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SURVEYS
UDC: 629.78:6125"
CURRENT STATUS OF SPACE BIORHYTHMOLOGY

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian
Wo 2, 1977 pp 3-12

[Article by B. S. Alyakrinskiy, submitted 5 May 76]

[Text] One of the results of practical conquest of space is the significant
revival of research in different branches of science, revision of many
existing conceptions and formation of new scientific directions. Space
biorhythmology, one of the branches of general biorhythmology, can be
justifiably referred to these scientific directions; it has rapidly gained
independent significance in the system of sciences that have the common
objective of assuring man's prolonged existence in space.

Space biorhythmology was formed, so to speak, somewhat ahead of the practical
tasks of maintaining in space man's initial system of circadian rhythm,

the time sequence of cyclic processes developed in the entire course of
evolution, which is a prerequisite for good health and efficiency. 1In the
first brief space flights, the importance of preserving the body's biological
rhythms could not yet be obvious to any extent. At that time, it was dif-
ficult to properly assess the role of the "biological clock'" in the overall
set of factors, upon which cosmonauts' health and efficiency depended. How-
ever, even at that stage of development of cosmonautics, some researchers
called attention to some of the conditions of orbital flights which, a
priori, could not be indifferent to the organism as a complex fluctuating
system [51, 60, 67]. These referred, first of all, to the significant
impairment of the system of constant time signals (timers [time sensors], the
regulatory function of which on the ground is well known, with regard to man's
circadian rhythms. For man, time sensors refer, first of all, to the numerous
geophysical cycles generated by earth's rotation around its axis: day and
night (lighting rhythms), daily fluctuations of air temperature, barometric
pressure, humidity, intensity of magnetic and electrostatic fields of the
earth, cosmic rays, as well as social cycles: work and free time, clock
reading and that of other analogous instruments, radio and television
receivers, etc. In an orbital flight, as we know, "day" and '"night" follow
one another at intervals of no more than 1.5 hours. There are no daily
fluctuations and other geophysical time sensors. The social timers are
impaired to some extent or other (primarily with regard to frequency of




display and intensity), and some are completely leveled off. Quite often,
it is difficult to maintain a 24-hour daily cycle in orbital flight (due

to decline and precession of the orbit, presence of so-called blind passes
when radio communication with earth is interrupted, i.e., communication
with flight observation centers), and for this reason the cosmonauts must
adhere to a sleep and waking schedule of a shorter period (about 23.5-23.6
hours), so that the phases of such a rhythm are constantly shifting (migrat-
ing) in relation to the earth's time scale. Furthermore, for many reasons,
lift-off time was often shifted to the night hours, and the cosmonauts had
to postpone sleep to morning and daytime hours on ground elapsed time.
Another reason for disruption of the customary daily sleep and waking

cycle is that some of the operations to be performed by cosmonauts are
strictly "tied" to specific ground time.

The potential hazard of disruption of circadian rhythms in view of the above
distinctions of orbital flights was deemed to merit attention, in the light
of data in general biorhythmology obtained from studies of the effects on
man of changing latitudes [44, 55, 59, 48], working on evening and night
shifts [6, 10, 11, 25, 30-33] and in the Arctic region [40, 61]. All of
the studies demonstrated impairment of the initial state of the body, varying
in degrees: sleep disorders, poor appetite and affect, impaired function of
the gastrointestinal tract, neurotic symptoms and occasionally organic
disease. According to the general opinion of biorhythmological specialists,
the cause of these disturbances was desynchronization of circadian rhythms
of the body, a shift in phase of these rhythms (for example, with regard

to maximum or minimum intensity of different functions), as compared to

the initial rhythm corresponding to an essentially healthy state. Such de-
synchronization of circadian rhythms (internal desynchronization) was

due to a discrepancy between the phase of body rhythms and time sensors
when changing latitudes, in the case of work in three shifts, etc. Some
specialists considered expressly this to be the chief hazard of man's
invasion of space. A. Brown [46] posed the question: 'Would not the
physiological transformations in living organisms, that are governed by a
rhythm, fall into relative chaos rather soon, even if the cycles of
illumination and temperature are carefully maintained?" And T. W. Hill

[56] echoed his words: "In spite of the most optimistic dreams, man is not
adapted to flights over several time zones, because of the great difference
in time, or to flights in space, where there is a different day and night
cycle" (p 380). G. T. Hauty [54] approached the same question from more
pragmatic positions. Referring, in one of his works, to the prospects of
manned space flights, he stressed the importance of considering the problem
raised by the "biological 'day--night' rhythm," and he insisted on the need
"to make a comprehensive study, under simulated space flight conditions,

of the extent to which the 'day--night' cycle can be altered, from the
standpoint of time, physiological functions and efficiency'" in order to deter-
mine the extent of changes that can be made in this congenital limitation of
man, without diminishing his functional capabilities. In the same work, G. T.
Hauty submits the results of the first investigations of man's adaptation

to unusual sleep and waking cycles: the subject could not adjust to a

4-hour work and rest shift for 7 days ('fatigue increased, efficiency




diminished and remained inadequate for most of the "flight"). After these
studies (February 1958), many analogous experiments were conducted both in
our country and abroad to determine the range of biorhythmological adap-
tability of man. In these experiments, which actually formed space bio-
rhythmology as an independent scientific direction, studies were made of

the distinctions of man's adaptation to days witha shift of phase [16, 19, 21,
24, 26], with complete inversion of phase [5, 13, 15, 18, 19, 29, 34, 35],

to shorter .and longer days [36, 37, 62, 70, 72], to days with a Ysplit"
sleep--wakefulness rhythm, i.e., alternation of sleep and waking periods
every 4, 5 and 6 hours [14, 22, 23, 28], and to days with free [unrestricted] 1
sleep and waking rhythm [27, 42, 45, 48, 63, 64, 69]. i

The late 1960's and early 1970's were a period of the most fruitful experi-
mental work in this field, a period of accumulation of numerous data which,
after comprehensive analysis, made it possible to formulate a number of
theses that became part of the foundation of theory of space biorhythmology
and are constantly used to offer concrete recommendations on organization of
work and rest of cosmonauts. The most significant of these theses are:

1) man's adaptation to a sleep-waking rhythm with any (up to total inversion)
shift in phase is possible, provided a 24-hour period is retained, and the
effectiveness of such adaptation is related to existence of a positive set
toward assimilating the new rhythm [17], meticulous adherence to the pres-
cribed schedule [20], total reorganization of the entire system of time
sensors (both physical and particularly social); 2) adaptation to phase-
shifted rhythm is characterized by pronounced individuality: some individuals
assimilate any phase shift with relative ease; for others, this process
involves some difficulties and, finally, there is a certain group of indi-
vididuals who experience great difficulties in such cases; 3) the change in
rhythms of different functions takes place at a different rate, at different
times: from a few days to a few weeks and months,* which is indicative of
differences in inertness (lability) of biorhythms of the body. Apparently,
the differences in lability of body rhythms are a manifestation of adaptation
of the organism to the phenomenon of randomness (leveling off of the effect
of random changes in time sensors). The body's time sensors repond to
relatively brief disruptions by immediate reorganization of rhythms of only
the functions that are primarily responsible for adequate behavior, and this
provides satisfactory adaptation to altered living conditions for a certain
time. And as soon as the original conditions are restored, the rapidly
reorganized rhythms of highly labile functions (primarily the central nervous
system) revert to their former state just as rapidly. The organism reacts
to environmental perturbation with maximum economy [2]; 4) assimilation of a
new living rhythm takes place in several stages, in view of the difference
in lability of different functions. One of these stages is the stage of

*In the study of L. L. Vaysfel'd and R. F. Il'icheva [8], it was established
that, 4 months after exposure to extreme factors, subjects presented overt
‘impairment of circadian rhythm of biogenous amines of blood--histamine and
and serotonin, although they appeared well and there were no visible
deviations referable to the cardiovascular and respiratory systems.




latent desynchronosis, when a state of subjective wellbeing and complete
readjustment of rhythms of functional indices that are recorded the most
frequently in experiments (pulse and respiration rates, arterial pressure,
electroencephalogram, body and skin temperature, diuresis, mental producti-
vity) is associated with incomplete readjustment of rhythms of other func-
tions (excretion of potassium in urine [61]). The opinion is held that

there is less resistance to deleterious factors in the presence of latent
desynchronosis [3]; 5) it is impossible for man to adapt to 16- and 48-hour
days. When attempts were made to obtain such adaptation (with strict
adherence to living regimen), marked neurotic disorders developed, and

these trials ended in failure; 6) adaptation to days lasting close to

24 hours (23 and 25 hours) present difficulties, with which not all subjects
can cope (young people adjust better); 7) adaptation to "split" sleep and
waking schedules is also not easy. Adaptation depends on how close the
sleep period is to nocturnal hours on local time. The difficulties for

the organism to adjust to shorter or longer days are an expression of the
pattern established in the system of general biorhythmology: the more complex
an organism, the more difficult to adjust to a rhythm, the period of which

is significantly different from 24 hours; it is not easy for the human body
to adjust to an artificial cycle that is shorter or longer than 24 hours [47};
8) the system of circadian rhythms of the organism, when allowed to function
freely, i.e., with maximum removal of all timers (including those that
provide for an unregulated living schedule) is not very stable. J. Aschoff
[43] stresses: ''Various functions apparently represent different oscillators
which are synchronized under normal conditions, but can become desynchronized
when the rhythms proceed freely" (p 281).

