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BLOOD CIRCULATION UNDER CONDITIONS OF WEIGHTLESSNESS

I. I. Kas'yan, V. I. Kopanev and V. I. Yazdovskiy

In studying the effect thaf weightlessness conditions have on humans their
influence on blood circulation has always attracted the attention of researchers, /352%
since in great part the functional condition of the cardiovascular system and hem- o
atopoietic organs dictates the life and work capacity of the organism, For this
reason it would seem, that in nearly all works devoted to the problem of weightless-
ness, whether in animals or in humans, there has been a study of the cardiovascular
system.

In recent years Soviet researchers have gathered a good deal of material on the
effect of weightlessness on the circulatory system of humans and animals (Bugrov et
al., 1958; Galkin et al., 1958; Chernov, Yakovlev, 1958; Antipov et al., 1962;
Balakhovskiy et al, 1962; Gazenko, 1962; Kas'van, 1962, 1963a, b, ¢; Xas'yan et
al., 1962; Pparin et al., 1962; Sisakyan, Yazdovskiy, 1962, 1964; Yakovlev, 1962;
Akulinichev et al,, 1963; Pavlov, 1963, etc.)

Nevertheless until now there have not heen any generalized communications, al-~
though the need is perfectly obvious. The authors of the present work have attemp-
ted to £ill this gap. In doing so they have made use both of their own findings and
data in the literature.

As we know, the study of the effect of weightlessness on the huwan and animal
organism depended in great part on the possibility of creating longterm weightless-
ness conditions. At the start the situation was modeled on terrestrial setups (Lo-
monaco et al,. 1957; Gurfinkel et al., 1959) and later researchers began to use
different typss of flying equipment. Tables 1 and 2 show the basic stages in the
conquest of circumterrestrial space by the Soviet Union. A strict sequence was ob—

served in the study of circumterrestrial space both in respect to the term of weight-~
lessness and in regard to the objects studied (animal experiments and then those
» involving human participation), as well as gradual broadening of the methods for in-

*
Numbers in the margin indicate pagination in the foreign text.
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"ABLE 1. BASIC STAGES OF MASTERY OF CIRCUMIERRESTRIAL SPACE WITH ANIMALS /353

Nature Launching @ Object. [Time spent Indices of functional condi-

of date studied [in weight- | tion of cardiovascular system
flight lessness

Suborbital up to
100-110 kg 1949~1956 | 26 dogs 3.7 min Pulse rate, BP

210-212 kg 1956-1960 | 20 dogs 6.0 min Pulse rate, BP, bioelectric
cardiac activity (EKG 2 leads)

Orbital up to

450-473 1958-1959 6 dogs 9.0 min same as above
" 3 Nov. 1957} Layka Whole | as above (EKG chest lead)
flight

" 19 Auy. 1960 Belka, 25 hrs as above {EKG chest leads),
Strelka phonocardiogram

" 1 Dec. 1960| Pchelka, 25 hrs Pulse rate, bioelectric cardi-
Mushka ac activity (EKG), phonocardi-
ogram, seismocardiogram

" 9 Mar. 1961| Chiernush—~| 65 min Pulse rate, cardiac muscle bi-
ka opotential (EKG 2 leads),
sphygmogram
" 22 Mar. 196l| Zvez~- 65 min same as above
dochka

vestigating the cardiovascular system, which made it possible to form a better found-
ed judgement albout some physiological mechanisms of blood circulation in weightless-
ness. Reference should be made to the long period of terrestrial research during

which systems were devised for taking care of the life and safety of animals and hu-
mans and without which there would have been no thought of launching Soviet aircraft

;: into the proximal part of space with success. In almost every f£light experiment, in

. addition to biological objects of study referred to, there were usually small animals

E (guinea pigs, rats, mice, etc.). They were used to work out a number of special prob-
lems associated with prolonged weightlessness as it affects various bioprocesses.
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TABLE 2. BASIC STACES OF MASTERY OF CIRCUMIERRESTRIAL SPACE WITH HUMANS

Nature Launching Object Time spent | Indices of functional condi~
of date studied in weight=- |tion of cardiovascular system
flignt lessness

On aircraft tra-| 1960-1964 |Test ast~- Up to 45 [PRalse rate, BP, biopotentials
cing paralola of ronauts seconds of cardiac muscle (EKG), car~
welghtlessness diac tones (phonocardiogram)

Orbital flight 12 June'6l |Yu. A. Ga- 64 min Pulse rate, biopotentials of
garin carxdiac muscle (EKG)

" 6 Aug. 1961|G. S. Titovy| 25 hrs As above + kinetocardiogram

" 11 Aug. 1962{ A. G. Ni- 95 hrs As for Cagarin
kolayev

" 12 Aug. 1962 P. R. Po- 71 hxs As above
povich

" 14 June 1963| V. F. By~ | 119 hrs |As above + seismocardiogram
kovskiy

" 16 June 1963 V. V. Te~ 71 hrs As above
reshkova

SO SN DAAS era a}

Tables 3-5 present data on changes in some physiological indices of dogs during |
suborbital flight to an altitude of 100-473 km. During weightlessness these animals 1
presented a lower pulse rate and blood pressure that regularly lasted till the end of 1
the weightless condition. During the first half of the weightless period in respect/354
to data gathered when the ship was put into orbit the pulse rate was faster in 6 ca-

ses, slower in 12 and unchanged in 4. During the second half of the weightless per-
iod most of the measurements showed a pulse rate the same as the initial rate (Table
3). In respect to the direction taken by the physiological reactions the animals /355

T

may be divided intc three groups: 1) the group with distinct lowering of pulse rate
and BP; 2) the group with no noticeable changes in the indices referred to; 3) the

o ey,

f group with increased pulse rate and BP. The first group was the most numerous.

