen insufficiency. Thus, for example, baby chicks survive 45 min-
utes in a nitrogen or at an altitude of 30 thousand meters, and puppies

at 17 thousand meters; at birth, human bables survive when totally cut
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off Irom oxygen supplies for 15-20 min, i.e., a degree 0! oxygen 1nsuf-
ficlency absclutely lethal to adults.

Thereafter, the resistance of the organism declines progrescsively
and settles at the level shown by the adults after an ontogenetic per-
1od that differs for each species. In pupples, resistance to hypoxia
reaches the adult level at approximately 3-4 months. This does not,
however, represent a linear progression, aad certain age periods can be
distinguished throughout the life of the organism - phases character-
ized by elevated sensitivity and lowered resistance to hypoxia.

One such perlod is that of puberty, which is highly complex as re-
gards functional readjustments of the nervous and endocrine systems,
the cardiac activity and resplration, and the emergence of a fine neu-
rohumoral regulation of the functions (A.Z. Kolchinskaya).

Another age phase 1n the life of the organism that is character-
ized by definite anatomical-physiological changes in the respiratocry
apparatus, the heart and blood vessels, by a simplification and "coars-
ening" of differentiated structures, a lowering of sensitivity to ner-
vous 1rritants, and limitation of the functional possibllities is old
age. In old age, the resistance of the organism to oxygen insufficiency
drops and the "altitude ceiling" is lowered. Data on peculiar features
of reactions to hypoxia 1n the aged organism are presented in this col-
lection, in th=: papers by A.Z. Kolchinskaya and M.M. Seredenko.

It 1is a well known fact that the higher divislions of the brain are
most sensitive to cxygen insufficlency. Research conducted by A.Z. Kol-
chinskaya has shown that 1n Juveniles and aged persons, disturbances to
the higher nervous activity - softening of reflexes, an increase in the
latent perind and disinhibition of differentiation intervene under al-
pine conditions at lower altitudes than in children or adults. Data on
disturbances to higher nervous activity represent objective indices to
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the behavior of the organ!im under hyvoiila as it varles durlng thecc
age periods.

Unfortunately, the question as to the influence exerted by oxygen
insufficiency oh the basic riervous processes in newborn children has
not yet been studied at all. It would be particularly interesting to
study the earlist conditioned reflexes, which, according tc a sugges-
tion from V.A. Trochikhin, may be completed at this state of ontogene-
sis not in the cortéx, but at some lower level.

Naturally, the resistance of an intact organism to hypoxia at vare
ious stages in ontogenesis 1s governed by a combination of many differ-
ent factors. During the process of evolution, the higher mammals have
developed reflex adeptatlve mechanisms, which are mobilized under con-
ditionr of oxygen insufficiercy to supply the tissues and organs with
oxygen at a level adequate to thelr needs. The function of external
respiration, the circulatory system and the blood-forming system, which
are regulated by central nervous mechanisms, support this complex pro-
cess.

In the éarly stages of ontogenesis, the reactions to hypoxia on
the part of the cardiovascular system, the respiratory organs and the
blood differ from the corresponding reactions during other age periodas.

In full-grown individuals suffering from acute hypoxia, an in-
crease in the oxygen capacity of the hlood due to redistribution of de-
pot blood represents an excellent dlagnostic index to the organism's
ability to adapt to this disturbance.

In the newborn, an increase in the number of erythrocytes and the
amount of hemoglobin is either not observed at al} or very weakly man!-
fest even at severe leveic of hypoxis (N.V. Lauer, Yu.F. Dombrovskaya,
L.I. Radchenko, Yu.V. Semenov). Using an x-ray technigue in combiratien
with the injection of contrast agents, it has been established that the
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contraction reaction of the spleen to oxygen 1insufficiency in infants
has a long latent time and a high threshoid, intervening beyond the
"altitude celiing" of the adult animal, at approximately 13-14 thousand
meters (Lauer). Changes in the erythrograms of newborn ind{viduals un-
der the influence of hypoxia also have their own age-conditioned char-
acteristics (Semenov). It is possible that this results from the fact
that the blood of newborn individuals contains many erythrocytes of
extramedullar origin.