Ground experiments have been the main source of facts characterizing the
flexibility of the circadian system of the human body. Space flights, the
duration of which has been constantly increasing, were another source. True,
this source did not, nmor could it actually yield facts in the amount, quality
and sequence that would fully meet the requirements of scientific research
on the problem of adaptation of man as an oscillatory system to spaceflight
conditions. However, the data obtained from these flights were largely
instrumental in defining a number of theses that were formed in space bio-
rhythmology. Already during the flight of Vostok-2, thanks to the keen
observations of G. S. Titov [39], data about the high "biorhythmological
significance" were obtained. He was the one who noticed that, in orbit,
the concepts of "day" and "night" were shifted to some extent, i.e., they
lost their usual psychological meaning. This was the result of concrete
physiological perturbations which, as we now know, consist of impairment

of phasic architectonics of circadian rhythms. The sleep periods did not
always coincide with night time hours at the spaceport during the orbital
flight of the American astronauts, MDivitt and White (Gemini-4). The
partial "loss" of sleep and lower efficiency of the astronauts was attri-
buted to this, since these phenomena were not observed in the crew of
Gemini-5, whose schedule provided for sleeping during the spaceport night
hours.




Subsequent flights, made by both Soviet and American cosmonauts, particularly
on the Apollo and Soyuz spacecraft, the Salyut and Skylab orbital stationms,
augmented significantly the amount of data of interest from the standpoint

of biorhythmology. We submit some of them below.

Apollo-7: "Problems arose during this flight, which were related to major
deviations from normal circadian rhythms in the crew. The crew reported
sleeping poorly for the first 3 days of the flight."

Apollo-8: "The very full flight plan prevented simultaneous sleep and |
resulted in major deviations from normal circadian rhythm, thereby causing ‘
fatigue. The spacecraft commander experienced an actual shift of the cir-
cadian rhythm ranging from an 1ll-hour advance per phase to a 2.5 hour lag,
as compared to the usual sleeping time on Cape Kennedy."

Apollo-9: '"Deviations from the normal circadian rhythm resulted in some
loss of sleep by the crew.... The crew experienced a shift in sleep
periods, as compared to sleeping time on Cape Kennedy, which ranged from
3 to 6 hours."”

Apollo-15: '"During the translunar and transterrestrial phases of this
flight, there was a minor shift, as compared to normal sleeping time on

the ground. As a result, all of the crew members had a good sleep at

this time." Different data were obtained during the expeditions on the

moon: "The longer work period and shorter sleep periods on the moon

resulted in severe fatigue, along with significant change in circadian rhythm
of the lunar module crew, and served as the reason for working at the
physiological limit until they returned to the command module."

During the flight of the Soyuz-9, the mild tendency toward slower heart

rate in both crew members [7] was attributed to the full flight plan and
"reversed" daily schedule. There is reason to believe that, in this same
crew, development of fatigue was determined, to some extent, by migration

of the sleep--wakefulness phase [9]. The change in daily schedule of the
crew of the Salyut-4 station "had an adverse effect on some reactions of the
body and was manifested, in particular, by sleep disturbances" and develop-
ment of fatigue [12].

Thus, there are a number of facts indicative of the negative role of diverse
disturbances of circadian rhythm in the course of actual space flights. At
the same time, in the opinion of the authors who analyzed the results of

the flight on the Skylab station, adherence to a customary living schedule
reduced to a minimum the risk and hazard inherent in all space flights and
aided in retaining good sleep [49].

Studies of adaptation to unusual daily sleep-waking rhythms of aircraft crews
on transmeridional lines were very important to development of space biorhythm-
ology. A. N. Nicholson [65, 66] analyzed the effects of such flights on
pilots. He believes that adaptation to irregular ("split" type) sleep and
waking schedules, which is typical in transmeridional flights, is basically
possible and that expressly such schedules will be typical for future

space flights.



The data obtained during the flight of the American Biosatellite-3 merit
special attention, and their general biological importance is unquestionable.
The circadian rhythms of a number of functional indices were recorded on
monkeys on board this satellite and a few monkeys in chambers on the ground,
where all of the flight conditions, except weightlessness, were simulated.

It was found that there was no disruption of the indices recorded under
ground conditions, whereas symptoms of desynchronosis appeared in the monkeys
in orbit. Thus, the sleep-waking, arterial pressure, diuresis and urine
creatinine rhythms retained their 24-hour duration, whereas the respiratory
rhythm acquired a period of 25.5 hours, pulse rate--26 hours, body and

brain temperature--26.5 hours and calcium excretion in urine--30 hours [53,
57]. The results of this experiment demonstrated the desynchronizing role
of weightlessness, and added to the arsenal of its stressor effects on
complex biological systems.

The desynchronizing effect of weightlessness is quite consistent with the
facts already available, which were obtained in many experimental studies
and clinical practice, indicating that impairment of the circadian rhythm of
the body is a mandatory component of the general adaptation syndrome [1].
The thesis that desynchronosis is a mandatory component of the general
adaptation syndrome promotes the problem of desynchronosis to the level of

a central problem of space biorhythmology, since solution thereof is one of
the main prerequisites for good health and high degree of efficiency of
cosmonauts. In fact, prevention of desynchronosis, by virtue of the very
substance of this problem, implies biorhythmologically substantiated regula-
tion of the cosmonauts' life, ratiomal organization of their work and rest.
Theoretical and experimental works, particularly those pursued in recent
years in the USSR, allow us to maintain that the basic principle involved in
organizing a rational living schedule is the rhythm principle, and the rhythm
must have a period of 24hours [4]. This statement does not place a 'ban" on
the search for possible use in space of days lasting for a different period.
In this regard, an interesting thought was voiced bty S. I. Stepanova [38].
She attributes the role of regulator of duration of the circadian cycle to
its informational and energy value, level of tension that is related to

the amount of information processed per day and daily energy balance of the
organism. If we accept the thesis that, in the course of the "work period"
of his life, each man reaches and then maintains a certain, on the average
rather stable level of tension for a long time, corresponding to the volume
of daily flow of information and energy, we must agree that, with increase
in intensity of this flow, the duration of the day should be reduced, and
with decrease in this intensity, it should be extended. If the concept of
information and energy value ['cost"] in its biorhythmological aspect will
be confirmed (first of all, experimentally), the organizers of space flights
will receive an effective means of controlling man's circadian rhythms and,
consequently, of preventing desynchronosis. Here, it should be recalled
that Ye. Ya. Shepelev [41] arrived at an analogous conception, but from very
different positions. He believes that "under space flight conditions, the
usual daily functional load of the body may be associated with less expendi-
ture of energy, and this means less depreciation of mechanisms involved in
converting the energy of nutrients into specific function of organs. Under




such conditions, either a shorter rest period or longer daily cycle as a
whole would be acceptable. The latter should be considered preferable,
since it retains the customary relationship between work and rest periods.
As a result, we would extend flight days while retaining the customary
relationship between sleep and waking on the ground, as well as expenditure
of energy. In other words, we would have a functional equivalent of the
usual rhythm of human vital activity, but it would be extended, as compared
to ground elapsed time."

Investigation of the phenomenon of desynchronosis and research on means of
prevention thereof enabled Soviet biorhythmologists to propose a system

of measures to prevent desynchronosis in space (see Chart). Within the frame-
work of this system, some promising investigations are planned, such as:

a) the "loosening up" phenomenon, with reference to the usual regimen of
vital activity before shifting to the variant of onboard days, which amounts
in essence to attenuation of the initial organization of the circadian sys-—
tem by means of stressor facters (prolonged wakefulness, prolonged sleep,
etc.); b) "inculcation" of new sleep--waking rhythm by means of numerous
preliminary transitions to the onboard day variant; c) biorhythmological
screening of candidates for extensive space flights. In 1974-1975, work in
the last mentioned direction was done by S. I. Stepanova, and she concluded
that there is a correlation between biorhythmological adaptibility ( to a
shift of the sleep--waking phase within the framework of a 24-hour day) and
constancy of circadian rhythms (stability of their parameters for at least
10 observation days). In turn, the constancy of circadian rhythms is most
completely characterized by stability of the position of the acrophase
(maximum or minimum of the circadian rhythm curve) on the time axis. 1In
spite of the fact that these are only preliminary conclusions, it is quite
obvious that this is a promising direction in biorhythmological research.

Work dealing with methodology of space biorhythmology merits special attention,
although, of course, such work is equally important to general biorhythmology.
But it is expressly space biorhythmology that induced development of such
research, since it became, for a while (late 1960's), the arena of bitter
debates as to its place and importance in the system of sciences called upon
to assure the safety and effectiveness (from the standpoint of the human
element) of space flights serving different purposes. In this regard, it is
deemed particularly important to substantiate the universality of biological
rhythms and significance, in particular, of circadian rhythm. Theoretical
research in this direction revealed that the biological rhythm is an expression
of unity and conflict of opposites in the realm of living matter, that the
"biological rhythm is characterized by continuous disruption and restoration
of the original state which, however, upon the closest scrutiny, is found to
be a certain new state" and, consequelty, that the "biological rhythm is a
property of living systems, their inherent internal movement, with returns

to the starting points, each of which is, in actuality, both the same and
different, i.e., movement over a spiral governed by the law of negating
negation" [4, pp 41-42]. TFor expressly this reason, when we now refer to
manned space flights, we cannot fail to take into consideration this rhythm

and its effect on all physiological functions of man, including efficiency
[43].