V. V. Yakovlev (1962) in a study of the condition of the peripheral blood circu-
lation before, during and after flight in geophysical ballistic rockets launched into
the upper layers of the atmosphere found, that the animals' maximal arterial and ven-
ous pressure and rate of blood flow underwent no change. There were no significant

&




TABLE 3. CHANGES IN PULSE RATE (BEATS/MIN) AND BP (MM Hg) IN DOGS DURING

WEIGHTLESSNESS (UP TO 690 SEC) COMPARED WITH DATA RECORDED AT
THE END OF ACTIVE PARTICIPATION

Key:

l—'*D“? Fh ®

Flight altitude in km.
Number of dogs.
Physiological indices.
Initial data (moment of
entry into orbit).
Weightlessness.

First period.

Second period.
Increase. (also k)
Decrease. (also 1)
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Remark:
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changes produced;
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changes in indices
under study,

disruptions in peripheral vessels except for a decrease in vascular tone.

; G. I. Pavlov (1963), when studying arterial and venous pressure in intact and
delabirynthed animals (dogs), in an acute experiment under conditions of weightless-

ness (Keller's parabola) found out, that in intact animals at the beginning of the
condition maximal and minimal arterial pressure dropped 20-40 mm Hg, while venous
pressure in the right atrium dropped 15-25 mm Hg. Toward the end of the weightless

period (seconds 25-30) arterial pressure returned to the initial figure;
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TABLE 4. CHANGES IN ARTERJAL BLOOD PRESSURE (MM Hg) AND PULSE RATE
IN ANESTHETIZED ANIMALS DURING SUBORBITAL FLIGHT UP TO 210-212 KM

st oaiutah RO B e
Fonga N 311 CoK ey A b v
I F I et e
‘ ' |
@ , Macroma nyanea £ 8ie=b) . WG 1 84l
Beaa Autephaaphoe 1apde. g o )
M {MaReL) : e A Y B L] B 11 8U—~40
Moamma h | Hacrora ny.teca £ 2 21 200492 1 188180
¢ Haetora nyaves £ o fieeftn ] 143 143
Masvya 4 1 Aprepnaiasioe tagae. ‘g
ot (MUReHL) 17l 220 RUTES R 180l 70 —
¢ APTERILLILIOE n70s op! ‘ . )
pooume () - flomeid | f00eddy | 400110
Key: a. Name of animal. e, Belka.
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i. Pal'ma.

TABLE 5., CHANGE IN LEUKOCYTE QOUNT IN EXPERIMENTAL ANIMALS
BEFORE AND AFTER SUBORBITAL FLIGITS
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TABLE, 6, CHANGES IN PULSE RATE (BEATS/MIN) AND BP (MMlg) IN TEST SUBJECTS (83 PERSONS) #
DURING HORILZONTAL FLIGHT AND AFTER PARABOLIC WEIGHIT.ESS FLIGHT COMPARED WITH IN- f
ITIAL FIGURES AND DURING WEIGHTLESSNESS IN RESPECT TO RESULTS OF OBSERVA- :
TION DURING HORIZONTAL FLIGHT
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e. First half.
f. Second half.
g. Increase.

h. Decrease.

1. Unchanged.

Key: a. Initial pre-flight data. j. Palse rate,
b. During horizontal flight. k. Arterial pressure (maximal).
c. Weightlessness. 1. Arterial pressure (minimal).
d. Post~flight. m. Remark:

numerator = number of
changes produced

denominator = range of
changes in indices
under study

pressure was rising slightly but remained below initial values. Delabyrinthed dogs

showed no significant changes. The author associates these reactions with the func-
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tion of the vestibular analyzer.

In a number of experiments aimed at clarifying some physiological. mechanisms re-
search was done on anesthetized animals. Under anesthesia they showed no pronounced
changes in pulse rate and BP (Table 4). This speaks for the important rcle of the
extero- and interoceptive reflexes and of the functional condition of the higher por-

o

Ty T
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tions of the central nervous system in forming physiological reactions. Analogous
results were obtained in the work of Henry et al. (1952), who conducted experiments
with anesthetized monkeys in rocket flights up to 60-120 km. There was no sign of
real disturbance in autonomic functions, although during weightlessness arterial and
venous pressure tended to decrease.
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Fig. 1. Recordings of physiological reactions in astronauts (A) Yu. A.
Gagarin and (B) A. G. Nikolayev in preflight period and during weightless-—
ness: 1 - background-earth; 2 - astronaut's respiration rate; 3, 4 -
respiration rate and EKG of flight pilot; 5 - oscillation of astronaut;

7 - time indicator.
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TABLE 7. CHANGE IN PULSE RATE (BEATS/MIN) IN DOGS DURING LONGITRM WEIGHTLESSNESS
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Key: a. Name of dog.

b. Indices.

£. 4 hours,

g. t minutes.

¢. Initial prestart data. h. Strelka, Belka, Pchelka, Mushka,

d. Weightlessness.
e. Barth orbits (helical).