In prolongecd hypoxia, the reticulocyte and erythrocyte counts and
the amount of hemoglobin usually increase as a result of the stimulat-
ing influence cf oxygen Insufficlency on hematogenesis in the bone mar-
row. These indices show particularly distinct increases under thecon-
ditions of the high mountairs in chlldren of preschool and school age
(Kolchinskaya), while hypoxic hemopolesis 1s only weakly expressed in-
aged persons (Kolchinskaya, Seresdenko).

The still almost uninvestigated questlon as to the influence of
hypoxlia on the extramedullar hematopolesis 1s of great interest.

As life advances, the reactions to hypoxia on the part of the car-
diovascular system also undergo changes. However, there remains much to
be done in connection with this question. Thus, while the increase 1n
the per-minute volume of the heart in adults is one of the most indica-
tive adaptive reactions to hypoxia on the part of the cardlovascular
system, there are still no definite data on the change in this hemo-
dynamic phenomenon in hypoxia of premature infants. Starting from the
fact that, unlike full-grown individuals, pupples do not respond to hy-
poxia by accelerating thelr cardiac activity, but instead slow it down
(I.A. Archavskiy, L.A. Krasnovskaya, Lzuer, V.D. Rozanova), we might
assume that many hemodynamic reactions to hypoxia make their appearance
at a later phase of ontogeneslis. This is the more likely since the re-
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lationships of mutual subordination btetween the vagus and syst-mati-
nerve centers (0.A. Mikhaleva) and the tonlc influence of the vaguc
nerve centers on the heart (Arshavskiy) are not eséablished immedlately
after birth. .

In addition to ita underdeveloped reflex regulation, the heart is
distinguished in the newborn individual by resistance t., hypoxia,
strongly expressed automatism and the ability to resume its contras-
tions after prolonged stoppage (mlyabko, Andreyev et al.). In accord-
ance with thia, and on the basis of electrocardiography, the disrup-
tions of cardiac activity in hypoxia in newborn (rabbits) begin at more
severe levels of hypoxia than they do in full-grown animals (Lauer). A
fact of great diagnostic importance is that the changes that appear in
the EKG under the influence of oxygen insufficiency differ for the newe
born and adults (N.V. Lauer and M.M. Koganovskaya).

Among the age-conditioned features in the reaction of the heart,
our attention 1s attracted to the phase during which the organism ..r-
rives at sexual maturity. According to A.Z. Kolchinskaya, the heart be-
comes highly sensitive to oxygen insufficiency at this age; even at |
relatively moderate altitudes, Jjuveniles experience hypoxic tachycardia
with a more than 30% increase in pulse rate, while the electrocardio-
graphic changes are more distinct than in adults under the same condi-
tiona. The cardiovascular system is found to be particularly sensitive
to oxygen insufficiency in cid age (Seredenko, V.V. Frol'kis).

The ontogenetic development of the external respiratory adaptive
mechanisms 18 of great interest. In adults, compensation of oxygen in-
sufficiency in the inapired air aixd the effectiveness of adaptation de-
pend tto & major degree on the extent to which pulmonary ventilation 1s
increased. A rise in the MOD [Per-minute Respiratory Volume] is ob-
served very early. Thus, for example, it appears in dogs even when the
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oxygen content of the inspired air is lowered by 1-1.5% (Lauer, Kol-
chinskaya).

The external respiratory function is established as a gas-exchangc
function only afterbirth. At first, respiration i3 superficial, but
this is offset by its high frequency (Ketle, A.F. Tur, M.S. Maslov, I.
A. Arshavskiy, Yu.F. Dombrovskaya). In newborn and particularly in pre-
mature infants, the rhythm of respiration is easily disturbed and sup-
planted by periodic respiration (Denisova, Figurin et al.). Another un-
favorable factor 1s the ratio of the dead respiratory space to the res-
piratory volume, which is comparatively large at this age.

Under hypoxia, newborn individuals show a weak reaction in in-
creasing their pulmonary ventilation (Krasnovskaya, Mayatnikova, Lauer,
Rozanova). It has been established that the reaction of the respiratory
system to hypoxia is established at one year of age in infants and af-
ter 2.5-3 months in puppies (Krasnovskaya).