Preflight preparations

"Loosening up'' of customary
rhythm of vital activity
before changing to a new
work and rest schedule

"Expansion of zone of bio-
rhythmological stereotype"
(if necessary)

Explanation of need and ex-
pedience of each measure to
preserve crew's health and
efficiency and succeed in
mission

3

Development of inner self-
discipline, organization,
involvement in the mission and

positive motivation

Securing onboard system of
time sensors on the ground,
using onboard devices for
reinforcement of circadian
rhythm

"Inculcation' of new
rhythm, i.e., living for a
certain time under condi-
tions simulating the future
daily cycle and time shift

Screening of individuals capable of faster
assimilation of new circadian rhythms

According to results of alter-

ing daily rhythm in chamber

ccording to nature of dynamics
f physiological and mental
unctions in the course of
rolonged continuous waking
state

Chart [Part 1]

According to health status,
particularly neurological
and psychological

According to range of
biorhythmological
stereotype

System of measures to alleviate readjustment and maintenance of man's
biological rhythms in the course of prolonged space flights
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At the present time, space biorhythmology has gained broad recognition and
proper understanding of its place in the system of sciences united within
the framework of space medicine. According to reports in the American
press, representatives of NASA and other scientists have voiced the follow-
ing views to the subcommission for space research: there are two bio-
logical problems that should be considered first and foremost: the biological
effects of weightlessness and altered circadian cycle [50]. F. Halberg et
al. [50] write: '"Manifestation of stability of rhythms in astronauts
stresses the need for continued work ... to define control of rhythmic
factors, which influence not only the long-term schedule of man's activity
in space flights, but rhythmic behavior of the organism of sick people as
well. It remains mandatory to implement such research, by means of precise
evaluation of circadian and other parameters on the ground. But, even with
availability of such base information, the problem of biorhythms of the
human body in near-earth and near-moon orbital, as well as interplanetary
flights, is still one of the principal ones in the United States program of
space research. Solution thereof will serve as fertile soil for future
international collaboration, including research on other issues directly
related to efficiency and endurance of the human body" [52].

" Special attention should be given to manifestation of signs indicative of
the influence of the environment on circadian rhythms, in future space
flights" [58]. '

Any progress on the road of theoretical and experimental research in the
field of biorhythmology serves the cause of conquering space.
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[Text] Weightlessness occupies a special place among space flight factors.
Before the first manned flights into space, it was expected that cosmonauts
could develop the most diverse disorders under weightless conditions. How-
ever, the gloomiest of the predictions were dispelled after studies were
made of the effects of weightlessness on the animal and human organism in

a series of experiments on geophysical rockets, biological satellites and
spacecraft.

Indeed, the experience of Soviet and American cosmonauts is convincing
evidence of the possibility of man's rather long existence in weightlessness.
The level of efficiency required to fulfill the flight mission persisted

in flights lasting up to 3 months [5].

However, the results of the biomedical studies pursued in space do not offer
conclusive enough grounds to predict that flights of any duration would be
safe to human health.

At the same time, extension of manned space missions from a few months to a
few years is one of the chief directions of development of cosmonautics. We
refer, first of all, to flights in a near-earth orbit, flights to the moon
and, finally, to planets in the solar system.

The most substantial limitation of flight duration is the need to protect
man from the deleterious effects of prolonged weightlessness, as well as
the difficulties involved in organizing housekeeping facilities and
efficient cosmonaut performance in weightlessness. In other words, in view
of the prospect of extending space expeditions, the urgency and importance
of the "man and weightlessness'" problemare not only diminishing, they are
even increasing.
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The space flights in the Salyut and Skylab orbital stationms revealed that
man tolerates weightlessness lasting up to 3 months relatively well, and
retains a high enough level of efficiency. At the same time, the changes
observed in the cosmonauts (lowering of orthostatic stability, deteriora-
tion of locomotor system) could not be completely eliminated by the
preventive measures taken (physical exercise, negative pressure to the
lower half of the body, pharmacological agents, etc.). Furthermore, these
preventive measures made it difficult to organize housekeeping facilities
and comfortable rest for the cosmonauts, and they took up much of the
crew's time.

The flights in spacecraft and orbital stations also revealed that, with
increase in duration of flights, there is an increase in time assigned for
preventive measures. One could hardly consider this a beneficial tendency,
since it reduces the time for rest and useful activity of cosmonauts.

Finally, the efficacy of the preventive measures used has been defined only
with reference to flights of immeasurably shorter duration than would be
. required in flights to planets in the solar system.

For this reason, development of means of preventing the deleterious effects
of weightlessness which, on the one hand, would be effective and safe to
health whatever the duration of a flight and, on the other hand, would not
be burdensome to the spacecraft crew should be considered one of the

focal tasks for space medicine.

The creation of artificial gravity (AG) by rotating a spacecraft may be the
most adequate means of solving this problem [7].

AG eliminates the weightlessness factor proper, rather than the different
manifestations of its adverse effect on the organism. The influence of
artificial "weightiness" extends to all systems of the organism, so that
there are grounds to consider it the most universal preventive measure. AG
relieves the cosmonaut from performance of a set of other preventive
measures, which take up more time, with increase in duration of the flight.
Finally, AG eliminates a number of housekeeping inconveniences due to
weightlessness: pollutation of the cockpit atmosphere by fine dust particles,
difficulty of taking food and using water, etc. On the whole, AG renders
living and working conditions of cosmonauts close to the customary ones on
the ground, and this is rather important in long orbital and interplanetary
flights.

From the biomedical point of view, the main aspect of the AG problem is to
determine the desirability of AG in long space flights and to select the
optimum parameters of AG. The basic question of necessity of AG is being
answered as experience is gained in long flights under weightless conditions.

AG, which occurs as a result of rotating a spacecraft around the mass center,

contributes a number of factors, the effects of which on the human body
have not yet been adequately investigated.
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In addition to the centripetal acceleration that generates AG, in a rotating
space system man is exposed to concomitant factors: precession accelerations,
Coriolis forces and the AG gradient [6, 14, 16-19].

Probably, it will be possible in the future to develop space objects with
AG, in which the concomitant factors will be so infinitesimal, that man
will not feel them. But this will require the building of spacecraft with
a very wide rotation radius. Thus, with a rotation radius of 900 m and
angular rotation velocity of 1 revolution/min, the AG equals that of the
earth and concomitant factors are minimal, so that man would apparently
feel just as he would on the ground.

Lowering the required level of gravity simplifies considerably the technical
implementation of the idea of creating AG by means of rotation. For this
reason, the central objective of biomedical research on AG is to determine
the minimum centripetal acceleration, long exposure to which in flight
would not be associated with the deleterious effects of weightlessness.

The first work dealing with experimental physiological substantiation of
minimal AG level required to maintain normal posture and coordination of
movements was done by Ye. M. Yuganov et al. on animals [8, 9]. Subsequent
research of Soviet and foreign authors confirmed that AG of 0.28-0.35 G
prevents motor disturbances in animals. In the presence of 0.5 G gravity,
the nature of locomotion of man does not differ from the natural ome [10].
However, one should not overlook the fact that the works mentioned were
pursued in the case of brief weightlessness during flights in aircraft.
The findings require verification, as they apply to man's performance in
a prolonged space flight.

The main physiological criteria of adequacy of the selected AG for man
should apparently consist of the following: function of the cardiovascular
system and locomotor system, as the most vulnerable systems in the presence
of weightlessness.

During space flights with artificial gravity ["weightiness'], cosmonauts
will be exposed to concomitant mechanical forces (accelerations), due
primarily to their movements in the rotating system.

In the case of linear movements of man in a rotating system, he will be
exposed to Coriolis accelerations. Coriolis accelerations make it difficult
to coordinate movements while walking, moving radially, as well as carrying
weight, hammering in nails, decanting fluids, getting up from a chair and
jumping [16]. Coriolis accelerations are the cause of some visual illusions
and, when they recur they could cause development of motion sickness [4,

16, 18]. Coriolis accelerations affect the proprioceptors of the

human body and otolithic receptors of the vestibular system.

The accelerations that occur with angular movements within a rotating system

are called precessional, and they are angular accelerations [4, 6]. Addi-
tional exertion is required on space stations with AG to turn objects
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outside the plane of rotation of the station, as well as to retain the
usual trajectories of arm and leg movements [19]. In this case, the
precessional accelerations affect the body's proprioceptors.

When the head is rotated about axes that are not parallel to the axis of
rotation of the station, a different pattern of stimulation of receptors of
the semilunar canals of the vestibular system, as compared to natural
conditions, will be created due to appearance of precessional accelerations
[4, 6]. Information is delivered to the central nervous system about a head
movement that does not correspond to a real turn and contradicts the visual
and proprioceptive information about the performed movement, and as a result
there may be spatial disorientation, undesirable compensatory body movements,
motion sickness and general malaise [12].

A number of ground-based investigations have been pursued by Soviet and
foreign authors [2, 4, 11], dealing with the effects on the human body of
prolonged (up to 1 month) stays in a rotating system.

As a result of the studies, it was established that it is possible in prin-
ciple, for man to exist in an object that rotates at a constant angular
velocity. Efficiency is retained and there are no health-endangering
disturbances.

With angular velocities of up to 3 r/min, there are virtually no disturbances
referable to man's general condition and efficiency. In the range of 3 to

6 r/min, at the first stage of rotation, disturbances arise with reference

to postural equilibrium and symptoms of motion sickness, the severity of
which is directly related to magnitude of angular velocity. It is important
to stress that, with such rotation velocities, adaptation develops by the
6th-8th day, and subsequent presence in the rotating system is characterized
by a normal general condition and efficiency.

Adaptation to rotation at velocities in excess of 6 r/min occurs only if
special measures are used, such as gradual [in steps] progression of the
system to the specified velocity of rotation, screening of individuals who
are particularly resistant to vestibular factors, preliminary conditioning,
intake of pharmacological agents against motion sickness, etc.

Thus, as a result of ground-based experiments lasting up to 1 month, it was
established that the rotation factor could not serve as an obstacle, from
the biomedical point of view, to developing space objects with AG.

At the same time, there are rather justified assumptions that, with an AG
level below earth's gravity, there may be a change in sensitivity of the
vestibular and motor analyzers to adequate stimuli [3]. For this reason,
systematic investigation of the distinctions of man's vital activity in a
rotating spacecraft at different AG levels, as well as the search for means
of averting adverse reactions occurring at the first stage of rotation
should be the logical continuation in the direction of research we are
discussing.
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With decrease in rotation radius of a spacecraft, there is increase in the
AG gradient, which is characterized by the magnitude of the ratio between
gravity at the floor level (feet) and head. Since the magnitude of the
gradient depends on the relationship of a man's height to the spacecraft
rotation radius, the gradient is often expressed by this ratio, as a

. percentage. This index constitutes 100% when the radius of rotation of the
craft equals a man's height.