TABLE 8. CHANGE IN SOME INDICES OF EKG

(INTERVALS P3, QU IN SECONDS; AMPLITUDE OF R

1. M = arithmetic average
sigma = mean square deviation
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TABLE 9, CHANGE IN SOME PHYSIOLOGICAL INDICES IN DOGS DURING WEIGHTLESSNESS FOR
ABOUT 1 HOUR (PULSE RATE,BEATS/MIN; PQ AND QT INTERVALS,SECONDS; EKG
AMPLITUDES IN APPROPRIATE UNITS; SYSTOLIC INDEX IN %) (AVERAGE FINDINGS)
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Key: a. Name of dog. g. First 5 minutes.
b. Physiological .indices. h. Second 5 minutes,
c¢. Initial prestarc values. i. Last 5 minutes.
d. Weightlessness. j. Chernushka, Zvezdochka.

e. 4 hours. k. Pulse rate.
£, 5 minutes.
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; Fig. 2. Change in pulse rate of astronauts at individual
{ stages of weightless flight: 1 - G, S. Titov; 2 - A. G. Ni-
' koleyev; 3 - V. F. Bykovskiy; 4 - P. R. Popovich; 5 -~ V., V.
Tereshkova.
Key: a. Pulse rate (min).
b. Humber of oxbits.
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Before and after suborbital

flightz a morphological study of

the blood was made. Regularly,
\ except for a single case, there
3 is a rise in the count of leuko~
. cytes having rod nuclei (from 2

o

WM Bz npd

Fig, 3. Change in length of PQ interval
in astronauts' EKG: 1 - G, S, Titov; 2 -
A. G. Nikolayev; 3 - V. F. Bykovskiy;
4 - P, R. Popovich; 5 -~ V. V., Tereshkova
Key: a. PQ interxval (sec).
b. Numbey of orbite,

Fig. 4. Change in length of QT interval

in astronauts' EKG: (rest as in Fig. 3)
Key: a. QT interval (sec).
b. Nurber of orbits.
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to 30%) and a drop in the lympho-
cyte count (Table 5). At present

it is difficult to find a reason /356

for such a phenomenon. Apparent-

ly, it is conditioned by the an~

imal's development of a stress

reaction to a whole conplex of

factors and before all others to

the effect of negative overload,
I. I. Kas'yan et al. (1962) feel, that
leukocytosis is the result of both stress
and blood redistribution and most of all
of entry into the blood by elements of the
leuko- series from depositing organs. The
authors cited, in experiments with 12 dogs,
studied pre~ and postflight red blood and
observed no abnormal deviations in respect
to red blood indices.

AL the present time a good number of
studies have been done in regard to the cf-
fect of shortterm weightlessness on humans.
They were carried out when aircraft were
making Keller parabola flights (Diringsho-

fen, 1951, 1959; Beckh, 1953, 1954, 1956, 1958, 1959; Kas'yan, 1962, 1963a, b, ,
etc.) and during rocket launchings (Augerson, Laughlin, 1961; Iaughlin, Augerson,

1961, etc.).

Table 6 presents data on the dynamics of pulse rate and BP of persons observed
in parabolic weightless flight. These persons may be divided into 3 groups on the
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Fig. 5. Changes in T wave anplitude
of astronauts' EXG: 1 - G. 5. Titov;
2 - Ao G. NiJ(Olaer; 3 - V. P, By""
kovskiy; P. R. Popovich; 5 - V, V.
Tereshkova
Key: a. T wave (appropriate units)
b. Number of orbits.
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basis of the direction taken by the changes
under discussion: group I - indices lower,
group II ~ indices higher, group III - no
change., During horizontal flight most of the
subjects showed a faster pulse, apparently
an indication of nourocmotional tension. As
an unusual. factor weightlessness at first
induced increased tausion, but as time went
on the tension diminished as the effect con-
tinued, so that there was a tendency to low-
er pulse rate and BP, In this context the
pace at which functional normalization of the
caxdiovascular systam occurred depended upon
for the most part on the individual qualities
of the organism (Kas'yan, 1963a, b,etc.).

Characteristic changes were discovered /358
when an analysis was made of the bioclectric
phenomena occurring in the cardiac muscle.

I. I. Kas'yan (1962) in experiments with 55
test subjects found, that in shortterm weight-
lessness, along with slower pulse, there was
normalization of EKG elements. Voltage of
the P2, R2 and T, waves approximated values
recoxded in horizontal flight; the PQ, QRS
and QT intervals as well as the cardiac elec-
tric axis were within the limits permissible
for physiological fluctuations. Fig. 1 gives
specimens of the record of the indices for
some physiological functions of the astro-
nauts Yu. Gagarin and A. Nikolayev made dur-
ing circumterrestrial parabolic flights.

The materials on shortterm weightless-
ness (up to 45 sec) as it affects the human

organism permit the conclusion, that in such a case no real cardiovascular disorder

11l
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TABLE 10. BASIC FHYSIOLOGICAL MECHANISMS FOR THE EFFECT OF
WEIGHTLESSNESS ON THE CARDIOVASCULAR SYSTEM

Lffect

Change in the
organisn

Physiological
mechanisms

Reaction of the
organisn

Immediate (hydro-
static BP lowered
significantly)

Mediated (disrup-
tion of coordina~
ted work of ana-
lyzers taking part
in regulation of
body in space)

BP drops, stasis in
venous bed, venous
flow difficult

Disturbance of mo-
toxr component of
regulatocy reflexes

Change in tone of
parasynpathetic
and sympathetic
nervous systems

Formation of new
functional system-
atization in view

£ new relation-
ships

Moderate drop in
cardiac contraction
rate, drop in BP

Changes in autonomic
component of regula-
tory reflexes, labi-
lity of autonomic
indices

3

R R S DU N N L e L HAERREEERE NN

is induced.

A
, f\.’\ v
W\" a/‘C’ R

A\ ‘\,/U\

cal indices for astronaut G. S. Titov dur~

ing weightlessness:

1 ~ kinetocardiogram;

2 - EKG; 3 - time indicator

AL

Fig. 7. Telenmetric record of physiologi-

In these investi-

gations data was also obtained

on lowered BP, slower pulse and

the lability of some autoncmic

indices during weightlessness.
However, these data were inade-
quate for definitive conclu-
sions on the condition of blood

circulation

during longterm

weightlessness, Moreover, during parabolic flights in aircraft there was a gravita-
tional effect (up to 3.5 units) before and after weightlessness, that made it extra-
ordinarily difficult to anlayze the material obtained.