In addition, we note that in c:rtain species, for example, in baby
chicks (L.Ye. Pal'gova and V.I. Volobuyev, Adol'f and Khon) or rabbits
(Lauer, Adamson), respiration may become more frequent in hypoxia even
within the first few days after birth. However, these reactions are un-
statle and their comgensatory offect is negligible. It will be possible
to regard all of these problems as definitely resolved only when exact
nurierical data have been cbtained on the changes in pulmonary and alve-
olar ventilation in hypoxia.

In this connection, it 1s necessary to emphasize that it 1is not
only the existence of a reflex that is important, but also comparative
evaluatlon of 1its stabllity, persistence and the value of its mechanism
in adapting the organism to oxygen insufficiency.

In the light of data on the immatuiity of speclalized reflex mech-
anisms for adaptation to hypoxia and the instability of the vegetative-
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fun~tion regulation, the high resis tance to hypoxia of the automatlc
respiratory-center activity in the medulla oblongata and that of thc
vasomotor centzr (Lauer), which is quite distinct at this age, is of .
great importance for understanding the viability of newborr individualsg
under the conditions of acute hypoxia. Under a given set of h,poxic
conditions, the nerve centers in newborn individuals function 10-14

times as long as in adults (Kaba, Kaba and Deni, Lauer).

It 18 necessary to stress, however, that the organism gets through
prolonged oxygen inadequacy rather poorly at this early age, due to 1ite
anatomical -physioclogical peculiarities and the imperfect development of
1ts regulato y mechanisms.

During the first year of life, as we know, children are gravely
threatened by 1illnesses complicated by oxygen insufficlency. It is ob-
vious that in the newborn, even slight degrees of oxygen insufficlency
must be regarded as asphyxial, since the absence of a stable increase
in pulmonary ventilation contributs tc the accumulation of carbon diox-
ide in the blood.

For all ontogenetic stages with the exception of a short period
immedlately after birth, the increase in pulmonary ventilation 1s a
highly important mechanism for compensation and adaptation cf the or-
ganism to hypoxia. Among thz variocus forms of mammals, an increase in
the external respiratory functlion in hypoxia 1is observed more frequent-
ly than the reactlions on the part of other functional systems working
to transport oxygen.

As was shown by the investigstions of A.Z. Kolchinskaya, the in-
crease in ventllation during hypoxia in children takes place less ef-
ficiently than 1in adult¢s as a result of increased respiratory frequency,
despite the well-established reflex regulation. .

According to data unstability in individuals passing through pu-
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berty, the effectliveness of adaptation to hypoxla through the external
respiratory function 1s not as strongly expressed, a factor responsiblc
for the higher degree of undersaturation of the blood with oxygen as
compared to children and matue individuals under the same conditions
(Kolchinskaya). The nature of the change in the effectiveness of adap-
tation through external reepiration in old age, which 1s lower at this
time, 1s of great interest.

In the light of the problems under consideration, we may not omit
mention of varlous types of changes 1n metabollc processes during hy-
poxla as a unctlion of the organlsm's age. It 1s sufficient to note
that at minor and moderate degrees of hypoxlia, the consumption of oxy-
gen rises 1n mature animals and humans, a2s an effect of stress and am-
plification of many functions, chlefly the energy expended in contract-
ing the respiratory musculature.

In contrast, the consumption of oxygen falls off in the newborn
even in minor degrees of hypoxia (Kross, Tizard, Moor, Dauess and Mott,
Maurek, Taylor and others). This mechanism 1is a very 1mpqrtant factor
in the abllity of the newborn to withstand severe degrees of acute oxy-
gen insufficiency. However, no matter how great the drop in the oxida-
tion rate, the organism would hardly be able to withstand total lack of
oxygen for ouch a long time (as, for example, the 45 minutes survived
by newborn rabbits in nitrogen) 1f some other source of energy were not
being used concurrently. During birth and irnedlately afterward, this
energy source 1s found in the anaerobic processes (glycolysis)(Reyss,
Qorovitts, Gimvich, Rosanova, Lauer). As a result, it 1s ilnevitable
that Interest arises in determination of carbon-matabolism changes dur-
<ng hypoxla, changes that also have thelr own age pecullarities.