At the present time, there are no experimental data concerning man's endurance
of a gravity gradient in the case of gravity below that of earth. The physio-
logical significance of the gravity gradient can only be determined in a

space flight, through studies on man, involving changes in the radius of
rotation.

The use of onboard centrifuges with a short radius merits special investigation.
The practical significance of such a centrifuge, in the light of the AG problem,
has not yet been established, but from a technical point of view such a
centrifuge may be acceptable for creating brief periods of increased
"weightiness' at different stages of a space flight.

Some of the basic problems of AG can be resolved through flight experiments

with animals. Animal experiments make it possible to perform procedures and
studies that cannot be done on man, and they make it possible to demonstrate
statistically reliable tendencies in a single flying expedition. Unquestionably,
there is only limited possibility of direct extrapolation of the data obtained
to man. This applies, in particular, to questions related to the effects of
weightlessness on the cardiovascular system, physiological effects of pre-
cession and Coriolis accelerations, etc.

Animal experiments can solve problems such as substantiation of AG as a means
of preventing the deleterious effects of weightlessness, definition of the
magnitude of artificial gravity ["weightiness"] selected for man, determina-
tion of possibility of wvital activity of living organisms in spacecraft
rotating for long periods of time, etc.

Among the pressing problems that could be resolved in animal experiments,
the first and foremost ones are evaluation of biological equivalence of
earth's and artificial gravity and obtaining data on the possibility of
preventing the deleterious effects of weightlessness by means of AG.

The presence of the rotation factor and AG gradient in relation to different
parts of the animal body does not yet warrant the statement that AG is
biologically equivalent to earth's gravity. It would be desirable to
explore this question, which is important to the AG problem, by means of
experiments on small laboratory animals, using an onboard centrifuge
installed on a biological satellite.

Long-acting accelerations of 1 G can be created by a centrifuge. The animals
are placed at the tip of the centrifuge radius, and the control group, outside
the centrifuge. Ground-based control experiments, including rotation of ani-
mals on a centrifuge with minimal radius ("nonradius" centrifuge) permits
evaluation of the importance of the rotation factor, as well as other flight
factors associated with the experiment.
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Key
1)
2)
3)
4)
5)
6)
7)
8)
9)

10)

11)

12)
13)

14)

15)
16)
17)

18)

19)

20)

21)

to chart on p 20:

the AG problem

technical aspects

biomedical aspects

engineering and housekeeping aspects

space

earth »

man

animals

investigation of vital functions and efficiency of cosmonauts in a rotating

_spacecraft, studies of: vestibular analyzer function in weightlessness;

distinctions of processes of adaptation to prolonged rotation with
exposure to special, measured "spins" of spacecraft

determination of effective level of AG, studies of: effects on vital
functions and efficiency of cosmonauts of AG varying in magnitude,

with different combinations of angular velocity and radius of spacecraft
rotation; processes of readaptation to earth's gravitation following
flights with various levels of AG; relationship between efficacy of
magnitude of AG and duration of flight

investigation of possibility of preventing the deleterious effects of
weightlessness by means of periodic exposure to accelerations on a
short-radius centrifuge

substantiation of optimum variant of use of AG during space flight:
continuous, periodic, or omly at the prelanding stage

investigation of endurance by cosmonauts of transitions from flight

with AG to flight in weightlessness

determination of level of AG adequate to preserve normal vital functions
of animals: evaluation of biological equivalence of AG of 1 G to earth's
gravity; investigation of vital functions of animals exposed to AG

of 0.5 G and in the range of 0.5%0.25 G

determination of level of AG preferable for animals in the range of 0-15 G
when they are unrestricted in a rotating spiral maze ("gravipreferendum")
investigation of efficacy of the influence of AG on growth and develop-
ment of animals at the early stages of flight

investigation of processes of readaptation to earth's gravity after
flights with different magnitudes of AG

investigation of human wital functions during a prolonged stay (over

1 month) in a rotating system, studies of: stability of adaptation with
different modes of rotation; optimum means of adaptation to living
conditions in a rotating system; processes of readaptation after rota-
tion for different periods of time; effects of some extreme factors

of space flight on vital functions in a rotating system

investigation of the possibility of using centripetal low-level accelera-
tions (to 1 G) to prevent the adverse effects of simulated weightlessness
investigation of the possibility of averting development of the hypokinetic
syndrome by means of period exposure to accelerations on a short-radius
centrifuge

development of means and criteria for screening and training cosmonauts
for flights in rotating objects
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Key to chart on p 20 [continued]

22) training cosmonauts for flights on spacecraft with AG

23) evaluation of effects of increased gravity (1-1.5 G) on the animal
organism, as related to unrestricted behavior and limited mobility

24) determination of preferred level of AG for animals in the range of 1-1.5 G
when they are kept unrestricted on a concave revolving platform
("gravipreferendum')

25) investigation of the effects of AG and subsequent return to earth's
gravity on growth and development of animals

The criterion for evaluation of experimental results may be a set of physio-
logical, biochemical, morphological, histochemical and other indices, with
reference to which the most distinct adverse effects of weightlessness,
without the use of preventive measures, are demonstrable.

Of interest are experiments with AG of 1 G on biological objects that have
been used repeatedly in space flights. Such an experiment was conducted
with some of them on the Kosmos-782 satellite (1975). In particular, such
an experiment on biological objects, for which earth's and artificial
gravity are equivalent, would permit differentiation between changes
attributed to weightlessness and effects of other factors of space flights.

Experiments with small laboratory animals do not permit determination of

one of the important AG parameters: maximum permissible angular velocity of
rotation, in view of their low degree of sensitivity to motion sickness. At
the same time, there is reason to assume that the minimum permissible AG
levels will be similar for all mammals. The relatively high resistance of
small laboratory animals to vestibular factors permits more precise evalua-
tion of the minimum level of gravity. Furthermore, this permits increasing
appreciably the velocity of rotation and, consequently, reduction of centri-
fuge size.

In this connection, a "gravipreferendum" experiment would be very important
to determine on animals the preferred level of AG over a range including
low gravity, when the animals are given freedom of choice.

It has been shown in ground-based experiments that animals always move

in the middle of a rotating centrifuge, i.e., in the region of the minimum
gravity on earth (1 G), regardless of velocity of rotation. Consequently,
the animals usually perceive higher gravity as an unpleasant stimulus.
Still unclear is the reason why the animals move to the area with the
lowest gravity (1 G): 1Is it because they developed under earth's gravity,
or because they prefer, in general, lower gravity? In other words, it is
necessary to determine whether the animals would choose the area with AG of
less than 1 G if they were given an opportunity to do so.

Such an experiment is feasible, for example, if a device is used that con-
sists of a spiral maze with vertical walls placed on a centrifuge [15]
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installed on a biological satellite and rotated at a constant velocity.
The inner surface of the wall of the spiral would serve as the floor for
the animals during a space flight. As they move through the maze, the
animals could choose the optimum ('comfortable'") level of AG ranging, let
us assume, from O G in the center of the spiral to 1.5 G on the external
twist.

There are also other possible designs [13] for a device to be used in a
biological "gravipreferendum" experiment.

We have reason to believe that, for the first days of the flight, the pre-
ferred level of gravity will be close to earth's [13]. With increase in
duration of weightlessness, the preferred level of AG will probably decline
and then become stabilized at under 1 G [15]. Probably, this could be
considered the minimum permissible gravity level for mammals, including man.

Thus, to solve the AG problem, a broad set of studies must be conducted,
both with the participation of man and in experiments on animals [1]. The
hart illustrates the principal directions of research on AG and biomedical
problems that have yet to be solved.

The ultimate goal of biomedical research on the AG problem is to determine
the minimum magnitude of centripetal acceleration sufficient to assure normal
vital functions and efficiency of cosmonauts in the course of lengthy

space expeditions, as well as to choose the optimum relationship between
magnitude of radius and angular velocity of rotation of a space system.
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RESULTS OF CLINICAL EXAMINATION OF COSMONAUTS FOLLOWING A 63-DAY FLIGHT

Moscow' KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian
No 2, 1977 pp 19-22

[Article by A. V. Beregovkin, T. N. Krupina, G. D. Syrykh, M. M. Korotayev,
N. A. Kuklin, V. A. Balandin, V. S. Znamenskiy, V. I. Nikiforov, V. V.
Nistratov and V. D. Portnov, submitted 20 Feb 76]

[Text] Cosmonauts P. I. Klimuk and V. I. Sevast'yanov, who made the 63-day
flight, were already familiar with the sensations arising under the
influence of weightlessness, since they had participated in a space flight
before, although they perceived these sensations differently. Thus, for

the lst hour of flight, P. I. Klimuk had the sensation of having his body
turned over. His general wellbeing was good on the lst day of weightless-
ness. For the next 2 flight days, there were vestibular disorders and

lack of appetite. In his first flight, high spirits lasted for 4-5 hours
after P. I. Klimov became weightless. The sensation of being turned over
persisted for 1.5 days and the vestibular disorders, for 3 days.

V. I. Sevast'yanov had the sensation of blood rushing to his head and a
stuffy nose when he became weightless, in both the first and second flights.
The sensation of blood rushing to the head regressed only after 10 days.
Both cosmonauts presented some swelling of the face, narrow eyeslits and
disappearance of wrinkles from the face.

The period of adaptation to weightlessness lasted about 8 days. However,
the cosmonauts' efficiency remained quite high at all stages of the flight.
There were no diseases whatever during the flight. P. I. Klimuk experienced
mild, gnawing muscle aches in the lumbar region throughout the flight, and
they disappeared after he returned to earth. Both cosmonauts had the
sensation of dry plantar surfaces of the feet during the flight. EKG
recorded on different flight days showed some changes: moderate shortening
of the atrioventricular and extension of intraventricular conduction, with
decreased amplitude of T waves. Periodically, there were isolated ventricular
extrasystoles on the EKG of V. I. Sevast'yanov. In some cases, the appear-
ance of extrasystoles could be related to emotional tension.