There was a need for special studies done on animals under conditions of protrac~
ted weightlessness and this became possible with the launching of artificial earth

satellites.

As is well known, on 3 March 1957 the Soviet Union saw realized the first artifi-
cial earth satellite launched with the dog Layka on board. This first space experi-
rent provided precious information of a scientific nature (Chernov, Yakovlev, 1958;

Balakhovskiy et al., 1962).
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It was established, that in the prestart period indices




of the cardiovascular system were within the normal range: Pulse 78-120/min, length
of PQ and QT intervals respectively 0.12-0.20 and 0,18~0.26 sec. Once the satellite
went into orbit the pulse at first was a bit high in comparison with data for entry
of an aircraft into orbit but then began gradually to approach the initial value. It
was reached, however, about three times as slowly as under earth conditions where
the animals were subjected to the same amounts of gravitational pull., In weightless~
ness the range of the PQ interval was 0.09-0.12 sec and that of the QT was 0.21-0.25
sec. The shape and size of the T wave underwent rather significant changes: in the
prestart period it was negative but during orbital flight it was positive. Such al-
terations in T wave amplitude seemed to derive from a change in the electric axis of
the heart.
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I W LR

In subsequent launchings of setsllite spacecraft with animals aboard a great a-
munt of medico-biological information was gathered. Tables 7-9 present some of the
data in respect to the physiological reactions of experimental animals.

Analysis of the materials shows, that there is a reciprocal correlation between
change in the time parameters of the EKG and pulse rate. Where the pulse rate rises
there is also a shortening of the PQ and QT intervals and vice versa. Practically
all the animals during the time spent in weightlessness presented a pulse and FKG
which at first was changed and then drew closer to the initial values; in some this
happened rather quickly, in others slowly (Strelka and Pchelka experienced this al-
ready in the second earth ovbit, Belka in the first, Mushka in the fourteenth). It /359
should be noted, that pulse lability (Table 7) in all experimental animals was
maintained to the end of the weightless period. In Belka and Strelka there was a /360
significant pulse acceleration during earth orbits 7 and 13 (Table 7). V. V. Parin
et al. (1962) explain this by periodic wavelike changes in sympathetic and parasym-

el

R

pathetic influences conditioned by a change in afferentation. Increase in pulse rate
in this case may be also comnected with circadian rhythm. As we know, orbits 6 and 7
corresponded to the end of a single day and 13 and 14 to the beginning of another.
i The EKG amplitude parameters are extremely difficult to analyze (Tables 7-9). Out of
r 6 dogs one (Zvezdochka) showed an increase of Py anplitude in weightlessness, in 4 it
' went down and in one (Strelka) there was practically no change. The R; voltage rose
for Chernushka and Pchelka, went down for Zvezdochka, Strelka, Mushka and remained
the same for Pchelka and Belka. Even less definite was the direction taken by the am-
plitude of the Tl wave. Increased in 2 dogs (Zvezdochka, Strelka), decreased in 2

13
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(Chexnushka and Belka), unchanged in Pchelka and Mushka. Such differences are ox-
plained in some degree by the individual characteristics of the higher requlatory
mechanisns of the animals' autonomic functions and special features of telemetric re-
cording. As we know, a discrete EKG record augments inaccuracy in the detemmination
of amplitude indices, especially for the P and R wave and all the more so that the
quality of the EKG record is often sacrificed duc to the deposit of muscular biotics
produced when the animols move.

During orbital flights recordings were made of the animals' BP and phonocardio-
grams wore taken (Belka and Strelka)., Analysis of the data obtained shows, that ar-
tarial pressure dropped, as a rule, during weightlessness, but thore were periods
when it rose (see Tabla 11). Thrs, inmediately before £light Strelka's BP was 140/51,
Curing orbit 4 it was 96/34, ir, earth orbit 7 it was 181 and in orbit 14 it was 112
over 31. In weightlessness (Strelka) one noted weakening of the fivst and second /361
cardiac tones, although in the prestart exawminations the phonogram was the ordinary
one for the particular type of animal (Antipov " al., 1962).

The matervials obtainad during a long period of weightlessness made it possible
to form a conclusion about the possibility of having human participation in the stu~
dy. As we know, 10 persons have so far completed orbital space flights, 6 from the
Soviet Union and 4 from the United States.

Figures 2-6 show the results for some indices of functional condition of the
cardiovasculaxr system during space experiments. In a previous published work we
described the dynamics of changes in these indices (Yazdovekiy et a#l., 1964). Hexe

we will make only a brief reference to the direction of these changes. Thus, pulse
cate went down during weightlessness (Fig. 2) and equalled the initial value (data /362
from observation same days previous to start), and often sank below it. In almost

& all cases one noted a definite lability in this index. TFor short intervals (with

v no apparent cause) the pulse rate sank to 10-15/min or lowexr. This was particularly
striking in astronauts G. S. Titov, P. R. Popovich and V. V. Tereshkova. Individual
elements of the EKG differed variously: the QT intexrval was shortened at the begin-
ning and end of the weightless period and went up slightly at its midpoint (Fig. 3),
the PQ interval showed about the same change but was less distinct (Fig. 4), the am-
plitude of the T wave increased as the weightless period grew with a diminution at
the beginning and end (Fig. 5). The systolic index dropped gradually (Fig. 6). The

o 14
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materials (Figures 2-6) indicate great fluctuations in the indices under study.