Much 18 still lacing that 1s required for correct understanding of
the sequence of the process 1in which the adaptive mechanisms develop.
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Thus, for example, almost no study has been devoted to age-connected
changes in the correlations between pulmonary ventilation, blood flow
rate in the lungs and the diffusion capacity of the lungs. Also of cx-
treme importance in this respec! are investigations in the matter of
the physiology of the respiratory and vasomotor centers, and their func-
tional interrelationships not only normal conditions, but also under
the conditions of the acute stress that arises in oxygen insufficiency.

The question as t¢ the ontogenetic Jdsvelopment of the higher con-
trol over the vegetative functions -~ a control associated withr the cera
ebral cortex — merits particular attention. Cur own data (see, in this
collection, the paper by N.V. Lauer, A.Z. Kolchinskaya and V.V. Turanov
entitled "Ob adaptatsii vzroslogo organizma k nedostatku kisloroda 1
znacheniye vysshikh otdelov mozga v etom protsesse" [On the Adaptation
of the Full-Grown Organism to Oxygen Insufficiency and the Importance
of the Higher Divisions of the Brain in thils Process]}) and data in the
literature suggest that despite the presence of speclalized reflexes
that are well-established in maturity, disassoclation of the cerebral
cortex lowers the effectliveness and adequacy of the organism's adapta-
tion to oxygen insuffiency; this mechanism 1s of particularly great
for man (Turanov).

Even a cursory examination of the avallable factual material makes
it obvious that during its lifetime, the organism passes through age
phases during which the stabllity and sensitivity to hypoxia, the ex-
ternal resplratory reactions, the vascular and blood-forming systems
and the nature and effectiveness of adaptation to oxygen insufficiency
have their own specific features - features inherent to the given stage
in ontogeneslis.

Although representatives of different mammalian forms under their
own stages of individual develcpment and it is hardly possible, even on
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the basls of physiological characteristics, not to mention the naturc
of the hypoxic states, to distinguish exactly the boundaries of the on-
togenetic phases, the principal criteria nevertheless permit us to dis-
tinguish 6 age periods on the basis of data obtained in our latoratory
- periods craracterized by distinctive turns taken in hypoxic states.
In the very earliest postnatal ontogenesis we perceive two age periods:

First period (neonatal). This covers the time of birth and the

first few days afterward (the duration depends on species). This phase
i1s characterized by the capacity of th: orgarism to withstand'extremely
severe degrees (as compared with other ages) of acute oxygen insuffi-
ciency with the phenomena of distinct homeostasis disturbance. The
length of survival in hypoxia during this period i1s not related to the
effectiveness of adaptation by amplifying external respiratlon and
blood flow and increasing the oxygen of the blood, but is governed by
the presence of 2mbryonal, nonspeclalized adaptation mechanisms, fore-
most amorz which are the high stability of the vitally important cen-
ters and the metabolic processes. The physiological importance of these
mechanisms lies in adaptation to hypoxia during birth and to those com-
plex functional rezdjustments that accompany the transition of the or-
ganism from intrauterine 1life to its extrauterine existence.

Second period.(suckling). This 1s characterized by a decline in

the crganism's stabiliity to acute hypoxia and inability to withstand
prolonged oxygen insufficiency. The latter is due to partial or com-
plete loss of the embryonic adaptation mechanisms, a higher level of
the oxldation processes, a relative decline in the rate of anaerobic
glycolysis, the absence or incomplete development of specialized reflex
mechanlsms for adaptation tc hypoxia and high instability of the vege-
tative-function regulation. This phase 1s singled out in the interests

of clinical medicine. In children less than a year old, and particular-
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ly during the first six months, illnesses complicated by oxygen insuf-
ficlency are distinguished by t = severity of their course, as manifcc-
ted in respiratory insufficlency coupled with extensive oxygen under-
saturation of the blood.