At the final stage of the flight, the cosmonauts tolerated accelerations
well. The landing was soft. Immediately after landing, both reported the
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sensation of increased weight of the body and objects around them. Accord-
ing to V. I. Sevast%yanov, it corresponded to about 2.5 units. P. I. Klimuk
reported that he felt "all the fluid moving from the head downward, to the
feet." The sensation of high weight [gravity] persisted for 2 days. When
checked at the landing site, pulse rate, in supine position, was 90 for P. I.
Klimuk and 80/min for V. I. Sevast'yanov. When they changed to vertical
position, it changed to 120 and 128/min, respectively.

Both cosmonauts experienced general weakness, rapid fatigability, shaky and
unstable gait. There was pallor of the integument and visible mucous
membranes, signs of stasis in the gingival papillae and margins of the
gums, against the background of slightly anemic mucosa, with gingival
papillary bleeding and deposition of subgingival and supragingival tartar.

After thorough removal of tartar and anti-inflammation therapy, these symp-
toms disappeared within 4 days.

The nasal conchae were swollen in V. I. Sevast'yanov, and both cosmonauts
presented some dryness of the nasal mucosa. We were impressed by diffuse
hypotrophy of muscles of the lower limbs. As compared to preflight data,
the perimeters of symmetrical parts of the limbs decreased: the arm by

1 cm, thigh by 3.7 cm and leg by 3.6 cm in P. I. Klimuk; the thigh by 0.7 cm
and leg by 1.8 cm in V. I. Sevast'yanov. Palpation, as well as myotonometry,
revealed diminished muscle tone. Thus, there was a decrease by 6 arbitrary
units in tomus of the biceps of the arm of P. I. Klimuk, and by 10 arbitrary
units in V. I. Sevast'yanov; the decreases in tonus of the femoral quadriceps
constituted 7 and 9 arbitrary units, respectively. While the tonus of the
brachial biceps was restored on the 2d-3d day, that of femoral muscles was
restored on the 7th, while recovery of circumferences of the limbs occurred
in the 3d-4th week.

P. I. Klimuk weighed 3.8 kg (5.3%) less, and regained the weight on the 13th
day. After the first 8-day flight, he also lost 5.6% of his body weight
and recovered it on the 9th day.

In V. I. Sevast'yanov, weight loss constituted 1.9 kg (2.8%) and he regained
it on the 2d day. After the 18-day flight, weight loss constituted 5.6%
with restoration on the 20th day.

Lymph nodes, thyroid and heart outline showed no changes. Heart sounds
remained clear and resonant. Auscultation revealed vesicular breathing and
no rales. For the first 14 postflight days there was a tendency toward tachy-
cardia and lability of pulse, related to position of the body. Arterial
pressure was slightly elevated, particularly diastolic.

The EKG taken after the flight showed negligible decline of T wave voltage
in all leads.

The abdominal organs showed no distinctions. The tongue was moist and
clear. There were no physiological disturbances.
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Neurological examination revealed a shaky, unstable gait with lateral devia-
tions in Romberg's position; tremor of extended fingers; some accentuation,
for the first few days, of tendon and periosteal reflexes, equal on both
sides; depression of abdominal reflexes. For the first 2-3 days, P. I.
Klimuk presented nystagmoid twitching of the eyeballs in extreme positions.

Mild hyperemia of the conjunctiva of the lids and sclera was observed in both
cosmonauts after landing. It disappeared in 1 day in P. I. Klimuk and on
the 3d day in V. I. Sevast'yanov. On the lst day after landing, both cosmo-
nauts presented moderate dilatation of retinal veins. Visual acuity was
diminished by about 0.1. Acuity was restored on the 7th day in P. I. Klimuk
and on the 3d day in V. I. Sevast'yanov.

Of some interest is the syndrome of vestibular instability, which developed
in P. I. Klimuk 2 hours after the flight. It was characterized by vertigo,
mild nausea, unpleasant sensations in the epigastric region, pallor and
perspiration of the integument when making quick turns and rotating the
head. He had no appetite. Intake of plavefin tablets improved his condi-
tion appreciably. Such signs lasted 1.5 days and disappeared abruptly after
the 2d night's sleep.

On the 1st day after landing, peripheral blood revealed some decrease in
number of erythrocytes, reticulocytes, thrombocytes and hemoglobin. Tests
made on the 7th day revealed an increase in reticulocytes and erythrocytes.
The thrombocyte count remained at its former level, while hemoglobin con-
tinued to decline. Urinalysis failed to demonstrate any appreciable devia-
tions; however, there was more intensive excretion of urates and phosphates,
as well as albuminuria of 0.025 ¥g¢ inP.I. Klimuk and 0.035 Yoo V. I.
Sevast'yanov.

Functional load tests (LBNP [lower body negative pressure], passive anti-
orthostatic, exercise tolerance test on a bicycle ergometer) on the lst,

as well as 3d and 7th days after landing, were tolerated satisfactorily by
both cosmonauts, according to their subjective evaluation; however, there
was an intensive reaction in the cardiorespiratory system. Isolated extra-
systoles were recorded in P. I. Klimuk during the exercise test on the
ergometer and in V. I. Sevast'yanov during the orthostatic test.

Thus, the clinical examination of the cosmonauts revealed that a 63-day
exposure to weightlessness did not elicit pathological changes in the
body.

In the course of the long space flight, the cosmonauts presented the same
functional changes as in the first, shorter one, due to redistribution of
blood. There was significantly easier adaptation to weightlessness, accord-
ing to subjective evaluation. There was no appreciable difference in amount
of weight lost by P. I. Klimuk, as compared to the 8-day flight, whereas

it was 50% less in V. I. Sevast'yanov. The weight was regained on the 24

day after landing, and after the 18-day flight, on the 20th day.
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According to the postflight physical examination, the following functional
changes were demonstrated in the cosmonauts: general asthenization with
signs of vegetovascular instability; sensorimotor and statokinetic dis-
turbances; moderate dystrophy of muscles of the lower extremities; some
depression of hemopoiesis.

These functional changes were reversible, and they were much milder in V. I.
Sevast'yanov than after his 18-day flight. The recovery period was not
associated with any complications, in both P. I. Klimuk and V. I. Sevast 'yanov.

The following measures were implemented during the period of readaptation to
earth's gravity: strict adherence to a program of motor activity with
gradual expansion thereof, mandatory bedrest after each meal, proper
vitamin supplements in food, therapeutic massage and therapeutic physical
culture.
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ELECTROGRAPHIC EXAMINATION OF THE CREW ON THE SECOND EXPEDITION OF SALYUT-4

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian
No 2, 1977 pp 22-26

[Article by M. M. Korotayev, I. I. Popov, V. A. Degtyarev, Z. Z. Dorofeyeva,
A. D. Yegorov, V. V. Kalinichenko, S. I. Ponomarev, V. P. Sidorov, A. P.
Polyakova, Z. A. Golubchikova and A. A. Savilov, submitted 5 May 76]

[Text] Man's participation in long orbital flight may be associated with
impaired regulation of cardiac activity and decreased reserve capabilities
of the heart in the presence of functional loads. On the EKG, these changes
are manifested in the form of sinus arrhythmia, bradycardia, extrasystole,
atrioventricular rhythm at rest and with a load, etc. Signs of diminished
myocardial contractility were demonstrated in some cosmonauts submitted to
functional tests after landing.

As a rule, special leads were used to record, until recently, EKG's in
flight, which permitted operational monitoring of the cosmonauts' condition,
but yielded only limited information concerning bioelectrical activity of
the heart. In this work, we submit the results of analyzing EKG's taken

on cosmonauts during and after a prolonged orbital flight, using both DS
leads and the classical leads used in clinical practice.

Methods

The EKG was recorded both at rest and while the cosmonauts performed func-
tional tests on a bicycle ergometer with loads of 350-450 kg-m/min lasting
5 min. The EKG was recorded in the 12 classical leads on the 5th, 31st,
46th, 50th and 60th days of the flight, and on the 14th, 22d, 37th and 53d
days (on the days of the functional tests) on an abbreviated program using
some of the standard or chest leads. In addition, the EKG was taken in the
DS lead once every 2 days. The technique for taking an EKG in space flight
was virtually no different from the one used in the practice of clinical
medicine. EKG studies on this scale were first made during the flight of
the Salyut-3 orbital station, then continued on the Salyut-4 station.
Polinom equipment was used to record the EKG; it permitted synchronous
recording of 3 EKG leads, calibration of the signal, transmission of data
over telemetry channels and recording on the onboard magnetic tape storage
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unit. The quality of the EKG tracings was quite consistent with current
clinical requirements. However, the bulk of the material was transmitted
over the telemetry channels, so that some tracings (particularly during
performance of physical exercise) could not be interpreted completely.

Results and Discussion

In both P. I. Klimuk and V. I. Sevast'yanov, the preflight bioelectrical
activity of the myocardium showed no appreciable deviations from normal;
both cosmonauts only presented isolated extrasystoles, which were recorded
during some studies at rest and during the load tests.

In flight, the rhythm of cardiac contractions was constantly sinusoid,
correct, with moderate sinus arrhythmia in P. I. Klimuk. During the period
of putting the spacecraft in orbit, as well as during flight, we recorded
some extrasystoles in V. 1. Sevast'yanov; their appearance was usually pre-
ceded by emotional or physical tension.

After the flight, extrasystoles were observed in both cosmonauts: isolated

or double supraventricular extrasystoles on the 3d postflight day during the
physical exercise test on the bicycle ergometer (650 kg~m/min for 7 min)

in P. I. Klimuk; isolated atrioventricular extrasystoles during the anti-
orthostatic test on the lst, 3d and 7th postflight days in V. I. Sevast 'yanov.

The inflight time parameters of the EKG did not appreciably exceed the
physiological range; however, there were some changes, as compared to the
background data (Table 1). Both cosmonauts revealed shorter atrioventricular
conduction time and longer intraventricular conduction during the flight.
Thus, the P-Q interval was down to 0.11-0.12 sec (mean of 0.14 sec before

the flight) and QRS interval increased to 0.10-1.11 sec (0.07 sec before

the flight) in V. I. Sevast'yanov between the 22d and 60th flight days.