In the case of the astronauts G. S, Titov, V. F. Bykovskiy and V. V. Tereshkova
there was also a study made of mechanical cardiac functioning (kinetocardiogram and
seismocardiogram) . It was ascertained, that they showed no real alteration (Sisak-
yan, Yazdovskiy, 1962), altliough there were some deviations: some increase in mech-
anical systole, reduction in amplitude indices, etc. TFig. 7 provides samples of a
kinetographic record for astronaut G. S. Titov during weightlessness.

While the Soviet astronauts were in flight a great deal of very comprehensive
scientific information was received in regard to the condition of blood circulation
during longterm weightlessness. In many points there is agreement with the results
of experiments conducted with animals (during both shortterm and longterm weightless—
ness) as well as with human subjects (during Keller parabola flights). The experi-
mental. materials make it possible to draw a conclusion about the fact, that human /363
blood circulation shows no disruption during 5 days' weightlessness; however there
are some special features in the functioning of the cardiovascular system under such
conditions: diminution in the cardiac contraction rate and EP level and at times a
reduction in the figures recorded under earth conditions; great fluctuation of the
indices referred to above; slow return of some indices to their initial level under

weightless conditions following the active phase of the flight.

’ At the moment we still do not have a complete study of how weightlessness affects
humans and animals physiclogically. Thus, Stutman and Olson (1960) found, that in
shortterm weightlessness during parabolic flights the BP goes down and so does the
return of venous blood. Burch and Gerathewohl (1960) assess this phenomenon as the

heart's functional adaptive iesponse to decreased mechanical load. Graybiel et al.
(1959) try to explain the pulse slowdown in monkeys during weight:lessness in terms
of the animals' fear, that may produce inhibition of cardiac contractions and dilata-

J tion of the vessels. One can hardly be in complete agreement, since this sort of re-
‘,‘ action during weightlessness persists for a protracted period (hours, days) and, e~
specially, is noted in both animals and humans.

There have been some findings on blood circulation changes in experiments with
a prolonged stay of human subjects in an aqueous environment (Graveline et al., 1961;
Graveline, 1962; ILawton, 1962, etc.).

15
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It was discovered, that for test subjects under such conditions physical /364
loading was followed by a significant increase of cardiac contractions and a drop in 1
pulse BP. In the EKG the P wave was augnmented and the S and T merged. The authors
explain the mechanism of the condition of orthostatic hypotension in texms of klood
redistribution in the vascular bed and some changes in reflex reactions.

Exper.menial materials and literature data, in our opinion, support the thought,
that there is immediate and mediated action exerted by weightlessness on blood circula- §
tion. By the immediate effect we understand the whole complex of reactions conditioned !
by a significant drop in hydrostatic BP. As a result there is a drop in blood pressure
(arterial and venous), there is an accumulation of blood in the venous bed it would
seem, venous flow from the upper portions of the body is impeded, etc. The latter si-
tuation may induce a relative rise of intracranial pressure and consequently height-
ening of the tone of the parasympathetic nervous system with all ensuing conseguences:
drop in pulse rate, BP, etc. Of course there is at the moment no reason for denying,
that when the tone of the vagus nerve increases, that of the sympathetic goes down.
Here there is a need for special investigations. Accumulation of blood in the venous
bed in its turn likewise serves as a strong irritant of vascular receptors and in a
reflex way inhibits cardiac action and elevates the tone of the vagus nerve.

Analysis of the experimental material obtained while astronauts were weightless
indicates, that the pulse slows down and BP drops at times even below the level record-

ed on earth. However we have not been successful in establishing a definite depend-
ence relationship between a reduction in the functioning of the cardiovascular system

and the time spent in weightlessness. This seems to occur because the autonomic func-

tion in the organism is always maintained at the level effective for normal activity

of the most important organs (nervous system, skeletal muscles, heart, kidneys, etc.); |

disturbances in blood circulation produced by a lowering of hydrostatic pressure are
% not significant (according to the findings of a muber of authors the drop in BP for |
v this reason does not exceed 10-15%) and in addition an important role is played by j
neuroemotional excitation since, as we know, when there is excitement the tone of the
: vagus nerve goes down and consequently BP rises and so does pulse rate.

When we speak of the mediated effect of weightlessness on blood circulation we
are talking about the entire complex of cardiovascular reactions that, arise as a re-
sult of disturbance to the functional systematization of analyzers (proprioceptive,
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cutancomechanical,, interoceptive, visual, vestibular) that help to analyze space
relationships and the attitude of the body in space (Kamendantov, 1959, et al.). We
know that bodily equilibrium is achieved through attitudinal reflexes, the oldest of
all reflex reactions, that oppose the gravity pull of the earth (Romendantov, 1963,

et al.). In the weightless state the flow of the attitudinal reflexes is altered (Yaz-
dovskiy et al., 1960), since there is a substantial change in afferentation from all
mechanoreceptors. A change in attitudinal reflexes inevitably affects the autonomic
camponent and before all the function of blood circulation. We begih to understand
the significant fluctuations in autonomic indices (pulse etc.). The question arises /365
about the importance of weightless effecl mechanisms on the organism, whether immedi-
ately or mediately. It appears, that when a person finds himself bound to this si-
tuation, the immediate mechanism is the determining one. In a non-fixed or "free
floating" situation the mediate would seem to dominate, since here the changes in the
motor component of attitudinal reflexes are nore pronounced and there is a correspon-
ding change in the autonomic component.