Third period.(Childhoou). As we have already noted above, the na-

ture of changes that take place in higher nervous activity during hy-
poxia, the increase in the oxygen capacity of the blood (due to redis-
tribution of blood) and the speedup of cardlac activity in the pre-
school and school -age yéars differ little from these indilcators in
adults. At this age, the increase in hemapclesis under the influence of
hypoxia 1s more strongly manifest than in other age perliods. The in-
crease in pulmonary ventilation takes place in children basically by
way of increased respiratory frequency and not by deeper respiration,
which suggests 2 less economical path to the compensation of the oxygen
insufficiency.

Fourth period. (Youth). This 1s characterized by increased sensi-

tivity and lowerad resistance to hypoxiu and adaptation less efflcient
than that cbserved in adults.

Fifth period. (Maturity). As a result of increased reflex activity

on the part of the external respiration, vascular and blood-forming
svstems, the presence of reflexes speclalized for hypoxla and a certain
degree of balance between the nervous and humoral system, the effect-
iveness cof adaptation and the abllity to survive homeostasis 1n certaln
ranges of cxygen insufficlency are more distinctly manifest during ma-
turity than in other age periods.

Sixth period. (01d age). This is characterized by lowered resis-

tance and increased sensitivity to hypoxla. The latter manifests 1n a
pronounced lowering of the "altitude celling," early disruption of

higher nervous activity - lnertness of the reflex adaptive mechanisms,
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functional instabllity and ‘ow effectiveness of adaptation to hypoxlia.
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ON THE ROLE OF THE AGE FACTOR IN ADAPTATION OF THE
HUMAN ORGANISM TC OXYGEN INSUFFICIENCY
A.Z. Kolchinskaya
(Kiev)

Very few studies have been devoted to the role of such an impore
tant f2 tor as age in the reaction of the organism to hypoxia. The 1lit-
erature on this subject seems to give preference to comparisons of hy-
poxic states in newborn and full-grown organisms and to set forth data
obtained for the most part in experiments on animals. There 1s almost
no information on the effect of oxygen insufficlency on the growing,
maturing or aged humar organism.

The morphological and functicnal pecullarities of the organism in
various age periods are so sharply manifest that we may even a priori
assume that its reactions to oxygen insufficiency are functions of age.

Over 15 years, we have conducted studies to ascertain the age fea-
tures of the organism's reactions to hypoxia. The reaction of the human
organism to oxygen insufficiency was studied in irdividuals of pre-
school age, during puberty, maturity and old age.

In 1955, at a conference on the physiology and pathology of res-
piration, hypoxia and oxygen therapy, we presented data on changes that
take place in the higher nervous activity of chlldren of preschool age,
boys and girls ranging from 14-17 years of age, adults (20-50 years)

and elderly persons (age over 65 years) in a medium deficlent in oxygen.

These investigations showed that under a given set of conditions
prevailing in the external medium at altitudes up to 3000 m, the change
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es in the higher nervous activity are least distinct in children of
preschool age and most pronounced in the elderly individuals. During
puberty, when the organism is particularly sensitive to oxygen insuffi-
clency, the higher nervous activity was more noticeably disturbed than
in middle-aged and very young individuals.

Later, our attention was concentrated on a study of the age-condi-
tioned activity features of the most important mechanisms adapting the
organism to oxygen insufficiency and taking an active part in the or-
ganism's "fight" for oxygen.

Changes 1n external respiration, cardiac activity and the erythro-
cyte composition of the blood were studied in hypcxic hypoxia on indiv-
1duals from the various age categories ennumerated above. Hypoxic hy-
poxia was induced in low-pressure chambers and by inhalation of gas
mixtures deficient in oxygen. The effects of oxygen insufficliency were
also studied under natural conditions at altitudes of 2000, 3000 and
4000 m in the mountains during the mountain expeditions of the Insti-
tute of Physiology named for A.A. Bogomolets to Mount El'brus.

The changes in external respiration in an atmosphere with a sub-
standard oxygen content are so distinctly perceptible that it does not
take a specialist to notice them. However, despite the fact that a
large number of papers have been devoted to study of respiration in hy-
poxla sinc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>