No appreciable change was demonstrated in absolute magnitude of electrical
systole, or between true and proper levels of this index throughout the
examination period (see Table 1).

Starting on the 5th day of the flight, both cosmonauts presented a decrease
in amplitude of T waves in the DS lead and mainly in the standard leads. ‘An
analogous direction of changes in amplitude of T waves, though to a somewhat
lesser degree, was observed in the chest leads, and the T wave in the latter
leads was always positive and regular in shape.

In P. I. Klimuk, the amplitude of T waves underwent phasic changes: T1171
changed from positive to biphasic on the 5th day of the flight, and to
negative on the 22d day; by the 46th day of the flight, there was a gradual
increase in amplitude of TyyI almost to the initial level, and on the 53d

day it became biphasic again. There was less distinct decrease in amplitude
of Ty 11 and TayF; during the second half of the flight, the T waves in

these leads became stabilized at a somewhat lower level than before the
flight. During the breath-holding test in inspiration, P. I. Klimuk presented
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moderate decrease in amplitude of Ty 11 and increase in Tyyy waves; when
examined on the 53d day of the flight, the biphasic Tyr1 wave during inspira-
tion changed to a positive one (Table 2).

The decrease in amplitude of T waves was relatively less marked in V. I.
Sevast'yanov: up to the 37th day, the T wave was positive in standard and
chest leads. However, toward the end of the flight, as in the case of P. I.
Klimuk, we observed a gradual decline of amplitude of T waves, particularly
in the standard III and aVF leads: a biphasic Typq was recorded on the 50th
and 60th days of the flight, but Ty 17 and TovF remained positive, though

to a somewhat lesser extent than before the flight. When the EKG was recorded
in inspiration, we observed some decrease in amplitude of Ty 11 waves; on the
31st day, during inspiration, Ty increased and became positive, while on
the 50th and 60th days it remained biphasic (Table 3).

As a result of the decreased amplitude of T waves, there was a corresponding
increase in R/T ratio in standard and chest leads on both cosmonauts. It
should be noted that the decrease in amplitude of T waves was not associated
with perceptible change in shape of the S-T interval or its position in
relation to the isoelectric line. There was some shift to the left of the
electrical axis of the heart of both cosmonauts: the aQRS angle decreased
from 71° to 60° toward the end of the flight in P. I. Klimuk, and from 86°

to 60° in V. I. Sevast'yanov.

During the flight, both cosmonauts endured the physical load on the bicycle
ergometer satisfactorily. No clinical manifestations of overfatigue or
impaired cardiac activity were demonstrated. With regard to change in pulse
rate, the reaction to the test was quite similar to the one observed before
the flight. The pulse rate increased on the average from 70-85 to 110-114
per min in P. I. Klimuk and from 60-64 to 96-116/min in V. I. Sevast'yanov.
No pathological changes were observed in amplitude and time parameters of
the EKG after the load (1-5 min); the shape of the EKG did not undergo
appreciable change. However, as compared to the preflight examination, we
were able to detect the following distinctions in the reaction to the load:
In the first few minutes after they stopped working on the bicycle ergometer,
against the background of a faster pulse and corresponding shortening of the
R-R interval, both cosmonauts presented an increase in atrioventricular and
intraventricular conduction time. Thus, when examined on the 22d day of the
flight, in the 1lst min after working on the bicycle ergometer, the P-Q
interval increased from 0.14 sec (background) to 0.17 sec, QRS increased
from 0.06 to 0.10 sec, with decrease in R-R from 0.68 to 0.54 sec in P. I.
Klimuk. In V. I. Sevast'yanov, in the lst minute after the test, the dura-
tion of the P-Q interval increased from 0.11 sec (background) to 0.13 sec,
with no change in QRS interval and a decrease in R-R interval from 0.98 to
0.83 sec. Before the flight, we observed a less marked change in these
indices, mainly in the direction of decrease, in both cosmonauts, in res-
ponse to the physical load. Furthermore, analysis of the results of the
physical load test conducted during the flight revealed that there was a
more marked decrease in amplitude of T waves, than in the background, in the
response of P. I. Klimuk to the load; examination on the 22d day of the
flight after working on the ergometer revealed that the negative TIII wave
(-0.9 mm) became somewhat more accentuated (-1.3 mm).
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Table 3. Changes in amplitude of T wave, mm, in V. I. Sevast'vanov

Pre- Inflight days Postflight days
Lead | flight | s |31 37 50 | 60 o | 1 2 3 7
1 2,0—3,0 1,4 1,95 — 2,1 2,2 2,5 3,0 2,5 3,0 3,5
11 3,0—4,3 2,1 2,1 0,8 2,4 2,2 2,0 3,0 2,5 2,6 3,0
111 1,0—2,2 1,3 0,5 0,4| =0,7 ] =0,4 1,0 0,5 0,5 0 0,5
aVR —2,5)— —1,6|—1,6{—1,5[—2,1|-—2,3[—2,0 —3,0| —2,0( —3,0|—3,5
-3
aVL 1,0—1,6 0,6 1,3 1,0 1,2 1,2 1,1 1,6 0,5 1,5 2,0
aVF 2,0—2,5 1,5 1,0 0,8 1,3 1,1 1,3 1,0 1,0 0,9 1,5

Thus, the clinical and electrocardiographic examination of P. I. Klimuk and
V. I. Sevast'yanov failed to demonstrate deviations that exceeded appreciably
the physiological range. The functional state of the myocardium remained on
a rather high level throughout the flight, and the noted changes did not
restrict the cosmonauts' work. The demonstrated changes in time and ampli-
tude parameters of the EKG were not pathological; they disappeared soon
after the return to earth, and they were due primarily to adaptation of

the cosmonauts' body to weightlessness and other space flight factors. In
our opinion, of the changes observed, the change in conduction function of
both cosmonauts merits particular attention.

The genesis of the changes detected on the EKG is complex and for the time
being it is not completely clear. It may be assumed that positional changes,
reorganization of extracardiac regulation, water and electrolyte metabolism
as well as of systemic and intracardiac hemodynamics, play the chief role

in development of these changes. For a number of reasons, including the
lack of clearcut correlation between the change in amplitude of T waves

and positional changes, it is not deemed possible to completely rule out

the possible influence of metabolic changes on the EKG. This question, as
well as determination of the prognostic significance of the disturbances
observed, require further, purposeful investigation.

The problem of effects of weightlessness on function of the human heart is

gaining particular urgency, since the duration of flights, the work load of
cosmonauts and their age are constantly increasing.
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[Text] The measured physical exercise test is among the traditional prac-
tices in clinical medicine and athletics. First used on the Voskhod space-
craft [1], it was then used during virtually all of the Soviet [2, 3, 4]
and American [13] manned flights.

It became apparent, from the results of such studies, that there are two
main problems under weightless conditions: difficulty in measuring the
load generated by stretching expanders, and difficulty of performing
complex examinations, since active movements hinder proper recording of
physiological indices. Analysis of the results of these studies revealed
that most indices did not differ appreciably from preflight levels, while
the postflight examinations revealed an overt decrease in tolerance of
the same loads [7, 8, 11].

In preparing for the flight of the Salyut-4 orbital research station, a
bicycle ergometer was installed on board for the purpose of functional

tests with a physical load, and this made it much simpler to create standard
testing conditions. We used the same equipment as on the Salyut and Salyut-3
orbital stations to record the circulatory parameters.

Method

The test involving a physical load was conducted using an analogue of the
onboard bicycle ergometer in the preflight and postflight periods. On the
ground, the cosmonaut mounted thé bicycle ergometer lying at a 10° angle
from the horizontal line, holding on to the frame handles. In flight, he
strapped himself to the frame and pedaled, holding on to the handles.

In all cases, exercise time had to constitute 5 min at the rate of 450 kg-m/
min and pedaling rate of 60 r/min. Thus, overall exercise in 5 min consti-
tuted 2250 kg-m/min, i.e., it was moderate.
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The physiological parameters were recorded in the initial position, 2-3 min
before pedaling. The equipment was left on throughout the test. Recording
was continued for 2-5 min of the recovery period. It was possible to
obtain good tracings starting in the first 5-10 sec after stopping the
exercise.

In analyzing the dynamics of the obtained data, the average values of indices
recorded before the test were taken as the background.

Results and Discussion

During the flight on the Salyut-4 orbital station, the commander performed
the physical load test and recorded parameters on the Polinom unit three
times, and the flight engineer, five times. The crew members did not
experience any subjective discomfort. The exercise performed by the cosmo-
nauts constituted 2100-2200 kg-m/m in 5 min at the pedaling rate of

56-60 r/min.

On the 46th day, both crew members of the Salyut-4 orbital research station
underwent comprehensive examination of circulation, during performance of
the exercise, with recording of arterial pressure, stroke and minute volume
and vascular tonus indices.

The inflight reaction of P. I. Klimuk, with regard to arterial pressure
response to the physical load was close to the preflight one, although the
absolute pressure figures were higher. The only exception was diastolic
pressure: on earth, it increased after pedaling and in space, it decreased.
The pulse pressure increment constituted 25% in flight and 177% on earth.
The dynamics of rate of distribution of pulse wave over elastic arteries
were close to the findings on the ground. In flight, the minute volume

of blood increased by only 12%, while the preflight increase reached 35%.
Systolic blood volume decreased similarly to the preflight extent. The
mean dynamic, pulse pressure and rate of distribution of the pulse wave
were still high in the 2d-3d min of the recovery period.