Table 10 presents suggested physiological mechanisms for the effect of weight-
lessness on the cardiovascular system. In weightlessness changes (disturbances) arise
due to a significant drop in the hydrostatic pressure of the blood and disruption of
the coordination work of the analyzers. It would seem that in the genesis of disturb-
ances an important role is played by the exclusion of the vestibular analyzer. Thus,
acoording to the findings of Bek (1953, 1954), Schock (1961), Ye. M. Yuganov (1963),
G. I. Pavlov (1963) and others, the reactions of delabyrinthed animals in weightless-
ness are less pronounced. The same opinion is held by G. L. Komendantov and V. I.
Kopanev (1962). They feel, that orientation in earth space is done chiefly by the
visual and vestibular analyzers, whereas in weightlessness it is mostly the visual.

As has already been indicated, in proportion to one's stay in weightlessness a
certain adaptation to unusual conditions develops. Obviously the physiological base
for this adaptation is the formation of a new systematization in the work of the ana-
lyzers taking part in the analysis of space relationships and in the attitude of the
body in space. In this case following such formation there is a reinforcement of the
autonomic component at a level suited to meet the new conditions. Nevertheless we
must keep in mind, that the new systematization is impermanent and we cannot exclude
the possibility that it may be disrupted due to adverse factors: £fatigue, temperature,
etc. This must be counted on in organizing work and rest periods for persons staying
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welgihtless a long time.

We can scarcely expect, that in longterm weightlessness the disturbances re-
ferred to will develop. Ilowever they may appear in persons already adapted to /3€6
weightlessness once they have returned to earth and are subjected to acceleration.

We already have experimental data (Bek, 1958, 1959; Kas'yan, Kopanev, 1963,
et al.) indicating that in longtexm weightlessness adaptation may not occur but ra-
ther that vestibular-autonomic phenomena are reinforced. We know that on earth 3-5
percent of human test subjects do not adapt to vibration. It seems that samething
similar may take place in space flight. Thus the need for continuous refinement of
methods of selecting astronauts and training them as well as the development of pre-
ventive measures directed at heightening the resistance of the organism to the ad-
verse effect of prolonged weightlessness. In this context an interesting proposal
has been made by Gerathewohl and Ward (1960) in regard to venous stasis prophylaxis.
They think that bodily attitudes should be adopted that provide moderate pinching of
the calf muscles. In our opinion it would also be useful to provide a costume with
a vibrator for the upper and lower extremities. When turned on periodically it would
increase general nuscle tone and the blood would be moved along toward the heart.

The extraordinary slowness of the return to initial values of the pulse in ani-
mals and humans during weightlesshess has evoked on the part of some researchers an
attempted explanation in terms of the contrast effect when the organism passes from
one state to another (Chernov, Yakovlev, 1958; Gerathewohl, Ward, 1960, et al.). We
believe, that in addition the slow adaptation of the cardiovascular system is condi-
tioned by the formation of a new functional systematization of the analyzers taking
part in the body's attitude in space and likewise by hormonal shifts. As we know,
launching of the spacecraft, gravitational pull and weightlessness are strong biosti-
) mulants. In this case the blood receives a large number of hormonal substances that
| seem to have a significant effect and prevent rapid return of some indices to their

initial values.

Conclusions

1. wWhen humans and animals engaged in flights into proximal space in rocket~
propelled aircraft they presented no substantial disturbances in the system of blood
circulation.

18
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2. In shortterm and longtemm (up to 120 hours) weightlessness one may divide
all test subjects into three groups on the basis of the type and degree of autonomic
reactions (pulse rate and arterial pressure): a) showing clear reduction in pulse
rate and arterial pressure , at times even below values recorded under earth condi=-
tions; b) showing a slight increase in pulse rate and an insignificant rise in ar-
terial pressure; c) showing no noticeable changes in these indices.

3. The drop in pulse rate and arterial pressure, increased lability of some
autonomic indices and retarded normalization in indices of the functional condition
of the carxdiovascular system are explained by a significant reduction in the hydro-
static pressure of the blood (direct effect of weightlessness) and disruption of
the functional systematization of the analyzers (indirect effect of weightlessness).

19

Yot a »
) e _‘«mk/é s . i

sty

I T T T T



3.

-

10.

Akulinitsey, I. T., R. M. Bayevskiy, V. Ye. Belay, P. V. Vasil'yev, 0. G. Gazen-
o, L. I, Kakurin, A. R. Kotovskays, D. G. Maksimov, G. I. Mikhaylovskiy and
V. I, Yazdovskiy, Rezul'taty fiziologicheskikh issledovaniy na kosmicheskikh/367
korablyakh "Vostck=-3" i "Vostok'4" [Results of Physiological Study on the
Spacecraft "Vostok-3" and "Vogcok-4"] in the collection Aviatsionnaya i kos=
micheskaya meditsina [Aviation and Space Medicine], Moscow, 1963, No. 6.

Antipov, V. V., R. M, Bayevskiy, O. G. Gazenko, A. M. Genin, A. A. Gyurdzhian,
N. N. zhukov-Berezhnikov, B. A. Zhuravlev, L. I. Karpova, G. P. Parfenov, A.
D. Seryapin, Ye. Ya. Shevelev and V. I. Yazdovskiy, Nekotoryye itogi mediko-
biologicheskikh issledovaniy na viorom i tret'yem kosmicheskikh korablyakh-
sputnikakh [Some Results of Medico-biological Remearch in respect to the Sec-
ond and Third Space Satellite Craft], Prochlemy kosmicheshov biologii [Prob-—
lems of Space Biologyl, Soviet Academy of Sciences Press, 1962, Vol. 1, p
267.

Augerson, W. and P. Laughlin, Physiological Responses of the Astronaut in the
MR-3 Flight, Conference Results First U.S. Manned Suborbital Soace Flight
6 June, Washington, 1961, p 71.