Absolute arterial pressure levels were also higher than preflight levels in
V. I. Sevast'yanov. The percentile increment of arterial pressure corres-
ponded to figures recorded on the ground. However, pulse pressure was

lower than in the preflight period during the lst min of the recovery period.
During the lst minute of work, systolic blood volume dropped by 30%, and on
earth the drop constituted 19%. There was virtually no change in minute
blood volume. The rate of distribution of the pulse wave over elastic
arteries in the 1lst min after pedaling was 87 higher than the preflight
level. In the 2d min after work, the heart rate and arterial pressure
remained high.

On the 3d day after landing, the functional test with a load of 2250 kg-m in

5 min was tolerated worse than in the preflight and inflight periods;
however, it was never interrupted due to worsening of the subjects' condition.
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The postflight hemodynamic changes were in the same direction as during the
flight, but more marked.

Upon completion of the exercise, the arterial pressure of P. I. Klimuk was
higher than preflight and inflight levels. The pulse wave was 417% higher
(only 20% higher in the preflight period). Systolic blood volume diminished
by one-third and cardiac output decreased by 14%.

In V. I. Sevast'yanov, arterial pressure after the physical load was higher
than in the preflight and inflight periods; systolic blood volume decreased
by one-third in the lst min, as was the case in flight. -There was a

more marked decrease in cardiac output (by 15%), as compared to the inflight
" level. The rate of distribution of the pulse wave over elastic arteries
increased to a lesser extent (by 7%) than in weightlessness.

It is known that the exercise tolerance test is associated with consistent
changes in contractile function of the myocardium and parameters of intra-
cardiac hemodynamics [6, 9, 10]. As in previous flights [4], the apical
kinetocardiogram was recorded on the Salyut-4 orbital station to examine
the heart.

After inflight pedaling on the ergometer, the kinetocardiogram complexes
remained essentially the same in shape as before the exercise. There was
a 30-40% increase in amplitude of the systolic part of the curve, versus

a 20% increment in the preflight period. With reference to dynamics of
the main phases of the cardiac cycle, the most marked changes were observed
in ejection time. Regardless of duration of flight, it was 13-25% shorter
for tne first 5-10 s of the recovery period in P, I. Klimuk. At this
same time, there was a 10-25% reduction of the phase of isovolumetric
contraction in P. I. Klimuk, and 20-25% reduction in V. I. Sevast'yanov.
The changes in the phase of isometric contraction were less marked than in
the preflight period. As a result, there was relative increase in inter-
phase index, K [5].

The ejection period diminished by 14-26% in the 20th-30th second after

the exercise test in P. I. Klimuk, and by 15-27% in V. I. Sevast'yanov.
These changes were close to those observed in the preflight period. The
isometric contraction phase diminished by 10-17% in the commander, i.e.,

it was shorter than on earth. In the flight engineer, the reduction was
essentially the same as before the flight (10-20%). Coefficient K remained
high in P. I. Klimuk, and held at the preflight level in V. I. Sevast'yanov.
The ejection and isometric contraction phases remained 10% shorter 1 min
after the test in the commander and 207% shorter in the flight engineer.
These changes were less marked or the same as before the flight. In the
2d-3d min of the recovery period, the ejection and isometric contraction
phases were virtually normalized in P. I. Klimuk, as they were on earth,
whereas in V. I. Sevast'yanov the ejection phase remained shorter. Thus,
with the functional test involving physical exercise in weightlessness, the
changes in phases of the cardiac cycle were moderate, and they were mainifested
by relatively mild shortening of the isometric contraction phase and a
corresponding elevation of interphase coefficient K.
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After landing, in P. I. Klimuk, the ejection and isometric contraction phases
were 15-207 shorter in the lst min after the test and recovery occurred only
in the 3d min. In V. I. Sevast'’yanov, the changes in these indices in the
30th s and 1lst min after the test were the same as in flight, but there was
no recovery in the 4th min after the test. 1In the postflight period, we
were unable to record the kinetocardiogram immediately after the test. A
study of the phasic structure of the cardiac cycle at a later time (30th s
for the flight engineer and 1st min for the commander) revealed that there
was slower recovery than under weightless conditions.

On the whole, the results of these studies confirmed the fact that, in weight-
lessness, the reaction of the circulatory system remains at about the pre-
flight level. However, it should be borne in mind that, in weightlessness,
the actual load was smaller, not only because the cosmonauts often pedaled

at a slower rate, but because they did not expend energy to 1lift a weight,
such as the weight of the legs when the test is performed on earth.

In this flight, which lasted 63 days, as in preceding ones [4], we failed
to demonstrate a clearcut correlation between reaction to the load and
duration of weightlessness. This is a rather important finding, since it
allows us to assess favorably the possibility of performance of physical
labor by the crew under conditions of prolonged weightlessness.

The lower levels of circulation volume, elevation of arterial pressure and
pulse wave distribution in vessels should be considered among the distinctive
circulatory reactions to functional tests with a measured physical load in
weightlessness. 1Interestingly enough, these tendencies increased in the
postflight period and, after completion of the test on the bicycle ergometer,
we even observed some absolute decrease in cardiac output, the decrease in
stroke volume being the same as in weightlessness. Arterial pressure was
higher than before or during the flight. There was also a more marked
increase in rate of distribution of the pulse wave.

In future studies, one should apparently devote more attention to the methods
of measuring blood flow and arterial pressure in the course of the exercise
test. The data obtained from the examination of V. I. Sevast'yanov indicate
that maximum arterial pressure during pedaling reached 170-175 mm Hg on the
46th inflight day and on the 3d postflight day.

Diastolic pressure was higher during the flight (85 mm Hg) and lower after it
(75 mm Hg). We were able to tentatively estimate stroke and minute blood
volume in the 2d min of the test on the 3d postflight day. There was no
change in stroke volume, as compared to the initial level, while minute
volume increased by 427%.

Thus, it may be that, in weightlessness, the physical load is anot associated
with less changes in hemodynamics, and the absolute decrease of minute blood
. volume in the recovery period is the result of more intensive reorganization
of circulation.
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The simplest explanation for the observed hemodynamic changes may be a
decrease in circulating blood volume in weightlessness and on the lst day
after landing. In weightlessness, the mechanism of circulatory changes in
response to the load is the same as on earth, but with a lower volume of
circulating blood, with deposition of blood in the internal organms. The
additional deposition thereof in the muscles of the limbs has a more appreci-
able effect on venous return to the heart. And to maintain arterial pressure,
stronger sympathetic activation of arterial vessels is required. Upon
completion of the exercise, we actually observe excessive activation, and
this should be evaluated as a favorable factor, indicative of satisfactory
condition of resistive vessels.

The expounded hypothesis of the effect of smaller circulating blood volume

in weightlessness on changes in circulatory reaction to a physical load is
quite consistent with a number of observations made in flight. After
termination of pedaling, emptying of jugular veins was observed in most cases.
It is known that a decrease in return of blood to the heart is associated
with the distinctive syndrome of longer isometric contraction phase and
shorter phase of ejection. As we have shown above, such a phasic syndrome
was observed in weightlessness after the functional test, although it was

not very marked. We could not detect it after landing.

A serious place is given to the question of myocardial contractile function
in the program of medical research on the Salyut-4 station. It is quite
obvious that gross disturbances of myocardial contractility did not develop.
Otherwise, this would have been reflected in the dynamics of several of

the circulatory indices and, in particular, the shape of the apical kineto-
cardiogram. There would also have been a decrease in amplitude of this
curve due to a decrease in force of cardiac contractions. The lack of these
signs of impaired myocardial contractility enabled us to relate the above-
mentioned phasic syndrome to relative decrease in venous return to the

heart after the physical load, due to additional deposition in muscles. On
the 3d postflight day, we also failed to demonstrate impairment of contractile
function of the myocardium during the test on the bicycle ergometer.

In summing up the results of these studies with a measured physical load, it
should be noted that a test with a load constituting a certain percentage of
maximum aerobic force, which was done by the American researchers on Skylab,
would apparently be more demonstrative. However, when testing the American
astronauts, with load levels of 25, 50 and 75% of the maximum aerobic power,
there was no demonstration of dynamics of indices that would warrant the
assumption of severe worsening of test tolerance in the postflight period.
This leads us to conclude that it would be more important to choose informative
physiological indices, rather than magnitude of the load. Unquestionably,
continued work in this direction is not only of scientific interest, but
definite practical value.
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[Text] In weightlessness, with disappearance of hydrostatic pressure,
the btody fluids are redistributed and there is equalization of blood
pressure in veins above and below the heart [3, 12]. 1Increased blood in
the upper half of the body is associated with engorgement of jugular
veins, sensation of blood rushing to the head, edema of the nasal mucosa
and puffiness of the face. Apparently, it is for this reason that most
cosmonauts develop the illusion that the body is turned over or bent
backward.

It is interesting to note that this most vivid syndrome of the effect of
weightlessness had not been predicted in an analysis of the possible changes
in the human body during space flights [15]. It is not encountered when
weightlessness is simulated by the method of clinostatic hypodynamia with
the body in strictly horizontal position [1, 10]. 1In spite of its obvious
importance, investigation of this syndrome is only at its first stage.
Pulse fluctuations in the jugular veins and kinetocardiograms of the right
heart were recorded on cosmonauts on the Salyut-3 orbital research station.
Photography of the crew of the Skylab orbital station, in infrared light,
revealed that the veins of the neck and face remained dilated throughout
the 3 months of the flight [14, 17].

In this report, we submit the preliminary results of investigation of venous
circulation in the crew of the Salyut-4 orbital research station, obtained.

on the basis of analysis of graphic tracings of jugular vein pulsation. We
observed the dynamics of form of pulsograms and venous blood pressure. The
duration of phases of the right heart was measured.
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Methods
The duration of the flight on the Salyut-4 was 69 days.

We recorded pulse fluctuations of the jugular veins concurrently with the
carotid pulse, so that the overall curve was named the venous—-arterial pul-
sogram (VAP).

A porolon-filled rubber capsule, 4X5 cm in size, served as the pulse pickup;
it was placed in the middle third of the neck over the projection of the
vascular bundle and secured with elastic tape. A piezoceramic sensor

was used to transform the mechanical VAP signals. In weightlessness and
the preflight period, the time constant of the equipment was 0.1ls and

after the flight, 0.5 s.

The VAP was recorded twice in the preflight period: 3 months and 7 days
before the launch. In weightlessness, the studies began on the 8th day
on P. I. Klimuk and the 13th day on V. I. Sevast'yanov, and they were re-
peated at intervals of 3 to 14 days. The cosmonauts were examined 3 and
6 hours, anmd on the 3d day after landing.

Polinom-2 and Mingograf-81 instruments were used to record the preflight and
postflight VAP, the paper being fed at the rate of 50 and 100 mm/s, and
during telemetry transmission the rate constituted 70 and 80 mm/s .

We isolated and analyzed the following phlebogram elements on the VAP:
atriosystolic wave a, diastolic d, collapses x and y [6, 8]. We studied
the maximum amplitude indices of a and d waves (as percentage of amplitude
of systolic wave ¢) and ratio of & to ¥ collapses (x/y). Blood pressure
in the system of the jugular veins (P) was measured by an indirect method,
based on the effect of disappearance of elements of venous pulse on the
VAP with passive movement of the subject's body in the frontal plane, both
before and after the flight. Before the flight, we also determined the
coefficient of single-valued relationship (X) between the obtained index

and magnitude of discharge in a vacuum device (P1), upon reaching which

there was complete disappearance of elements of venous pulse on the VAP.
And K = P/Py. The pressure index (P')was calcuated from the value of
discharge (P':) determined in weightlessness, and it constituted P' = K*P';.
By analogy to the classical jugular phlebogram, we measured the phases of
the right heart [6, 8]. We estimated pressure in the pulmonary artery
according to the nomogram proposed by Burstin [2].

On the 53d day of flight, we measured all of the above-mentioned indices in
both cosmonauts against the background of a water and sodium load. We are
not submitting these data here, since they will be reported separately.
Results and Discussion

The results of the studies conducted by the crew of the Salyut-4 orbital

research station confirmed the fact that there are appreciable changes in
venous circulation under weightless conditions. It must be borne in mind
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that the studies began only on the 8th day, when there was already considerable
regression of signs typical of the very first period of adaptation to weight-
lessness.

On the 8th-13th day, the VAP of P. I. Klimuk and V. I. Sevast'yanov (see
Table) showed an increase in amplitude of a and d waves, and x/y ratio, due
to decreased diastolic collapse of y (Figures 1 and 2). Usually, such
changes in venous components of the VAP are observed with increased filling
of jugular veins [4, 5, 9]. This is also indicated by the data obtained from
measuring the crew's venous pressure. For the lst inflight month, jugular
blood pressure was 50.0-66.67% higher than the preflight levels. On the 43d-
44th inflight day, P. I. Klimuk presented the lowest amplitude indices on
the VAP in weightlessness, while the VAP of V. I. Sevast 'yanov showed no
venous components at all, and the curve had the shape of a sphygmogram of
the carotid artery, which could be evaluated as an indication of decreased
filling of the jugular veins [11, 16]. At this same time, there was also

a drop of venous pressure, which was more marked in V. I. Sevast'yanov.

Figure 1.
Dynamics of shape of VAP of P. I. Klimuk
in weightlessness, preflight and post-
flight periods

I) preflight
II, III and IV) 1llth, 44th and 53d
inflight days
V) day of landing
VI) 3d postflight day

Following key applies to this and
Figures 2 and 3:

a) atriosystolic wave

¢) systolic wave

d) diastolic wave

x) systolic collapse

y) diastolic collapse
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¥ Figure 2.
Dynamics of form of VAP of V. I,
. , Sevast'yanov in weightlessnes, preflight

M'\\J %~\--awﬂ\) A~ and postflight periods

I) preflight
, . 1T, III, IV) 13th, 43d and 53d inflight
r w\«s-"\\. PSSO :“-..‘_,.- days
v V) landing day
VI) 3d postflight day

The greatest differences of phase indices, as compared to preflight ones,
were observed on the 8th and 1lth days in P. I. Klimuk. Thus, on the 1lth
day there was 25% shortening of atrial systole and 13.8% decrease in ejec-
tion, while isometric relaxation decreased by 14.3%. The contraction
[tension] period increased by 22.2%. The duration of the atrial systole
remained unchanged on the 29th, 44th and 60th days, while the other indices
showed a tendency toward moving to the preflight values.

Tests made on V. I. Sevast'yanov on the 13th and 27th days showed more
marked changes in duration of periods, and the periods of contraction and
isometric relaxation became longer, while the other indices differed little
from preflight levels on the 27th day.

In our opinion, these phase dynamics warrant the assumption that there was
no marked overload on the right heart under weightless conditions.

As we see from the Table, in P. I. Klimuk, blood pressure in the pulmonary
artery at rest rose by no more than 25% up to the 60th inflight day; in V. I.
Sevast'yanov, it rose by 100% on the 13th day and dropped on the 27th day

to 33.3% above the preflight index.

Evidently, elevation of pressure in the pulmonary artery during the lst month
of flight could be interpreted as an adaptive reaction of the pulmonary cir-
culation (increased resistance in pulmonary arterioles as a result of



decrease in their lumen) directed toward averting an overload on the left
atrium. It is difficult to interpret the absence of dynamics in this index
in the 2d inflight month in P. I. Klimuk.

There was poor correlation between changes in jugular filling and pressure,
and subjective indices. Thus, in spite of elevated pressure in the jugular
veins for the lst inflight month, P. I. Klimuk did not experience the sensa-
tion of blood rushing to the head, or else it was minimal. Conversely,

V. I. Sevast'yanov had a distinct such feeling. Interestingly enough, even
after significant drop of venous pressure, V. I. Sevast'yanov continued to
feel a rush of blood to the head, although he evaluated its intensity at

15, 10 and 5% of the sensation observed in the acute period of adaptation,
at different stages of the flight. It is interesting that both cosmonauts
noticed reappearance of natural lines on the face after 1-1.5 months, which
had become smooth previously due to facial edema at the early stage of the
flight. This served as an indirect confirmation of the signs of decreased
filling of vessels of the head and, perhaps, not only the vessels, but
extravascular tissular fluid.

Evidently, the demonstrated inconsistency between subjective and objective
data may be attributed to both individual differences in proprioceptive
sensitivity and differences in functional capabilities of collaterals that
remove blood from the pool of the internal jugular vein. We do not have

a concrete answer to this question.

Nor can we fail to call attention to some discrepancy between the results of
examination of venous circulation in weightlessness, which we performed, and
the data of American authors who had the impression that the veins of the
neck and head remained dilated throughout the 3 months of flight in crew
members of the third expedition on the Skylab station [14].

.Central venous pressure (CVP) in weightlessness was first measured on the
monkey, Bonny, during the 9-day orbital flight on Biosatellite-III in 1969
[18]. This was done by the method of catheterization of the right atrium
and inferior vena cava, i.e., a direct method. In the first 5 days of
flight, the CVP almost doubled, as compared to the preflight level, and
from the 6th day on it progressively dropped to the 7th-8th day. However,
we cannot be certain enough that the drop of venous pressure is a normal
adaptation response to weightlessness, in view of the fact that the animal's
condition worsened severely on the 8th-9th day, and the monkey died after
landing.

Among the possible mechanisms of diminished jugular filling and venous
pressure in the crew of Salyut-4, in our opinion, the most obvious ones are
deposition and redistribution of blood from the central regions into the
internal organs, and first of all the liver and spleen.

There can apparently be loss of plasma in weightlessness too, and it could
also be the cause of venous pressure drop. According to the data of Echt
et al. [13], a 500 ml decrease in blood volume is sufficient for a 30-40%
CVP drop.
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On the basis of these data and the results of our investigations, it can be
assumed that the 33.4-100% pressure drop, as compared to preflight levels,
observed in the cosmonauts in the 2d month of the flight may be due to
elimination of up to 500-1200 ml blood from active circulation.

However, this assumption has not yet been adequately confirmed and requires
further investigation.

We conducted a series of experiments, involving the use of pressure cuffs
(100 mm Hg) on the upper third of the thighs of 24 volunteer subjects, in
order to investigate the effect of deposition of blood on jugular filling
and blood pressure. In all instances, the amplitude indices of the phlebo-
graphic elements of the VAP and venous pressure in the jugular veins diminished
in the 4th-5th min after applying pressure. Solti and Iskum [19] obtained
analogous results. The findings made on VAP recordings of P. I, Klimuk, on
the 11th, 20th and 48th inflight days also speak in favor of the foregoing.
The VAP was completely formed like a sphygmogram (SPG) of the carotid artery
in the lst minute after the bicycle ergometer test (Figure 3). The venous
components appeared in the 2d-3d min. Evidently, decreased filling of
cervical veins after the physical exercise in weightlessness occurred as a
result of redistribution of blood in the veins of the lower extremities [14].
This is a very important finding, since it shows the effectiveness of

using the physical exercise in weightlessness to prevent redistribution of
blood in the upper parts of the body.

[ J‘f /\V/\h P[ Figure 3.

x : I Dynamics of form of VAP of P. I. Klimuk
on 1llth inflight day during functional
test on bicycle ergometer

pipeiet

I) at rest, before the test
II and III) 1st and 3d min, respectively,
after stopping pedaling
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There was no pulsation in the jugular veins of both cosmonauts in horizontal
position, and only the carotid SPG was recorded in the postflight period,

3 and 6 h after landing. We obtained analogous results following short
flights, as well as when we examined the crews of Salyut-3 orbital research
station and the first crew of the Salyut-4 station. The decrease in
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filling of jugular veins and drop of pressure therein after landing

are apparently due to additional redistribution of blood under the influence
of earth's gravity. Return of venous pressure to the preflight level occurred
on the 3d day in P. I. Klimuk and corresponded to restoration of initial
orthostatic stability. There was no appearance of venous components on the
VAP of V. I. Sevast'yanov at this time.
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