Balakhovskiy, I. S., C. G. Gazenko, A. A. Gyuxdzhian, A. II, Genin, A. R. Kotov-
skaya, A. D. Seryapin and V. I. Yazdovskiy, Rezul'taty issledovaniy na sput-
nike [Results of Satcllite Research], (sees entry 2 above) p 359.

Beckh, H., Untersuchungen Uber Schwerlosigkeit an Versuchspersonen und Tieren
wihrend des lotrechten Sturzfluges [Study of Weightlessness in Test Persons
and Animals during Vertical Dive], IV_International Astronaut. Congr., Zur—
ich, 1953, ‘

idem, Experiments with Animals and Human Subjects under Sub- and Zero-gravity
Conditions during the Dive and Parabolic Flight, J. Aviation Med. 25, 235
(1954) .

idem, Gravity Changes in Aircraft and Ships, J. Brit., Interplanet. Soc. 15, 73
(1956) .

idem, Flight Experiments about Human Reactions to Accelerations which are Pre~
ceded or Followed by the Weightless State, Proc. IX Internat. Astronaut.
Congr. 25-30 August, Amsterdam (1958), J. Aerospace Med. 30, 391 (1959).

Bugrov, B. G., 0. G. CGorlov, A. V. Petrov, A. D. Serov, Ye. M. Yugov and V. I.
Yakovlev, Issledovaniya zhiznedeyatel'nosti zhivotnykh pri poletakh v heger-
meticheskoy kabine raket do vysoty 110 km. [Study of the Vital Acitivity of
Animals during Flight in a Non-hermetically Sealed Rocket Cabin to an Alti-
tude of 110 km], in Predvaritel'nyye itogi nauchnykh issledovaniy s pomoshch'
yu pervykh sovetskikh iskysstvennykh sputnikov Zemli i raket [Preliminary
Results of Ressarch with the use of the First Soviet Artificial Earth Satel-
lites and Rockets], Soviet Academy of Sciences Press, lst ed., 1958, p 130.

Burch, G. and S. Gerathewohl, Observations on Heart Rate and Cardiodynamics du-
ring weightlessness, J. Aerospace Med. 31, 661 (1960).




¥

T

ll.

12,

13.

14,

15.

16.

17.

18.

19.

21.

22.

Chernov, V. N. and V. I. Yakovlev, Nauchnyye issledovaniya pri polete zhivotno-
go na iskusstvennom sputnike Zemli[Scientific Research Quring Animal Flight
on an) Artificial BEarth Satellite], Iskusstvennyye sputniki Zemli, No. 1, 80
(1958) .

Diringshofen, H., Wie wird sich der menschliche Organismus woraussichtlich im
Schwerefreien Raum verhalten? [How Will the Human Organisii Presumably Behave
in Weightless Space?], Weltraumfahrt 4, 83 (1951).

idem, Uinnesphysiologische Beobachtungen beim Uebergany von Beschleunigungen zur
Gewichtslosigkeit [Observations in Sensory Physiology during Transition from
Acceleration to Weightlessness], Reketentechnik u. Raumfahrforsch. 2, 33
(1959) .

Galkin, A. M., 0. G. Gorlov, A. R. Kotova, I. I. Kosov, A. V. Petrov, A. D. Ser-
ov, V. I. Chemov and V. I. Yakovlev, Issledovaniya zhiznedeyatel'nosti zhi-
votnykh pripoletakh v germeticheskikh kabinakh raket do vysoty 212 km. [Re-
search on Vital Activity of Animals in Hermetically Sealed Rocket Cabins to
an Altitude of 212 km],Predvaritel’'nyve itogi nauchnykh issledovaniy s pomo—
shch'vu pervykh sovetskikh iskusstvennykh sputnikov Zemli i raket [Prelimina=-
ry Results of Research with the use of the First Soviet Zxtificial iBarth Sa-
tellites and Rockets], Soviet Academy of Sciences Press, lst ed., 1958, p 112.

Gazenko, O. G., Nekotoryye problemy kosmicheskoy biologii [Some Problems in Space
Biology], Vestn. AN SSSR 1, 30 (1962).

Gerathewohl, S. and J. Ward, Psychophysiologic and Medical Studies of Weightless~
ness, Physics and Medicine of the Atmosphere and Space, O. Benson and H.
Strughold edd., John Wiley and $ons Inc., New York-Iondon, p. 422.

Graveline, D., Maintenance of Cardiovascular Adaptability during Prolonged
Weightlessness, Aerospace Med. 33, 297 (1962).

idem, B. Balke, McKensie and B. Hartmann, Psychobiologic Effects of Water-immer-
sion Induced Hypodynamics, J. Acrospace Med. 32, 5.

Graybiel, A., R. H. Holmes and D. Beischer, An Account of Experiments in which
Two Monkeys Were Recovered Unharmed after Ballistic Space Flight, J. Asro-

space Med. 30, 871..

Henry, J., E. Ballinger, P. Maher and D. Simons, Animal Studies of the Subgrav-
ity States during Rocket Flight, J. Aviat. Med. 23, 412 (1952).

Kas'yan, I. I., Nekotoryye fiziologicheskiye reaktsii cheloveka v usloviyakh pe-
remezhayushchegosya vliyaniya peregruzok i kratkovremennoy nevesomosti [Some
Physiological Reactions of Humans under Conditions of Alternating Gravitation-
al Pull and Shortterm Weighitlessness], Izv. AN SSSR, ser. biol., 6, 896-908
(1962) .

idem, Reaktsii serdechno-sosudiscoy i dykhatel'noy sistem zhivotnykh pri poletakh
v germeticheskikh kabinakh racket do vysoty 212 m. [Reactions of the Cardio-
vascular system and Respiration System of Animals during Flight in Hermetical-
ly Sealed Rocket Cabins to an Altitude of 212 km], (see 21), 1, 24-39 (1933)

21




23, ddem, Reaktsii kosmonavtov na kratkovremennuyu nevesomost! [Astronauts'! Reac~
tions to Shortteim welgitlessness], Aviavsionnaya i kosmicheskaya meditsina
[Aviation and Space Medicine], Moscow, 1963, b 232.

24, idem, Neckotoryye fiziologicheskiye reaktsii zhivotnykh pri poletakh v biokaoin-
akh bailisticheskikh rakee do vysoly 450~473 km. [Some Physiological Reac-
tions of Animals on Flights in Biocabins of Ballistic Rockets to an Altitude
of 450-473 km], Izv. AN SSSR, ser. biol., 2, 195-207 (1963).

25, idem, Kopanev, V. 1., Sostoyaniye nevesomosti i isiusstvennaya gravitatsiya,
[Weightlessness and Artificial Gravity], (sce 24), 6, 880~891 (1963)

26, idem, Ye. M. Yuganov and 7. S. L'vova, Izneneniye nekotorykh morfologicheskilkh
i bioknimicheskikh pokazateley perifericheskoy krovi zhivotrykii posle poleta
na raketakh [Change in Some Morphological and Biochemical InGices of the
Peripheral Blood of Animals after Rocket Flight], Problemy kosaicheskoy
bioiogii [Problems of Space Biology], Soviet Acadeny of Sclences Press, 1962,
No. 1, p 161.

27. Komendancov, G. L., Fiziclogicheskiye osnovy prostranstvennoy oricartirovid [Phy-
siological Bases of Space Orientation], VMOIA im. Kirov Rress, Laeningrad, 1959,

28. Xomendantov, G. L., Vliyaniye faktorov poleta na ustanovochnyve reflzksy [Bffect
of Fligat Factors ou Attitudinal Keflexes], (see entry 23), p. 408.

[y
W

Komendantov, G. L. and V. I. Kopanev, Ukachivaniye kak problema kosmicheslhoy
meditsiny [Vibration as a Problem in Space Medicine], (see 26), 2, 80.

30. Laughlin, C. and W. Augerson, Physiological Responses of the Astronaut in the
MR-4 Space Flight, Results IT U.S. Manned Suborbital Space Flight 21 July
1961, Manned Spacecraft Center NASA, p 15.

31. Lawton, R., Physiological Considerations Relevant to the Problem of Prolonged
Weightlessness (rev.), Astronaut. Sci, Rev. 4, 11, 31 (1962).

32, Lomonaco, T., M. Strollo and L. Fabris, Sulle Fisiopatologia durantivil volo
nello spazio. Compartomento dello coordinazione motoria in soggetti satio-
postia vatori di acceleraziana variante de 3 a zero g. Rivista med. aero-
naut. 20, suppl. 1, 76 (1957).

33. Parin, V. V,, O. G. Gazenko and V. I. Yazdovskiy, Vozmozhnosti zashchitnykh pri-
sposobleniy organizma i granitsy adaptatsii v usloviyakh maksimal'nykh pere-
gruzok i sostoyaniya nevesomosti [Possibility of Defense Accommodations of

. the Organism and Limits of Adaptation under Conditions of Maximal Gravity

i Pull and Weightlessness], Vestn. Akad. med. nauk SSSR, 4, 76 (1962).

{ 34, Pavlov, G. I., cited by Yuganov in Aviatsionnava etc. (see 23 and 41), p 496.

35. Schock, G., A Study of Animal Reflexes during Exposure to Subgravity and Weight-
lessness, Aerospace Medicine 32, 336 (1961).

- 22

i """ i R —

" - N X
. . T 2 . Al - e T
2 B P e o as oa A k. ﬁ__ SRS EETERT . e




B ol

36.

37,

38,

39,

40,

4l.

Sisakyan, N. M, and V. I. Yazdovskiy, Pervyye kosmicheskiye polety cheloveka
[First Human Space Flights], Soviet Academy of Scicnces Press, 1962,

Stutman, L. and R. Olson, Effects of Zero Gravity upon the Cordiovascular System,
U._S. Amed Forces Med, J., 11, 1162 (1960).

Yakovlev, V. V., Rezul'taty issledovaniya nekotorykh pokazateley periferiches-
kikh sosudov u sobak vo vremya i posle poleta v kosmicheskoye prostranstvo
[Results of Research on Some Indices of Peripheral Vessels in Dogs during
and after Flight into Astrospace], Problemy kosmicheskoy biologii [Problems
of Space Biology] . Soviet Academy of Sciences Press, 1962, 1, 166.

Yazdovskiy, V. I., I. I, Kas'yan and V. I, Kopanev, Fiziologicheskiye reaktsii
kosmonavtov pri vozdeystvili peregruzok i nevesomosti [Physiological Reactions
of Astronauts during Gravity Pull and Weightlessness], Izv. AN SSSR, ser.
biol., 1 (1964).

idem, Ye. M. Yuganov and I. I. Kas'yan, Ustanovochnyy refleks intaktnykh zhivot-
nykh v usloviyakh nevesomosti [Attitudinal Reflex of Intact Animals during
Weightlessness], (see entry 39), 5, 762-767 (1960).

Yuganov, Ye. M., Fiziologicheskiye reaktsii v nevesomosti [Physiological Reac~
tions during Weightlessness], Aviatsionnaya i kosmichoskaya meditsina [Avi-
ation and Space Medicine], Moscow, 1963, p 496.

23

s aows ’ P —

i



	1980011504.pdf
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif




