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SURVEYS

UDC: 613.693-07:93(47+57)
PROBLEMS OF STUDYING FLIGHT WORK IN SOVIET AVIATION MEDICINE OF THE 1920's-1930's

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 10 Oct 83) pp 4-11

[Article by V. M. Munipov]

[English abstract from source] This paper describes multi-
faceted investigations of the flying work by Soviet aviation
medicine in the 1920-30s. It examines the early stages of

the professional activity that is at present termed ergonomic
foundations of the design, manufacture and use of the aircraft.
The paper discusses one of the first formulations of the prob-
1em of standardization of the human factors.

[Text] At the dawn of its development, Soviet aviation medicine, like many other
areas of scientific and practical endeavor, was subject to the expansion of the
psychoengineering movement. While propagandizing methods of psychoengineering
studies of pilots, S. Ye. Mints was nevertheless the first Soviet aviation phy-
gician to indicate, already in the 1920's, that there was a need for physicians
to study the work and life of flight personnel, referring to improvement of
professional screening methods, deeper approach to optimization of pilot work,
systematic investigation of problems of accidents and traumatism, more thorough
observation of pilots' health status. In the vast majority of aviation schools,
psychophysiological laboratories were established in 1924 under the influence
of §. Ye. Mints, while the USSR Administration of the Air Force, by agreement
with the Military Medical Administration of the Workers' and Peasants' Red

Army, organized a central psychophysiological laboratory. A. A, Sergeyev
remakred that "These two steps immediately determined the basic direction of
Soviet aviation medicine, which was named psychophysiological, i.e., combining
psychological and physiological methods" [15].

Relating the organization of psychophysiological laboratories to a specific
stage of development of the preventive direction in Soviet aviation medicine,

N. M. Dobrotvorskiy, who headed the central laboratory, called special attention
to the fact that with such orientation aviation psychophysiology has much
broader tasks than a psychoengineering examination for professional screening
purposes. "Approaching the study of aviation from the standpoint of psycho-
physiology," he wrote in 1924, "we are faced with a specific form of labor that
requires psychophysiological characterization. For this reason we must, in the




first place, study the psychophysiology of this labor process itself; in the
second place, the subjects who perform this process and in the third place,
single out the requirements that must be met by subjects who are the most suit-
able for performance of these work processes" [18] [sic].

Unlike psychoengineering laboratories with their absolutization of methods of
determining the personal traits of an individual by means of tests, in psycho-
physiological laboratories, the prerequisite for solving problems of professional
screening should, according to N. M. Dobrotvorskiy, be a serious examination of
pilots under the specific conditions of their work. N. M. Dobrotvorskiy wrote,
"Hence it is obvious that to perform the tasks put to us we must analyze in
detail both the entire performance of a pilot, as well as himself, using all
methods available to us" [8].

The preventive direction of work in psychophysiological laboratories determined
the broad spectrum of their tasks to provide optimum conditions for retention
and fortification of health, increased work performance of pilots, including
working, 1living, recreation conditions and physical culture.

Striving to investigate comprehensively pilot performance and their working
conditions, N. M. Dobrotvorskiy analyzed psychophysiological distinctions of
flight work, developed methodological problems of flight training and profes-
sional screening of test and observer pilots, validated psychophysiological
requirements of flight personnel, etc. His attention was drawn to problems of
physical culture in aviation, pilot work standards, diet, professional hazards,

etc.

A close link between investigation of pilot performance and equipment (aircraft)
was evident already in the first works of the Central Psychophysiological
Laboratory. N. M. Dobrotvorskiy attributed much attention to their development:
", .. We must mention the work of doctor Pereskokov,”" he wrote, "who initiated
studies of an aircraft from the standpoint of its conformity to optimum per-
formance of the pilot's functions and demonstration within the aircraft proper
and its lay-out of factors having an inhibitory effect on normal pilot

activity" [2].

Inaugurating a new direction of investigations in Soviet aviation medicine,

the work of A. Pereskokov were on a par with, if not ahead of, worldwide
advances in this field. Proper formulation of the problem, choice of adequate
methods and means of solving it, as well as extremely clear ideas about the
most effective means of making practical use of investigation results, enabled
A. Pereskokov to formulate theses, implementation of which on a large scale
began only in our times. 1In the 1920's, the theses expounded by A. Pereskokov
were received with great interest by practical workers (pilots, test pilots

and others) [10]. "As for the questions touched upon here (pilot's seat,
controls, instruments, etc.)," wrote A. Pereskokov, "specific standards must

be developed in this direction on the basis of anatomy and physiology, to con-~
form with aviation equipment specifications, which would enable aircraft
designers to develop, along with advances pertaining to flight range, conditions
for pilots in which signs of fatigue would appear as late as possible and
thereby reach the main goal, that of enabling the pilot to work as productively
as possible with the least expenditure of energy" [13].




The work of the Central Psychophysiological Laboratory in the area of optimizing
the aircraft cabin and its equipment had some impact on the design of flight
vehicles. It is not by chance that, in the document entitled "Bases of
Specifications for Military Aircraft" published in 1928, there is a certain

list of psychophysiological requirements [9]. N. M. Dobrotvorskiy organically
relates this direction of work to the solution of other applied problems. Hav-
ing made an in-depth and comprehensive analysis of the performance of an aircraft
observer, this scientist formulated interrelated recommendations for wiser
arrangement of navigational instruments, refinement of organization of pilot
work and professional screening [3].

The original ideas for studying flight work, which occurred increasingly often
to N. M. Dobrotvorskiy, along with the extensive empirical material that had
been accumulated, required systematization and generalization. The scientist
was able to do this when he left the Central Psychophysiological Laboratory: "I
did not seek a job elsewhere, but started to work at home processing the

vast amount of material that I had collected in these years...." [8]. The

fact that N. M. Dobrotvorskiy accepted to deliver a course of lectures on the
basic problems of aviation medicine for the administrative personnel and
engineers at the Air Force Academy imeni N. Ye. Zhukovskiy in 1929-1930 was
also instrumental in the performance of that work.,

At that time, there was formation of the basic theses of N. M. Dobrotvorskiy
concerning the integrated approach to investigation of flight work, which were
reflected in the textbook, "Flight Work" [4]. It is also important that
elaboration of the theses of the integrated approach to the study of flight
work was performed on the basis of an organic link between problems of aviation
medicine and engineering problems of designing and developing aircraft: 'One-
one and a half months later (after N. M. Dobrotvorskiy left the Central Psycho-
physiological Laboratory.--V. M.), when the basic directions of work were
defined, I needed to learn about aircraft blueprints...." [8].,

Profound knowledge of the problems of aviation medicine combined with extensive
knowledge in the field of aviation and rich practical experience as a psycho-
physiologist and pilot enabled N. M. Dobrotvorskiy to define in a basically
new way the structure of the object of investigation of flight work. Having
summarized the studies of prior years, N. M. Dobrotvorskiy formulated the
objectives of studying flight work as follows: "Investigation of flight work
can be divided into several tasks: 1) Investigation of work tools, i.e., the
aircraft and its equipment. Investigation of work tools must be pursued

from the standpoint of their adaptation to the human material at our disposal,
on the one hand, and from the standpoint of selecting human material conforming
completely to the specifications imposed on work tools, on the other hand.

2) Investigation of flight work conditions. In studying the conditions of flight
work it is not the irrelative effect of these conditions, as considered in
hygiene, that is important to us, but the significance of their effect as
related to usage conditions (forms of tactical use) in order to determine in
advance which people would be most suitable for the performance of different
combat assignments, how best to perform these assignments so as to make the
fullest possible use of the traits of the living force in our unit [chast'].

3) Investigation of flight work processes. Here, our attention must be con-
centrated on both the nature of the work processes under study and conditions




that enhance their efficiency from the combat point of view. 4) Investigation
of flight personnel. This task has the purpose of solving problems of manning
the Air Force with personnel of appropriate quality in the proper shape for
flying" [4]. : :

A. A. Sergeyev, describing evolution of the views of N. M. Dobrotvorskiy, calls
attention to the fact that it reflects, to some extent, the entire route
traveled by Soviet aviation medicine. "Having started with vivid and rather
compelling phrases about the need to revise the guidelines for pilot screening
and their training on the basis of the Pavlovian teaching on higher nervous
activity," writes A, A. Sergeyev, "N. M. Dobrotvorskiy actually took the trail
blazed by experimental psychology and, being unable to reconcile these two direc-

tions, he went into development of hygienic problems" [15].

In the described thesis of the historian of aviation medicine, it is stated

very definitely that N. M. Dobrotvorskiy did not reject either psychology or
Pavlovian physiology. It is not actually known whether he was trying to
"reconcile these two directions in himself." Tt appears that for N. M.
Dobrotvorskiy the problem was not to "reconcile these two directions," but to.
define their place in the approach to investigation of flight work that he was
validating and which he (and then A. A. Sergeyev also) called "development of
hygienic problems." 1In the 1920's, such concepts as "integrated approach,"
"ergonomics" and "engineering psychology" did not exist, and for this reason
everything that did not pertain to psychology and physiology was called "hygiene."
And this is one more manifestation of the pattern, to which V. I. Vernadskiy
called attention and according to which "in the history of science the progress
of its contemporary development compels us to search and see in its past what
previous researchers did not even dream of" [1]. C S

The approach of N. M. Dobrotvorskiy to flight work as an object for investigation
having a specific structure, the elements of which perform a functional role in
relation to one another and to the structure as a whole, has something in common
with the ideas of functional and structural analysis of performance. . Without
being aware of it himself, N. M. Dobrotvorskiy effected the basic procedures

of the structural method to some extent in demonstrating this structure.

In the opinion of N. M. Dobrotvorskiy, investigation of pilots under the specific
conditions.of their work should be done in both directions at once: man's
adaptation to equipment and equipment's adaptation to man. Optimum solutions
should be sought where these directions intersect. The formulations of N. M.
Dobrotvorskiy are not inferior to many contemporary theses on this score in
their thoroughness and completeness. "We believe that requirements can be im~
posed on man only after. the aircraft conforms to the specifications imposed

on it by the average man. By no means do we intend to impose the requirement
that aircraft must have diverse designs corresponding to.the diversity of

the groups of people that could be used to work in aircraft--some restrictions
must be imposed concerning man, but within these limits the aircraft should

meet the demands imposed for the proper use of this average group of people" [4].

A description ofithe theses developed by N. M, Dobrotvofskiy for‘an integrated
approach to the study and optimization of flight work would be incomplete if
we did not dwell specially on the characteristics of one of its elements, namely




the direction of investigations, the content of which is adaptation of equipment
to man. In the time of N. M. Dobrotvorskiy, comparatively less attention was
given to this direction, and it was even overlooked entirely at times. For
this reason, the degree of development of this element of the integrated
approach by N. M, Dobrotvorskiy can characterize, in a certain respect, the
depth and fullness of his conception as a whole. The approach and concrete
results obtained by N. M. Dobrotvorskiy in the course of studying problems in
this direction indicate that, in this respect too, his conception holds up to
the strictest test of time. For example, with regard to methodology, analysis
of the pilot's cabin from the standpoint of the human factor has not lost its
relevance to our times. The concrete recommendations made on the basis of

this investigation are not generally in contradiction to current ones, although
some details, attributable largely to the design of aircraft in those days,

are merely of historical interest. ‘

The problem of investigating environmental factors is formulated differently
by N. M. Dobrotvorskiy in the structure of the integrated approach to the
study of flight work. Their investigation in aviation hygiene of that time,
independently of their effect on pilot performance, was in his opinion a
mandatory but insufficient factor in the integrated approach. The study of
exogenous pilot working conditions within the structure of the integrated
approach must be directed, on the one hand, toward definition of the require-
ments for professional screening and, on the other hand, determination of the
means of maximum adaptation of performance to these conditions in cases when
it is impossible to change them. Along with such modification of tasks dealing
with investigation of environmental factors, hygienic studies retain some
independence in the structure of the integrated approach.

Human characteristics had been taken into consideration to some extent or other
by engineers in designing aircraft at the start of development of aviation. How-
ever, the systematic, scientifically validated approach to their consideration,
which was contained in the work of N. M. Dobrotvorskiy, was far ahead of the
scientific engineering thought of those times. There are grounds to assume that
the sad fact that, expressly at the time of the most intensive development of

the integrated approach to the study of pilots under concrete working conditions,
i.e., in 1928, N. M, Dobrotvorskiy had to leave the Central Psychophysiological
Laboratory is largely relateéd to this circumstance.

In the order to demobilize N. M. Dobrotvorskiy, it was stated that he is relieved
from the position he held and for health reasons is discharged on indefinite
leave [8]. The scientist himself wrote that "... on- 28 February 1928 I parted
with the laboratory and became a disabled pensioner at the age of 35 years"
[8]. However, the "disabled pensioner" was again admitted to service in 1930
and assigned to the cadre of RKKA [Workers' and Peasants" Red Army] [8] and

thus N. M. Dobrotvorskiy became an instructor at the Air Force Academy of the
RKKA imeni N. Ye. Zhukovskiy. There is reason to assume that the dismissal of
N. M. Dobrotvorskiy from the job of chief of the Central Psychophysiological
Laboratory was related not only and, perhaps, not so much to his health as,
most probably, to the fact that most aviation physicians did not comprehend the
ideas and creative aspirations of the scientist. "The route outlined in
keynote papers by N. M. Dobrotvorskiy," remarks A. A. Sergeyev, "did not
appeal, for some reasons, to most aviation physicians, and most of them dis-
trusted the achievements of the Central Psychophysiological Laboratory" [15].



It 1is remarkable that, after the departure of N. M, Dobrotvorskiy, the work of
the central and other psychophysiological laboratories was related exclusively
and predominantly to traditional problems of aviation medicine. In 1930, when
the achievements of these laboratories were summed up, there was discussion
exclusively of problems of psychoengineering and psychophysiological screening
and medical support of high-altitude and long-term missions [11]. It is
equally significant that, having been given the opportunity in 1935 to return
to his favorate spec1a1ty in a new institute opened at that time, N. M. ~
Dobrotvorskiy conducted a specific series of studies that he ‘had thought

about but could not perform in the Central Psychophysiological Laboratory. We
refer to studies which can presently, with sufficient grounds, be related to
the category of ergonomics (problems of lay-out and equipment of work places
in aircraft; onboard comfort as a means of improving combat capacity, etc.).

In the 1936 project plan of the Medical Aviation Scientific Research Institute,
the topic of "Optimum equipment of aircraft workplaces" was entered for the
department of N. M, Dobrotvorskiy. It was stated in the column under the
heading, "expected results,”: "Navigator's cabin mock-up and physiological
specifications for its equipment" [8].

When aviation medicine was only taking its first steps, while différentiation
of disciplines dealing with man and his performance was still relatively
poorly developed, none of the necessary prerequisites existed for in-depth
perception of integrative ideas in these areas of scientific knowledge.

The indifference, to some extent, that existed concerning integrative ideas

in aviation med1c1ne was not related to the relatively low level of development
of aviation equipment. The aviation industry had not yet begun to stimulate
integration processes in science.

The conception of N. M. Dobrotvorskiy of an integrated approach to investigation
and optimization of flight work acquired some elements of completion [5, 6]
during the period of intensive development of the Soviet aircraft industry,
when several original aircraft designs were developed that were on a par with
the best foreign prototypes in their performance and tactical features. In
this regard, the scientist's work, '"Onboard Comfort as a Means of Improving
Combat Capacity," merits special attention; its very title is indicative of

the author's scientific boldness, to some extent. To this day, some special-
ists believe that comfort and fighting capacity are incompatible concepts. The
cited work deals with issues that are presently defined as ergonomic support of
designing, developing and operating aircraft. N. M. Dobrotvorskiy wrote: 'We
construe comfort in an aircraft as referring to all measures related to out-
fitting the aircraft that provide for convenient work by the crew and preserva-

tion of eff1c1ency" [6].

Onboard comfort provisions refer primarily to specific organization of the work
place: optimum access, optimum lay-out of controls and instruments. The
author calls special attention to the need to optimize pilot performance with
respect to reading instruments in the cockpit. N. M. Dobrotvorskiy notes,

with regret, that one of the guidelines for such optimization (which was first
validated by him and subsequently became an axiom in modern engineering psycho-
~logy) is—still not-realized in designing instrument panels .in Soviet aircraft
cockpits: '"In America," writes N. M. Dobrotvorskiy, "they have already imple-
mented the suggestion, first made in our country, concerning warning signals

on instruments that automatically attract the pilot's attention to the




instrument. Why should a pilot look at the oil or fuel gage, if all is well with
them? It is much simpler if a light goes on, on the control panel, when there

is an oil pressure drop or fuel level drops to a specific level, which would
alert the pilot to the need to look at the instruments. This simple measure

not only relieves the pilot's attention, but enables him to do something else,

in particular, help the observer perform combat assignments" [6].

An important element of onboard comfort is to provide specific climate condi-
tions for the crew. As indicated by N. M. Dobrotvorskiy, this can be achieved
by optimizing environmental factors in the cockpit and sensible design of work
clothes. As noted by N. M. Dobrotvorskiy, it was necessary for aerodynamics
specialists testing mock-ups in wind tunnels, to make a more thorough study

of the problem of vortexes formed about the fuselage and conditions of air
movement within the aircraft in order to improve the arrangement of aircraft
cabins of that time, which were far from perfect. "Such studies should
provide base data," he stressed," for work on ventilation of interior cabins
of aircraft and air-conditioning, and to provide a comfortable climate" [6].

Comfortable handles, easy to grip, on the control stick, throttle and other
controls for the aircraft and its equipment are also not only quite feasible,
but mandatory conditions for onboard comfort. N. M. Dobrotvorskiy comments:
"The very finish on a control--smooth in some cases and, on the contrary, rough
in others, would facilitate the crew's work. Installation on the control stick
of a down cuff would enable the pilot to do without cumbersome gloves, in

which movement is difficult. Electrical heating of such a cuff would be more
reliable than heating the glove, since the cuff would be permanently

installed and would not be subject to the negative factors, to which a glove

is exposed" [6].

As noted by N. M. Dobrotvorskiy, one could find dozens of places on aircraft
of those times, where one could be scratched or bruised, causing decline of
crew efficiency. All this, as well as arrangement of hand rails, devices for
securing ancillary equipment and many other items may appear, at first glance,
as unimportant trivialities; however, comfort cannot be provided in an air-
craft without giving the very closest attention to such, seemingly, insigni~-
ficant "conveniences, all of which together yield, however, a substantial
result" [6]. The scientist formulated a thesis which acquired axiomatic rele-
vance in modern ergonomics and design, namely: one cannot provide complete
comfort and safety of human work without giving attention to small things.
"These simple truths require that the trimmings of an aircraft be just as
highly sophisticated as the engineering of our aircraft" [6].

Calling attention to the ever increasing technical level of Soviet aircraft,
which made it possible to achieve world records, N. M. Dobrotvorskiy advanced
the task of providing the crew with working conditions, under which not only
record holders, but simple pilots could achieve the highest results when
operating the aircraft, on the basis of consideration of the human factor.
"We must now see to it that all installations and equipment in an aircraft
are so produced that any average pilot can make full use of the opportunities
offered by the aircraft' [6].

In order to solve these problems, it is necessary for scientists and special-
ists in aviation medicine participate in the work of designers, so that they



could counsel the latter in all questions of aircraft equipment related to the
crew's work. In concluding his article, N. M. Dobrotvorskiy states: "A routine
task in the joint work of designers, production workers and specialists in avia-
tion medicine to pay strict attention to all this 'trifles', which adapt the
aircraft to the requirements of an average person, and furthermore it is a

task that will not tolerate procrastination" [6]. At that time, the conception
of N. M. Dobrotvorskiy of an integrated approach to investigation and optimiza-
tion of flight work attracted only a few enthusiasts of aviation medicine.

They include the aviation physician, S. P. Rozenberg who was attached to the
Central Psychophysiological Laboratory of the Air Force in 1924 and, from 1925
one, worked in the psychophysiological laboratory of the military pilot school
in Odessa. Developing the ideas of N. M. Dobrotvorskiy for standardized lay-
out of instruments on the instrument panel, S. P, Rozenberg made the first
attempt at validating the set of psychophysiological requirements for standardl—
zation of the instrument panel and instruments themselves.

One should rate quite higly the work done by S. P. Rozenberg at a time when
there was an acute shortage of psychophysiological data required to work on
standardization of aircraft insturment panels and without any positive knowhow
in this matter. While some of ‘the specific recommendations he offered did not
withstand the test of time, formulation of the problem and the general approach
to its solution have not lost their relevance to this day. S. P. Rozenberg is
to be credited for the fact that he was the first to implement rather systemati-
cally the performance approach to the problem of standardizing the aircraft
instrument panel. This approach was implemented on an empirical, rather than
conceptual level. Nevertheless, the approach of S. P, Rozenberg properly
grasped the general idea and outlined the strategy for optimizing and stand-
ardizing aircraft instrument panels on the basis of studying pilot performance

[14].

Being ahead of his time in formulating a number of problems of psychophysiology
of flight work, S. P, Rozenberg, like N. M. Dobrotvorskiy, found no support in
his contemporary aviation medicine. "Having made a brilliant study of pilot
work both in theory: and practice, he (S. P. Rozenberg-~V. M.) tried to
rationalize it by psychophysiological methods, but the absence of a school
prevented him for working more in-depth and prompted obvious wavering of

subject matter" [15].

The conception of an integrated approach to the study and optimization of flight
work being developed by N. M. Dobrotvorskiy had some impact on the work of

N. V. Zimkin and N. A. Epple, who were among the first in the world to conduct
engineering-psychological studies of aircraft instruments. N. V. Zimkin

stated plainly that his research was a continuation of the work of N. M.
Dobrotvorskiy, with whom he had. conducted experimental psychological studies

of pilots in 1921 in the clinic of V. M. Bekhterev. The experimental work of

N. V. Zimkin and A. M. Zimkina was related essentially to psychophysiological
evaluation of instrument dials as related to illumination conditions.

The work of N. V. Zimkin [7] and N. A. Epple [16] constitutes an example

of brilliant engineering psychological investigation of aviation instruments
for their time and, in a number of respects, for our times as well, with res-
pect to formualtion of the problem, experimental methods, system and compre-
hensiveness of the research that was undertaken, as well as results achieved.




To sum up the problems discussed in the. area of studying flight work in Soviet
aviation medicine of the 1920's and 1930's, it should be noted that it

generated and developed the ideas of an integrated approach to investigation,

as well as a cycle of studies based on this approach of conditions and optimiza-
tion of flight work, including development of psychophysiological and hygienic
‘specifications for aircraft and aircraft equipment design. This is all the more
"important since they .were subsequently (particularly in our times) submitted to
fundamental development. The work of N. M. Dobrotvorskiy and a few of his
proponents “is among ‘those that, already in our .time, V, V. Parin and I. M.
Khazen related to one of the most promising trends of aviation medicine. They
wrote: "Aviation medicine not only had to be in step with aviation engineering,
but to anticipate the routes of its further development. And this exceptional
distinction, which is inherent in all its stages, prevailed in close collabora-
‘tion of biology, engineering and medicine" [12]. '
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[Article by L. A. Bryantseva and A. Ye. Mikhnenkol

[English abstract from source] ‘Physical work capacity of man
during real and simulated dives is discussed in view of the
reported data. The parameter is known to decrease as the
breathing gas density and immersion depth increase. ‘The fac-
tors ‘limiting the work capacity growth are as follows: greater
respiration resistance, higher energy cost of ventilation, CO:2
retention, dyspnea,iadVerse circulation changes. During exposure
hyperbaric bradycardia occurs both at rest and upon a work load.
This precludes prediction of physical work capacity on the basis
of the heart rate alone as a parameter used in a normobaric en-—
vironment. The paper contains tabulated data on the work capa-
city of divers at various depths obtained by different authors.

[Text] The most important achievement of the last decade in the area of undet-
water physiology is the experimental confirmation of human capacity to spend

a long time at significant depths. Exploration of marine depths.requires
investigation of the effect of hyperbaric conditions on man, a search for the
means of preserving and improving work capacity at high ambient pressure.

Much attention is given in theoretical and. clinical medicine to the study of
physical work capacity. In spite of the fact that a different content is
placed in the concept of physical work capacity in different branches of
medicine, there is still a general definition of this concept as man's po-
tential capacity to manifest a maximum physical exertion during work [12, 17,
26, 34, 38].

As we know, human physical work capacity depends on individual distinctions,
chiefly the functional state of an individual's cardiorespiratory system.
While special significance is attributed to the cardiovascular system at nor
mal atmospheric pressure, in the presence of high pressure this applies to the
respiratory system. The-specifics of a hyperbaric environment consist of

the fact that expressly respiration could limit an increase in work capacity,

whereas some reserve is still left in the circulatory system.
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The limiting role of the respiratory system is related primarily to increase in
density of the atmosphere, in which an aquanaut lives and works.* High ambient
density results in an increase in resistance to respiration, which depends
primarily on the nature of gas flow in airways. While gas flow is mostly
streamline during quiet breathing, during physical labor even at normal pres-
sure the increase in ventilation leads to formation of turbulent flow. An
increase in ambient density has the same effect; already at a pressure of

5-6 kG/cm?, virtually the entire gas flow becomes turbulent [45, 51].

As we know, an increase in resistance to respiration leads to slowing of
inspiratory and, particularly, expiratory flow [62, 84]. The decline of

peak flowvelocities under hyperbaric conditions plays an appreciable role in
limiting growth of ventilation during forced breathing associated with physical
labor [70, 81]. The limitation of peak flow velocities has the most appreciable
effect at heavy physical loads or during the maximum breathing capacity (MBC)
test on the basis of which determination is made of reserve capacity of the
respiratory system. Theoretically, the decline of MBC at high pressure should
be inversely proportionate to the square root of gas environment density [47,
54, 60, 64, 67]. But in reality, MBC at high ambient pressure is somewhat
higher than the theoretically calculated levels [56, 60, 70]. It is assumed
that this occurs due to adaptive reactions such as increase in activity of res-
piratory motoneurons and consequent intensification of contractions of res-—
piratory muscles [20, 29, 33, 69]. However, this mechanism of maintaining phy-
sical work capacity can prevail for only a brief time, since maximum exertion
of respiratory muscles leads to development of fatigue.

In addition, growth of pulmonary ventilation during physical exercise diminishes
for another reason. At high velocities of gas flow and with significant ex—
piratory exertion, intrathoracic pressure becomes higher than pressure in the
bronchi. This leads to collapse of fine bronchi, and further efforts to over-
come the increased resistance to expiration are no longer effective. It is be-
lieved that this mechanism lowers ventilation by about 20% [49], whereas the
maximum capacity of pulmonary ventilation may constitute about 60-80% of MBC
according to the results of experimental studies [50, 73].

The increasing energy cost of respiratory muscle function, due to increased
resistance, as well as the sensation of dyspnea, may become factors that limit
work capacity under hyperbaric conditions.

At normal atmospheric pressure, the outputof respiratory muscles at rest con=-
stitutes 0.23+0.5 kg-m/min [16]; it is 6~12 kg-m with ventilation of 60 %/min
and 250 kg-m during maximum work at MBC of up to 200 £/min [36, 61]. Under
hyperbaric conditions, when resistance to respiration is increased, the work
of respiratory muscles must increase with increase in atmospheric density.

*This survey deals with the effects of high atmospheric pressure mainly in

the presence of normal partial oxygen tension. The effects of hyperoxia
will not be discussed here, although several works are cited where compressed
air was used. Nor will an explanation be offered here concerning questions
about the effects of ambient temperature and humidity.




Tn actual measurements of respiratory muscle function at high ambient density,
an increase is not necessarily demonstrable at rest. This can be attributed to
relatively low level of ventilation and compensatory change to slower and deeper
respiratoin [3]. As we know, such a respiration pattern provides for optimum
ventilation conditions, where a minimal amount of energy is expended on the
function of respiratory muscles. Probably it is this optimization of respira-
tion pattern that explains the contradictory results of experimental studies:
decline of power of respiratory muscle function from 8 to 6 W with maximum
physical load and from 28 to 18 W with MBC at a pressure of 6 kG/cm?, as com-
pared to values at a pressure of 1.3 kG/cm?.

Direct measurement of respiratory muscle function involving measurement of
pressure in the thoracic cavity (or esophagus) is often difficult under hyper-
baric conditions. To assess respiratory muscle function, calculation was made
of oxygen cost per liter ventilation. It constitutes 0.5-1 m% 0, on "earth" at
rest. If, however, ventilation reaches a maximum, at both MBC or close values,
all of the incoming oxygen is spent on respiration [15]. According to estimates,
the same effect at rest is obtained with 30-fold (true, this is hypothetical as
yet) increase in density of the helium and oxygen environment, which is equi-
valent to a depth of 2000 m. ' N ’

Actual determination of oxygen cost per liter ventilation under hyperbaric con-
ditions revealed that it changes in accordance with ambient density, but the
measurements obtained by different authors do not always coincide.  For example,
5-fold increase in density raised the energy cost per liter ventilation by 1.53
times; 7-fold increase, by 2.25 times [23]. When the inert component of the
respiratory mixture was sulfur hexafluoride (SFg gas) and mixture density at
normal atmospheric pressure was. increased by about 4 times, the energy cost of
ventilation was also 3.6-4.5-fold increased [3].

Can the increase in oxygen cost of ventilation affect total oxygen uptake (VOZ)?
Theoretically, it can, pargicularly when functioning at critical power; however,
the accuracy of measuring VO, plays a large part. Tt is common knowledge that
respiratory muscles take up no more than 2-3% of total V0,, even during heavy
liabor. Moreover, as indicated above, with increase in ambient density one ob-
serves changes in respiratory pattern in the direction of economical function

of respiratory muscles. For this reason, {0, may differ from the control level
up to a certain limit for both density and functional power. :

The data on 602 readings at different depths cited in different studies are
contradictory.

Function at 1200 kG/min elicited a 287 increase in VOZ, 61% increase in oxygen
demand and137% increase in oxygen debt at a pressure of 5 kG/cm? in an atmos-
phere of compressed air. There was also an increase in time of elimination of
oxygen debt, as compared to normal atmospheric pressure. -These parameters
increased even more at a pressure of 7 kG/cm?: VO, by 34%, oxygen demand by
677 and oxygen debt by 1637% [23, 25]. Such significant rise in oxygen cost

of work can apparently not be attributed solely to increase in energy expended
for respiration; rather, one could think of decrease in economy of useful
work under the influence of stress factors.
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Thus far, measurement of 602 during physical labor at high pressure of helium-
oxygen environment has not yielded unequivocal results. According to some
authors, this parameter was lower than during analogous work on "earth" [681,
and from the information of others it did not change appreciably [77] or rose
[52, 71, 83]. Thus, the question of effect of high pressure on energy cost

of exercise cannot be considered answered as yet. '

Since physical labor, no matter where it is performed, involves rise in gas
exchange, it is necessary to examine the correlations between ventilation reac-
tions and process of CO, formation, which progresses with increase in exercise
load. At normal atmospheric pressure, an increasing load leads to increase in
ventilation, which permits removal of excessive CO, entering the lungs. 1In the
case of a moderate physical load, pACOZ‘and, accordingly, p,C0, change insigni-
ficantly; heavy and prolonged work elicits hyperventilation with excessive
removal of CO, and development of respiratory alkalosis.,

According to a number of authors [53, 65, 75], at high pressure and corresponding
increase in density, during work of varying intensity there was an increase in
CO, content of alveolar air, from 46 to 52-56 mm Hg and in some cases even more.
It was previously reported that PACO, rises to 70 mm Hg and there are signs of
respiratory acidosis (blood pH was 7.21) in divers working at up to 900 kG/min
and nitrogen-oxygen atmosphere pressure of 5 kG/cm? [23, 37]. It was also re-
ported that PACO, rose to 76 mm Hg in a diver engaged in heavy labor at a pres-
sure of 4 kG/cm?; however, it was noted that there was an extremely mild res-
piratory reaction to the work load in this case [65].

What causes CO, retention when working under hyperbaric conditions? Studies of
Soviet and foreign physiologists revealed that, at high density, there is con-
siderably less marked increase in ventilation during physical work than when
performing the same work on "earth" [5, 40, 78, 83]. Accordingly, there is a
decline in rise of alveolar ventilation. Consequently, the conditions for
removal of produced CO, become considerably worse than at normal atmospheric

pressure.

Diminished sensitivity of chemoreceptors and the central element of the system
of controlling respiration to the hypercapnic stimulus, C0,, is another cause

of retention of the latter in the body. Such a decline in sensitivity to COs

was demonstrated in divers, even when breathing quietly [58, 74].

It is believed that this could be related to increase in tidal and vital lung
volume, as well as depth of respiration. A special survey demonstrated some
correlation between frequency, depth of respiration and low reaction to CO»
[73]. Perhaps, aquanauts and divers acquire adaptation to elevated ppCOz during
their professional work with regular submersions [74]. At the same time, it

can be lost after 3 months at normal atmospheric pressure [53]. Some authors
[52] even suggest that aquanauts be screened on the basis of individual reac-

tions to CO.,

The results of studying respiratory center reactions under hyperbaric condi-
tions revealed that the threshold of the ventilation reaction to CO, is about
20% lower in experienced divers [44]; consequently, their ppCOz during work may
be higher than in individuals engaged in other occupations.
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Inadequate pulmonary ventilation and its increased energy cost under hyperbaric
conditions may be manifested in the form of dyspnea. The latter is defined as
a sensation of shortage of inhaled gas, difficult respiration, "short inspira-
tion" and inability to "catch one's breath" [49, 72}1. The degree or severity
of dyspnea cannot be measured quantitatively, and it is determined only by
sensations. One aquanaut working underwater defined the sense of dyspnea as
"terror, the equal of which I never experienced before" [59].

Increaséd work of respiratory muscles, CO, retention, high ventilation and meta-
bolic acidosis are considered to be factors leading to dyspnea. These factors
may occur during maximum work at moderate depths. At pressures of 43-59 kG/cm?,
dyspnea limits work capacity, even without appreciable changes in the cardio-
respiratory system [48]. At depths in excess of 500 m, dyspnea has also been
observed at rest: when eating (chewing), drinking, talking, sleeping [72]. The
mechanisms of such "hyperbaric dyspnea" are not quite clear., It is assumed

that pulmonary ventilation becomes inadequate during work not only as a result
of restriction of expiratory flow by compression of airways, but due to decrease
in inspiratory exertion due to fatigue of respiratory muscles. Such insuffi-
ciency of inspiration can be compared to analogous signs in patients with
bronchial asthma or pulmonary emphysema [78]. '

It is assumed that inspiratory neurons of the respiratory centers, the activity
of which shows reflex increase with increase in resistance to respiration, are
involved in the origin of sensations of dyspnea [79]. Moreover, at great depths,
one cannot rule out the adverse effect as well of the nervous syndrome of high
pressure, which perhaps affects myoneural structures of the respiratory system
[49]. Impairment of ventilation-perfusion relations and difficult intrapulmonary
diffusion are believed to be causes of dyspnea [72], although there is still no
direct evidence of this. '

According to some data, additional measures (for example, application of mildly
positive pressure to the mouth) alleviated dyspnea and increased work capacity

of aquanauts [49]. Nevertheless, dyspnea during physical labor at great depths
is still a terrible and little-studied symptom, which limits not only work capa-
city but, perhaps, depth of submersion as well. '

Aquanaut work capacity under hyperbaric conditions depends, of course, not only
on respiratory system function, but to a significant extent on the state and
conditioning of the circulatory system. It is believed that high ambient
pressure has an indirect effect on the cardiovascular system, through the res-
piratory system [30]. At the same time, some researchers also see a direct link
between pressure and cardiovascular system function: hyperbaric factors have a
direct effect on the heart's conduction system and on the parasympathetic sys-
tem [50].

There are the most frequent reports of change in heart rate (HR) [35, 74, 76,
83]. Submersiomn at small and average depths usually causes slowing of HR [9,
10, 24, 28, 31, 66], which could be called hyperbaric bradycardia. True, in
some cases there was also quickening of the pulse during and after compression
[40]. There is also a less marked HR increment when working under hyperbaric
conditions than at sea level. For example, during maximum work at a pressure
of 31 kG/cm?, mean HR constituted 162/min, whereas on "earth," during similar
work, it was 179/min [68].
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In the opinion of some authors, hyperbaric bradycardia is a phenomenon related
to ambient hydrostatic pressure, although no definite relationship was demon-
strable between extent of HR decline and pressure. A special investigation
was conducted to determine the role of the sympathetic and parasympathetic ner-
vous system in HR control during work under hyperbaric conditions [50]. Ad-
ministration of cholinergic and adrenergic agents (propranolal and atropine)
revealed that bradycardia elicited by high density and partial nitrogen pres-—
sure is attributable to inhibition of the sympathetic nervous system, whereas
hyperoxia affects the parasympathetic system. The authors conclude that the
observed cardiodepressing effect can be relevant to limiting work intensity
under hyperbaric conditions. :

A decline of HR also leads to change in circulation volume (CV). When submerg-
ing to depths of 12-30 m, this parameter dropped somewhat [19]; at a pressure
of 6 kG/cm?, the CV decline constituted 1 £/min due to decline of both HR and
stroke volume [35, 76]. A decline of stroke volume and CV in a helium-nitrogen-
oxygen atmosphere was also recorded at a pressure of 11 kG/em? [28]. At the
same time, there are data to the effect that CV remained in the base range when
pressure rose to 26 kG/cm? [83], and that this parameter rose by 10-20% with 5-
fold increase in density [30]. 1In these cases, there was an increase in stroke
volume during work of moderate and maximum intensity at a pressure of 18.6 kG/cm?
in a helium and oxygen environment [46]. It is believed that stroke volume
reaches maximum values sooner under hyperbaric conditions than on "earth"

with analogous work [30].

Electrocardiograms, which were recorded during many submersions, showed some
changes indicative of the effect of hyperbaric conditions on heart function.
Even at small depths, particularly during work, there were changes in automatism
function and conduction in the myocardium [8], decrease in wave voltage, exten-
sion of P-Q interval, sometimes to a total block, decrease in amplitude of T
wave, depression of S-T interval and occasional sinus arrhythmia [13, 22, 82].
All these changes are indicative of an overload on the myocardium, impairment

of its metabolism and coronary insufficiency [13, 14, 22, 28]. As a rule, the
parameters of cardiac function revert to normal after decompression.

As for the othetr hemodynamic parameters, we should mention, first of all, vari-
ability of the obtained findings: elevation of diastolic pressure when sub-
merging and working at a depth of 30-60 m in an atmosphere of compressed air
[11, 27, 32], drop of systolic and pulse pressure [32, 63, 76], as well as

in blood flow rate [32], increased resistance in the pulmonary circulation [1].

In spite of the submitted data indicative of adverse changes in some hemodynamic
parameters under the effect of a hyperbaric environment, we still must concur
with the opinion of some authors to the effect that circulatory. function is not
a factor that limits appreciably the depth of submersion and work capacity of

aquanauts [57].

One of the main tasks of hyperbaric physiology is predetermination of work
capacity of an aquanaut or diver at different ambient pressures. In sports
medicine, one generally predicts maximum work capacity by the PWC;7o test,
using, for example, the following formula:
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170 - £,
PWCy70 = Ny + (N2 = N1) 7 —
fa =15

where N; and N, are loads on bicycle ergometer, f) and f, are the corresponding
pulse rates. As applied to hyperbaric conditions, this formula cannot apparently
be used for the following reasons. Performance of any work under hyperbaric con-
ditions, as well as on "earth," is associated with acceleration of pulse. How-
ever, while there is a linear relationship between heart rate and V0,, which is

a direct indicator of work load, within a certain range, at normal atmospheric
pressure, this function is apparently impaired at elevated pressure due to
hyperbaric bradycardia: pulse rate may rise to a lesser extent than with ana-
logous loads on "earth." Then the values calculated using the above formula
could be higher than the actual maximum work capacity of an aquanaut. The
classification of intensity of work as a function of pulse rate developed for
normal atmospheric pressure must, in the opinion of most specialists, be
corrected when assessing work in a hyperbaric environment [13, 23]. Prediction
of work capacity under hyperbaric conditions should probably be based on other
methods.

For this purpose, one can use the data on the limiting role of respiration. Con-
sidering the consistent decline of MBC with increase in density of the gas en-
vironment, one can estimate the level of pulmonary ventilation and, consequently,
intensity of work that an individual can perform at a given depth. Such estimates
lead to the conclusion that, for moderate loads (up to 750 kg-m/min), 9-fold in~-
crease in ambient density can be considered the maximum and 6-fold, submaximum
(900-12,000 kg-m/min) [4, 41, 80]. Other estimates based on maximum expiratory
flow indicate that it should not exceed 3 %/s at a density of 4-7 g/f. But even
under such conditions, maximum work capacity of an aguanaut is limited, and

it is impossible at a density of 8 g/% or more [64]. At the same time, the re-
sults of studies of recent years revealed that such extrapolations cannot be con-
sidered a reliable method of predicting work capacity at significant depths.
Direct determination of maximum oxygen uptake (MOU) is still the most reliable.

MOU can be considered the integral parameter characterizing adequacy of respira-
tory and cardiovascular system function and level of physical work capacity.

At normal atmospheric pressure, MOU is 3.5-4 &/min in conditioned men 20-30 years
of age and up to 5 &/min in athletes [2]. MOU has been relatively seldom tested
at high pressure, probably due to the danger of decompression disorders that
could be provoked by heavy physical loads [6, 73] and of dyspnea. At low depths
(30-60 m), MOU reached the same values with maximum loads as on "earth" [7, 18,
73] or diminished [55]. MOU at depths of 60-80 m usually also failed to change
in divers with extensive experience in underwater work, constituting a mean of
3.75 &/min [23]. No changes in MOU were demonstrable as well with maximum

load at a "depth" of 186 m [46]. However, MOU of aquanauts decreased from
3.11 to 2.71 %/min at a pressure of 31 kG/cm? in a helium and oxygen atmosphere
[68]. A substantial difference in MOU was also observed at pressures of 1.6

and 43.6 kG/cm? during real dives; MOU constituted 2.9-3.0 and 1.8-2.4 2/min,
respectively [48]. '

In the opinion of these authors, MOU during real submersions is "in striking
contrast to extrapolations based on observations of divers in dry chambers,
where they breathed with gases of comparable or higher density at lower
depths...."
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Work load of aquanauts at different Determination of MOU is inseparable
pressures of helium—oxygen atmosphere from quantitative description of
maximum power that man can develop
at different depths. Information

Pressure |Work load, Refer- about maximum loads with which an aqua-
kG/cm? kg~-m/min ence naut can cope at high pressure is con-
tradictory. In 1960-1970, it was be-
g?g* gg&: {gﬂ lieved that a diver could perform
336 1200 (56] work of 220-850 kg-m/min at depths of
3%9 820 lg% up to 200 m [21, 39, 53, 63]. 1In the
50.0 458 %4ﬂ last decade, when diving depths in-~
51 670 {41} creased significantly, our conceptions
65,6%* 810 {72] of aquanaut work capacity were some-
what expanded.

*Maximum pressure and maximum work
P As can be seen from the Table, even

performed under these conditions are . 2

given for several pressure levels, When pressuFe was raised :to 66 kG/cm”,
*%5 or 107 nitrogen was added to the it was pos§1ble Fo p?rfor? work of
helium and oxygen atmosphere 810'kg—m/m1n, Whl?h 13.914 of ?he
maximum, for a brief time (6 min).

Nevertheless, in the opinion of most researchers [5, 72, 78], maximum work
capacity is diminished at high ambient pressure. Intensity and duration of
work are already limited at depths of 490-610 m, although it is assumed that
man could use a helium and oxygen breathing mixture at rest to depths of

1500 m [57].

A particular decline of work capacity was observed in aquanauts who worked
directly in water, rather than with simulation of immersion. At a depth of
436 m, maximum work capacity was 30% lower [48] and at 560 m 60-707 lower [79]

than at a depth of 6 m.

Thus, in the opinion of most prominent physiologists, human work capacity is
more or less diminished under hyperbaric conditions. True, the extent of

this decline can be determined only approximately in quantitative terms, since
indirect methods of measuring work capacity are unsound as yet, whereas direct
ones, according to maximum oxygen uptake, are difficult to use in most cases.
However, submersions made in recent years warrant the belief that moderate
loads were tolerable at the achieved "depths" (656 m) [42], Further increase
in pressure and density of the gas environment inevitably leads to limitation

of work capacity.

The increased load on the respiratory function and diminished functional re-
serves of the cardiorespiratory system constitute the main cause of such
limitation. The leading role in limiting work capacity is attributed to dif-
ferent factors: high resistance to gas flow in the airways [43, 57], expiratory
collapse of bronchi [51], hypercapnia [71], dyspnea [69]. Unfortunately, the
question of the role of fatigue of respiratory muscles in a dense enviromment
has been studied very little [70]; nor is it clear how hyperoxia and adaptata-
tion to hyperbaric conditions affect work capacity. One should also take into
consideration the possibility of impaired work capacity due to the effect of
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hyperbaric factors on central nervous system function. Aside from the stressor
effect of deep-sea diving, we should include here the specific effect of high
partial pressure of neutral gas. One cannot fail to take into consideration
also the effect of heat-transfer conditions, especially during real dives.

Apparently, future investigations of the effects of the entire set of hyper-
baric factors will help preserve aquanauts' work capacity at an adequate level.
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[Article by V. V. Lapa, Ye. Ye. Bukalov and N. A. Lemeshchenko]

[English abstract from source] The use of a rational (geo-
centric method of orientation in flight is determined by the
specific content of the conceptual model that develops in the
course of flying experience and by the display of the spatial
position of perceptive signs of the geocentric system of co-
ordinates. The importance of these factors is confirmed by
erroneous decisions: made by operators with no flying experi-
ence (40%) when they estimated the spatial position as well

“as by a shorter time and a lower number of errors made in
.assessing the spatial position when the display presented
signs of the geocentric system of coordinates.

[Text] Flight safety and efficiency in modern aircraft depend significantly on
the pilot's capacity to orient himself in the space around him correctly and
continuously. 1In this respect, flights made beyond visibility of natural
ground-based reference points are the most difficult. 1In this case, the pilot
is dealing with’'artificial means of displaying the spatial position of his
aircraft. Thesé means help, to some extent or other, construct and maintain

a mental picture of the aircraft's spatial position and motion, the so-called
image of the flight [1]. The question of the meaningful aspect of flight
image, more precisely .its basic component--image of spatial position--is
drawing the increasing attention of specialists in aviation medicine. The
results of experimental studies revealed that the indicators used during
flight must provide for the formation and function of an image of spatial
position reflecting spatial relations in a geocentric system of coordinates,*
since the pilot in flight views his (the aircraft's) displacement in relation
to the stationary ground. It is expressly in this case that the pilot's

*This refers to use of some element in the environmment as the refer-

ence point for orientation. In addition to the geocentric system, it is
possible to use an internal system of coordinates, where man relates objects
in the environment to the main orientations of his own body--the egocentric

method of orientation.
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efficient and reliable spatial orientation is assured [4, 5]. However, we
still do not have a complete idea about factors and conditions that determine
the geocentric method of pilot orientation.

On the basis of conceptions of the mechanisms of mental regulation of pilot
actions in flight when the ground and natural reference points are not visible,
which were developed by V. A. Ponomarenko and N. D. Zavalova [7], we assumed
that use by the pilot of the geocentric orientation method is determined, in
the first place, by the specificity of the content of the flight image (concep-
tual model) formed in the course of professional work and, in the second place,
by the degree of conformity of the information model to the content of this
image. One of the means of effecting such conformity is to display in the
information model the perceptive signs (elements) of the geocentric system of
coordinates.

Experimental investigation of the role of the factors singled out for use of
the geocentric method of orientation in flight was the subject of this study.

Methods

Tésts were performed with pilots and operators without flying experience in
order to determine the role of the content of the image of spatial position
formed in the course of flying. Real flights were made in an aircraft using
a laser landing system [2].* Determination was made of efficiency and reli-
ability of the subjects' assessment of spatial position after partial disorien~-
tation. The latter was produced by the following method. The instructor led
the aircraft away from the given landing trajectory (with a blind over the
instrument panel and glass on the dome light). After opening the blind, the
pilot's or operator's (they sat alternately in the aircraft cockpit, in the
copilot's seat) task was to assess the spatial position of the aircraft and
report it to the instructor. In the tests, we simulated deviations of the
aircraft from the landing path with regard to three parameters, heading,
glide path and bank.

We examined the role of content and structure of the information model (IM) in
the laboratory. Variants of information models (Figure 1) were presented to
the pilot on a tachistoscope; they differed from one another in number of
perceptual signs of external space (lines of artificial horizon, linear pers-
pective, outlines of runway, silhouette of aircraft). In variant A, which
served as the baseline, only the landing symbol of the laser landing system
was displayed. 1In the other variants (B, C, D and E), the above elements were
included, in addition to the symbol. Slides depicted the forms of IM with
deviations of the aircraft from the specified trajectory in heading, glide
path and bank. The pilot's task was to assess the aircraft's spatial position

*In this system, the spatial position of the aircraft is induced by three ex-
tended reference points (laser beams) visible in space, one of which designates
direction (heading) of landing and the two others, the specified trajectory
(glide path) of descent. Beams projected on the plane create a landing sym-
bol, the shape of which determines the aircraft's position on the landing
trajectory.
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on the basis of the presented picture. The slides were presented in random
order. Presentation time was not limited.

Figure 1. Types of IM. Shape of landing symbol (A-E) corresponds to
aircraft's position as to heading, glide path, with right bank

a) heading beam d) linear perspective
b) glide path beams e) outline of runway
c) artificial horizon line f) silhouette of aircraft

The following were used as criteria to evaluate efficiency and reliability of
spatial orientation: latency period of restoration of orientation (from the

time the blind was opened to the start of a verbal response); erroneous decisions
in assessing situation; data in verbal report and from interrogation of subjects.

A total of 10 pilots and 10 operators participated in this study. A total of
150 situations were simulated in actual flight and 650 in the laboratory.

Results and Discussion
Actual Flight

Let us refer to the results obtained in actual flight. First of all, we were
impressed by the the fact that there were no errors at all among the pilots.
The number of errors was significant, 41.3%, in operators, 9.7% beign referable
to determination of heading and glide path in the presence of bank, 18.47% to
determination of direction of bank, 2.6% to direction of deviations from head-
ing and 10.6% to glide path. As we see, there was prevalence among operators
of errors in determining the direction of deviations, particularly according to
bank. This occurred in actual flight, when not only the ground, but the

wing of the aircraft were visible through the cockpit window. The latency
period of the verbal response was noticeably shorter for pilots (Figure 2).

The differences in output characteristics of pilot and operator actions cannot
be attributed to chance. They are determined by differences in internal content
of actions directed toward evaluation of spatial position. The typical nature
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of erroneous reactions indicates that the

10 - . operators used an egocentric system of
4 ,////’ coord1nate§ for orientation. Subjectively,
a8 7 they perceived the landing symbol as being
06 y/ in motion in relation to them: removal of
z / / bank by the pilot was perceived as rapid
04 7 / displacement of the heading beam (operator
// K.); according to operator L., the glide
0z </ path beams were moving arrows, like sym-
bols. As for the pilots, their perception
/i 2 3 4 5 é6ts of the landing symbol was basically differ-

ent: beams forming the landing symbol were
perceived by them as reference points on
the ground that were extended in space and
stationary, like the ground. Pilots had

no difficulty in asssessing the inflight
spatial position. This means that there
was a different content in the images of
spatial position in pilots and operators during flight. In operators, the image
corresponds to the view of the world around them as seen from the aircraft win-
dow, i.e., the conception (image) coincides with visual perception. 1In pilots,
the spatial relationships are transformed and viewed on the basis of a geocentric
system of coordinates. The specifics of content of the pilot's conceptual model
in flight is what determined their error-free evaluation of spatial positiomn.

Figure 2.
Functions of distribution of laten-
cy time of restoration of spatial
orientation
1) operators 2) pilots

Thus, as a result of this study, we obtained the following evidence: 1) the
perception image that controls pilot actions in flight differed from that of
the operator; 2) the pilot not only conceives of, but perceives displacement of
the aircraft (himself) in relation to the stationary ground-based reference
points and the ground.

It is known that, in the course of ontogenetic and phylogenetic development of
man, by virtue of coordinated activity of analyzer systems, an image reflecting
spatial relations is formed in a geocentric system. However, the unusual fac-
tors to which man is exposed in flight destroy the customary orientation sys-
tem that was formed on the ground. In a pilot (unlike an operator), there is
adaptation to altered sensory fabric of the image in the course of flying
experience. As a result, his perceptions in flight are adequate to a man's
conception that he moves in relation to the stationary ground.

Laboratory Study

As can be seen in the Table, addition to the pattern of an IM on the basis of
the landing symbol of the artificial horizon line (variant B) reduced the number
of errors to almost 1/2. Further increase in graphic elements in the pattern--
saturation with perceptive signs of the geocentric system by adding, in addi-
tion to the horizon line, signs of depth (variant C), outline of runway (variant
D) and then the silhouette of the aircraft (variant E) also~-reduced signifi-
cantly the number of errors.

We are dealing with errors related to egocentric orientation, use of which is

provoked by a given IM. The typical nature of erroneous decisions and their
genesis were described previously in detail [2].
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Efficiency and reliability of bilots' spatial orientation as a function of
presence in IM of perceptual signs of external space

Parameter analyzed Variant of information model
A B | c D E
Relative number of 493 233 20,5 17,6 2,5
errors, %
Latency perlod %f 1 : 3,4 - 925 2,2 2,3 2,1
assessing spatia . c — _ —
pOSltlon? SP (2,0 41) (153,00 | (L1300 | (1.1=3.00 | (1,0—-3,0)

The latency period diminished reliably (P<0.05) with use of information models -
in variarts B, C, D and E, as compared to A. Subjectively, all pilots reported
that variants D and E facilitated appreciably evaluation of the aircraft's '
spatial position, as compared to varlants A and B. -

Consequently, addition to the IM of graphlc elements of external space made it
possible to optimize the process of using the geocentric system of coordlnates.

What then are the mechanisms of effect of thlS factor on choice of center of
subjective coordinates?

First of all, it must be noted that the process of formation of spatial concep-

tions of aircraft position on the basis of IM occurs indirectly, i.e., the pilot
is not dealing with real objects in the space around him (as in visual flight),

but with an image of these objects and their spatial characteristics on the

flat screen of the instrument.

Studies established that the distinctive feature of the images is their ambiguity,
which occurs due to the fact that in projecting real objects on a plane there is
loss of part of the information about them. 1In this case, one refers more often
to dual perception, in the sense that there is perception of visible spatial re-
lations between elements in a flat image, on the one hand, and a more complex
process of primary data processing and, on their basis, construction of an

idea about the real object from the image, on the other hand [6].

In our study, the landing symbol shown in the IM (variant A) is a projection
of extended reference points designating the heading for landing and plane
(glide path) of descent. Formation of an idea about the position of the air-
craft from the image of the projection of these reference points in simulated
situations was associated with errors due to difficulty of mental orientation
of the image of the landing symbol in .relation to the geocentric system of co-
ordinates, in spite of the fact that the configuration of the symbol indicated-
the basic directions of this system (horizontal, vertical and sagittal compon-
ents), Addition to theIM of perceptual signs of space facilitated mental cor-
rection of the landing symbol in relation to the geocentric system of coordi-
nates. This was manifested by reduction of number of errors and time spent by
pilots on evaluating the spatial position.
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Optimization of conditions for formation of spatial conceptions in the case

of adding to the IM the symbol for the aircraft is related to manifestation of
the phenomenon of figure and background. In essence this phenomenon consists
of the fact that the object that is seen as a figure against the background
created by another object is perceived as moving [8]. 1In our study (without
the aircraft symbol on the IM), the image of the landing symbol becomes a
figure on the screen. Addition of the aircraft silhouette to the IM caused
change in correlations between figure and background, since in this case the
image of the landing symbol serves as the background and the silhouette serves
as the figure. This circumstance is what caused formation of spatial concep-
tions in the pilot in a geocentric system of coordinates. It must be noted
that the "from the ground to aircraft" type of display (stationary horizon

line with regard to bank) is more reliable for orientation than "from aircraft
to the ground" (horizon line is mobile for bank), since the aircraft symbol
actually moves in relation to the image of external reference points. As a
result, there are no conditions to perceive mobility of the image of these
reference points in relation to the instrument panel and the pilot. Researchers
have mentioned expressly this circumstance to explain the motor reversal errors
encountered among pilots when using a gyro-horizon with "from aircraft to the
ground" type of display [3, 9, 10]. Consequently, when discussing optimization
of formation of spatial conceptions in an expedient geocentric system of co-
ordinates, conditions of unambiguous perception of aircraft movement with use
of "from ground to aircraft" type of display are more helpful than use of IM
with "aircraft to ground" type of displays. '

Thus, the results of these experiments revealed that use by man in flight of

a purposeful (geocentric) method of orientation ig .determined, in the first
place, by the specific content of the conceptual model formed in the course of
flight experience and, in the second place, fullness of expression in the IM
of signs (elements) of a geocentric system of .coordinates.
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[Article by J. Terelak and J. Maciejczyk (Polish People's Republic)]

[English abstract from source] The apparent anxiety as a per-
sonality factor cannot serve as a differentiating factor in the
performance of psychomotor tasks (oculomotor coordination). It
is shown that when pilots manifest a higher level of anxiety,
performing specific tasks, their physiological expenditures
increase.

[Text] The problem of the effect of stress on pilot performance is important
in aviation psychology. For this reason, many theoretical and experimental
investigations are conducted within the limits of this discipline [11].

We selected out of the abundant range of problems, the reaction to stress
elicited by a threat [6] as theobject of experimental investigation. Electric
current was used as a stressor, since its physical distinctions make it
possible to effect monitoring and do not cause any physiological damage.
Electricity is an independent variable. A dependent variable is referable to
the area of visual and motor coordination. The indirect variable pertained

to a personality trait such as anxiety. :

Thus, the tested sensitivity to stress can be defined as an emotional reaction
(reactivity) to a threat (electric current), manifested on both the physiologi~-
cal (pulse rate) and behavioral (psychomotor stability) levels.

There have been numerous experimental studies, in which the authors tried to
demonstrate the relationship between electric stimulation, personality traits
and psychomotor stability [1, 2, 4, 5]. These studies revealed that there are
no similar results in solving different problems in a stress situation. Some
actions are characterized by elevation of recorded parameters and others, by

decline.

In the opinion of many authors, anxiety, or alarm [12], is one of the factors
that modifies the effect of stress. On this basis, we adopted the following
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hypothesis in our study: pilots with high level of anxiety must show a greater
decline of psychomotor indicator under the effect of stress induced by a
threat (electric shock as a punishment) than pilots with low anxiety level.

It is believed that the differences should affect, first of all, energy ex-
penditures of the body, which is manifested in particular by a.change in pulse

rate.
Methods

We also used an aircraft simulator to determine changes in structure of instru-
mental function. The subjects' task was to visually track a light spot on the
simulator's screen, which changed its position in accordance with a program,

as well as to perform corrective actions using levers and pedals in order to
hold the spot in the crossbeam, i.e., center of the screen. The number of
corrective hand (lever) and leg (pedal) movements was a criterion of achieve-
ment. We also measured pulse rate (average reading time 1 min).

Stimulation with electric current (500 pA, 0.01 s) was used to determine the
effect of a stress situation of the threat type on the process of psychomotor
actions; it was delivered by means of two electrodes situated on the forehead
of the subject. Distance between electrodes was .5 cm.

According to the instructions,. electric stimulation was to serve as a punish-
ment when the light spot moved 1 cm away from the center of the screen.

In actuality, the current was used only three times in each stress test. The
subjects became familiar with the effect of the stimulus before the stress
tests. We tested two groups of supersonic aircraft pilots 25-40 years of age.
The individuals in the 1lst group (20 people) were characterized by a high
anxiety level, as determined (before the test) by means of a questionnaire,
The subjects in the 2d group (control, 20 people) had a low anxiety level.

The tests were performed under identical laboratory conditions in the period
from 0900 to 1200 hours. Each subject performed seven tests, The first

was an adjustment test, the next two were stress tests (subjects were punished
with electric current) and the remaining four were performed after the stress

tests (electricity was not used).
Results and Discussion

The results were submitted to statistical processing using the Student test.
The performance results are illustrated in the Figure.

This figure shows that there was no statistically reliable difference in
achievement parameters between the groups. At the same time, there was
definitely a wider (about 507%) scatter of results in the 1lst group. This
means that there is atendency toward increased sensitivity to stress among
pilots with high anxiety level.

The results coincide with those of many authors [3]. Sarason [13] observes
that the lack of appreciable difference in performance results between indi-
viduals with high and low anxiety levels could be due to the difficulty of
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the problems. When solving more difficult
a3 . 2o o130 problems one usually observes worsening of
S| |  performance under the influence of stress
] . - and when solving easy ones, an improvement
12y " ig observed. Sarason's comments confirm
' the results of our tests, where there
10+ was improved performance in subjects of
both groups (particularly the first).

20f

— —l

_| Training to suppress anxiety, control of
11 one's emotions in a stress situation,

6t which is acquired in the course of pilots'
' ’ professional activities, is another cause
of lack of difference in achievement level.

[ ~ Pulse rate before the test (at rest), prior
2r ' to each test (base frequency) and during
each test (for 45-s periods) was the
physiological parameter of anxiety level.
a b c The Table lists the results of analysis

of level of activation, an indicator of
which was pulse rate. ‘ o

Differences in simulator task

performance between first (white

bars) and second (black bars)

groups; y-axis, number of

exits from center

a,b,c) base, stress and post-
stress tests

This table shows that the parameters of
individuals in both groups differed reli-
ably in pulse rate at rest (91.3/min in
the 1st group and 82.0 in the 2d) without
differences in base studies, during the
: _ , stress tests (with electric current) and
after them. The pulse rate held at a relatively high level in the first group,
as compared to the control. We were impressed by the fact that the pulse

rate rose at the start of the test in both groups (particularly the control).
Analogous findings were made by Lazarus in tests with electric current [9].
Adaptation occurs during the tests. This is confirmed by the results of other
authors [7, 10]. o o :

Results of analysis of activation level (pulse rate)

Test Arithmetic Dis- Standard p
es mean ersion | deviation “»
First group
Base , gé'g 210.7% o 0.4862 | unreliable
Stress 91.3 210,71 14,516 o
T 924 248.38 14,699 0,2240 »
Poststress ' | 91,3 210,71 14516 A e
: 90,8 136.07 11,665 . o
Second group
Base 82,0 170,30 13,050 ‘ C o
91.6 142,14 11,922 83,5100 | . <001
G| R R | e | weeiae
et 82.0 170.30 13,050 S
Poststress 89.0 136.46 11,682 kl]456 » o
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In summarizing our arguments, it should be noted that the lack of statistically
reliable differences in performance of psychomotor tasks by pilots of the
tested groups is attributable to the relatively simple structure of the task,
on the one hand, and characteristics of the population, on the other. As we
know, pilots are characterized by significant endurance of threat stress, as
manifested by the ability to suppress negative emotional states. Moreover,
stress is not only a source of fear, which disorganizes action, but the source
of stimulation that could increase productivity of work.

There are individuals characterized by stability in stress situations [8, 14].
We can include among them pilots who, as a result of psychological screening
and professional training, retain better stability of action in stress situations,
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USE OF FLIGHT SIMULATORS FOR DEMONSTRATION OF FUNCTIONAL CAPACITIES OF FLIGHT
PERSONNEL
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No 4, Jul-Aug 85 (manuscript received 27 Jan 84) pp 26-29

[Article by V. A. Bodrov, A. A. Kupriyanov, A. G. Fedoruk and V. V. Kharin]

[English abstract from source] Psychophysiological parameters

of 89 pilots were examined when they performed flight tasks under
normal and complicated conditions. The experiments helped to
reveal a group of test subjects (11.2%) who had low capabilities
and made serious errors. The results obtained suggest that
psychophysiological examinations during stimulated professional
activity can be recommended as a method to be used for measur-
ing adaptive and compensatory capabilities of pilots undergoing
medical expertise.

[Text] The physical loads of flight personnel did not diminish with use of
modern aviation complexes, whereas the mental loads increased to such an

extent that the limit of human capacity is reached under some flight condi-
tions. This causes increase in number of functional diseases of the nervous
and cardiovascular systems [3]. Health deviations have an adverse effect on
inflight pilot work capacity, particularly in difficult and emergency situa-
tions [5]. The opinion is held that it is possible to demonstrate the func-
tional capacities of pilots and to predict them under conditions as close as
possible to actual working conditions. For this reason, efforts have been
repeatedly made to conduct psychophysiological examinations of flight personnel
during performance of flight assignments in a flight simulator (FS) [2, 4, 6,
8]. In some cases, use of the proposed method made it possible to solve some
problems of differential diagnosis. However, no conclusions were drawn as to
the functional capacities-of pilots. 1In addition, the lack of a standard
approach or criterion to assess the psychophysiological aspect of flight assign-
ments and methods of evaluating the quality of their performance did not permit,
until now, broad use of pilot examination on FS in the interests of expert
medical certification of flight personnel. All this makes it necessary to
develop and use the work-load test which simulates the basic elements of an
actual flight and the most probable complications in addition to the methods
used in the practice of expert medical certification of flight personnel.

Such a method should demonstrate the degree of a pilot's adaptation to his
professional work. The present investigation of functional capacities of
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some categories of flight personnel during performance of fllght assignments
on an FS was conducted on this basis.

Methods
Standard FS were used for the investigation.

In order to obtain comparable data, the flight assignments provided for the
pilots to work only with cockpit equipment that they knew. Before the test,
the pilot was informed about .the nature of the flight assignment and he was
allowed to make some preliminary practice flights. After reporting that he
was ready, the study was performed and it included the following: performance
of 4 landing approaches in 2 180° turns at an altitude of 600 m and speed of
600 km/h; flight into the area for making turns with a +60° bank at an altitude
of 2000 m and speed of 700 km/h; gaining altitude from 600 to 2000 m and
descending from 2000 to 600 m at a speed of *10 m/s; coping with a complicated
situation produced by covering the flight instruments with a special blind,
with subsequent simulation of various spatial positions of the aircraft (at
different altitudes, bank and pitching angles, vertical and instrument speeds).

In addition, when making the second landing approach, turning in the zone,
gaining ‘altitude and descending, complications were presented to the pilot:
instrumeént malfunction, cross wind during landing, requést to perform arith-
metic problems verbally, associated verbal test with inclusion of words with
general, professional and emotional meaning related to prior accidents and

diseases.

These complications were added in order to demonstrate changes in structure

and psychophysiological distinctions of pilot performance, as well as to
determine his resistance to interferences. They can be arbitrarily divided
into specific and nonspecific ones. Specific complications refer to factors
that correspond to the pilot's working conditions (malfunctions of various
systems and units, cross wind, difficult spatial positions, etc.). Nonspecific
complications refer to various mental loads in the form of arithmetic problems.
Nervous and mental stress were produced by the suddenness of appearance of a
complication and need to make an immediate decision.

Parameters of physiological functions and quality of performance were recorded
when the crossbeam passed on the runway, as well as on the descent glide path.
Heart rate (HR), phonogram, respiration rate (RR) and minute volume (MV), gal-
vanic skin response (GSR) and EMG of right arm flexors were recorded using

an electroencephalograph and the Physiologist~3M instrument.

Nervous-emotional stress was assessed on the basis of the increment in recorded
physiological parameters as compared to the resting state and background
flights (without complicating work) [1].

Performance quality was recorded by means of taking motion pictures of flight
instrument readings on the instructor's console u51ng an RFK-5 camera at the
rate of 1 frame per second. To evaluate the pilot's actions to correct a
difficult situation, movements of controls and readings of flight parameters
were recorded on a K-20 oscillograph. In addition, the flight route was
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entered on the plotting board. Quality of performance was assessed by the
existing standards [7]. Efficiency of pilot actions to correct the complicated
situation was evaluated by the time from the moment the blind was removed

from the pilot's instrument panel to the first correct movement of the control
to counteract the deviations, as well as the end result, i.e., bringing the
"sircraft" into horizontal flight or "ejecting" at a safe altitude.

The method we developed was used to test 89 pilots undergoing routine certifi-
cation in a hospital. The subjects were divided into 3 groups according to
diagnosis: the 1st group consisted of 31 people without diagnosis, the 2d--

21 with functional diseases of the cardiovascular system, 3d--=37 people with
functional diseases of the nervous system. All of the tested pilots were
deemed fit for flight work according to the conclusion of the expert medical
commission for certification of flight personnel.

Results and Discussion

The studies established that the 2d and 3d groups of pilots are under greater
nervous and emotional stress when performing tasks on the simulator.

This is indicative of the possibility of detecting functional deviations in the
main physiological systems during simulation of professional activities. Par-
ticularly distinct differences between parameters of the examined pilots are
demonstrable at the most difficult stages of flight, for example, in heart rate
when making a landing approach (Figure 1).
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oo ' 7 . ﬁz sl B 2
7

50-3 Al A s

0t T 4

nr. i % j . | jé__[E

a b ¢ a b c
Figure 1. Figure 2.
HR parameters in pilots during stages Total number of flight parameters
of landing approach ' that were not kept at set levels
a) OHS b) IHS during four landing approaches by
Here and in Figure 2: pilots
1-3) 1st-3d groups of pilots, a) 12 km distance.
respectively b) OHS
c) IHS

There are also substantial differences in quality of professional performance

by pilots of the lst group and those in the 2d and 3d groups. The performance
of all flights made by the lst group of pilots was rated as an average of

3.8, and for those in the 2d and 3d groups, 3.4-3.6. In addition, the latter
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went beyond the set standards for flight parameters twice as often.
call attention (Figure 2) to the fact that,

We should

by the time they made the decision

to land (passing the inner homing station--IHS), the lst group of pilots
showed virtually no deviations of flight parameters from the established
standards, whereas those in the 2d and 3d groups presented deviations of an
average of 2 parameters.

Mean time (Mim) of performance of main actions on FS to eliminate complicated

situation (altitude at which blind was opened 2000-3000 m)

Total time of

Group of . Latency Bank Return to -a-
sub'gcts period of correction ‘horizontal | €limination _
J lst movement time flight time [ ©Of complicated
situation
1 2,3+0,4 6,7+0,7 7,64:1,0 16,6+ 1,4
2 1,74:0,2 7,6-0,7 15,0+2,3 24,34-2,2
3 2,24-0,3 6,7+0,5 13,1+1,8 22,0+2,1

The results of pilot
Table) indicate that
of health status was
there was decline of

could lead to piloting errors in actual flight.

actions on the FS to correct difficult situations (see

total time required for flight personnel with deviations
32-46% longer than for healthy pilots.
their functional capacities in difficult situations, which

This shows that

In addition, it was found that in all three groups of pilots there were some
whose parameters of physiological functions were considerably higher than the

means for. their groups.

For example, in the 1lst group there were pilots whose

HR reached 120/min (mean group parameter 89/min) at the stage of passing over
outer homing station (OHS), it was 123/min in some pilots of the 2d group (mean
group parameter 94/min) and 138/min in some of the 3d group (mean 98/min).
These data indicate that thereare individuals with heigtened reactivity among

the pilots in all 3 groups (they constituted 11.2% of all those tested).

The

parameters of their physiological functions differed appreciably at all stages
of FS flight from the means for the corresponding groups.
118+2.8/min when passing over the OHS for the subjects with high reactivity,

versus 93.6/min for all tested pilots.

Mean HR constituted

For the sake of comparison, let us

mention that, according to data in the literature, the top range of HR for
this phase of flight is 95/min with the FS and 112+12.2/min in an actual flight.

It is known that excessive pilot stress in flight leads to decline of his func-
Such pilots are more susceptible to depletion of functional

tional capacities.

reserves and failures in their professional performance.

the results of examining pilots in the high reactivity group.
their performance of flight assignment on the simulator was rated as

they made more gross errors.

This is confirmed by
For example,

"poor" and

Thus, the results of examinations with flight simulation on FS permit evalua~-
tion of functional capacities of flight personnel and help make validated

expert decisions.
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EFFECT OF LEVEL OF PHYSICAL ACTIVITY ON LIPiD METABOLISM OF FLIGHT PERSONNEL
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No 4, Jul-Aug 85 (manuscript received 15 Nov 83) pp 29-31

[Article by V. I. Libkiﬁd,and V; D. Vlasov]

[English abstract from source] Lipid metabolism of healthy
pilots was investigated and verified by the PWC,7¢ test.
Pilots with a lower physical activity showed high levels of
cholesterol, triglycerides, total lipids, LDL and low levels
of HDL as averaged per group. The PWC;7q value and the con-
centration of lipid fractions in blood were found to be highly
correlated, the correlation being nonlinear. The nonlinear -
regression data suggest that greater physical activity leads
to a decrease of the 1lipid concentration and an increase of
the content of high density lipid-protein complexes.

[Text] The question of link between lipid metabolism and level of physical ac-
tivity is important, not only from the standpoint of investigating the patho-
genetic aspects of onset of. cardiovascular disease. The urgency of the prob-
lem is due to the increasing significance of the cardiological factor in aero-
space medicine, as well as the need to institute preventive measures for flight
personnel in order to improve the reliability of piloting flight vehicles [5].

We submit here the results of testing some parameters of lipid metabolism in
flight personnel differing in level of physical activity, as verified by an
objective method.

Methods

We examined 105 healthy pilots 22-40 years of age. Their physical activity was
evaluated by determining physical work capacity using the PWC;7¢ test on a
bicycle ergometer. The variation statistical method of examining the results

of performing this test was used for gradation of its level in flight personnel,
and it permitted separation of subjects into 3 groups. Individuals whose PWC;,,
was in the range‘of'§+l were arbitrarily considered the norm [2] and referred

to the pilot group with average physical work capacity. Those with parameters
in excess of X+1 and below'z}l'coﬁstituted the groups with good and low work
capacity, respectively. The three professionally homogeneous groups formed
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as a result of distinctive separation were of approximately the same average
age and identical in life style, job, qualifications and work tenure.

The following lipid metabolism parameters were-determined: total lipids accord-
ing to Zollner, total cholesterol according to Ilk, triglycerides according

to Carlson-Ignatovskaya, lipoprotein fractions--chylomicrons (CM), very low-
density lipoproteins (VLDL), low~density lipoproteins (LDL), high-density
lipoprotiens (HDL) by disk electrophoresis in polyacrylamide gel as modified

by Ye. A. Magracheva.* ’ :

The data were submitted to statistical processing by. the method of regression-
correlation analysis using a YeS~1033 computef [4].

Results and Discussion

In spite of the fact that the mean group age was the same, the subjects’' diet
was similar and the nature and conditions of their professional activities were
identical, mean blood levels of 1lipid metabolism components differed with sta-
tistical reliability. Highest mean . group values for total cholesterol, tri-
glycerides and total lipids were found in pilots with low physical work capacity.
Total cholesterol and triglycerides constituted 4.30 and 0.88 mmol/%, respec-—
tively, in 'subjects with good physical activity. In those with lower physical
activity these parameters constituted 6.01 and 1.89 mmol/% (P<0.001). There
were statistically reliable differences in mean group lipoprotein levels.
Higher LDL and the lowest HDL values were observed in pilots with low physical
activity. ' : :

Thus, we demonstrated definite changes in lipid metabolism in subjects with low
physical activity (see Table), which increased the danger of development of
diseases of atherosclerotic genesis [1, 3].- '

Results of complete correlation anaiysis of parameters of lipid metabolism as
a function of PWCi7o¢ ’

Statistical parameter |Total chg Tri- ?oFal LDL HDL
lesterollglycer. |lipids

Coéfficient of correlation —0,731 —0,631 —0,433 —0,554 | -:0.612
Coefficient of determination,% 534 | 2398 18,7 30,6 37.4
c lati ti 0,896 0,788 - 0,853 0,974 0.934
CJorrelation ratio N 0.544 T3 0.722 0570 0566
Coefficient of curvilinear o S
_correlation . . 0,870 0,750 0,787 0,922 0,900
Indicator of  linearity of 0,222 0,164 0,432 0544 0436

relationship

Note: P<0.001 for all parameters.

The results of correlation analysis indicate that there is a statistically re-
1iable link between level of pilot physical activity in terms of PWCi7o

*T, M. Aleykin performed the biochemicalvtests.
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parameters and concentration in blood of lipid and lipid-protein fractions (see
Table). As in most biological phenomena, the correlation was not so much recti-
linear as it was complexly nonlinear. Among the components of lipid metabolism,
there was the highest linear correlation demonstrated for total cholesterol.

In other instances, when the linear correlation between PWC;7o parameters and
blood l1lipid fraction content was insufficiently distinct, the values for corre-
lation ratio and coefficient of curvilinear correlation confirmed the existence
of a close link, though more complex in form (see Figure),

mmol/% g/%

mmol/% LgF \ g/% o 050

70 ' 17} 40 045

65 15 75 Q;Z

60 '3 70 q

55 A 55 030

11 50 07

0 ' : - qw
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4'0, PRI ST NS B S R L N S R T SO i ot - o o
105 125 15 165 185 105 125 15 165 185 105 125 45 65 185 05 125 145 65 15

Changes in blood lipid content as a function of level of physical work
capacity (P<0.0l1 according to Fisher's criterion); x-axis, PWCi17¢ (in
kg-m/minekg)

a) cholesterol d) HDL
b) triglycerides 1) empirical line
c) total lipids 2) line of regression

Use of the nonlinear regression method made it possible to demonstrate the
nature and dynamics of the link between values for PWC;y, and parameters of
lipid metabolism. 1In all instances there was a hyperbolic function. Approxi-
mated lines and equations of regression revealed that an increase in PWCj7o

is associated with smooth, mathematically expected decline in blood concentra-
tion of total cholesterol, triglycerides, total lipids and a shift of the lipo-
protein spectrum in the direction of increase in high-density lipid-protein

complexes.

Thus, the correlations between physical activity and blood 1ipid content of the
subjects are characterized by a number of distinctions. The main ones are the

difference in lipid metabolism between subjects differing in level of physical

activity, high correlation between lipid fraction content of blood and level

of physical work capacity. The findings warrant the belief that an increase in
physical activity by flight personnel should result in diminishing the role of

the cardiological factor in flight safety from the standpoint of aviation

medicine.
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[Article by S. I. Vol'vach, Ye. A. Kovalenko, L. I. Voronin, N. V. Ulyatovskiy,
V. K. Gabyshev, V. I. Nikiforov and V. V., Arkhipov]

[English abstract from source] The information content of a

new rheopolarographic procedure used to determine the oxygen
balance and regional circulation of the gingival mucosa was
measured, bearing in mind the applicability of the procedure

as an objective index of human tolerance to +Gz acceleration.

It was found that the parameters of the oxygen balance and
regional circulation of the gingival mucosa were well cor-
related with blood pressure in the floor of the auricle. In
contrast to the traditional methods for assessing tolerance

to acceleration, the new procedure provides information about

the health condition of the centrifuged subjects on a continuous
basis. Variations in the oxygen balance and regional circulation
of the gingival mucosa helped to identify compensatory reactions
‘of the cardiovascular system in response to +Gz acceleration.

[Text] 1In order to assess tolerance to head-pelvis (+Gz) accelerations, it is
important to know the distinctions of oxygen supply to brain tissue, which is
the overall indicator of degree of anemization and hypoxia of tissues [2].

Use of the polarographic noninvasive method of measuring pO, in tissues
located in the zone of blood supply of the carotid artery may be of special
interest. Unlike oxyhemograms, the polarographic method permits measurement
of p0, at the last stage of oxygen transport, i.e., directly in tissues. Our
objective here was to test and examine the informativeness of a mew contact
method of testing oxygenation and regional circulation of the gingival mucosa
with exposure to ‘head-pelvis accelerations.

Methods

This study was conducted on 5 healthy males 25-30 years of age. On a centri-
fuge with a 7-m arm, 3 series of tests were conducted with exposure to accele-
rations with a gradient of 0.1 G/s at +2.5 Gz for 5 min, +3.0 Gz for 5 min,
+3.5 Gz for 30 s, +4.0 Gz for 30 s and +4.5 Gz for 30 s, with and without using
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protective measures——pharmacological and anti-G suit. There was a 10° angle
between the acceleration vector and longitudinal axis of the subject. A total
of 22 rotations were used.

Maximum tolerance was determined on the basis of loss of peripheral vision
(increase in latency period of motor reaction to a photic stimulus -~ 22 s),
appearance of gray veil and spontaneous muscle relaxation, arterial pressure
(BP) drop in vessels of the concha (<40 mm Hg).

We recorded continuously the electrocardiogram (ECG) in the three leads of Nehb,
heart rate (HR), BP (minimum, maximum, lateral systolic and dynamic mean) in

the brachial artery by the tachooscillographic method, systolic BP in vessels

of the concha by the method of P. M. Suvorov (1969), respiration rate (RR),
electromyogram (EMG) of femoral and anterior abdominal wall muscles, motor
reaction time to photic signals, parameters of oxygenation and regional circula-
tion of the gingival mucosa using a combined rheopolarographic method developed
at the Central Scientific Research Institute of Stomatology, USSR Ministry of
Health [4], before and during the test, and in the 5th min of the recovery
period (RP).

In this study, we used a refined rheopolarographic sensor consisting of two sec-—
tions applied bilaterally to the tested region of the maxillary gingival mucosa.
Fach section of the sensor contained a polarographic contact electrode with

two active platinum cathodes and a pair of rheographic electrodes—-active

and for measurement. Thus, the sensor permitted simultaneous registration of
p0, at 4 points of the gingival mucosa and tetrapolar rheogram [4]. The sensor
was attached to the mucosal surface by means of an adhesive coating. We used

a silver chloride electrode placed on the upper arm as the silent electrode.

The polarographic sensor was connected to an oxymeter (CSSR), polarization
current in the tested tissues was recorded on a KSP-4 automatic recorder which
was outside the centrifuge (CF). The rheographic sensors were connected to a
Rheograph-2, and rheograms were recorded on a Mingograph-34. Polarographic
sensors were calibrated in saline before and after the tests. Intensity of
blood flow in the tested tissues was assessed by the dynamics of the rheographic
index (RI), while oxygenation was evaluated by the dynamics of partial oxygen
tension (p02).

The results of these tests were submitted to statistical processing with use
of the nonparametric criteria of Wilcoxson-Mann-Whitney and Spearman's coeffi-
cient of rank correlation [1]. ' :

Results and Discussion

During the first minutes of exposure to +2.5 Gz accelerations, there was dec-
line of gingival mucosal p0, and RI to 65 and 53% of base values, respectively.
BP in vessels of the concha dropped to 50% of base level and constituted a mean
of 55.0t6.5 mm Hg. In the 5th min of exposure to +2.5 Gz, p0, and RI of gingival
mucosa and BP of vessels of concha decreased to 41.3, 56.0 and 38.47%, res—
pectively, of base values. At this time, BP in vessels of the concha consti-
tuted a mean of 43.3%3.3 mm Hg. For the next 3 min of exposure to +3 Gz, BP

in conchal vessels was 40 mm Hg. This was associated with further decline of

p0, and RI of gingival mucosa (Figures 1 and 2).
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Figure 1.
Dynamics of p0, in gingival mucosa of
subjects exposed to head—pelvis
accelerations S
X-axis, time (s); y-axis, p0, (mm Hg).
Here and in Figures 2 and 3:
1-3) test series I-III, respectively

Here and in Figurev3, arrowheads
near curves indicate descent
(rotation stopped)
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Figure 3.
Dynamics of p0, in gingival mucosa
of subject Zh. during exposure to
head-pelvis accelerations.
X-axis, time (s); y-axis, p0,
(mm Hg)
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Figure 2.
Dynamics of BP (a) and RI (b) in gin-
gival mucosa of subjects exposed to
head-pelvis accelerations
X~-axis, time (s); y-axis, deviation
(%). Asterisks show when rotation
was stopped.

At the time the command was issued to
stop rotation, due mainly to subjective
indications, p0, constituted a mean of
12.2+3.2 mm Hg, which constituted 37.9%
of base value. Blood flow in the gin-
gival mucosa constituted 48.8+5.87 of
base level, while BP in conchal vessels
was 40 mm Hg.

It is interesting to note that with
higher tolerance to accelerations in
series II studies, there was consid-
erably less decline of p0, and RI of
gingival mucosa and BP in conchal ves-
sels. In the lst min of exposure to
+2.5 Gz accelerations, p0, and RI of

the gingival mucosa, as well as BP of conchal vessels, dropped to 81.5, 95.5

and 58.8%, respectively, of base values.
. constituted 66.6+13.3 mm Hg.
important findings.

Absolute BP in vessels of the concha

One must always take into consideration these

In the 5th min of exposure to +2.5 Gz, pO, constituted 61.5% of the base value,

RI 89.0% and BP of conchal vessels 50.1% (56.7+8.8 mm Hg).
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differences between parameters in series I and II were statistically reliable
(P<0.05).

To rule out the influence of the psychological factor due to intake of a phar-
macological agent known to enhance tolerance to accelerations, one rotation

in this series was performed after giving the subjects placebo. 1In this case,
all of the tested parameters showed virtually no difference from analogous
parameters in the same subject obtained in the first series (Figure 3).

In series III, tolerance to accelerations was highest. At the start of rota-
tion, p02 and RI of the gingival mucosa declined reliably more than in series
1T.and reliably less than in series I. Thus, in the 1st min of exposure to
4+2.5 Gz accelerations, p0, and RI constituted 70.0 and 77.1%, in the 3d min
54.5 and 75.1%, respectively. In the 4th min of exposure to +2.5 Gz p02 and
RI began to increase and already by the 2d-3d min of 4+3.0 Gz these parameters
reached values recorded in series II--56.2 and 83.2%, respectively, of base
values. With further increase in accelerations, pO: and RI of gingival mucosa
held at the same levels as in the first minutes of +3.0 Gz. 1In the preceding
series, accelerations in excess of +3.0 Gz were associated with decline of P02
and RI, so that the tests had to be stopped for medical indications. In series
III, a decline of the tested gingival mucosal parameters started in the lst min
of exposure to +4.0 Gz and rotation was stopped in the 1lst min of exposure to
+4.5 Cz accelerations. Unlike parameters of oxygenation and regional blood
flow of the gingival mucosa, BP in vessels of the concha was reliably higher

in series III from the very start of rotation than in the two preceding ones.

In spite of the observed differences in dynamics of parameters of oxygen balance,
regional circulation and BP in conchal vessels, there was an overt and

reliable positive correlation between these parameters. The coefficient of

rank correlation p constituted 0.85 (P<0.01) between pO and BP in conchal
vessels, and 0.58 between RI and ear BP (P<0.025).

As we have already indicated, polarization current in tissues of the gingival
mucosa, from which p0, was calculated, was recorded continuously during rotation.
This procedure enabled us to monitor the dynamics of p0, in the gingival mucosa
during the entire period of exposure to accelerations. In all of the tests,
discontinuation of rotation was preceded by drastic decline of the p0, curve,
which was associated with decline of RI. It is extremely important that this
parameter can be used as a prognostic criterion for evaluation of tolerance to
accelerations. In cases where p0, dropped drastically to 12-15 mm Hg (40-50%

of base value) at the start of rotation and there was no compensatory increase

of RI of gingival mucosa, one can assume that there was poor tolerance to accele-
rations. If, however, the p0O, drop was not so dramatic and was associated with
increase of RI of gingival mucosa tolerance could be considered good. Toler-—
ance to accelerations may be determined even without calculating absolute values
according to dynamics of pOj. Drastic decline of the p0, curve and absence of
compensatory rises are indicative of poor tolerance to the tested acceleration
level. . A smoother decline of p0, at the start of rotation, presence of compen-
satory rises during subsequent exposure to accelerations warrant the belief

that there is good tolerance. In the course of exposure to accelerations, it

is important to differentiate between a decline of p0, related to drastic worsen-—
ing of wellbeing and. random fluctuations of this parameter. Of course, one
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must take into consideration a number of other concomitant parameters, first
of all RI of the gingival mucosa, as well as BP.

We were impressed by the correlation between parameters of oxygenation and
regional circulation, on the one hand, and BP of brachial artery, on the other.
For example, in series I, concurrently with decline of p0O, and RI there was
increase in all tested BP parameters. When the BP increment reaches a mean

of 19.8%, gradual increase of RI of gingival mucosa begins. One minute after
reaching maximum increment of tested BP levels, one observes maximum RI
increment in this series (to 697 of base value). With further increase of
accelerations there is drastic decline of BP increment (to 9.7%), which is
associated with dramatic decline of RI (see Figure 2). The observed reaction,
which was characterized by increase in RI, was very brief and was not associ-
ated with significant elevation of pOj.

In series II, exposure to accelerations led to reliable greater increment
(P<0.05) in value and duration (as compared to series I) of the tested BP para-
meters, which was associated with reliably less (P<0.05) decline of pO; and RI

of gingival mucosa.

In series III, at the first stage of exposure to accelerations, BP increment

was virtually the same as in series II, and, as we have already mentioned,

p02 and RI of gingival mucosa were reliably higher than in series I but lower
than in series II. With further increase in accelerations, there was

concurrent rise of BP, p0. and RI of gingival mucosa. In the 3d min of exposure
to 3.0 Gz BP increment reached 33.6%. This is reliably higher than in the two
preceding series of studies. 1In this case, p0; and RI of gingival mucosa
reached values recorded with the same level of accelerations in series II (see
Figures 2 and 3).

Thus, the obtained data graphically illustrate a correlation between blood
supply to tissues of the gingival mucosa and dynamics of BP in the brachial,
artery. This relationship is particularly distinct with use of preventive
agents that enhance efficiency of hemodynamics in man.

Thus, the results of this investigation revealed that the combined rheo-
polarographic method adequately reflects delivery of blood to tissues situated
in the system of the external carotid artery during exposure to +Gz accelera-
tions. A high positive correlation was demonstrated between parameters of
oxygenation and regional circulation of the gingival mucosa, on the one hand,
and BP in conchal vessels, on the other, as well as a correlation between
dynamics of RI of the gingival mucosa and the tested BP parameters recorded

for the brachial artery.

Concurrent recording of parameters of oxygen balance and local circulation in
the gingival mucosa and parameters of central hemodynamics permits tracking of
the mechanism of development of central and local compensatory reactions to
redistribution of blood in the body elicited by accelerations.

The results of these studies warrant the belief that parameters of p0Op and RI

of gingival mucosa, together with other parameters of the body's functional
state may be used as prognostic criteria of tolerance to +Gz accelerations.
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INVESTIGATION OF SOME ASPECTS OF HUMAN AMINO ACID METABOLISM DURING 120-DAY
ANTIORTHOSTATIC HYPOKINESTIA

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 6 Dec 83) pp 35-38

[Article by T. F. Vlasova, Ye. B. Miroshnikova and A. S. Ushakov]

[English abstract from source] The free amino acid pool of
blood of man exposed to 120-day head-down tilt (at -4°) was
examined. Beginning with bed rest day 28 and till the end of
the study, the amino acid pool increased. The increase involved
most free amino acids which was produced by a decline of ana-
bolic and stimulation of catabolic processes during hypokinesia.

[Text] The results of studies with use of restricted motor activity are indi-
cative of the influence of hypokinesia on amino acid metabolism in man [1-4,

6, 8, 12]. Different variants and duration of immobilization lead to some
redistribution of the blood's free amino acid pool. Considering the importance
of the results of these studies, in developing preventive agents to normalize
the blood amino acid balance under hypokinetic conditions, we conducted several
studies to assay free amino acids (FAA) in blood plasma during 120-day anti-
orthostatic [head-down tilt] hypokinesia (AOH, tilt angle of -4°).

Methods

FAA content of blood plasma of the subjects (n = 6) was determined by ion-
exchange chromatography on a Liquimat ITI automatic analyzer (Labotron, FRG)
[5, 11]. The tested blood samples were first deproteinized with crystalline
sulfosalicylic acid [10]. Venous blood was drawn on a fasting stomach once
in the baseline period, 4 times during AOH and 3 times in the recovery period.

Results and Discussion

Tables 1 and 2 list the results of examining blood plasma amino acid composition
during 120-day AOH and the l4-~day recovery period. As can be seen in these
tables, there were changes in FAA levels during AOH and in the recovery period.
Only cystine and aspartic acid content remained unchanged throughout the period
of the study. 1In the baseline period, blood plasma FAA content virtually

failed to differ from the physiological norm [7], with the exception of serine,
the concentration of which exceeded the range of physiological fluctuations. On
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the 28th day of AOH, the subjects presented a reliable elevation of lysine

level (P<0.01) and a tendency toward decline of plasma level of threonine
against the background of virtually unchanged concentrations of the other amino
acids. There was negligible increase in total amino acid pool, which consti-
tuted 26.4 mg#% (versus 23.5 mg% in the background period). On the 67th-70th
days, total FAA content of blood plasma increased by 1.5 times (40.6 mg%). Such
elevation of FAA level was attributable to increase in 11 out of 17 amino acids
in blood plasma. By the 94th-96th days, the levels of virtually all amino

acids exceeded baseline values (with the exception of cystine, aspartic acid and

proline).

Accordingly, total FAA content increased to 45 mg%, i.e., by 1.8
times, as compared to the baseline period.

of blood plasma also remained high on the 109th-113th days of the study.

The concentrations of most FAA

Leu-

cine, phenylalanine, cystine, aspartic and glutamic acids were exceptions.
Total amino acid content at this time constituted 39 mg%, i.e., it was higher
than in the baseline period but lower than on the 94th~-96th day of the study.

Table 1. FAA content (mg%) in blood plasma of subjects during 120-day AOH
(tilt angle -4°), Mim
. . i OH "
Amino acid Base}lne Days of AO e
' period 28 67 70 | 91 .96 10y 113
Isoleucine 0,76 £0,06 | 0,82:4.0,08 1,3640,:20%" 1,58.£0,16%2 % 120,097
‘Leucine 1,15 £0,21 | 1,424+0,13 92,9940, 3% %% }JOiOJ;i** }AgiOﬁzm
Valine 2.0420,30 9| 1:970.16 : 3,54::0,19"" o0
Threonine 1,6440,14 7 1,2240,13 2,54:0.15* 229i02§*'-
Serine 4,46+40,54 | 3,7040,43 7,12:40,39% 7Q?i0AfH
Methionine 0,31+0,05 |0,23+0,01 0,69+£0,04*** 0.524:0,05*
‘Tyrosine 0,900,12 | 0,9610,08 1,79-£0,06%** £,65-+0,12*

" Phenylalanine 1,06+0,22 | 1,0240,15 | 1,7640,30%*** 1,632£0,16%*** | 1,2640,09
Cystine 0,95+0,17 | 1,18+0,19 1,13:£0,13 1,200, 12 0,85::0,10
Aspartic@ 0,91+0,21 |0,8040,10 1,05:+0,10 1,1440,13 0,70+0,09

: b . ks * % kK 0.27
Glutamic 1,1340,17 | 1,2940,17 | 2,76-£0,33%%* 2,084:0,27 1,830,
Proline C1,8940,12 | 1,714£0,15 | 2,68-£0,18%*** 2,28+0.,18 2,720, 13%**
Glycine 1,232-0,14 | 1,32+0,10 | 2,05+0,24** 2,31£0,10%> 2,1940,20%

- Alanine 2,04+0,26 |2,29+0,21 | 3,9340,39* 4,17:£0,19* 2,8140,22%%
Lysine 2,12+0,31 | 3,87+0,44* | 4,52+0,42%** 5,014+0,66" 3,980,257+~
Histidine 1,18:£0,13 | 1,224£0,17 | 2,21+0,36%*%* 2,30+-0,06** 2.35£0,14%*+

! Arginine 1,57£0,30 | 1,404-0,20 | 2,06::0,24 2,47+0,27 3,12:£0,15

mi acids : )

Total amino 25,3 26,4 40,6 45,0 39,0

Note: Here and in Table 2, 1 asterisk--P<0.01, 2--P<0.02, 3--P<0.001,
4--P<0.05, 5--P<0.02; superscript (a) indicates inclusion of

asparagine and superscript (b), inclusion of glutamine.

Throughout the recovery period, which lasted 14 days, complete restoration of

base amino acid equilibrium in blood plasma did not occur.

Thus, on the lst

day of the recovery period total amino acid content was 40 mgZ, on the 5th
day 30.8 mg% and on the 14th day 39.9 mg% of baseline values.
centrations of serine, methionine, glycine and arginine came close to baseline

Only the con-



values. Cystine and aspartic acid levels did not change throughout the study.
The levels of the other blood amino acids exceeded the baseline in absolute:
values.

Table 2. FAA content (mgZ) in blood plasma during recovery period after AOH,

Mim
) ) Recovery period days
- Amino acid
1 | 5 | 14

Isoleucine 0,98+0,04% 1,114-0,05%* 1,404+0, 13 ****
Leucine 1,69+0,33 1,644-0,24 2,144-0,09%****
Valine 3,09+0,13% 2,53+0,22 3,014-0,08*
Threonine 2,6840,58 2,11-4+0,21 2,684+0,20
Serine 6,254-0,10% % ** 4,47+0,35 5,256+0,42
Methionine 0,624-0,14 0,44+0,21 0,52+4-0,07
Tyrosine ' 1,563+0,47 0,92+0,11 1,554-0,05%**
Phenylalanine 1,66+0,43 1,1840,19 1,6840,10%***
Cystine 0,84+0,07 1,294-0,16 0,97+0,!11
Aspartica 0,77+0,23 0,454-0,14 1,09+0,09
Glutamick : 2,8340,21% #* 1,9440,13 . 19940, [1*****
Proline - 1,794-0,52*** 1,94+4-0,13 2,9640,21*****
Glycine 2,26+0,01% 1,404-0,13 2,32+0,14
Alanine 3,18-£0,36%*%* 2,3340,08 3,06+0,18*
Lysine_ 4,800,317 4,2440,01*%* 4,724-0,33***
Histidine 2,534-0,28% *# %% 2,0040,31**** 2,7740,12%%*
Arginine 2,63-£0,28%*** 1,80+0,31 -2,33+0,28
Total amino acids . 40,0 30,8 39,9

The direct and indirect data accumulated to date indicate that the intensity

of synthesis of tissue proteins decreases and their degradation increases under
hypokinetic conditions, and the severity of changes depends on duration of '
hypokinesia [9]. During the 1lst week, hypokinesia, which acts as a stress
stimulus, elicits increase in selective utilization of FAA, leading to decline
of the amino acid pool in blood. At later stages, on the contrary, depression
of anabolic processes due to diminished adaptation capacity of the body leads
to accumulation of blood FAA. Indeed, in tests with 7-day AOH on humans, a
decline was demonstrated in total blood amino acid content, which confirmed the
hypothesis that there is increased utilization of the body's reserve-—-FAA—-

at the early stages of stress, due to their intensive involvement in numerous
reactions of intermediary metabolism in the presence of diminished intensity

of biosynthetic processes [2]. At later stages of hypokinesa, as wads shown
with 49-day AOH and during 45- and 120-day clinostatic hypokinesia, there is
gradual increase in pool of blood FAA due to depression of anabolic and preval-
ence of catabolic processes [1, 3, 4, 8]. The results of this investigation
also served as confirmation of the previously expounded hypothesis [9]: 120~day
AOH, starting on the 28th day, elicited elevation of levels of some blood
plasma amino acids. In addition, the gradual elevation of tyrosine level also
confirmed development of catabolic processes. Evidently, catabolic processes
attained maximum development by the 98th day of AOH, since this is when tyrosine
content of blood plasma was at a maximum. Throughout the investigation, as

was the case with 49-day AOH [3], the concentrations of cystine and- aspartic
acid remained unchanged, which is apparently related to their low utilization

52




under hypokinetic conditions. A l4~day recovery period was not sufficient for
normalization of amino acid equilibrium in blood.

Thus, the results of this study of human blood plasma FAA-during 120-day AOH
indicate that, starting on the 28th day, there is increase in the amino acid
pool of blood, as compared to the baseline period due to increase in concentra-
tions of most FAA. The latter is most probably attributable to decrease in
intensity of anabolic and prevalence of catabolic processes under hypokinetic

conditions.
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EFFECT OF 7-DAY IMMERSION HYPOKINESTA ON CHARACTERISTICS OF PRECISION
MOVEMENTS : ,

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 6 Mar 84) pp 38-42

[Article by L. S. Grigor'yeva and I. B. Kozlovskaya]

[English abstract from source] Experiments were carried out
to study the effect of 7-day immersion hypokinesia on preci-
sion movements that included reproduction of a certain iso-
metric strain of leg muscles (30% from the maximum voluntary
level) and angular displacement of the ankle (15°) relative

~ to the 90° position. On the first postimmersion day .the pre-
cision level deteriorated, i.e., the error and variability of
the movements to be reproduced consistently increased. The
precision decline was the highest with plantar flexion, when
the error of the effort and position reproduction was 24 and 237,

" respectively, and the lowest with dorsiflexion, when the error
was 17 and 25%, respectively, versus 6-87% in the baseline tests.
Precision disorders were seen in the structure of movements
which lost their stereotypic pattern and became fragmentary,
transforming into slow approximate movements versus the pattern
of preimmersion movements that were of a rapid programmed con-
trol type. Precision changes during plantar flexion movements
were usually excessive, hypermetric and almost twice longer than
preimmersion. The origin of the above precision changes seems
to be primarily associated with muscle atonia. At the same time

~ data analysis shows that in nearly 50% of cases the values of
precision changes in movements of various types (efforts and
displacements) and different directions (plantar and dorsi-
flexion) were correlated. This is suggestive of common central
mechanisms underlying their development.

[Text] Studies pursued in prior years revealed that ¢xposure to weightlessness
and conditions that simulate it is associated with development of functional
disturbances referable to coordination mechanisms. This is manifested by
change in structure of locomotion, longer performance of motor . tasks, lower
precision of reproduction of muscular exertions, increased number of errors
and variability of characteristics of motion [2, 3, 6-9]. The nature of
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changes in coordination and their quantitative relationship to different aspects
of effects of weightlessness have not been disclosed to a significant extent.

At the same time, knowledge of the pathogenesis and quantitative manifestations
of coordination changes is important in order to seletct precision characteris-
tics of given modes of activity and to develop adequate prevention of distur-

bances.

Proceeding from the foregoing and to supplement previous studies [4],

we investigated here the kinematic characteristics of voluntary precision move-
ments.
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Figure 1.
Diagram of motor tasks

I) isometric contraction
II) angular movement

Thin lines--guide beams, boldface,
controllable beam

In I:

1)
2)
3)

maximum voluntary
30% of maximum
trajectory of motion

In II:

1,

4)

force and in the second,

2, 3) specified positions of
ankle joint--75, 90 and 105°,
respectively '
trajectory of movement from

position of complete relaxa-

tion until moving beam reaches

mark . (arrowhead in center of
screen), then to the requlred
position of dorsiflexion
(solid line) or plantar
flexion (dash line)

- We used "dry"

angular displacements.

Methods

immersion hypokinesia [5] as
a test factor.

The study was conducted on 17 healthy men
26-35 yedars of age, who were tested before,
as well as on the lst and 3d days after 7-
day immersion, \

The subjects were given two motor tasks:
to reproduce from memory graded isometric
contractions of crural muscles (30% of
maximum voluntary level) and angular
motions (15°) of the ankle joint. The
tests were performed using an isokinetic
dynamometer, which permits standardization

. of leg position (when movement is performed

mainly by the tested group of muscles), and
selection of velocities that are adequate

to the purposes of the test. Testing was
performed with the subjects in supine posi-
tion: the foot was attached to the dynamo-
meter pedal in such a way as to have the
axis of the ankle joint coincide with the
axis of pedal rotation, and angles of 120-
130° in the hip and knee joints. In the
course of the test, the subjects were

taught to perform the tasks using visual
feedback. For this purpose, 1 (when working
in isometric mode) or 2 (when making

angular motions) beams were flashed on an
IM~789 monitor, showing the specified

level of exertion or displacement (Figurel).
According to task conditions, the subjects
had to superpose another beam reflecting
the exertion or displacement upon the
master beam. When the subjects performed
their task correctly 5 times in a row,
they performed the next 6-8 from memory.

In the first task, we recorded moments of
When processing the data, we

analyzed the magnitude and direction of error, variability of reproduction and
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performance time. Reliability of demonstrated differences was determined using
Student's criterion. ‘ ‘

Results and Discussion

The results of this study revealed that immersion hypokinesia alters signifi-
cantly the precision characteristics of movements. As can be seen in Figure 2,
the subjects performed both tasks rather precisely in the base state; magnitude
of error and variability of reproducing exertions did not exceed a mean of

5-8% and that of positions, 6-10%; the parameters of precision of plantar
flexion and dorsiflexion did not differ appreciably.

20
;_ rﬂ ol
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Figure 2. Error (0, %), variability (K, %) and duration (T, s) of
reproduction of specified exertion (a) and displacement (b)
before and after immersion hypokinesia

On the left, plantar and on the right, dorsal flexion of foot. White bars--—
before immersion, striped—--lst postimmersion day. Vertical segments—-
standard error; one and two asterisks—-P<0.05 and <0.0l, respectively.

Precision was diminished on the 1lst postimmersion day: errors and variability

of reproduction exceeded baseline levels considerably. Decline of accuracy of
reproduction of exertion and position was similar and manifested in both
instances more markedly in movements performed by the posterior group of

crural muscles: magnitude of error constituted 24 and 28%, respectively,

and in movements of dorsiflexion 17 and 15%; variability of reproduction consti-
tuted 15 and 24% in the former case, 10 and 14% in the latter. Less marked
precision changes in dorsiflexion was also manifested by a lower level of
significance of the demonstrated differences.

Conversely, task performance time with regard to displacement movements
changed to the same extent in both directions, constituting almost double
the base wvalues (see Figure 2). '

The depth'of precision disturbances varied appreciably in different subjects.
As can be seen in Figure 3, after immersion errors of reproduction of exertion
ranged from +50 to -30% and variability from 5 to 40% in different subjects.

Individual analysis of tactics in performing motor tasks (Figure 4, I) revealed
two main types of changes: in some subjects, movements became distinctly
hypermetric, and magnitude of error increased with each successive movement
(Figure 4, Ib); in others, the direction of error varied from movement to
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movement (Figure 4, Ic).

Interestingly, there was prevalence of the first

type of error in plantar flexion, which constituted 67% for the group with
respect to reproduction of exertion and 737 for reproduction of positions.
In the group of movements for dorsiflexion, deviations in both directions
were present in about the same number of cases: 44 and 55% with reproduction
of exertion and 45 and 367% with reproduction of position.

%
150
140 ¢
130 ;-
120\
10

Figure 3.

Reproduction of specified exertions before and after immersion
hypokinesia by 6 subjects
Left, plantar flextion; right, dorsiflexion of foot.

White bars--before

immersion, striped and black--lst and 3d postimmersion days, respectively.
Arabic numerals along x—axes refer to subject number.

a) magnitude of reproduction (% of given, taken as 1007, dash line)
b) coefficient of variation of reproduction (%)

Figure 4.

Precision of movement (plantar flexion)
before and after immersion hypokinesia.

Dash lines~-specified levels; arrows
(at the bottom)--start of movement
from 90° position
I) reproduction of exertion
IT) reproduction of angular dis-
placement ]
a) baseline period
b,c) types of postimmersion changes
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Immersion also altered the structure
of movements. As can be seen in
Figure 4,11, the subjects performed
displacement motions smoothly and
rapidly before immersion. Their
characteristics were consistent

with those of rapid, programmed
movements. Upon termination of im-
mersion, the movements lost their
inherent programmed speed and
smoothness and became approximated,
slow and fragmentary in bringing

the foot to its target (Figure 4,IIb).
When rapid tactics were retained
(Figure 4,I1Ic), precision of move-
ments was substantially diminished
and the end position was reached
through several corrections. Ap-
parently, these changes in tactics



of finding the end position were the cause of the above-mentioned increase in
time of performance of motor tasks.

The precision characteristics of movement presented a distinct tendency toward
recovery by the 3d day of the recovery period. As can be seen in Figure 3, a
singificant increase in errors and variability of reproduction of exertion was
found in only 2 subjects at this time, and in the others the characteristics
of movements were close to baseline values.

These findings confirmed the hypothesis that impairment of movement precision
is a consistent consequence of immersion hypokinesia.. In our tests, these
changes pertained to both precision of reproduction of muscular exertions and
reproduction of positions. In other words, there is some decline of precision
capacities of regulatory mechanisms. The extent of this decline is rather
marked (particularly in plantar flexion situations) and it constitutes a mean
of 24% for movements to reproduce effort and 28%, for positions. Precision of
reproduction of movements for dorsiflexion diminished to a lesser extent:
magnitude of change in this category of movements constituted a mean of 177
for reproduction of exertion and 15% for position.

The changes demonstrated in the structure of precision movements indicate that,
withoaut a static load, there was impairment in both the control circuit with
feedback and in the programmed control circuit. In the former case, movements
were no longer stereotypic, they usually became superfluous and hypermetric;

in the latter case, they were either hypermetric or hypometric. In general,
the changes in precision characteristics of movements were of the nature

seen in ataxia. ‘

With reference to the possible cause of atactic disturbances under these condi-
tions, it can be related, first of all, to the muscular atonia that is present
without a static load. As was demonstrated previously [1], immersion is
associated with marked decline of muscle tome, which develops already on the
1st day of immersion and is consistently related to decrease in static load
which is, as we know, a trigger for tonic reactions [10]. This hypothesis is
confirmed by the fact that the precision changes in our tests were more marked
for movements of plantar flexion than dorsiflexion. And, as it was shown,
decline of muscle tone was noted primarily in crural extensors, which effect
plantar flexion of the foot. But precision disturbances were present not

only in isometric movements, but isotonic ones. This warrants the assumption
that such disturbances may be due not only to reflex tonic changes, but central
ones. In view of the foregoing, it is interesting to note that, in virtually
half the cases, the magnitude of precision changes in different types of move-
ment (exertion and displacement) in different directions (dorsal and plantar
flexion) was correlated in the same subject, which could also be indicative

of some common central mechanisms for their development. The presence of
changes in the central parts of the motor system during immersion hypokinesia
had been demonstrated in studies of excitability of spinal mechanisms accord-
ing to paramters of T and H reflexes [4].

A comparison of the demonstrated disturbances to changes in precision control
of efforts after 7 days of real weightlessness [4] revealed that, on the whole,
the direction and magnitude of changes caused by removal of static load in
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characteristics of the tested precision movements were very similar to those
observed after short-term weightlessness, which also warrants the assumption
that the mechanisms of their development are similar.
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BODY FLUID CONTENT :
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No 4, Jul-Aug 85 (manuscript received 27 Jan 84) pp 42-45 :

[Article by M. A. Yunusov, V. N. Orlov and T. V. Vinokhodoval]

[English abstract from source] Experiments were carried out
to study the effect of dry immersion on fluid-electrolyte meta-
bolism, aldosterone and cortisol content in 22 test subjects
with varying content of water in the organism. It was found
that dry immersion produced a diuretic effect and facilitated
a higher excretion of electrolytes and a lower aldosterone
content. The test subjects with a higher content of water in
the organism (16 subjects) exhibited a more distinct and pro-
longed polyuria.  During the recovery period the aldosterone
content increased insignificantly and failed to return to the
baseline level, in contrast to the subjects with a normal
content of water in the organism.

[Text] It is known that man's change from customary gravity to weightlessness
is associated with polyuria at the first stage of adaptation to the new en-
vironment. It is also believed that dehydration, with decline of circulating
blood volume, is the secondary link in the chain of changes in homeostasis

in weightlessness [2]. At the ‘same time, the authors view redistribution of
fluid with efflux from the lower body in a cranial direction as the initial
triggering mechanism. Stimulation of volumoreceptors in the ostia of the venae
cavae elicits reflex reactions (Henry-Gauer reflex), which lead to change in
neuroendocrine regulation of fluid-electrolyte metabolism. Thus, with simula-
tion of weightlessness by means of immersion in water, it was established that
there is a drop in levels of antidiuretic pituitary hormone and aldosterone
which, in the authors' opinion [9], causes polyuria and increased renal excre-
tion of electrolytes. These homeostatic changes (hypovolemia, electrolyte
deficiency) could affect appreciably the body's resistance in the recovery
period and particularly in the first minutes of change in gravity. For this
reason, the problem related to "painless" readaptation of man to change in
gravity is not only of theoretical, but practical importance. We report here
on a study of some parameters of fluid-electrolyte metabolism and neurohumoral
components of blood (aldosterone, cortisol), which are involved in its regula-
tion in individuals differing in body fluid content submitted to "dry" immersion.
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Methods

In this study we used the model of "dry" immersion proposed by Ye. B. Shul'zhenko
and I. F. Vil'-Vil'yams [7]. We tested the effect of dry immersion on fluid-
mineral metabolism (diuresis, excretion of Na and K in urine), plasma aldo-
sterone and cortisol levels in 22 subjects. Electrolytes were examined on

a flame photometer, aldosterone and cortisol levels, by a radioimmunological
method with the CIS International kits of reagents. All of the subjects were
on a standardized diet with intake of no more than 1200 m{ fluid per day. The
1st group consisted of 12 essentially healthy men 30 to 535 years old with

the usual body fluid content (no edema), who were exposed to dry immersion for

7 days. The 2d group consisted of subjects with marked (excessive) fluid
retention or edema syndrome. All of the subjects in the 2d group (10 with
ischemic heart disease, essential hypertension, cirrhosis of the liver) were
submitted to 4—6-h sessions of dry immersion in our modification for therapeutic
purposes [6]. Since the 2d group of subjects also received combined therapy
(cardiac glycosides, diuretics and hypotensive agents), we used a standardized
control period of 5 days, during which the same agents were used in identical
doses and intervals on all subjects, in order to rule out the effect of this
treatment on test results. We adhered to analogous conditions for 5 days after
immersion. o :

Parameters of diuresis, Na, K in urine of subjects in the lst group were

assayed in the baseline period and for the first 3 days of immersion. 1In this
group, we measured cortisol and aldosterone in the baseline period, after 15 min,
3, 7 h and 7 days of immersion (immediately and 1 day after its termination).

In the 2d group, parameters of fluid-electrolyte metabolism (daily diuresis, Na
and K in urine) were measured in the control period, on the day of immersion
and the next 2 days after it. Blood was drawn for aldosterone assay before
immersion, after 2-3, 4-5 h of immersion and 20 h after the session of dry
immersion. ’ : ‘

The obtained data were processed by the method of variation statistics.
Results and Discussion

We demonstrated marked polyuria with dry immersion, in subjects with both
normal and high fluid content. It should be noted that analysis of the results
for the lst group of subjects revealed that maximum changes in parameters of
diuresis and excretion of electrolytes in urine were observed on the first 2-3
days of immersion (Table 1). ' e

Table 1 shows that there was maximum renal excretion of fluid on the first 2
days of immersion, which confirms the information in the Iiterature on this
score [12]. In this same period, we observed maximum excretion of Na and K

in urine. Considering the 1.5-2-fold increase in Na/K ratio on the lst-2d day
of immersion, we can assume that the aldosterone mechanism is involved in the
change in fluid-electrolyte balance [3]. However, some authors related the
increase in diuresis during ‘immersion to change in hemodynamics when simulating
weightlessness which, in turn, leads to increased renal excretion of fluid and
electrolytes [13]. - S
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Table 1. Dynamics of daily diuresis and electrolyte excretion on first 3 days
of immersion in subjects with normal body fluid content (n = 6)

Day of immersion

Parameter Baseline
1 , 2 I 3
‘Diuresis, ml/min 0,774-0,02 1,244-0,14*** 1,920, 1** 0,864 1,09
Na, meq/min 160,14-12,3 255,04:24,3%* 245,04-24,24% 175,04 22,5
K, meqg/min 46,05:£3,1 51,5:+5,6 57,2+6,45 49,99-4,7

Note: Here and in Tables 2 and 3, *P<0.001, **P<0.01, *%%P<0.02, *#%%%P<(0,05
(in relation to baseline; reliability of differences was determined
by Student's criterion obtained by the method of related pair
variations [1]).

Table 2. Dynamics of plasma aldosterone and cortisol levels in subjects
submitted to dry immersion for 7 days (n = 6)

Parameter Baseline . Immersion Recovery

. 15 min | 3 h | 7n | 7 days | period
Aldosterone, ng/ml |119,6+8,9 | 113,068 | 80.4***+11,4 | 83,6*411,0] 100,2412,9 125,3414,0
Cortisol, ng/ml 117,74-14,9 | 133,67-£15,3] 77,954:11,5 | 94,154 18,5 | 142,39 1.14,4 | 127.546,5

Table 2 lists the dynamics of plasma aldosterone and cortisol levels in the 1lst
group of subjects during 7-day dry immersion.

We see from the data in Table 2 that baseline aldosterone level did not differ
appreciably from the normal parameters of the CIS International firm (in

supine position, aldosterone level ranges from 25 to 125 ng/mf). We demonstrated
a decline of aldosterone concentration by 327 after 3 h of immersion, as com-
pared to the base period. This parameter was 307% lower than the baseline after

7 h. Assay of aldosterone level on the 7th day of immersion revealed a tendency
toward approximation of the baseline value. However, aldosterone level reached

baseline values only in the recovery period.

Our findings are consistent with the results of other authors, who also observed
a decline of aldosterone level during water immersion starting with the first
hours of submersion, as well as decreased excretion thereof in urine [8, 11].
However, -these authors found a more marked decline of aldosterone than in our
cases. When comparing the results, it must be borne in mind that the above-
mentioned studies involved subjects sitting in water, and it can be assumed

that under such conditions there is more marked hydrostatic pressure of water
applied to the submerged parts of the body.

Examination of cortisol concentration revealed a tendency toward rise of its
level by 14% after 15 min of immersion. As can be seen in Table 2, there was
an insignificant decline of plasma cortisol level after 3 and 7 h of immersion
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and reliable increase (by 327%) in its concentration on the 7th day of immersion.
The literature concerning change in cortisol level during immersion is sparse
and contradictory. Evidently, the tendency toward rise in cortisol level in
the first hours of immersion is related to the fact that this hormone is one

of the stressor substances. It would have been logical to assume that subse-
quent decline of cortisol during immersion could characterize conditions that
are typical of rest and hypodynamia. There are also reports in the literature
of the potentiating effect of cortisol on glomerular filtration. However, we
were unable to detect a rise of its level in the period of maximum diuresis
among subjects of the lst group. As for elevation of cortisol level, along
with aldosterone, by the 7th day of immersion, this tendency is of compensatory
significance in the presence of hypovolemia, increased blood viscosity and elec-
trolyte disturbances that are present at this stage of immersion [4]. At the
present time, we know not only of the permissive effect of cortisol, but its
property to cause mobilization of sodium from tissues and elimination of short-
age of this electrolyte in blood [5].

The results of testing renal excretion of fluid and electrolytes in the 2d group
of subjects, who were submitted to brief dry immersion, are listed in Table 3.

Table 3. Dynamics of diuresis and excretion of electrolytes in subjects with
high body fluid content (edema) submitted to 4-6-h dry immersion
(n = 10) : ‘
Parameter Baseline Day of Residual immersion reaction
immersion 2d day 3d day
Diuresis, mf 15364128 2630-1 293 2076310 1865300 .
: m/min 1,0-£0,09 1,8-+0,6% 1,540,8* 1,440,7%
: I\,Ta, me?/mln 120,4+9,2 173,64 12,3* 160,04 15,5%* 130,04-13,0
K, meg/min 37.2+4,5 43,14-5,6%* 39,64:3,44*% 35,0+3,11
K/Na ratio 3,540,3 4,64-0,41% 4,0--0,41 3,740,5

We see from the data listed in Table 3 that there was a marked increase in
diuresis and electrolyte excretion, both on the day of 4-6-h immersion and on
subsequent days. 'The most distinct residual reaction of diuretic effect of
immersion was manifested on the first 2 days. We found that one session of
immersion had an enhancing effect on diuretic therapy administered to these
patients. Base plasma aldosterone level (189.7#20.1 ng/mf) in subjects with
high fluid content was considerably above normal (secondary aldosteronism).
After 2-3 h of immersion, their aldosterone level dropped to 127.2+15.5 ng/mf
(P<0.05) and after 4-5 h, to 119.3%13.5 ng/mf (P<0.05), i.e., by 33 and 37%,
respectively, in relation to the baseline period. Aldosterone level remained
17% lower (156.9+10.6 ng/mf; P<0.05) than the baseline 20 h after termination
of brief immersion, which could be attributed, to the mechanism underlying

the diuretic "aftereffect" of immersion. Fluid-electrolyte changes disappear
immediately after immersion in subjects with normal body fluid content, and the
aldosterone level reverts to baseline values within the first few hours of the
recovery period [10]. . ‘
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From the standpoint of adaptation to immersion, we must mention the presence of
changes in one direction (increased renal excretion of water, electrolytes,

drop of aldosterone level) in both the 1lst and 2d groups of subjects. Residual
diuresis after immersion in subjects with high body fluid content could be
indicative of inertness of regulatory mechanisms of fluid-electrolyte metabolism
when changing to higher gravity. But they reacted just like essentially
healthy individuals in a suspended state in fluid. The residual diuretic re-
action after immersion in the subjects with high body fluid content may indi-
cate that hemodynamic factors (which have an effect during immersion) do not
play a part in eliminating fluid and electrolytes from the body.
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INTENSITY OF LIPID PEROXIDATION IN HYPOKINETIC RAT TISSUES
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[Article by T. Ye. Shidlovskaya]

[English abstract from source] The intensity of lipid
peroxidation in the homogenates and mitochondria of the

liver, heart and skeletal muscle of hypokinetic rats was
measured. The primary products of lipid peroxidation, i.e.,
diene conjugates, were accumulated in all tissues on hypo-
kinesia days 3, 15 and 30. The content of the final product--:
malonic dialdehyde--in the mitochondria increased on hypo-
kinesia days 15 and 30. The low level of NADPH--and
ascorbate—~dependent 1lipid peroxidation in the mitochondria at
early stages of hypokinesia (up to 15 days) and diene con-
jugates in homogenates on hypokinesia day 7 can be attributed-
to an activation of the protective systems of the organism
against the immobilization stress. It is suggested that at
early stages of hypokinesia the process of lipid peroxidation,
or to be more precise lipid hydroperoxidation can be blocked.

[Text] Hypokinesia is an inevitable factor in many modern occupations (opera-
tors, pilots, cosmonauts and others). Investigation of the effects of hypo-
kinesia permits simulation on earth of several of the effects of weightless-
ness. Under hypokinetic conditions one observes appreciable functional dis-
turbances and changes in metabolism [6, 14], including lipid metabolsim. The
change in proportion of different groups of lipids, as well as between lipids
and proteins, affects the structure of biological membranes, their permeability
and integrity of organelles [2, 8]. Lipid peroxidation (LPO) processes play
an important part in the mechanism of membrane alteration [3]. It has been
proven that intensification of LPO is a typical reaction to extreme factors
[7, 13]. At the same time, the role of LPO in onset and development.of hypo-
kinetic disturbances has been studied very little as yet [4, 5, 15].

We report here the results of a study of intensity of LPO in homdgénates and
mitochondria of the livery heart and skeletal muscle of rats at different stages
of hypokinesia.
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Methods

The studies were conducted on 51 control and 65 experimental male albino rats
with initial weight of 170-200 g. Their movements were restricted by placing
them in individual plexiglas box-cages. The animals were decapitated on the
3d, 7th, 15th and 30th experimental days. We took liver, heart and skeletal
muscle tissue for examination. The mitochondrial fraction was recovered by
differential centrifugation by the method of Garland [17] in a cold room at
0-4°C. The isolation medium contained 0.025 M tris-buffer in 0.175 M KC1,

pH 7.4. The mitochondrial preparation was stored frozen. Intensity of LPO
was assessed by the amount of diene conjugates in tissue homogenates and accumu-
lation of malonic dialdehyde (MDA) in mitochondria during aerobic incubation
in the presence of NADP*H or ascorbic acid. The levels of diene conjugates in
homogenates were measured by a modification [3] of the Placer method. MDAwas
measured using the color reaction with thiobarbituric acid [16]. For examina-
tion of NADP.-H-dependent LPO, the incubation medium contained 0.025 M tris-
buffer, pH 7.4, 0.1 mM Fe?t, 0.02 mM NayP,07, 0.5 mM NADP-H 0.5-0.8 mg mito-
chondrial protein. To examine ascorbate-dependent LPO, NADP°*H was replaced
with 0.8 mM ascorbic acid, while the concentration of Fe?t ions was reduced to
0.01 mM. Incubation at 37°C lasted 15 min. Proteins were assayed by the
Lowry method and lipids, according to Bragdon as described by A. A. Pokrovskiy

et al. [11].
Results and Discussion

The Table lists data on LPO activity in liver homogenate and mitochondria. Ac-—
cumulation of products of lipid peroxidation--diene conjugates—-was already ob-
served at the early stages of hypokinesia. Their level was 20% higher than in
the control (P<0.05) on the 3d experimental day, which is apparently related

to onset of a stress situation due to immobilization. The findings of a number
of authors indicate that activation of LPO processes is an inseparable component
of metabolic changes associated with expression of the stress reaction [9]. On
the 7th day, lipid hydroperoxides decreased in the liver homogenate to the
control level, whereas on the 15th and 30th days they rose again by 53 and 29%
(P<0.05). Examination of ascorbate- and NADP-H~-dependent LPO in liver mito-
chondria failed to demonstrate changes at the early stages of hypokinesia,
whereas on the 15th and 30th days there was a tendency toward rise of MDA level.

Changes in LPO activity in the heart and skeletal muscle presented the same
orientation as in the liver. In the heart (see Table), diene conjugate levels
in a homogenate exceeded the control by 25, 10 and 45% (P<0.05) on the 3d, 15th
and 30th days, respectively. Unlike hepatic tissue, myocardial mitochondria
presented intensive accumulation of MDA already on the 7th and 15th experimental
days. When mitochondria were incubated with NADP-H, their MDA content increased
by 30% (P<0.05) on the 7th day and 18% (P<0.2) on the 15th and 30th days. With
incubation with ascorbic acid, mitochondrial MDA level was 35% higher than in
the control on the 15th day (P<0.05) and 17% higher (P<0.1) on the 30th day.

Metabolic deviations, which occur with hypokinesia, develop earlier in skeletal
muscles and are more marked [6]. In our experiments, the skeletal muscle homo-
genate presented maximum changes in intensity of LPO (see Table). At all stages
of hypokinesia, diene conjugate levels were elevated and exceeded the control
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by 77% (P<0.01) by the 30th day. MDA in mitochondria increased by 287% (P<0.05)
in the case of ascorbate-dependent LPO and by 25% (P<0.1) with NADP-H-dependent
LPO, which coincides with data in the literature [15].

Levels of LPO products in hypokinetic rat liver, myocardium and muscle

: i D £ kinesia
Parameter studied Animal ay of hypokine
group 3 7 15 30-
_ Liver

Diene conjugates 1n Control 4,4240,33 (6) G, 9: 0,49 (6) 4,3240,62(9 6,54+ 0. 75(7)
tissue homogenate, Experiment [5/29% 0,27 (1D* 5.1-40.38(8) | 6,65:%0,53 (117 s.04=0.70¢"
nmol/mg lipids

MDA 1n.mitochondria1 Control 2,92-+0,32(6) 3.1640,41(6) 3,603 0,44 (6) 2,06 (.25 (0)
fraction of ascorbate|Experiment |2.86=x0,40) 3.12%0,28(6) 4,24+0,28{6) 21305 G.21 ()
dependent LPO,
nmol/mg protein

same for NADP-.H- Control 2.5440,20(6) | 1.6540,18(6) | 1.83%£0,17(6) | 1.63x0.14(0)
dependent LPO, Experiment |2,02+0.33(6) J51+0,13(6) 1,81£0,21 (6) 2.04:0.196)
nmol/mg proteln

Myocardium

Diene conjugates 1in Control 4,81£0,45(5) | 6.81+0,43(6) | 8,20+0,646) | 7T.38:+0.71(6)
tissue homogenate, Experiment [5,992+0,32(113% 6,76:0.43(6) 9,03+0,69(7)* |10,70+0.41(6)*

. nmol/mg lipids

'MDA in mitochondrial Control 3,44+0,08(6) | 3.2220,27(6) | 3,32:40,41(6 1,760, 15 (6)
fraction of ascorbate |Experiment |3.62+0.20(6) | 3.31:+0,24(6) [ 4,48%0,21(6)* 1.98+0,02 (6)
dependent LPO,
nmol/mg proteln

- Same for NADP-H- Control 2,0520,08(6) [0,928+0,076(6) [0,560£0,067(6) | 0,443 0,036 (6)

i dependent LPO, Experiment |2,20£0.12(6) 1,208+0,136 (6)*] 0,664 +0,063 (6) | 0.520+0.054 (6)
nmol/mg proteln

Skeletal muscle

‘Diene conjugates in Control 4,2940,27(7) | 5,890,52(5) | 5,11+0,39(10) | 5,42+0,51(8)
tissue homogenate, Experiment |6,22:x0,47 (1) 7.50£0,61(7) | 8.380,69(13)" 9,60=+0,73 (8)*

. nmol/mg lipids

MDA in mitochondrial Control 3,18+0,25 (6) 3,060,42(6) 3,23+0,29(6) 2,68+ 0,33 (6)
fraction of ascorbate |EXperiment 2,64 0,38 (6) 3,12:+0,36 (6) 3,22:+0,31(6) 3,44£0,03 (6)*
dependent LPO,

- nmol/mg protein

-Same for NADP H-de- Control 1,96:£0,32 (6) 1,54+0.11(6) |0,696+0,063(6) | 2,01=0,15(6)
dege'dent LPO, Experiment [2.07+0,04(6) 1,380,11(6) [0,632+0,059(6) | 2,53:+0,24(6)
nmi 17mg proteln

Note: Number of animals given in parentheses; asterisks indicates P<0,05.

Our findings indicate that even relatively brief restriction of motor activity
(up to 30 days) leads to significant changes in intensity of LPO. At the early
stages, this is related to the effect of hypokinesia as a stress factor. How-
ever, there are special defense systems in the body that control processes of
initiation of LPO and detoxification of peroxidation products. Their activa-
tion could explain the decline of diene conjugate level in homogenates of all
tested tissues on the 7th day of our experiment. Absence of changes in extent
of accumulation of MDA in mitochondria at the early stages of hypokinesia
jeads us to assume that there is an LPO block at the stage of formation of
1ipid hydroperoxides. This hypothesis is confirmed by the results of a study
of activity of antioxidant enzymes under immobilization stress [10].
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At the same time, protective systems are apparently not strong enough when
hypokinesia lasts for a longer time. On the 15th and 30th experimental days,
there was elevation of diene conjugate levels in homogenates and greater ac-
cumulation of MDA in rat tissue mitochondria. The metabolic disturbances in-
herent in hypokinesia provide favorable conditions for intensification of LPO.
The change in tissue oxygenation at the early stage of immobilization causes
more active utilization of oxygen as a prooxidant [1], while the changes in
proportion of different groups of tissue lipids [12] lead to impairment of
structural integrity of membranes. For this reason, lipids are more accessible
to oxidation via the peroxide pathway. In turn, the decrease in share of phos-
pholipids in tissues during long~term hypokinesia could be attributed to their
intensive utilization in the LPO process.

The results of this investigation revealed that hypokinesia leads to significant
changes in intensity of LPO. It can be assumed that these changes affect develop-
ment of the hypokinetic syndrome, exerting an influence on membranes. This is
associated with impairment of ion equilibrium, membrane permeability for meta-
bolic products and regulatory factors [18, 19]. All this is indicative of the
desirability of normalizing LPO under hypokinetic condltlons in order to pre-

vent and treat its sequelae.
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EFFECT OF 24,25-DIHYDROXYVITAMIN D3 ON OSTEOGENETIC PRECURSOR CELLS IN
IMMOBILIZED RATS

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 20 Dec 83) pp 48-53

[Article by V. N. Shvets, T. Ye. Burkovskaya, Z. Ye. Vnukova and 0. Ye.
Kabitskayal] ' .

[English abstract from source] The experiments were carried
out on Wistar SPF rats that were immobilized for 35 days. By
heterotopic marrow cell transplantation under the kidney cap-
sule to the normal rats and by cloning these cells in vitro
it was found that osteogenetic potentials were significantly
inhibited and the amount of osteogenetic precursor cells was
reduced. The addition of 24,25(0H),D; vitamin (at a dose of
1.25 yg per day) to the animal diet led to the normalization
of the above parameters. It is assumed that immobilization-
associated osteoporosis develops via, among other mechanisms,
inhibition of histogenesis of stromal precursor cells. The
beneficial role of vitamin D; is actually the activation: of
histogenesis of these cells which results in the recovery of.

bone remodelling during immobilization.

[Text] At the present time, we know of different causes of osteoporosis.
However, its pathogenesis is still unclear, while the means of preventing and
treating it are rather limited and have been little~studied. For the last

10 years, there has been intensive investigation of the role of vitamin D3 and

its active metabolites [12, 13].

In order to comprehend the mechanism of development of osteoporosis it is im-—
portant to learn on which level of bone histogenesis changes arise: on the
level of mature bone cells or cells that are precursors of osteogenesis.

Our objective here was to examine the osteogenetic potential of bone marrow
and preventive effect of vitamin 24,25(0H),D3; on stromal precursor cells
of rats deprived of static load on their skeleton. It is a known fact that
man and animals develop immobilization osteoporosis under such conditions.
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Methods

In the experiments, we used 2-month-old Wistar SPF rats, which were kept for

35 days on a weighing stand [1], which removed the static load from hip bones
and posterior extremities. The animals were divided into 4 groups: the lst
consisted of intact rats, the 2d of animals submitted to immobilizatiom, the

3d of animals immobilized and given vitamin 24,25(0H)2D; and the 4th, intact
animals given vitamin 24,25(0H)2Ds. The rats were kept on a normal diet con-
taining 0.6% calcium and 0.6% phosphorus, and they were given vitamin Dj (syn-
thetic form) by mouth in a dosage of 1.25 pg in 0.1% propylene glycol solution.
After termination of the experiment, 2-5 rats from each group were decapitated,
and bone marrow was extracted from their pelvic and tibial bones. Osteogenetic
capacity of bone marrow cells was assessed by the method of heterotopic trans-
plantation under the renal capsule and cloning in culture [6-8]. 1In the former
case, tibial bone marrow was divided into equal fragments (about 5¢10° cells)
and implanted under the renal capsule of a rat of the same line weighing 130-
140 g. The kidneys were removed after 21 days, bone elements were extracted
from underneath the capsule, they were weighed and imbedded in paraffin for
subsequent histological and morphometric analysis. In the second variant,

bone marrow was removed mechanically from pelvic bones, a suspension of cells
was prepared and different doses (from 0.6+10° to 4+10° cells) were incubated
at a temperature of 37°C in plastic vials (75 mf in size) in 10 m2 medium 199
passed through 5% COz with addition of 207% embryonic calf tissue and feeder
(107 guinea pig bone marrow cells exposed to radiation in a dosage of 50 Gy).
We used 5-6 vials with each dose of cells. Exposure time for cells constituted
14 days without changing the medium.

Results and Discussion

Analysis of heterotopic transplantation. The model of heterotopic
transplantation of bone marrow cells under the renal capsule is convenient pri-
marily because it permits evaluation of osteogenetic potential of hemopoietic
cells according to their capacity to form bone tissue at the implantation site.
Bone appears as a result of proliferation and differentiation of determinate
cells, which are precursors of osteogenesis of donor origin, whereas the hemo-
poietic cells that settle in this bone are of recipient origin [5, 6], Thus,
with this experimental model one can investigate the capacities of cells that
are precursors of osteogenesis when they are exposed to diverse extreme factors.
Moreover, bone that develops under these conditions can be viewed as the spring-
board for hemopoiesis and a reservoir for mineral salts, which is rather import-
ant to the study of histogenetic relations between bone and hemopoietic tissue,
as well as the mechanisms of impairment of mineral metabolism. On the basis of
the foregoing, it can be assumed that this model is adequate enough for evalua-
tion of functional properties of osteogenic precursor cells. :

Table 1 lists the results of bone growth under the renal capsule in all 22
recipients tested (5-6 animals per group). As we see, there is appreciable
change in volume of bone as a function of experimental conditions. The osteo-
genetic capacity of bone marrow cells of rats deprived of a static load on the
skeleton diminishes with statistical reliablity to about 1/5th, as compared to
the intact control (bone weight is 1.5 mg, versus 4.12 mg in the control).
Addition of vitamin D; corrects these changes, since the capacity of bone
marrow cells of experimental rats to form bone is restored to the control level
(see Table 1). '
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Table 1. Histological analysis of heterotopic

Parameters characterizing bone develop- bone revealed in all instances the
ment under rat kidney capsule (Mim) presence of spongy bone, between the
: trabeculae of which there are bone
Animal Bone Relative marrow cells or, in their absence,
group weight, trabeculif delicate and friable connective tis-
ng volume, % sue. Some of the bone elements (as
I 4,1241,0 79,0-3,0 a rule those not inhabited by hemo-
2 1,540,7 37,0+1,8 poietic cells) do not have osteoblasts
: 4$giéﬁ g%gfié and apparently reflect a regressing
T e osteogenetic process and for this

reason are not a satisfactory spring-
board for hemopoiesis. Such bone is
encountered the most often after im-—
plantation of bone marrow from immobi-~
lized animals, Morphometric analysis
of relative volume of trabecular bone is submitted in Table 1, which shows that
bone marrow from immobilized rats forms thinner bone tissue than marrow from
intact animals (the differences are statistically reliable). Addition to the
diet of experimental animals of vitamin D, leads to increase in volume of
spongy bone which, however, does not reach the control level (see Table 1).
Vitamin Ds; has no effect on osteogenetic potentiality of bone marrow from in-
tact animals (see Table 1).

Thus, analysis of data obtained with the model of heterotopic transplantation
enables us to conclude that an insufficient static load on the skeleton causes
inhibition of osteogenetic capac1ty of precursor cells. It can be assumed that
this phenomenon is related to reduction in number and/or decline of proliferative
activity of osteogenetic precursor cells. This has been confirmed in experiments
involving in vitro cloning_oftthese cells.

In vitro experiments. The in vitro cell cloning method is used extensively
for analysis of hemopoietic properties of hemopoietic cells that are the clono-
genic precursors of stromal mechanocytes and, in particular, precursor of bone
cells [3, 5]. The principle of this method amounts to the fact that when explant-
ing low concentrations of cells in a culture dish, discrete colonies of fibro-
blasts develop with the stromal properties inherent in the original hemopoietic
tissue. There is evidence of the fact. that bone marrow cells that form colonies
have osteogenic properties and that each colony is formed from one cell, which
is called the fibroblast colony-forming cell--CFC¢ [2, 5, 8]. Proceeding from
the capabilities of the described method, a series of experiments was conducted
for analysis of number of CFCf in rats. As a rule, incubation of bone marrow
cells was associated with formatlon of fibroblast colonies, the number of which
was a linear function of dosage of explanted cells in the range of 0.6+10°% to
2.10%, With increase in cell dose, the number of colonies settled on a plateau
(Figure 1). This shows that the number of colonies on the linear segment of
the curve corresponds to the number of CFCf. We encountered colonies with two
types of structural organization: compact and reticulate (friable). Such
stacking of fibroblast-like cells in colonies had been previously described by
A. Ya. Fridenshteyn who explanted bone marrow cells from other animal species,
and it is attributable to differences between CFC¢ within the same population
[5]. 1In addition to structural composition, the colonies also differed in
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alkaline phosphatase activity--phosphatase-positive and phosphatase-negative.
Analogous types of colonies are encountered in explantation of mouse bone mar-
row [5]. It is assumed that expressly the CFCgy that yield phosphatase-positive
colonies have osteogenic activity [5]. o '

/+

o g I )
10 + .»»0,6/ 2 4
. Figure 2.
it ) ; Number of phosphatase-positive colonies
06 1 -2 4 as a linear function of dose of explanted
Figure 1. . cells

1) intact animals

2) rats submitted to immobilization +
vitamin 24,25(0H) 2D3

3) animals submitted only to
immobilization

Total number of fibroblast colonies
as a linear function of dose of ex-
planted cells from intact animals
(1), rats given vitamin 24,25(0H) D3
after immobilization (2) and animals
- submitted only to immobilization (3)
Here and in Figure 2:

x-axis, number of cells+10° -
y-axis, number of colonies (Mim)

' Figures 1 and 2 illustrate the results
of quantitative analysis of colonies.
Thus, with incubation of different

, volumes of bone marrow from intact rats,

_effectiveness of production (total number) of phosphatase-positive and phospha-
tase-negative colonies constitutes 40-46.6 CFCf per 10° explanted cells. Effi-

"ciency of colony formation' for both phosphatase-positive and phosphatase-

negative fibroblasts drops to 1/2 to 1/4 with immobilization, and the propor-

tion of these types of colonies fluctuates in the range of 40-60%, as in the
control, with all doses of explanted cells. Daily addition to the diet of ex-
perimental rats of vitamin 24,25(0H)2D; led to restoration of efficiency of
colony formation to the control level (37-39 CFCf/lO6 explanted cells). More-
over, the efficiency of formation of phosphatase-positive colonies increased

by 1.5-2 times, as compared to the control, and it constituted 80-90% of all

colonies (see Figure 2). Measurement of ‘colony size, which is indicative of

extent of proliferative activity of CFCf offspring cells revealed that immobi-
lization had a stimulating effect on growth of phosphatase-positive colonies
with retention of phosphatase-negative ones at the level of normal size (Table
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Table 2, Mean size (mm) of different types of colonies (Mim)
. Phosphatase-positive | Phosphatase~negative
Animal colonies ‘ colonies Number of
group compact freticulate i compact (reticulate colonies
I 2,674-0,028 1,824-0,007 2,23-+-0,14 1,440,006 1337
2 2,84+4-0,05* 2,040,035% 1,990,046 1,450,024 408
3 2,87+0,025% 1,8:4-0,015 2,18-4:0,08 1,534:0,028 731

*Differences from control are statistically reliable.

Vitamin D3 had no appreciable effect on
cell proliferative capacity in colonies
(see Table 2), At the same time, there
was significant change in proportion of

Table 3.
Proportion of colonies differing
in structural stacking of cells

compact and reticulate colonies (Table 3).

Correlation between While there was a 1:3.7 ratio between com-
Animal compact and reticulate act and ticulat hosphatase-positive
colonies pact and reticulate phospha PO v
rou rosohotase- [ohosohatase- colonies and 1:14.5 for phosphatase~
group ppos?tive Pneggtive negative ones with inoculation of bone
marrow cells from intact animals, with
é r?gﬁgg :ggSég&& immobilization these ratios were 1:1.3
3 1117 (63) ﬁ37§7£6) a?d 1:2.2, ?espectively. This shows that,
with reduction of static load on the
Note: Number of reticulate skeleton there is stimulation of sub-

population of CFCg¢ forming a relatively
larger number of compact colonies. With
addition of vitamin D;, the ratio between
compact and reticulate colonies exceeded
only insignificantly the level noted with immobilization alone (see Table 3).

colonies (as % of total number)
is given in parentheses.

Thus, the data on size and proportion of different types of colonies indicate
that with reduction of static load on the skeleton both quantitative and quali-
tative changes occur within the population of stromal precursor cells. Vitamin
D; corrects essentially the quantitative changes in the CFC¢ population.

To sum up the results of studies obtained by both methods, we can draw several
conclusions: 1) when there is an insufficient static load on the skeleton, the
osteogenetic capacity of bone marrow is diminished due to decrease in number

of cells that are precursors of osteogenesis; 2) the decrease in number of CFCg
with increase in rate of proliferation of remaining cells is apparently due to
"forced" change of histogenesis of bone to a lower functional (compensatory)
level; 3) vitamin 24,25(0H) ;D3 has a beneficial effect on the CFCg population
and more so on phosphatase-positive CFCg, restoring their number to the

control level or higher. This restoration should lead to faster bone histogene-
sis and "removal" of osteoporosis, which is what we had established previously.
At the present time, there are data indicative of the direct effect of vitamin
D3 on bone. It was found that bone cells, mainly osteocytes, have specific re-
ceptors for vitamin D3 [9, 10, 15] and can metabolize 25(0H)D3 into 1,25(0H)2D3
and 24,25(0H)2D3 [11]. Results of experiments involving long-term immobilization
of rats revealed that, under these conditions, there is decline of active
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metabolits of vitamin Ds; in bones [4]. The cited data, together with the
results of this study, warrant the assumption that osteogenesis precursor
cells have membrane receptors for 24,25(0H) ;D3 and, consequently, are sensi-
tive to changes in vitamin D3 metabolism in the body and bone tissue. The
second hypothesis ensuing from the results of this study is that inhibition
of histogenesis of precursor cells is one of the pathogenetic mechanisms of
immobilization-related osteoporosis. This is indicated by the low weight of
heterotopic bone and its thinning, absence of osteoblasts and bone marrow

in such bone, and significant decrease in number of stromal precursor cells.
Perhaps all of the above is the cause of decline of the process of bone re-
modeling as a result of change, in the terms of Frost [14], in the "bone re-
modeling unit" and functional expression of its "bone metabolism unit'" which
have a direct bearing on mineral homeostasis. Apparently, the beneficial role
of exogenous vitamin D3, which diminishes the degree of development of immobi-
lization osteoporosis, consists of stimulating osteogenesis precursor cells,
which is associated subsequently with restoration of activity of the bone re-
modeling and metabolic unit, the function of which had been inhibited due to
the shortage of mechanical load.

Whether this mechanism affects the entire skeleton or prevails only in bones
that carry a static load is not clear as yet, i.e., we are referring to the
fact that if the entire population of osteogenesis precursor cells "suffers,"
osteoporosis may spread entirely over the bone system, regardless of support
function of different parts of the skeleton. It is also still unclear if

there is an analogous pattern of change in histogenesis on the level of precur-
sor cells with development of other types of osteoporosis (senile, postclimac-
teric, dietetic, thyroid, glucocorticosteroid,'osteoporosis in weightlessness,
idiopathic, etc.). Investigation of all the above questions is a promising
direction of research in order to elaborate tactical systems and means of
prevention and treatment of osteoporosis of different etiology. As for vitamin
D;, in particular, its active metabolite 24,25(0H) ;D3, to assess its effect

as a whole, it can be concluded that vitamin Dj alone is not enough for com-
plete correction of changes in osteogenesis due to immobilization. Apparently,
it must be combined with other osteotropic, biologically active agents.
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BASIC RESULTS OF EXPERIMENTS WITH LONG-TERM ROTATION OF RATS AS APPLIED TO
THE PROBLEM OF ARTIFICIAL GRAVITY '
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No 4, Jul-Aug 85 (manuscript received 4 May 84) pp 53-57

[Article by A. R. Kotovskaya, I. B. Krasnov and A. A. Shipov]

[English abstract from source] Rats housed as a group per
cage were centrifuged for 21 and 30 days at 1.1 and 2.0 G.
The following parameters were measured: motor activity, body
mass, static and dynamic endurance, acceleration (+Gz) toler-
ance, vestibular function, equilibrium function, skeletal
muscle contractility, bone dynamics, gas exchange, blood
biochemistry, weight of adrenals, thymus and thyroid gland;
morphology of adrenals, thyroid gland, and cortex of the
cerebellum nodulus; biochemistry of blood hormones, energy
metabolism enzymes in the liver, bone phosphatase, myosin
Ca-Mg-ATPase in the myocardium, protein sulfhydryl groups in
the cerebellar motor cortex. The study has demonstrated

that prolonged (1/50 of their life time) centrifugation of
unrestrained rats causes no deterioration of many physiological
functions, i.e., rotation produces no adverse effects on the
animal body.

[Text] The existing plans for large profitable settlements in space provide
for the presence of artificial gravity (AG) in such areas [5]. Nor is the
possibility ruled out that, in the future, AG generated by rotation of a
spacecraft will be a means of precluding the effect of weightlessness on
man during spaceflights [4].

Of course, the AG parameters for a manned flight must be determined through
studies of humans. At the same time, animal experiments can solve such prob-
lems as validation of AG as a means of preventing the effect of weightlessness
during spaceflights and evaluation of the significance of rotation factors

to organisms on different levels of organization.

Experiments performed in 1962-1963 by A, A. Gyurdzhian et al. [3]1, as well as
those conducted in preparation and implementation of the research program
aboard Cosmos-936 biosatellite [2], demonstrated convincingly that the general
direction and basic patterns of changes in motor acts, vestibulosomatic
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reflexes, parameters of the body's physical state and other physiological func-
tions during and after spending time in rotating systems can be studied with
success on laboratory rats.

We shall discuss here the results of ground-based experiments, which were a con-
tinuation of the studies begun on Cosmos-936 with AG on board.*

The purpose was to investigate the distinctions of somatic reactions, as well
as reactions of several gravity-dependent systems in mammals (rats), to long-
term (21 and 30 days) rotation. ‘

The experiments were conducted with free (nonimmobilized) grdupé of animals
kept in centrifuge containers to rule out the influence on tested functions

of artificial restriction of movement, as well as asymmetry of mechanical fac-
tors. In each experiment, there was a central group (1lst) of animals used

to assess the effect of the rotation factor on parameters studied (level of
gravity at the point in the container most distant from the axis of rotation
was 1.1 G) and peripheral group (2d), to assess the tested reactions as a
function of magnitude of gravity (2.0 G).

In the experiments with 2l1-day rotation we examined motor activity, changes
in body mass, static and dynamic endurance, resistance to accelerations (+Gz),
vestibular function, equilibrium, biometry and contractility of skeletal
muscles, peripheral blood, parameters of bone dynamics and total gas exchange.

In the 30-day rotation version, we examined changes in weight of the body,
adrenals, thymus and thyroid; we conducted morphometric studies of the bone
system, morphological studies of the adrenals, thyroid, structure of cerebellar
nodulus, biochemical studies of blood hormones, activity of enzymes of energy
metabolism in the liver, phosphatases of bone, Ca-Mg-ATPase of myosin in the
myocardium, protein sulfhydryl group levels in the motor cortex.

The results of our experiments revealed that the animal's lost weight in the
1st week of rotation and showed increase in static and dynamic endurance (A. A.
Shipov and L. A. Tabakova); there was inhibited growth in length and width

of long bones (V. N. Shvets, O. Ye. Kabitskaya). There were typical changes

in motor activity: it diminished for the first 2 days and increased drastically
by the 7th day. Thereafter, these parameters gradually reverted to normal,

and by the 15th-21st day of rotation did not differ from values inherent in

the control group (3d) of animals. The changes were nonspecific, demonstrating
the animals' stress reaction to unusual living conditioms.

By the 21st day of rotation, there was increase in weight, force, work capacity
and rate of development of contraction in antigravity muscles (V. S. Oganov,

S. A. Skuratova); there was a tendency toward slower growth of the femur in
length and increase in thickness of cortical layer of the diaphysis, activation
of apposition growth and slowing of endosteal resorption (A. M. Baulin). These
are specific reactions indicative of an increased functional load on the
skeletomuscular system during rotation. In the course of rotation, there was

*The most important results will be reported in detail in different publica-
tions.
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a tendency toward increased oxygen uptake and carbon dioxide output, decline
of p02 in tissues (V. L. Popkov), as well as toward increase in blood hemo-
globin, hematocrit and neutrophil-leukocyte index (I. I. Britvan). We should
‘also include in specific reactions, the decline during rotation in reactivity
and sensitivity of the functional system of semicircular canals due to the
periodic effect on the vestibular system of procession accelerations, which
arose when the animals moved about (A. A. Shipov, L. A. Tabakova) .

In the aftereffect period following 21-day rotation, there were no demonstrable
differences in static and dynamic endurance, resistance to accelerations (4+Gz)
and equilibrium function between parameters for animals in the lst, 2d and 3d
groups. On the 7th-11th days of the aftereffect period, parameters of peri-

pheral blood, gas exchange and nystagmic reactions reached levels inherent in
the 3d group of animals. ‘

It is important to note that exposure of rats in unrestricted groups for 21
days to a rotating system at gravity levels of 1.1 and 2.0 G does not worsen
equilibrium or physical condition according to static and dynamic endurance,
tolerance to head-pelvis accelerations and contractility of muscles. The
results indicate that some of the facts demonstrated during experiments
aboard Cosmos-936 [2] with onboard AG (drastic decline of static endurance
on the last day of the experiment, prolonged worsening of equilibrium, etc.)
are largely related to conditions where animals were kept in small box-cages.

By the 30th day of rotation the lst and 2d groups had, on the whole, adapted
to unusual living conditions. This was indicated by such factors as absence
of signs of a stress reaction (the animals showed no change in absolute or
relative weight of adrenals and thymus, the subglomerular zone of the adrenal
cortex presented normal structure [Ye. A. Savinal]); there was some decrease
in plasma adrenocorticotropic hormone content (B. V. Afonin) and change in
some systems for the purpose of their more intensive function at higher
gravity. In particular, morphological studies revealed increase in functional
activity of the thyroid and activation of its system of C cells, which was
associated with release of secretions containing calcitonin (G. I. Plakuta-
Plakutina). According to biochemical tests, there was reliable increase in
plasma calcitonin content (B. V. Afonin), which confirms the demonstrated
activation of C cells of the thyroid and is indicative of increased activity
of this hormonal element of regulation of calcium metabolism in bones. There
was increase in acid phosphatase activity in long bones, which was indicative
of activation of osteoclasts and reorganization of bone tissue (I. A. Popova).
Rotated animals exposed to 2.0 G gravity presented drastic increase in
myocardial myosin Ca-Mg-ATPase which increased its contractility (Ye. A.
Nosova). There was structural change in the granular layer of the cortex

of the cerebellar nodulus, indicative of passage to these structures of
increased jmpulsation from gravireceptors (I. B. Krasnov, I. I. Babichenko).

At the same time, the animals in the lst and 2d groups revealed a decrease in
activity of oxidative enzymes of the Krebs' cycle in hepatocytes, similar to
the findings in the liver of hypokinetic rats (Ye. G. Vetrova). This can
apparently serve as indirect confirmation of the report of diminished motor
activity immediately after rotation, which was more marked in the 2d group of
animals. This is also indicated by the tendency toward decline of protein
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SH group content of the motor cortex as an indicator of diminished functlonal
activity of the cerebral cortex (A. N. Panov, Ye. P. Shelepina).

After rotation for 30 days, the 2d group of animals presented a tendency toward
retardation of growth, which was manifested by decreased increment of body
weight (I. B. Krasnov). This group of rats showed activation of the renin-
angiotensin-aldosterone (RAA) system (B. V. Afonin), generally similar to the
findings in man exposed to brief accelerations [1], but differing in that

there was insignificant increase in activity of renin, which is the triggering
element of the RAA systen. )

Thus, 30-day rotation led to changes in most tested systems that were in the
same direction in the lst and 2d groups of animals, but they were more marked

in the 2d group.

Removal from the rotating system was not associated with a stress reaction,
since no morphological signs of stress were demonstrable in the adrenal

cortex on the 2d and 7th days after 30-day rotation; weight of the adrenals
and thymus did not differ from that of animals in the 3d group (Ye. A. Savina),
while plasma adrenocorticotropic hormone content remained low (B. V. Afonin).

On the 2d day of the aftereffect period following 30-day rotation, there was
decline of several parameters characterizing the level of functional activity
of the cardiovascular and bone systems, which experienced a higher functional
load during rotation. Activity of myocardial myosin Ca-Mg-ATPase dropped to
the control level (Ye. A. Nosova), there was less activation of the C cell
system of the thyroid (G. I. Plakuta-Plakutina), decrease in calcitonin

content of blood plasma (B. V. Afonin) and in activity of bone acid phosphatase
(I. A. Popova). At the same. time, there was even greater activation of the RAA
system (B. V. Afonin). We should mention normalization of protein SH group
levels in the cerebral cortex (A. N. Panov, Ye. P. Shelepina), which was
indicative of restored functional activity of the motor cortex, as well as
activity of oxidative enzymes 1n the liver that furnish energy for biosynthetic

processes (Ye. G. Vetrova).

On the 7th day of the aftereffect period following 30-day rotation, most of the
tested parameters of metabolism and structure of tissue and organs in animals
of the 1lst and 2d groups did not differ from control animals, and only the
high level of plasma calcitonin (B. V. Afonin) and high activity of acid phos-
phatase in bone tissue (I. A. Popova) were indicative of continued reorganiza-

tion of bone structure.

Thus, 30-day exposure of rats to a rotating system at close to 1. 0 G, where
they were kept in free groups, either failed to alter the tested phy3101001cal
parameters or else the changes were in the form of mild tendencies. In
animals rotated at 2.0 G, several systems (primarily the myocardium and
skeletomuscular system) presented changes indicative of reorganization to
provide for their more intensive function in the presence of an increased

gravity load.

The results of these experiments enable us to draw the following conclusion:
long~-term (1/50th of lifetime) exposure to a rotating system where rats are
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kept in unrestricted groups is not associated with worsening of physiological
functions according to a wide set of parameters, i.e., under these conditions
rotation factors do not have an adverse effect on animals.
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[Article by A. Yu. Katkov, Ye. P. Vyazova, R. N. Chabdarova, I. S. Krikun and
7Zh. M. Kudryashova]

[Text] Rapidly progressing, or "fulminant" form of hypoxic hypoxia is among
the extreme factors to which one is exposed in case of depressurization of a
flight vehicle [10]. It can be simulated by means of breathing with inert
gas. We submit here the results of testing reactions to fulminant hypoxia
elicited by breathing nitrogen.

Methods

Determination was made of "reserve time" when breathing nitrogen in 45 subjects.
This referred to the time from the start of the first inspiration of nitrogen
to subject's loss of capacity to perform a writing test. During the tests,

we continuously recorded the heart rate (HR) and pneumogram, electroencephalo-
gram (EEG) in the occipital and frontal leads, minute volume (MV) and para-
meters of total gas exchange. The latter included COp output and 0, uptake
with air breathing, and CO» and 0, output with nitrogen breathing [3]. With
the latter, we recorded concurrently oxygen tension in alveolar air (on a radio-
frequency mass spectrometer) and in venous blood (using a blood gas analyzer).
The latter was also used to determine pH and CO; tension in venous blood. A
CO-oximeter 282 was used to determine oxygenation of venous blood. Venous blood
was also used to assay lactate and pyruvate by the spectrophotometric method.
Blood was drawn before nitrogen breathing, during the test and 5 min after it
from a vein in the right arm after putting it in a splint (to eliminate
convulsive muscular contractions which occur as a result of hypoxia). During
nitrogen breathing, blood was taken from the vein at the final stage for 5 s,
starting at the moment that the subject could no longer perform the writing
test. Vessels of the fundus of the eye were examined to observe reactions of
cerebral vessels to the fulminant form of hypoxia. A GEO-68 visuscope was
used, with the conventional method, to measure the caliber of retinal arteries
and veins before nitrogen breathing, in its terminal phase and 5 min after.
Polarography was used to measure 0, tension in forearm skin.
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Results and Discussion

In the course of determining the "reserve time" of nitrogen breathing, the sub-
jects were divided into two groups. The lst group consisted of individuals

with "reserve time" of 55#3.3 s (individual fluctuations 50-60 s). The 2d

group consisted of subjects with 80%*2.4 s (individual fluctuations 70-95 s)
"reserve time." At the moment they became unable to perform a writing test,

all subjects presented an increase in slow EEG activity. The results of examin-
ing cardiorespiratory system reactions to fulminant hypoxia are listed in

Table 1. This table shows that less marked reactions of pulmonary ventilation
and 02 output were inherent in subjects with longer reserve time. This had

also been observed previously with voluntary reduction of pulmonary ventilation
during nitrogen breathing by means of special training, as well as in the case
of diminished sensitivity of the respiratory center to hypoxemia in the presence
of 2-week starvation [2, 3, 6, 7].

In view of the fact that, in the relatively short period of breathing nitrogen,
oxygen uptake by tissues from its reserve in the body could apparently not have
changed appreciably, we introduce the parameter of "degree of deoxygenation"
(DD). We calculated DD by adding 02 uptake and 02 output within the indicated
period then multiplying this sum by duration, in minutes, of nitrogen breathing.
Mean DD for subjects with lesser and greater "reserve time" constituted

1062 and 1276 mf{ 0., respectively. If we consider that the total oxygen in

an adult man of average weight is about 2440 mf we shall see that the body was
deprived of about 44-52% of its oxygen reserve over the entire period of
nitrogen breathing.

Table 1. Reaction of human cardiorespiratory system to nitrogen breathing
as a function of reserve time.

) . . reservd HR/ Mv, 02 02 COjp
Time of examination Group time, nin o /mi uptakeloutput Joutput,
s M0 n@/min {m/minmQ/min

! |

Before breathing I [ 85433 | 73434 7.0-10,27 [ 294408 241:+8.5
nitrogen 2 80:4:24 | TI42,0] 6.840,22 | 280489 22948 4

, . P>0,25 P>>0,25 P’ >(,25 P>0,1
During N breathing ! 55433 | 101:k4,1 | 16,7:61,13 — 8634:59,9]438-40,6
2 80-1-2,4 93+2,81 11,8+0,70 - 6774-55,0|334+16 .7

P01 P<0,001 — P<20,05 | P<<0,05

Table 2 lists the results of a comparative study of dynamics of oxygen
tension in alveolar air (pp0,), venous blood (py0,), forearm skin tissue
(pTOZ), as well as venous blood oxygenation (Hbvoz)’ which was conducted on

9 subjects.

stopped p,0, was lower in all subjects than Py0,.

As can be seen in Table 2, at the moment that nitrogen breathing
After breathing nitrogen

for 15 s, p,0, was lower than py0, in only 1 subject (group mean 44+3.1 mm Hg),

and after 30 s, already in 5 cases (mean 32+3.2 mm Hg).
20, was 25#2.5 mm Hg, and it was lower than the end py0,

breathing, group mean p
The dynamics of replacement of oxygen with nitrogen

in 7 out of 9 subjects.

After 45 s of nitrogen

in alveolar air, as recorded on the mass spectrogram, are illustrated in the

Figure.
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% There was almost no change in pT02 for the
00 e first 15 s of nitrogen breathing, and it
constituted a mean of 35+1.0 mm Hg. It was
98k 29+1.1 mm Hg after 30 s of breathing nitro-
a7l gen and 24+1.5 mm Hg after 45 s. The
: decline of pq0, in the skin is attributable
not only to decrease in oxygen of blood but
peripheral vascular spasm. In particular,
it was established that there is a spasm
of arterial ends of capillaries of the
lower lip and nail bed of man already after
15 s of nitrogen breathing. This spasm ex-
tends to venous parts of the capillaries
and progresses until there is complete
emptying of microvessels [6, 7]. Due to
g , spasm of peripheral microvessels, conditions
- develop for increasing delivery of blood
to vital organs. For example, in our
studies, at the last stage of nitrogen
breathing there was drastic dilatation of
retinal vessels. The caliber of the
central artery increased from 80.910.5 to
l 110.7+1.3 nmand that of the central vein,
I from 150.7+3.1 to 189.3#3.4 nm. There
i was marked retinal hyperemia. The caliber
T S S S W SR S of these vessels decreased 5 min after
0 W 20 30 40 50 60 70 & terminating nitrogen breathing, but did
. not reach base values. According to
Dynamlgs of replacement of ?xygen dynamics of REG, dilatation of cerebral
with nitrogen in alveolar air on . .
. - vessels persists for about 10 min after
radio-frequency mass spectrogram stopping nitrogen breathin [4, 8]
during nitrogen breathing & & & 1% Bl

Q) -~ N W Y Ny o
- -

f;;zlié z;:s §§);fi§;°:1igngn The decline of Hb_0, during the péfiod of
to air for b%ea%hin & nitrogen breathing turned out to be statis—
& tically unreliable, but after the test,

like py0,, it continﬁed to decline due to oxygen debt. Arterial oxygenation,
as determined by the oxyhemometric studies, decreased to 65-60% at. the time
nitrcgen breathing was stopped and this was followed by rapid restoration of

base values [1].

A comparative study of dynamics of Py 02 during nitrogen breathing in the pres-
ence of oxygen debt, which developed after determination of tolerance to
gradually progressive hypoxia with rarefaction of atmosphere in a pressure
chamber [5], was made on 5 subjects. Total exposure to hypoxia in the chamber
lasted 45%0.8 min, and the "ceiling" reached was at 8600+250 m. "Reserve time"
of nitrogen breathing was 75%10.5 s before "agcent" in the chamber and

65+13.9 s 5-6 min after it. Before the pressure chamber "ascent," p.0, during
nitrogen breathing dropped from 48+7.9 to 43+2.1 mm Hg, and after the test it
constituted 44%7.7 mm Hg. After termination of exposure to hypoxia in the
pressure chamber, py02 dropped to 19+1.,6 mm Hg. Against this background, nitro-
gen breathing led to elevation of pyD2 to 25+1.6 mm Hg (P<0.05), and this level
persisted for 5 min after termination of the test (24 2.8 mm Hg). This series

84




of studies graphically proves that there is deoxygenation of the body when
breathing with nitrogen, when oxygen passes from tissues into blood. This
view is also confirmed by the dynamics of Hby0, during nitrogen breathing after
"ascent" in pressure chamber. By the end of the period of nitrogen breathing,
this parameter rose from 30%3.8 to 43%4.8% (P<0.05), and after 5 min of breath-
ing with oxygen it rose to 4616.7%. Analogous deoxygenation in the presence of
extremely acute hypoxia had been observed previcusly in experiments with
animals [9].

Table 2. Effect of breathing with nitrogen on oxygenation of human body

w | @2 |BeforeN breathing| At final stage 5 min after N
O oo of N breathing breathing
¢} U\ﬁ P = =
()] OHPYy "y ¢ - < s
g ﬁ 8((3 g DA ).2 pv( )2 p.l-()2 :,,, p"\()__’ p\ s pl N Oﬂ pA()7 pv()2 p,l.( )2 Cel
15} 7ﬂ3?f z < <
pean o o - -
mm Hg = mm Hg T mm Hg =
i L 125 a7 31 (H) 18 36 17 6H9 SN 36 34 7
“_’ 9u 96 36 3t 8 I 26 6 48 112 2 24 45
3 90 15 39 I8 ) I 30 12 2 86 ki 35 HR
- 55 96 3 38 a5 13 Kis) 5 290 110 2 36 240
5_ 70 949 11 39 15 13 23 17 21 91 30 36 24
Q 70 125 645 36 6l 20 5l 10 67 106 49 36 66 -
7 60 125 63 33 N 18 12 8 5l 100 41 35 50
] oo 103 18 38 He B h 13 5n 110 30 35 3
v D) 12 30 33 a7 24 13 18 101 25 "o 17
M+ TOV L PORES[165 1,8 360 (o6 1.5 1510 H' { 1 ‘_"l GH2-EH IO+ 31324 3.2 1356 12 1 47+ 6.1
P S0 L 005 10,0010 [ s005 | 0,26 | <006 | >0.5 <Z0.01

Pyruvate content of venous blood did not change appreciably under the effect of
nitrogen breathing, constituting 0.89%£0.19 mg/100 m% before the test, 0.79x0.16
at the end of it and 1.26%0.18 5 min after termination of the test. Venous
blood lactate content, however, increased during nitrogen breathing from
26.15%0.77 to 28.85+0.38 mg/100 m%, and 20.38+0.27 after the end of the test.
Thus, there was intensification of the glycolysis process with nitrogen breath-
ing. No appreciable changes were demonstrated in pH and CO, tensiomn of venous
blood during nitrogen breathing. By the end of the nitrogen test, these
parameters changed from 7.37+0.016 to 7.38+0.021 and from 37f1.8 tc 40+1.8 mm Hg,
respectively. They constituted 7.44%0.022 and 37+2.5 mm Hg 5 min after nitrogen

breathing,
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[Article by N. A. Davydova, Yu. A. Senkevich, M. S. Belakovskiy and S. V.
Samratova]

[English abstract from source] The function of the sympatho-
adrenal system (SAS) measured with respect to the content of
epinephrine and norepinephrine in blood and urine as well as
dopamine and DOPA in urine of mountaineers and athletes non-
trained to high altitudes was examined. It was found that the
mediator component of the SAS was activated in the athletes and
that the adaptive capability of the SAS of the mountaineers was
adequately high. It is recommended to study the SAS activity

as a diagnostic test for measuring the fitness of members of ex-
peditions in an unusual - environment.

[Text] The sympathoadrenal system (SAS), which has adaptive and trophic func-
tion, plays an important part in formation of adaptive reactions to altitude
hypoxia. Several authors have shown that man's tolerance to hypoxia correspond-
ing to an altitude of about 5000 m above sea level depends on his body's capa-
city to release norepinephrine (NE). These authors believe that hypoxia is the
prime cause of increase in blood and urine NE content [11, 13].

Our objective here was to assess, by means of some parameters of catecholamine
(CA) metabolism, the capacity of individuals differing in degree of conditioning
to adapt to high altitudes. It is of practical importance to examine this
matter, since the success of high~altitude expeditions, the life and health

of their participants depend on their adaptability.

Methods

Two groups of athletes of studied at high altitude. The lst group consisted

of 25 mountain climbers, who were candidates for an expedition to Everest.

They were examined during the period of a training rally in Tyan-Shan mountains
(January) at an altitude of 1700 m above sea level. Venous blood was drawn and
24<h urine collected 1 day before ascending Komsomol peak (4376 m above sea
level) and on the day after the return.
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Athletes without special training (13 men and 4 women) made up the 2d group.
They were examined during the high-altitude passage of Medeo--Lake Issyk-Kul
through Zailiyskiy Alatau (August); the altitude was up to 4000 m above sea
level. Urine was collected daily as in the 1st group. Both groups were on

a controlled diet.

SAS activity was assessed by the concentration of epinephrine (E), NE in blood
plasma (lst group) and excretion of E, NE, dopamine (DA) and dopa in urine (1st -
and 2d groups) assayed by fluorimetric methods [12]. Qualitative evaluation of
changes in activity of the hormonal and transmittor elements of SAS was made
according to estimated parameters of relative CA metabolism activity [10]. The
results of the tests were processed by the method of variation statistics

using the Fisher-Student criterion [1].

Results and Discussion

The results of our studies are listed in Tables 1 and 2. The period prior to
ascent was characterized by elevation of both CA in the blood of athletes in
the lst group, as compared to the physiological normal range. After the
ascent, E and NE concentrations increased and exceeded significantly the base-
line levels. Excretion of E, NE and dopa in urine and parameters of relative
CA synthesis before the ascent were on .the physiological level, but after
descent from the peak there was increase in CA excretion in urine, particularly
F and NE. Parameters of relative CA synthesis after the climb did not exceed
the physiological norm. S

Table 1. CA levels in blood (ug/%) and urine (ug/24 h) in 1lst group of
athletes (Mim)

. : Before agcent After agcent
Parametex blood urine blood urine
2 0,01 10.5+1,35 1,25-00:04 1504119
EE ?ggigbz 26,9-+1,20 2,18+0,11% 34,342,067
DA — 244,048.60 . — 26],.§i{.4()
Dopa _ 926,04 1,80 — 98,6211
X 0,74 (100%) — 0.85 (115%) -
E/NE T 0,39 (100%) — 0,44 (112%)
/e —_ 0,11 (100%) — 0.13 (119%)
gg%gzépa — 9,38 (100%) -— 9,14 (97"%)

Note: A dash signifies that the parameter was not determined by given method.

*P<0.02
- %%P<0,05

Thus, SAS activity did not exceed the nor
of athletes during the training rally at hi
in blood before the ascent were probably re
[11, 13], as well as the emotional- state of parti
Release of CA into blood an
the climb, which occurred without intensification o

climb.

gh altitude.

mal physiological range in the lst group
The high E and NE levels
lated to presence of altitude hypoxia
cipants preparing for the

d intensification of their excretion after

f relative synthetic activity

(probably due to discharge from the pool) probably due to the combined
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effect of hypoxia and the physical load during the ascent, were indicative of
high degree of conditioning and high adaptability of the SAS of these athletes.

Table 2. Excretion of CA and dopa in urine (Ug/24 h) in 2d group of athletes
(M#m) . .
- Bef : =
Parameter erore passage After passage
men [ women men women
E . .
20,194+1,26 16,94 1,56 20,584-0,86 22,084 1,61%*

NE -29,6+1,10 32,54-3,87 47,6+ 1,97* 47,641,090
DA 172,95+6,12 165,04+9,65 142,724-6,06 149,8+6,3
Dopa 49,54-1,51 47,6-4,96 33,92+2,36 .57,2+4,10
E/NE 0,68 (100%) 0,52 (100%) 0,43 (64%) 0,46 (89%)
NE/DA 0,17 (100%) 0,21 (100%) 0,33 (194%) 0,32 (151%)
DA/dopa 3,49 (100%) 3,40 (100%) 4,23 (121%) 2,60 (77%)
P < 0,01
** P < 0,05.

Examination of the 2d group of athletes before the passage revealed elevated
excretion of E in urine (men), whereas excretion of other CA and dopa was

in the range of the physiological norm. The high level of E was apparently
attributable to the same causes as in the lst group of athletes. After the
passage, there was increase in NE excretion, E excretion remained high in the
presence of somewhat low excretion of DA and dopa in. the men. The decline of
E/NE ratio, in comparison to the baseline, was indicative of prevalence of
activity of the mediator element of the system. This was also confirmed by
the increase in relative NE = (NE/DA) and DA (DA/dopa) synthesis.

After the ascent, women presented an increase in excretion of E, NE and dopa
in the presence of also prevalent (though to a lesser extent) activity of
the transmitter element of the SAS, and the increased relative activity of
NE synthesis (NE/DA) was associated with decline in relative activity of DA.

Thus, for the 2d group of athletes, exposure to high altitude was associated
with activation of the transmitter element of SAS and intensification of CA
synthesis, which was also due to the combined effect of hypoxia and physical
loads. The differences in this system's reactions between mén and women is
probably related to differences in loads and individual reactivity of the
SAS in men and women. '

It is known that the course and outcome of hypoxia are determined by the

degree of oxygen deficiency, on the one hand, and base reactivity of the body,
on the other. Under hypoxic conditions there is functional change in differ-
ent systems of the body, as a result of which several adaptive and compensatory
reactions are triggered, which are directed toward elimination of hypoxia,

- tolerance to which depends on the state of the body's regulatory systems [4, 5].
Expressly the SAS, its transmitter NE and E secreted under the influence of

its impulses,. as well as adrenergic elements of the reticular formation,
activate the cerebral cortex, enhance reactivity of all its analyzers, mobilize
energy resources (carbohydrates and lipids) and their utilization. They sti-
mulate activity of the cardiovascular and respiratory systems, improve muscular
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efficiency and trigger the second adaptation system, the pituitary-adrenal
cortex system, which enhances the effects of the sympathetic nervous system
and maintains its activity by secreting glucocorticoids [6]. Thus, changes
occur that adapt the body to new conditions (in particular, hypoxia) and
help retain homeostasis [3].

The combination of hypoxia and physical loads inherent in the work of mountain
climbers causes intensification of SAS activity, and it is known that physical
loads activate the SAS under ordinary conditions [2, 8, 9], thereby improving
adaptability of a hypoxia-conditioned organism and, at the same time,

increases the oxygen deficiency and its uptake by tissues, which is a negative
feature to some extent. Our findings revealed the extent to which the level of
SAS activation and metabolic processes in the system differ. Thus, on the one
hand, adaptation to hypoxia enhances resistance to loads, causes less discharge
of transmitter (with a load) and probably faster termination of its effect [7];
on the other hand, it intensifies not only discharge, but synthesis. Thus,

the combination of motor activity and high-altitude should be metered, while
exposure to a set of specific physical loads must be included in the overall
training for development of adaptation reactions to hypoxia, as well as
investigation of SAS activity as a diagnostic test of conditioning of parti-
cipants of expeditions in difficult climate conditions.
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[English abstract from source] This paper presents the results

of a microbiological experiment carried out by the Soviet and

GDR scientists onboard Salyut-6. The experiment was performed
using a Bacillus subtilis suspension in the Jena unit. The
purpose of the experiment was to study the time-course variations
of the cell biomass increase in zero-g. The cell culture develop-
ment was measured with respect to the utilization rate of glucose
or casein hydrolysate in the nutrient medium and the rate of pro-
tein accumulation in cells. It has been shown that the rate of
biomass increment in zero-g lags behind the 1 g level. It can be
concluded that the decreased metabolic activity of bacterial

cells in zero-g is associated with changes in the cell population
distribution and physicochemical parameters of the nutrient medium.

[Text] The coefficient of biomass increment is a variable determined by
the equation y = AX/AS, where X is total yield of biomass and S is the amount
of substrate used. :

The increment coefficient is an integral parameter indicative of the degree of
efficiency of metabolic processes in cells per unit nutrient substrate used.
This parameter is the result of all pathways of energy and mass metabolism
occurring in the cell, and it permits quantitative evaluation of the rate of
growth processes in the cell under different ambient conditions. A comparative
study of the intensity of bacterial cell growth and reproduction in weightless-
ness and on earth was the main purpose of the "Bacterial Metabolism' experiment
performed jointly by USSR and GDR specialists. This study was pursued on the
Salyut-6 orbital station during a visit to it by an international crew,

with the participation of a GDR cosmonaut.

Methods

Concurrently with the main study conducted in weightlessness, there were two
ground-based control experiments: at the Baykonur cosmodrome (USSR) and in

92




the laboratory of the Institute of Microbiology and Experimental Therapy in
Jena (GDR).

The onboard Jena instrument was used in both the main and control studies; it
was developed at the Research Center of Molecular Biology and Medicine (GDR).
The instrument consists of 5 self-contained sealed chambers (each 4.5 cm® in
size), in both ends of which sealed glass 0.5 cm’-ampules were installed.

One of the ampules was filled with spores of a culture of Bacillus subtilis IMET
119 totaling 2107 in physiological NaCl solution and the other contained a
fixing agent, 1% formaldehyde. There were 2 metal screws on the surface of

the chambers over each ampule: a light one to break the oneswith bacterial cul-
ture and a dark one, to break the ampules with fixing agent.

In the base state, each of the cylindrical chambers contsined 1.5 mf glucose
and casein hydrolysate (the concentrations are listed in the Table).

Glucose and casein hydrolysate - Mineral salt content in the solution was
content in chambers of Jena * 80 estimated as to have the following
instrument salt concentrations (in g/4%) established
after mixing the bacterial suspension with
Chamber Glucose, |Casein hydro-. -putriént solution at the start of the
No 9/% lysate, g/% test: KH,POy—-=2.72, Na,HPO,*12H,0--7.16,

NaCl--5.0, Na3SOy--1.07, NH,Cl--0.535,

) o .25 MgClo+6H,0<0. 406, FeCl ~-0.0054, MgCl,—-
3 2,50 2,50 0.0039 at pH 6. 8

4 3,75 3,75

5 5,0 5,0

After opening the vials with spore suspen-
sion, each chamber should have contained
1.75 em? air. On the basis of the results
of preliminary studies, the concentrations
of glucose and casein hydrolysate were
taken in a proportion with which we expected reductlon of nutrlent substrate

to be a linear function of biomass yield. '

All of the procedures to prepare for the experiment, fill and sterilize the
chambers were performed at the Institute of Microbiology and Experimental
Therapy in Jena, GDR.

All 3 instruments were filled and placed in a transportation container 9 davs
prior to lift-off and stored during transportation at +4°C. Two instruments
were delivered to the launching pad 2 days prior to lift-off. On the same day,
one of the them was placed aboard the cargo craft and the other left on the
ground for the control experiment. The experlment in weightlessness was begun
a few hours after transferring the instrument to Salyut-6. Release of bac-
terial spores into the culture medium was considered the start of the experi-
ment. The procedure was performed by the GDR cosmonaut, and for this purpose
he had to turn the light screw clockwise to the stop in all five cylinders.
The instrumentwas then agitated 5 times vertically; the shaking procedure was
repeated every 12 h. The experiment lasted 62 h. It ended by fixing the con-
tents of all chambers, which was done by turning the dark screw clockwise to
the stop. After fixing, the instrument was shaken 5 times vertlcally, the 1lid
was closed and it was packed for transportation to earth.
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Ground-based control experiments were performed using an identical protocol at
a 5-h lag, which was needed to receive information from the orbital station
about the next operation. At the landing site, the experimental and control
instruments were put in a transportation container (at a temperature of +4°C)

and shipped to GDR. -

Results and Discussion

Postflight analysis of the suspension of bacterial cells in all three instru-
ments was performed in a laboratory of the Institute of Microbiology and Experi-
mental Therapy in Jena. The following cell characteristics were determined:
density of suspension, protein content, concentration of glucose and total
amino acid content. Density of the bacterial cell suspension was determined -
spectrophotometrically according to absorption coefficient at a wavelength of
470 nm. Protein content of cells was assayed by the method in [2]. For this
purpose, 0.1 uf suspension was applied to filter paper and stained with bromo-
phenol blue. After elution, we measured the amount of dye absorbed by protein
at a wavelength of 598 nm. Glucose concentration in the suspension was deter-
mined by the peroxidase-glucosidase method by means of the color reaction with
participation of O-dianisidine. Fermognost reagent manufactured by the Dresden
Chemical-Pharmaceutical Plant (GDR) was used as a test for sugar. Total amino
acid content was measured by the method in [3] using ninhydrin.

Z 3

! 2

Accumulation of protein in cells as a function of outlay of glucose (a)
and casein hydrolysate (b). X-axis, concentration of glucose and casein
hydrolysate; y-axis, concentration of protein (g/% 10-!). 1--flight,

2 and 3--control tests in Baykonur and Jena, respectively

The intensity of increment of bacterial biomass per unit nutrient substrate
used--glucose or casein hydrolysate—-was calculated ising the formula given

at the beginning of this article.

Since preliminary tests established that there was a linear function between
these processes, the biomass increment for each chamber can be determined

with the equation, Y = BX + A, where Y is mass of produced cells as determined
by the amount of protein or optical density; X is substrate used, as determined
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by decrease in glucose or casein hydrolysate; B is the coefficient of biomass
increment; A is the point of intersection of the biomass increment curves and
y-axis. :

Biomass increment was calculated by measuring the density of the cell suspension
and by the protein content of cells. The Figure illustrates plots of accumula-
tion of protein in cells by Bacillus subtilis cultures as glucose and casein
hydrolysate were utilized.

As can be seen from this figure, the intensity of biomass increment in weight-
lessness was lower than in the control tests, i.e., the rate of growth and
reproduction of Bacillus subtilis cells was lower by about 30% in weightlessness
than on the ground. The influence of weightlessness on distribution of cells

in suspension could be the cause of this significant difference between the
experiment and control. As we know, many populations of unicellular organisms
develop specific types of distribution in liquid media, which are maintained

for a long time by active gravity-dependent bioconvection [1, 4]. Since there
is no convective movement at zero G, we could expect change in growth rate of
such populations due to change in concentration and chemical gradients..

Thus, while it is rather clear that gravity has no effect on intracellular pro-
cesses in free-living isolated organisms, growth and developmental distinctions
of populations of unicellular organisms require further experimental investiga-
tion.
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[English abstract from source] The microbiological charac-
teristics of the chufa plant grown alone or in combination
with wheat and vegetables were investigated. The results
showed that the bacterial flora of chufa plants did not change
significantly. The bacterial count decreased during nodule
formation. The number of actinomycetes increased when chufa
and wheat plants were grown together. By the end of vegeta-
tion fungi were accumulated in the chufa rhizosphere. Among
the physiological groups involved in the transformation of
nitrogen-containing compounds ammonifiers were predominant.
At the germination stage ammonification and denitrification
processes increased, cellulose-decomposing bacteria appeared,
oligonitrophilic forms occurred. From the microbiological
point of view chufa plants can be used in the higher plant
component of the biological life support system.

[Text] When developing biological life-support systems (BLSS) for man, it is
necessary to take into consideration exchange of microflora between different
elements of the system [3]. Since the higher autotroph element would include
various plants, it is necessary to explore the possibility of joint cultiva-
tion of specific plant species in a greenhouse. In this regard, one of the im-
portant questions is to examine the distinctions of microbial components of

all potential elements referable to higher plants as applied to BLSS for man.

We previously studied the qualitative and quantitative composition of microflora
of some vegetables and grain crops that could, because of their characteristics,
be included in the higher plant element [4].

Our objective here was to invéstigaté the dynamics of microorganism population
size during substrate-free cultivation of chufa* plants, their qualitative
and quantitative composition.

*Chufa [Cyperus esculentus L.--rushnut] is an oil-bearing plant of the
Cyperaceae family, the edible portion of which are tubers formed on the plant
roots. Its nutrient value is attributable to high fat and protein content.
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Methods

Chufa plants grown by a substrate-free method on Chesnokov solution, which
was not changed, with 18-h and 24-h illumination in monoculture and with
24-h exposure to light together with wheat and an assortment of vegetables

'gcarrots, beets, peas, cabbage and lentils) were the objects of microbiological
investigation.

The plants were raised in experimental vegetation units (EVU) under artificial
light from KG-1000-5 lamps with 110-220 W/m? PAR [photosynthetically active
radiation] intensity of radiation flux on the level of the planted area.
Infrared irradiation did not exceed 60% of PAR irradiation. Root systems
were automatically soaked with nutrient solution every 16+1 min. Solution
temperature was 19%#1°C. " In the course of the studies, we constantly adjusted
mineral nutrient content of solutions. Just prior to planting in the EVU, the

seeds were treated with te;ramethyluram disulfide (TMD)

A conventional method [2] was used to examine concomitant microflora. Samples
of nutrient solutions and plant roots served as base material for these studies.
Washings from roots were recovered by vigorous mixing of plant material in
sterile water (1 g roots/100 mf water) for 15 min on an electromagnetic mixer.
For better desorption of microorganisms from the surface, chufa roots were cut
up with scissors under sterile conditions. . The amounts to be used for inocula-
tion and cultivation were determined experimentally. Three to five replicas '
were used for microbiological inoculations. The Koch dish method on elective
nutrient media was used for quantitative assay of bacteria--on beef-extract
and cabbage agar (BEA and CA), actinomycetes--on starch-ammonia agar (SAA), mold
fungi and yeast-like organisms--on acidulated Czapek medium. Unconcentrated
Ashby medium was used for demonstration of oligonitrophil forms of micro-
organisms. Maximum dilutions in liquid nutrient media were used for group
analysis of the following physiological groups of microorganisms: ammonifiers--
on peptone water (PW), denitrifying bacteria--on Giltey medium, ‘aerobic
cellulose-digesting bacteria--on Voznyakovskaya's medium.

Reliability of results was determined by the'statistical'metﬁods'uéed in
microbiological investigations. ‘ :

Results and Discussion

Chufa microflbra was studied in the different phenophases: I--sprouting stage’
(7 days), II--shoots, III--start of mass-scale tuber formation, IV--industrial
ripeness. o ‘ S :

According to our results (Tables 1 and 2), the conditions of growing chufa

plants (in monoculture and jointly with wheat or different vegetablés on

the same nutrient solution) did not alter appreciably the nature of development
of bacterial flora. The number of bacteria decreased in the period of ‘intensive
tuber formation, and this is apparently related to minimum release by plants

of nutrients into the medium. The dynamics of actinomycetes development were
similar to bacterial development only in the chufa monoculture. Joint cultiva-
tion of chufa and wheat led to increase in number of actinomycetes, particularly
on chufa plant roots. 'This was probably due to the influence of the microbial
cenosis of wheat: We previously had observed active development of actinomycetes
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when cultivating wheat [1].

In all experimental variants, there was accumula-

tion of fungi in the chufa rhizosphere toward the end of vegetation, parti-
cularly when cultivation of chufa was combined with wheat and vegetables.

Table 1. Dynamics of development of microflora concomitant with chufa plants
(millions per gram roots)

Chufa Bacteria | Bacteria P . Actino- 0Oligo- | Cellulose-
pheno- on BEA on CA ungi mycetes Rhitrophils digesting
phase L bacteria
Chufa monoculture with photoperiod
1 47,85+2,19 131,25411,46 ND ND . 8,704-0,93
11 181,75+ 13,48 204,00+14,97 | 0,0104:0,001 1,2504-0,11 16,4841,28] 0,450
111 1,074-0,10 14,80+1,22 0,0100,001 0,250+ 0,05 50,07+2,58] 0,025
v 14,78+1,22 171,754-13,14 | 0,0414-0,002 2,67040,19 131,00+13,2] 0,060
Chufa monoculture with 24-h illumination
| 47,854-2,19 131,25+ 11,45 ND ND 8,70+0,93 —
I1 12,20+1,10 12,53+1,06 0,012+0,001 1,0674-0,119 81,50-+9,02( 0,0003
111 4,204:0,20 6,21+0,25 0,050-+0,002 9,667+0,114 [ 100,75+10,0] 0,0400
v 11,88-+1,09 33,38-+1,82 0,15740,012 1,0004-0,120 12,85+1,13; 2,5000
Chufa + wheat
| 45,18+2,13 57,304+2,76 ND ND 36,73+1,92 —
11 16,73+1,29 17,60+1,32 0,006+0,0009 2,75+0,17 18,70+0,60; 0,600
111 4,82-+0,22 13,68+1,17 0,136+0,009 4,264-0,20 11,70-+1,08] 0,045
v 20,404-1,43 116,504-1,07 0,295+0,019 6,384-0,29 93,00 11,1} 0,060
Chufa + assortment of vegetables
1 45,184-2,12 85,75+9,32 ND ND . 36,724-1,92 —
11 27,40+1,66 19,08+1,38 0,037+0,001 2,250+0,15 67,25-+8,20| 0,450
111 17,78+1,32 39,00+1,97 0,15140,008 1,625+0,130 11,054+1,05] 0,003
v 92,25+9,60 203,00+14,3 0,2474+0,018 ND ] 113,256+10,6] 0,015

Key for this and Table 2:
=) no cellulose-digesting bacteria demonstrated

Key:

ND) not demonstrated

ND) none demonstrated

Of the examined physiological groups of microorganisms involved in conversion
of nitrogen-containing compounds, there was prevalence in the chufa plants, as
in all higher plants examined, of the ammonification group, i.e., bacteria

capable of utilizing, as a source of nitrogen, protein and other organic nitrogen
Processes of ammonification and denitrification (reduc-

compounds (Figure 1).

tion of nitrates to molecular nitrogen) are intensified at the shoot phase,
after which the number of microorganisms involved in these processes becomes
The findings are somewhat different in nutrient solutions due to
regular correction of solutions by addition of mineral nutrients as they are

stabilized.

absorbed by plants (Figure 2).

In both plant roots and nutrient solutions, in

all variants, we demonstrated oligonitrophils, i.e., bacteria capable of

growing with infinitesimal amounts of nitrogen.
can include sporogenic and nonsporogenic bacteria and mycobacteria.
known that oligonitrophils can also fix atmospheric nitrogen.

This group of microorganisms

It is

Thus, investi-

gation of the dynamics of population of microorganisms involved in nitrogen
metabolism revealed energy processes of conversion of nitrogen-containing

compounds.
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Table 2. Dynamics of development of concomitant microflora in nutrient
'solution (thousands/m% solution)
Chufa Bacteria | Bacteria Fungi Actino- Oligo- Cellulose~
pheno- on BEA on CA gi mycetes |nitrophils| digesting
phase bacteria
Chufa monoculture with photoperiod
i 26,884-1,64 4,8340,22 |0,0604-0,008 1,054-0,10 3,80+0,19 —
11 586,754-24,22 | 684,00+26,15 {0,01740,001 7,50+0,86 | 268,75+16,39 0,045
138 4,40+0,21 47,752,221 0.034-:0,006] 0,020-£0,001 | 254,00415,94 0,009
v 57,25-+7,56 107,30+ 11,96 | 0,341+0,009 14,0041,37 125,00+ 11,18 0.250
Chufa monoculture with 24-h illumination
| 48404220 3672,54-191,6 | 0,039+0,007 ND 2613+ 186,4 —
11 128,00+ 11,31 36,75+ 1.91 0,0124-0,003 0,8640,11 36,254-1,90 0,065
111 12,031,096 18,05+ 1,34 0.8564-0,058]  30,001+6,32 20,354 1,42 2,500
I\Y 17,651,330 31,90+1,79 0,4884-0,018 9,30+2,23 13,25+1,15 0,250
Chufa + wheat
] 27,33+1,56 12,40+ 111 10,0424-0,006 ND 12,10+1,10 —
11 30,08+1,73 41,00-2 34 0,120- 0,013 6,501-0,80 13,534 1,106 0.600
11 370,00-£19,24 | 238,00+ 1541 | 0,2284-0,017 41,254-2,03 146,754 12,11 0,075
Ay 25,404 1,59 30,23+ 1.7 (0,267 +-0,190 39.67+2,30 145.004- 13,90 25.000
Chufa + assortment of vegetables
1 27,23+1,65 12400101 10,042:1:0,006 ND 12,104-1,10 —
Il 21,15+1,45 1(_).8!2)»& 1,30 0,092-0,011 5.0040,70 17,05+ 1,17 (1,750
11 }2,18il,10 27.854-1.67 0.203-0,016]  130,004:-11,4 9,03+£0,95 0,096
v 30,204-1,74 30,25:- 1,70 [ 0.071.4.0,008]  26,504-1,62 8,234-0,92 0,026
a b b

07

7 i /4

i i

Figure 1.
Dynamics of development of ammonifica-
tion (a) and denitrification (b) bac-
teria on chufa roots; x-axis phase of
chufa plant development; y-axis, number microorganisms per mf solution.
of microorganisms per gram roots
1-2) chufa monoculture with photo-
period and around the clock
illumination, respectively
3-4) chufa together with wheat and
with vegetables

of plant development, since the
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Figure 2.
Dynamics of development of ammonifica-
tion and denitrification bacteria in

nutrient solutions; y-axis, number of

designations are the same as in

Figure 1

Representatives of the group of
cellulose-digesting microorganisms
usually appear at the late stages
cellulose they contain becomes the source of
nutrition for microorganisms that contain the hydrolytic enzyme, cellulase,
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after root cells die off. However, cellulose~destroying microorganisms were
found on chufa roots already at the shoot stage, which is indicative of possible
temporary disturbances of physiological processes in the plants. Thereafter,
the number of microorganisms of this group became stabilized.

Thus, the findings indicate that, from the microbiological point of view, chufa
plants can be included among the higher plants used in BLSS for man, in both
monoculture and combined with grain and vegetable plants.

BIBLIOGRAPHY

1. Drugova, N. A. and Yunusova, L. S., in "Aktual' nyye voprosy kosmicheskoy
biologii i meditsiny" [Pressing Problems of Space Biology and Medicine],
Moscow, 1977, Vyp 3, pp 58-59.

2. Krasil'nikov, N. A., "Opredelitel' bakteriy i aktinomitsetov" [Guide of
Bacteria and Actinomycetes], Moscow--Leningrad, 1949,

3. Tirranen, L. S., "Formation of Microflora in Higher Plant Component of
a Closed Ecological System," author abstract of candldatorlal dissertation,

Leningrad, 1975.

4, Yunusova, L. S., Kondrat'yeva, Ye. M. and Drugova, N. A., in "Progress v
poznanii mikrobnogo mira" [Progress in Learning About the Mlcroblal World],

Riga, 1980 Vol 1, p 85.

100




UDC: 574.685:574.24:582.263]:629.78

INVESTIGATION OF DISTINCTIONS REFERABLE TO GROWTH, DEVELOPMENT AND METABOLISM
OF CLOSTERIOPSIS ACICULARIS ALGAE WHEN CELLS ARE LIMITED IN NITROGEN AS
RELATED TO BIOLOGICAL LIFE~SUPPORT SYSTEMS FOR MAN

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 30 Sep 83) pp 69-73

[Article by A. A. Antonyan, M. A. Levinskikh and N. I. Sukhoval

[English abstract from source] The gréwth, development and
metabolism of a new form of green unicellular algae
Closteriopsis acicularis were investigated from the point of
view of their potential use in the biological life support
system (BLSS). Their growth and biochemical characteristics
were studied as a function of nitrogen supply. During the
nitrogen-deficiency cultivation the growth rate remained un-
changed, cell division and biomass increment was uncoupled,

and carbohydrate formation was predominant. The content of
carbohydrates increased at the expense of assimilable fractioms,
particularly starch. These data can be used in the selection
of an optimum nitrogen level for the case of algal continuous
cultivation, in the calculation of material flow charts, and in
the development of diets that can be provided by a BLSS incor-
porating Closteriopsis acicularis.

[Text] Induction of specific changes in composition of algal biomass in the
direction of augmenting the amount of nitrogen-free substances--1lipids or carbo-
hydrates-—in it is one of the means of optimizing the features of the algal
component of biological life-support systems (8LSS) for man [1, 2, 16, 18, 22].
Investigation of these matters is particularly important because the biomass

of unicellular algae presently used in BLSS contains excessive amounts of
protein, so that it cannot be used as part of the diet in large quantities

or provide for a balance of the basic flow of substances in the system without
exogenous corrections.

The feasibility of effecting specific changes in biosynthesis of algae by
altering medium conditions, in particular, by limiting nitrogen in culture,
has been ivnestigated rather well in several strains of Chlorella sp-k [7, 10,
13, 17, 21, 22, 26, 27) and Chlamydomonas reinpardii [4, 15], although there
_are some disagreements with respect to interpretation of dissociation of cell
functions [5]. In particular, it was shown that the direction of metabolic
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processes may vary—-carbohydrate or lipid--when cells are limited in nitrogen,
depending on the genetic distinctions of algae [11, 13].

It is of definite interest to investigate these properties, in comparison to
Chlorella sp-k, in one of the new forms of Closteriopsis acicularis algae of
the Ankistrodesmaccae family, Chloropyceae class, which we introduced into
intensive culture and, because of several physiological and ecological
properties, has made a name for itself as a potential component BLSS for
man. The choice of this form for use in biological systems is also attri-
butable to the high carbohydrate content of its biomass [12, 23]. However,
we found no information in the literature concerning variability of metabolism
as a function of nitrogen nutritional conditions. Information pertaining to
a close genus, Ankistrodesmus, indicates that lability of metabolism as a
function of cultivation conditions is also inherent in them [20].

Our objective here was to investigate the direction of metabolism in Closteriopsis
acicularis algae with limitation of nitrogen in cells, the possible range of

its changes, link between these changes and rate of growth and reproduction of
cells as applied to BLSS for man.

Methods

Algae were cultivated in accumulating and continuous modes with use of bubbling
and rotating types of culture equipment. 1In all of the experiments, the basic
ambient parameters were stabilized in the following ranges: suspension tempera-
ture 36-37°C, concentration of carbon dioxide 2-5%, oxygen 20-25%, intensity of
illumination 200 W/m? PAR [photosynthetic activity of radiation], rate of stir-—
ring suspension 30-35 r/min. We used the following nutrient medium (g/%) in
experiments to examine the effect of nitrogen deficiency on algal growth and
metabolism: KNO3--2.9, KH,POy—-0.55, MgSO,X7Hz0--0.47, Arnon solution of trace
elements with iron--1 m%/% medium. . All experiments in this series were per-
formed in the accumulative mode with gradual (as growth progressed) yield of
culture with nitorgen deficiency in medium. Growth rate was determined by the
number of cells in a Goryayev chamber (million/m2) and culture yield, by the
dry matter (g/%/h, day). Protein content of biomass was calculated from total
nitorgen with use of a coefficient of 6.25 [9]. Lipids were extracted by the
Folch method [25] and assayed by a weighing method; carbohydrates, according

to reducing activity using anthrone reagent [6, 8]. Sugars were separated
after Kizel' [19]. The data were submitted to statistical processing with

use of Student's criterion and confidence interval with P = 0.95 [24].

Results and Discussion

At first, we examined growth rate and composition of Closteriopsis biomass with
cultivation of algae in the presence of full amounts of all biogenous elements.
These data served as the baseline for evaluation of extent of variability of
the studied characteristics of the cultures with nitrogen deficiency.

As a a result of the experiments, it was shown that when the full amount of
nitrogen and other mineral nutrients (phosphorus, sulfur, magnesium) was
present over a wide range of concentrations, the growth rate was equally high
throughout the linear segment of the curve, constituting a mean of 0.405 g/%/n
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(Figure la). Slower algal growth during accumulative cultivation was demon-
strable, accoridng to biomass increment, with algal suspension density of 14-
16 g/% and it was apparently due to limiting the amount of light for the cul-
ture. Mean 24~h algal yield constituted 9.7%0.67 g/&,; which was 8.6 times more
than the yield of the same algae in extensive culture, and it was close to the
productivity of some strains of Chlorella sp-k under analogous cultivation con-
ditions [14]. The build-up of cells paralleled the increase in dry biomass
until culture growth stopped.
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Figure 1. Dynamics of rate of growth in biomass (1), number of cells (2),

concentrations of nitrogen (3), phosphorus (4), magnesium (5)
and sulfur (6) in intensive accumulative culture with full
supply of nitrogen (a) and with a nitrogen shortage (b) in
the culture :
X-axis, time of cultivating algae (h); y-axis, top: number and dry
weight of algal cells; bottom: concentration of nitrogen, phosphorus,
sulfur and magnesium in medium

Under these conditions, biomass nitrogen content was 55-62 mg/g dry matter,
which corresponded to fluctuation of protein content of cells in the range

of 36-39%, lipids from 13 to 16% and carbohydrates 33 to 38Z, including starch
24 to 30% scaled to dry matter. The composition of Closteriopsis biomass was
found to be similar to a form of algae, Chlamydomonas reinhardii, that we had
studied previously [2, 15]. Presence of all other elements in the medium indi-
cates that cells were limited only in nitrogen. in the course of accumulating
cultivation of algae, which did not lead to decline of growth rate (Figure 1b).
After depletion of nitrogen in the medium, cell growth continued due to re-
distribution of intracellular reserve and it held at a level of 0.41%0.61 g/&/h
until cell nitrogen content dropped to 27 mg/g dry biomass. Further decline

of nitrogen content of cells from 27 to 20 mg/g corresponded to the lag
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phase, and with decline of nitrogen to 18-15 mg/g, to the period of arrested
growth and passage of culture to a plateau. The rate of increase in number
of cells in the linear segment of the growth curve remained unchanged for 4 h
after depletion of nitrogen from the medium, constituting a mean of 8 million/
m&/h. There was slowing'of the process of cell division with decline of nit-
rogen content to 30-35 mg/g. Total arrest of cell division was recorded in
all experiments 4~5 h sooner than arrest in build-up of biomass under these
conditions, which is indicative of some dissociation of cell functions when
they are deficient in nitrogen. This corresponded to 20-25 mg/g dry weight,
and we used this as the minimal amount for normal growth and development of
algae. It was considerably lower than determined for some of the other algal
forms we had studied--Chlorella chlamydomonas reinhardii, Spirulina platensis

and Fuglena gracilis [3]. ‘

Table 1. Range of fluctuations in biochemical composition of Chlorella sp-k
and Closteriopsis acicularis on different segments of growth curve
with nitrogen deficiency (% dry matter)

Algae Linear segment Lag phase Arrested growth
protein jcarbohvd.| protein [carbohvd. protein [carbohvd. :
~ Chiorella sp-k 55—32 1648 32--25 4850 25-. 20 50 .52
Closteriopsis aci-
cularis 38—-18 32--55 18-- 15 55 60 15 12 60- 65

The nature of changes in algal biomass

60! a —/ in one of the experiments with limited
: ' ~ nitrogen in cultures is illustrated in
T e e s . Figure 2, while the range of change in

composition demonstrated at different
segments of the growth curve in many ex-

- periments is listed in Table 1. These data

- indicate that metabolic changes occurred
in algae mainly within the linear phase
of growth due to decrease in protein con-
tent of cells, and they were directed
toward increase in carbohydrate synthesis.
Lipid content remained unchanged in the
biomass. At the lag phase there was fur-
ther decline of protein content with
concurrent increase in total carbohydrates.
When culture growth stopped (curve showing
a plateau) the changes in biomass composi-

a N »
F T — — e e g 10

0w Twm w w tion were insignificant and apparently due
Figure 2. malnly to partial destruction of cell
structures. -

Dynamics of composition of Clos-
teriopsis acicularis biomass in
accumulating mode of cultivation
with shortage of nitrogen in medium S
a) carbohydrate (1), lipid (2) b) curve of algal growth (1), nitrogen
and protein content of biomass content in cells (2) and medium (3)
during accumulating growth
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The linear segment of the growth curve was of greatest interest for obtaining

a high carbohydrate content in the biomass, since this was associated with high
specific algal yield. For this reason, in the case of continuous and intensive
culturing of Closteriopsis with nitrogen deficiency for use in BLSS, nitrogen
supply for cells should be at least 20 mg/g. This permits maintaining carbo-
hydrate biomass in the range of 50-557%, scaled to dry matter.

) Figure 3 sums up data for all experiments

i dealing with cultivation of Closteriopsis

50 W in intensive and extensive modes in the

T form of quantity of carbohydrates and

50 \\\\\\\2’\\\\ P lipids as a function of biomass nitrogen
. content. As nitrogen content of cells

40 diminished from 70 to 15% of dry mass,

we observed an increase in biomass carbo-

hydrate content from 33-36 to 60-65% dry

cell weight, i.e., by 2 times, which was

associated with an equivalent decline of

cell protein content. According to the

data in Figure 3, lipid content held at

virtually an unchanged level--15-177%.

G e i e e e N
20

0ETE w BT w

Figure 3.

Carbohydrate (1) and lipid (2) con-
tent as a function of biomass
nitrogen content (accoridng to data
for all experiments)

X-axis, nitrogen content in algal

biomass; y-axis, lipid and carbo-

hydrate content (% dry matter)

Concurrently with increase in total carbo-
hydrate content, there were changes in
some of their fractions (Table 2)

The changes in different carbohydrate frac-
tions in the course of accumulating growth
of algae were quite different in relation to total carbohydrate content. For
example, at the end of the linear segment of the growth curve starch content
constituted more than 87% of total carbohydrates, versus 657 with normal nitro-
gen content. The hemicellulose fraction, which normally constitutes 4.7% of

the total, dropped to 2.5% with limited nitrogen supply to cells. Low-molecular
polysaccharlde content remained in the range of 6-77% of the total under these
conditions, and it was unrelated to cell nitrogen content. The increase in
carbohydrate content of biomass occurred mainly due to the starch fraction and,
in part, monosaccharides and low-molecular polysaccharides, i.e., the arbitrarily
"assimilable" carbohydrates. They totaled 44.8% of dry matter by the end of the
phase of linear growth of algae, versus 28.2%" under,normal conditions.

Table 2. Amounts of main carbohydrate fractions at two phases of growth of
Closteriopsis acicularis with nitrogen-deficient cells (results
of 4 experiments; % dry weight)

Mono- Low- Total
Growth Para- |sacchar-|molecul. Starch Hemicel~| carbo-
phase meter ide gﬁ%¥§gg; lulose |hydrates
Linear X 2,2 2.4 402 1.10 47 4
+S 0,20 0.25 4.6 0.08 4.2
Lag phase x 3,0 3.4 488 1.7 56.9
+S 0,50 0,44 SR 0N 6.0
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Thus, these studies with cultivation of Closteriopsis in an accumulating mode
with a nitrogen deficiency revealed absence of decline of growth rate, presence
of dissociation between cell division and accumulation of biomass, change in
direction of metabolic processes in cells toward production of carbohydrates.
It is important that the increase in carbohydrate synthesis occurred at the
expense of assimilable fractions, mainly starch, which is important to evalua-
tion of suitability of algal biomass for feed and food purposes, on the one
hand, and BLSS for man, on the other. - The nature of changes in growth charac-
teristics and direction of metabolic processes in Closteriopsis cells as a
function of conditions of limiting them in nitrogen is similar, as compared

to Chlorella and Chlamydomonas algae, although Chlorella sp-~k and Chlamydomonas
platensis present some differences with respect to change in the various frac-
tions of carbohydrates (for example, starch) when there is a shortage of nitro-
gen. The obtained data can serve as the basis for selection of an optimum
mode of limiting nitrogen for cells in the course of continuous intensive cul-
tivation of algae and in relevant calculations of material balance of Closteri-
opsis, as well as for planning diets in BLSS for man that include algae.
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FORMATION OF VOLATILE SUBSTANCES DURING POLYMER DESTRUCTION BY PSEUDOMONAS
AERUGINOSA
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[Article by N. D. Novikova and S. N. Zaloguyevt]

[English abstract from source] The effect of biodestruction

of paint-and-varnish coatings on the formation and evolution

of toxic substances was studied. It was found that the mul-
tiplication of Pseudomonas aeruginosa on' epoxide resins (EP-255+
EP-525/AK-070) modified the evolution of gases: that of acetone
and n-butanone increased and evolution of xylene and ethyl ben-
zene isomers decreased.

[Text] 1In recent years, there has been considerable increase in attention
given to destruction of polymers under the effect of microorganisms. Many
publications [1-3] have reported the possibility of change in physical and
mechanical properties of materials and appearance of‘malfuhction in diverse
equipment as a result of reproduction of bacteria and fungi. It is rather
important that, when microorganisms reproduce on materials, there can be a
change in the latter and, as a result, intensive discharge of trace impurities
into the environment. It is quite possible for new chemical impurities, which
are not inherent in -unadulterated materials, to appear in the emitted gases,
and they may have an adverse effect on man.

There has been little study of the formation and emission of volatile toxic
agents in the course of-biodestruction of polymers. It has been shown, for
example, that with use of cables and wires in regions with a tropical

climate there is destruction of insulation, as a result of which hydrogen
chloride is formed [2]. Biodestruction of phthalate plastics under the

effect of Pseudomonas aeruginosa could lead to splitting of the alcohol radi-
cal and release of alcohols into the environment [5]. Many naturally occurring
polymers (skin, silk, wool, etc.) are very susceptible to biodestruction, with
formation of amino acids which release ammonia and volatile organic acids upon
deamination [8].

It is particularly important to solve these problems for objects in an artifi-
cial habitat, in particular, spacecraft cabins. Appearance of changes in
intensity and nature of gas emission from polymers as a result of reproduction
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of microorganisms on them could worsen appreciably the living conditions for
people. If condensation moisture, which could be instrumental in reproduction
of microorganisms on polymers as was shown in [4], falls on the materials it
could have a substantial effect on this process. '

The difficulty of solving this problem is attributable to the fact that we

do not presently have scientifically validated methodological procedures for
studying volatile products formed when microorganisms multiply on materials.
Nor has the composition of chemicals released by polymers been definitively

identified.

Our objective here was to examine the composition of gas emissions from the
polymers used the most widely in routine practice, in particular, a system of
epoxy enamels EP-255 and EP-525 on AK-070 primer, bearing in mind the possi-
bility of development on it of microorganisms of the species Pseudomonas
aeruginosa (blue-green bacillus).

Methods

We tested samples of materials taken on the basis of 1 m?/m® volume of hypo-
thetical room. The samples were placed in a vacuum desiccator equipped with
a sample-collecting device of the membrane type. We poured a condensate of
atmospheric moisture recovered in a study involving people in pressurized
rooms on the bottom of the desiccator where the tested material was. We
first added to the condensate a suspension of test microorganisms prepared

so as to obtain an end concentration in the condensate of 20,000 bacterial
cells per milliliter. The choice of condensate as medium into which a sample
of tested material was placed was made due to the fact that when people are
in sealed compartments where life-support systems operate, it is possible for
condensation moisture to fall on interior surfaces. We prepared test

samples as follows, in order to identify microimpurities in the experimental
sample as opposed to those in unadulterate condensate and condensate infected
with the test microorganisms, as well as microimpurities in the material:

1) the material was placed in a condensate of atmospheric moisture without the
test microorganism; 2) an analogous sample of material was moistened with
distilled water; 3) the condensate was infected with a suspension of test
microorganism in the same concentration.

Samples prepared in this manner were kept at a temperature of 20+2°C for 22
days and at 37+0.1°C for 49 days. Gas samples were collected from the desic-
cators with medical 10-mf syringes and examined by the method of gas adsorption
and gas-liquid chromatography [6]. The method of equilibrated vapor phase

was used to examine the condensate [9]. :

Concurrently with testing of gas samples by the conventional methods of
sanitation bacteriology, we counted the total number of test microorganisms

of the species Pseudomonas aeruginosa.

Results and Discussion

It was determined that bacteria of the species Pseudomonas aeruginosa can
reproduce in the presence of the epoxy enamel system. They multiplied more
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intensively on this material at a temperature of 37°C. 1In the absence of the
material, we also'observed growth of Pseudomonas aeruginosa bacteria, which was
more marked at 37°C, but toward the end of the experiment the bacterial count
was higher with statisticaly reliability (P<0.0l) in‘ the experiment than in
the control.

Concentration of volatile agents (mg/ma) when samples were kept at
37+0.1 and 20%2°C

. » Days kept at

Composition of initial sampleé Volatile compounds 87+0.1°C 202X

7 ".’l |49 7 ‘ 13 I 22
Experiment: system of - Carbon dioxide nd 0,056 10,084 | nd | nd | nd
paint and varnish + ZT\g%Egne 14,80 | 25,00 | 73,10 10,2 | 27.2 93,5
. ne 452] 4,80124,00f 2,40 | 2,40 | 2,88
condensate + bacteria n-Butanol 1.60| 3,36 6,90 — 1,84 | 1,61
n- and p-Xylenes 19.80 | 11,44 | 41,60 0,52 | 2,08 | 3,38
0-Xylene 4601 2,97111,60{ 0,99 — 0,99
. . Ethylbenzene 1360 7.48127,20] 1,02 | 1,40 | 2,72
Control: system of paint gargon dioxide nd {0,042]0,053 | nd | nd | nd
and varnish + distille cetone , 17,00 820] 391| 6,1 | 189 | 79.9
2 illed  IpoIuene 1150 | 15,50 | 26,40 | 1.9 | 1,44 | 4.32
wacter n-Butanol 2,07 1,80 1,84 | nd nd | 1.38
m- and p-Xylenes - |23,14 27,00161,10| 0,52 | 2,60 | 8,06
o-Xylene 561 9,90]{26,40] 0,99 | 099 } .98
Ethylbenzene 17,00 139,00 |1 42,501 1,02 | 2,04 | 578
Condensate Ethanol 526 8,56 2,59 — — -
Acetone . 1,361 2,041 1,02 — - —
] Carbon_dioxide nd [0,063]0,077| — | — -
Condensate + bacteria Ethanol 461 920 8,55] 3.95{ 3.50 | 595
. {Acetone ‘ 1,19 2,56 1,261 1,70 1,40 { 2,31
Carbon dioxide nd | 0.26(0,096 | nd nd | nd

Notes: nd--none demonstrated. Carbon dioxide concentration is given as
a percentage.

The studies of kinetics of gas emission in a laboratory experiment were con-
ducted by V. D. Yablochkin, and the results are listed in the Table. . At
temperatures of both 18-20°C and 37°C, the tested paint and varnish system
emitted a complex combination of volatile compounds, which included carbon
dioxide, acetone, toluene, n-butanol, isomers of xylene and ethylbenzene.
However, neither the monomer epichlorohydrin nor components of the enamel
hardener were demonstrable at either temperature. Thus, the set of products
of gas emission from the paint and varnish system included organic solvents
and carbon dioxide. Unadulterated condensate contained small amounts of

ethanol and acetone.

Examination of the kinetics of gas emission from the paint and varnish system
samples revealed that the concentrations of most volatile compounds increased
with rise in temperature and increase in exposure time. Thus, a test of the
atmosphere of the desiccator at 20+2°C revealed that acetone concentration
increaséd'to>93.5-mg/m3, whereas in the control, where the sample of material
was placed in distilled water, it was 1/20th of this value. Perhaps acetone
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which is a component of enamel solvent, was formed because of biodestruction of
the epoxy cover.

Examination of the kinetics of emission of n-butanol also revealed differences
in rate of rise of its concentration, as compared to the control, which was
more marked at 37°C. At this temperature, the concentration of n-~butanol on
the 49th day was almost 4 times higher than in the control, whereas at room
temperature this parameter was only 207% above control values. :

A study of the kinetics of emission of xylene and ethylbenzene isomers enabled
us to detect differences in rate of rise in their concentrations between the
experiment and control. On the 7th day, their concentrations in sealed com~
partments were the same, but already on the 13th day there was more intensive
increase in the control, and on the 22d day the difference was 1.5-2 times
greater. It may be that the effect of metabolic products of Pseudomonas aeru-
ginosa on the surface of the enamel was one of the causes of slower release

of volatile compounds in the experiment. We cannot rule out the possibility
that there are compounds among the products of vital function of test bacteria
that prevent free desorption of low-molecular volatile compounds from epoxy
enamel. Indeed, analysis of theunadulterated condensate, as well as condensate
with a sample of the enamel at 37°C revealed that formaldehyde concentration
rose from 0.95 to 35 mg/%. It has been shown [7] that formaldehyde blocks
desorption passages and, consequently, inhibits desorption of volatile com-
pounds from polymers.

The effect on the surface of epoxy enamels of amines, which are metabolic prod-
ucts of microorganisms [10] may be another possible cause of decreased emission
of volatile gases from materials, with consequent formation of a reticulate
structure. Amines, in their usual role of hardening agents, interact with epoxy
resins causing their additional "splicing" and lowering permeability of the
polymer to gas. Indeed, analysis of the condensate revealed that, at a tem~
perature of 20°C, total concentration of amines and ammonia dropped on the 22d
day from 48.5 mg/{ to traces in the experiment. At the same time, the levels

of these compounds decreased only to 1/5th in the control, apparently due to
adsorption by the desiccator walls.

Thus, it was established that when Pseudomonas aeruginosa bacteria reproduce on
a paint and varnish system (EP-255 + EP-525 on AK-070 primer), there is change
in intensity of gas emission into the environment. More emission of acetone
and n-butanol, and less emission of xylene and ethylbenzene isomers was ob-

served.

The results of our studies revealed that further in-depth and systematic inves-
tigation of nonmetal materials of different types is necessary, with use of a
standard set of test cultures. '
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ONE ASPECT OF CREW TRAINING

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 12 Jan 84) pp 77-80

[Article by Ye. D. Konovalov]

[English abstract from source] This paper describes the psycho-
physical training of crewmembers of flying vehicles who may find
it necessary to cross a water boundary or to remain for long in
water after emergency splash-down. In order-to prevent attacks
of fear and panic caused by such frightful things as whirlpools
and convulsions, the paper presents data on the nature of tur-
bulent processes in running water and the techniques of over-
coming them as well as on the origin of convulsions in swimmers
and methods of their alleviation. The paper also describes an
easy method of how to have a rest when swimming that makes it
possible to eliminate the feeling of fatigue by remaining
motionless for an infinitely long time.

[Text] It is known that situational training of flight personnel includes, in
particular, development of survival skills under extreme conditions after

a splashdown or landing in inaccessible mountain, desert or tayga regions.

The program was prepared on the basis of the recommendations of such spec1allsts
as P. Nesbit [2] and V. G. Volovich [1], whose developments were used in out-
fitting portable emergency supply kits (NAZ) and served as the basis for
writing up standard self-rescue procedures for the crew. However, the conse--
quences of an-accident could compel members of the crew tio overcome, either -as
a group or one by one, water barriers while swimming or to survive

on water for a long time and, depending on the geographic latitude, season

and other circumstances, it may be necessary to remain afloat without any
special floating gear. And, since much importance is attributed to comprehen-
sive training of crews, we considered it expedient to augment it with some
elements of a psychophysiological program.

There is every reason to expect that such training is important to spacecraft
crews.

A sociological and psychological study pursued on a large group of swimmers

(interviews, questionnaires, analysis of written reports on why people, who
knew how to swim, were found in a critical state, referable to more than 1000
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cases) revealed that psychogenic stress and fear reactions were inherent in

the absolute majority of those who had been swimming in natural bodies of

water. At times these signs were so marked that they could be associated with
a full-fledged clinical picture of emotional stress, ranging from signs of
stupor or uncontrollable motor excitement to an attack of weakness and vomiting.
As we know, such mental and autonomic reactions are concomitant with emotional
stress whatever its origin, and they have been described extensively in the
literature. But, while an individual under stress on land is seldom in

danger for his life, the inability for mental self- control in the water can
apparently end much more often with a tragedy.

It was learned that fear is formed under the influence of experience, impressions
and knowledge gained from all sources of information. It may be overt and con-
stant, or (in good swimmers) beé localized in the subconscious and therefore the
individuals may not be aware of it. By virtue of various causes, some people
never do learn how to swim, aquiring anxiety because of stories about people
who have drowned. Others, having learned to swim, have gained a shaky
psychological victory over themselves: we found that even good swimmers

capable of swimming for many kilometers and many hours may be unable to with-
stand the sudden thought: "What if I drown!", although they would deny any
conscious fear in the water prior to the described incident. In such cases,
the distance to shore was not necessarily measurable in kilometers or hundreds
of meters, rather it was sometimes only tens of meters.

The admission by people that were highly ranked in sports swimming that
when they swam into unfamiliar places, under adverse weather conditions and
in certain other circumstances also. sometimes experienced fear attacks was
an unexpected disclosure. Having no reason to reject an anxious thought,
the swimmers became captives of their own negative emotions and were on the
brink of death.

The sensations of people who swim with less confidence are manifested by the
fear of cramps, eddies and doubt in their own strength, and for this reason
their psychogenic stress changes readily to panic at the slightest attendant
factor.

Such lack of self-confidence is attributable to the fact that people do not
acquire a modicum of applied information about physiological, physical and
psychological phenomena as related to swimming. For this reason, the wrong
and therefore harmful information becomes fixed in their consciousness to

the effect that all rivers and bodies of water have a profusion of whirlpools
and eddies that tow people under; that the cramps that swimmers develop in
one limb could involve all muscles and 'reach the heart," etc. All this
develops a set for anxious expectation during swimming of imaginary danger
and complications, and elicits stress.

Thus, it becomes apparent that, in order to prevent fear while swimming,
one should first of all provide objective information about the phenomena
that appear to be mysterious, foreboding and generate anxiety. Since the
group to which this study is addressed apparently differs little in its
"water" knowledge and skills from the general population, this article is
informative and instructive in nature, since the success of overcoming a
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crisis situation while swimming depends largely not only on practical train-
ing but on being informed. ’

What should one know about. whirlpools? Tn stagnant water (lakes, ponds,
reservoirs) where there is essentially no current, there are no whirlpool
phenomena. In moving water, in rivers, marked eddies arise only in very
specific parts of the stream: beyond underwater obstacles (submerged logs,
trees, stumps, sunken vessel, huge rocks), on the boundary between two cur-
rents flowing at different velocities; beyond a rocky or jagged clayey
projection from the shore, which is not subject to6 erosion, when the current
presses the stream of water to it, beyond bridge piers. All such zones are
rather rare and do not present a hazard to swimmers. Those exposed to them
merely reported that the customary sensation of "obedient" water disappeared.

Vortical eddies, which do indeed pull in everything near them, may occasionally
appear near hydraulic works when there is a difference in water levels on
either side of the barrier, in the headwater before a GES- [hydroelectric

power station] spillway dam or in lock chamber, when water runs off through
deep ' [bottom] catchment areas or culverts. However, this can be observed only
at the construction stage, since one strives to avoid eddy formation, since

the throughput capacity of the opening diminishes due to a gust of air into

an eddy. o

What should be done if a swimmer does find himself in a whirlpool region?

As a rule, it can be seen from a distance and if the individual is not
swimming at night or dusk, he can bypass it. When, however, it is inevitable
to pass through a whirlpool, it is necessary first of all to remain

calm, head directly toward it and swim energetically through this area, ‘
without stopping or dropping the legs. The fact of the matter is that, if

he drops his legs, the swimmer inevitably assumes an erect position and
virtually ceases to advance, and all his efforts are spent on "balancing"

the head that is sticking out of water.

Since the extent of a whirlpool (with rare exceptions) is measurable in a
few meters, it is sometimes sufficient to make 10-15 leg movements in spurts
combined with coordinated arm movements to pass over it. One should not
submerge under water or dive to bypass the epicenter at a greater depth,
since one can lose one's bearings underwater or else hit the obstacle that
generated the eddy. Moreover, for a swimmer it is psychologically important
to feel in command of the situation at all times, rather than a victim of

a disaster.

What does one need to know about cramps? Cramps are a motor disorder that is
manifested by involuntary rhythmic or continuous muscular contraction. In"
the case of clonic seizures, the muscle contractions follow one another at
short intervals, alternating with relaxation. Tonic seizures are contractions
without relaxation. They may be associated with moderate and unpleasant
tugging pain. They occur due to different causes, sometimes when there is
severe and excessive physical tension. Only tonic seizures are obServéd

when swimming.




It is believed that seizures can develop while swimming if an individual
moves from warm water to a strip of cold water. We can agree that a-drastic
change of temperature is not pleasant while swimming, but there-are no
physiological grounds here for appearance of cramps.: The opinion is also
held that a cramp can be stopped by pricking the painfully contracted muscle,
and for this reason some swimmers put a pin in their fins. It should be
noted here that seizures occur in water in adults, rather than children who
stay in the water until they turn blue and start to shiver. Perusal of the
written accounts revealed the following pattern: seizures develop when an
individual experiences fear or anxiety in the water, as well as following
some spurt of swimming in the presence of psychogenic stress, etc.

In a study of this phenomenon, data were obtained that enable us to maintain
that seizures occur while swimming on the principle of an ideomotor act, i.e.,
they result from mental gself-induction. It has been established that people
who have experienced a seizure when swimming somehow c¢oped with it and reached
the shore, then became convinced that a cramp is not a fatal phenomenon and
were no longer afraid of it, remarking that it never recurred, no matter how
long they had to swim in cold water and whatever physical exertion the

swim required. : ‘

Many readers write that during the most intensive training in pools they did
not experience seizures, but the moment they swam out in the sea or a river
(at about the same water temperature) they developed a cramp. Now this is
easy to explain: in a pool there is the subconscious thought that '"the

wall is nearby," whereas in open water, "who knows what could happen."

These facts confirm once more the psychogenic nature of swimming cramps.

But what should be done if they occur anyway? 1In the first place, one should
be calm about them. In the second place, since seizures appear in a group of
flexor muscles one must make the opposite, extensor movement ‘and relax the
1imb. In the third place, one should give oneself a massage. For this,
having taken a breath and assumed the "float" position with the head in the
water, one should rub and massage the muscles with both hands. '

It is quite important to learn how to float in. order to be confident under
any conditions. Expressly static swimming enables the swimmer to rest on
his way to shore, slow down his breathing and heart rate, relieve muscular
fatigue and remain in water for an unlimited time,-if’necessary (of course,
provided the temperature is appropriate). A deep inspiration renders the
body buoyant and enables anyone to lie near the surface, in both fresh and
salt water. There are no grounds for statements to the effect that this
cannot be done by everyone, only some people; everyone can do the "float,"
"jellyfish" or "sun" exercises! ‘ Lo ; :

What are the physics of floating? Any free floating solid moves in fluid in
such a way that its center of gravity is on the same vertical plane as the
center of submerged volume. If this does not occur, the solid is in a state
of unstable equilibrium and strives to correct it. The center of gravity

of the human body is on the level of the 1st-2d sacral vertebrae, while the
center of volume is a few centimeters closer to the head. For this reason,
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in horizontal position with the arms along the trunk the legs want to sink.
This lasts until the body assumes an almost vertical position and the center
of gravity is below the center of volume. The legs also sink when the arms
are outspread. This downward motion of the legs pulls the swimmer under water
over his head, but the submersion can be stopped by paddling lightly with

the legs as in the crawl or breast stroke, or "pedaling"; one can also
execute thrusting motions with the arms although it is true that this already
requires some exertion and precludes complete rest and immobility.

In order to provide stable horizontal equilibrium in a resting position one
must, after taking a deep breath and holding it, like in water on one's back and
bring the arms straight over the head so that they would be, so to speak, a
continuation of the body. If the legs still sink in this position, one can
stick the fingers or hands out of the water. This will automatically cause

the legs to surface and the tips of the feet will surface. The entire body and
legs may also be in a slightly tilted position under water. In order to rest,
it is important to stay in a relaxed and motionless position, breathing freely.

Some people with high buoyancy place their arms, bent at the elbows, under the
head and, lifting them slightly out of the water, control equilibrium. It

is often sufficient to spread the arms out or spread the legs wide for the
center of gravity to shift toward the head and then the legs surface.

The following mistakes may occur when one forgets the resting position: hands
out too far from the water (not only the hands, but arms and elbows protruding
from the water); the abdomen or chest is too far out of the water; the head

is not tilted back enough due to fear that water will cover the face; incorrect
breathing. Breathing must be done as follows: short and complete inspiration,
hold the breath for a few seconds and exhale gradually, then the next deep

inspiration without a pause.

Having learned to rest in shallow waters, one must also learn to do this
when swimming to shore, turning from the abdomen to' the back.

When -swimming in windy weather, little-trained swimmers could choke on

water and inhale it at the time of inspiration. Water in the larynx and
trachea elicits a coughing attack and temporarily renders the swimmer

unable to swim. In this case, if one must continue swimming in the face

of a small breaker, one should turn away from it briefly. It is easier to
cough and eliminate water from the respiratory tract if one immediately
turns over on the back and, barely moving the legs, remains in this position
until breathing is calm. Then it is desirable to swim on one's back or side
to avoid a repetition of these dangerous occurrences.

The role of suggestion and autosuggestion is well-known. Everyone must have
some skill in both. In situations in the water, it is important not only to
know how to calm down an anxious comrade, instill him with faith in a good
outcome, his own strength, but also how to "bring oneself to one's senses."

Skill, perfection and experience are acquired only by repeating any process
many times. Swimming is no exception: the more one swims, particularly in
open waters, the sooner one gains confidence, the more reliable the development

and conditioning of mental and physiological reactions.
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UDC: 629.7.023.26
METHOD OF CALCULATING ANGULAR DIMENSIONS OF FLIGHT VEHICLE COCKPIT CANOPY CASINGS

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 18 Oct 83) pp 81-83

[Article by A. V. Lekarev]

[Text] The view from flight vehicle (FV) cockpits is an dmportant factor in
assuring flying safety and providing comfortable conditions for the pilot's
visual observation of space outside the cockpit. o

At the present time, transparent parts of most cockpits in different types of
FV are executed in the form of flat panels installed into the metal frame of
the cockpit canopy. Presence of opaque components (casings) in the cockpit
canopy results in obscuring part of the outside area, which worsens viewing
conditions from the pilot's work place.

In order to improve the view from FV cockpits with flat transparent parts, a
method was developed for calculating the angular dimensions of casings [seams?]
on the basis of distinctions of human binocular vision. The proposed method
makes ‘it possible to meet the requirements as to strength features of the
canopy frame and provide for comfortable viewing conditions outside the
cockpit. The method is based on crossed diplopia in an empirical horopter
from a point of the cyclopic eye of the observer [1, 2]. Let us discuss the
diagram illustrated in Figure 1. : :

Mathematically, the problem is to find the following functions: O = Fy(@),
a= Fa(a) and @ = Fw(a).

To find these functions, let us express the following segments as certain
variables: D--diameter of horopter, r—--radius of horopter, d--distance between
pupils, h--height of SQF segment, Q--point .of cyclopic eye, a--distance to
point of diplopia, l--magnitude of diplopia, o--angle of rotation of axis of
cyclopic eye, S--point on left eye and F--point on right eye.

When considering right-angled triangles GQN and LQK, we shall have:

GQ=D-cbsa, B o (D

h
Le= cosa v (2)
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LK == h-tga, (3)
N h
GL=GQ—LQ=D~cosa—~m. (4)
y ¢
T 7 \v The segments are TV|HE|SF by hypo-
> \ thesis. Consequently, the beanms
AV-AN'; Awl ) coming from point G separate on
Ak i _{ segments HE and SF proportionate
\ “%'%z segments:
'\__ (1\' *\ ‘\\ | Qo
| : FAu HR SL '
\\ \ v, \ RE = IF
At
\\V \ ‘\2\‘1'/(
S W i F Substituting known values in equation
' I (5) and considering that HR + RE = [,
_ we obtain:
Figure 1.
Diagram of physiological crossed : iRE;z_é.(hfga_F;%J ‘ (6) -
diplopia with binocular vision. '
Explanation is given in the text. » Y h tga;-g_
HR= [\ | —~———— (D)

We then find RQ = g = Fg(a). For this purpose, from the>similarity of triangles
GRE and GLF we first find: '

GR' RE (8)
GL *°LF * .

Taking into consideration equations (3), (4) and (7), we find GR from equation

(8):

: GL-RE ! h .
GR=—T—"'=T(Dcosa-—— cosa)‘ | (9»)-

The presence of function (9) enables us to determine one of the sought functions,
Fa(c) = RQ:

a=F, (%) =RQ=0GQ—GR = Dcos -

p .
wog [Deosa - C()sa),azkn(q) -
I\ Ik
::Dc«)sa(l "J") Tdcosat o

In order to find sought functions E,(a) and F@(q), we apply the theorem of
sines of scalene triangles HQR and %EQ:

HR RQ (11)

sinv Cginap, o
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RE RQ (12)

sing T sina, -

From right-angled triangles HWQ and RWQ we see that:

P, = 90" — (= ; v), (13)
Py = 180" — @ —py = 180" —p -~ (90 — o) =
=90 | (o~ ). (14)
With consideration of equations (13) and (14) we shall have:

HR RQ RQ

sinv " sin [90° — (@4 v)] " cos (@1-0)° (15)
RE RQ RQ

sing sin[90° -F (o —@)] cos(@—@) ° (16)

Solving equations (15) and (16) for © and @, and substituting the expressions
for HR and RQ, we obtain the sought functions Fv(a) and F@(a):

v = arc ctg p ad +tge |,
l(-Q——Iztga) (17)
\
ad
¢ = arc ctg a —tga|.
l(—g-—j—h tga) (18)

Let us express height % of segment SQF in horopter parameters:

d2
h=r—l/r2——T~ (]_9)

Substituting equation (19) in (10), (17) and (18), we finally obtain:

a——Dcosa( -l)—-l
+’( Vﬂ dT) | (20)

dcosa
v = arc ctg
|

ad

ol &
|
N
~
l
~
)

l
|m.
S—
—
o0
)

| (21)
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¢ 1 ad
@ = arc ctg -
{l[-g_-! (r— l/ rz—g.) tgrx]

(22)
— tga l

We calculate 7 on the basis of parameter a. It is easy to find I from equa-
tion (20):

(Dcosa~-a)dcosa

[ = ;

Dcos?a- - (r 'l// re— -ii) ' (23)

!
[l

However, the designer is ultimately concerned with the allowable width of
casing I, at O # 0, rather than with 7. The value of [y is determined
graphically proceeding from the distinctions of cockpit shape at the site
of the casing.

Of course, determination of allowable
angular dimensions of 7, is related to
several factors that must be considered
when designing cockpits (they include,
for example, an adequate margin of
safety of casings, their shape, distinc-
tions as to securing transparent parts
to the frame, angle of inclination of
casings, etc.).

Let us discuss the procedure for deter-
mining 7y with a# 0. We determine 7y
graphically in the following order
(Figure 2).

We plot on the graph on a scale that is
convenient for calculations the outline
of the cockpit canopy of the FV showing
the places for tentative placement of
casings J, 2 and a point in the cyclopic
eye of pilot Q (see Figure 2)., We draw
line QN from point Q parallel to the FV
axis of symmetry. For the sake of sim-
plicity, let us calculate the optimum
angular dimensions of the casing only

at point 7. We draw a circle through
point Q on line QN, with a radius » = 3 m, on the established scale. One

can also use a larger horopter radius, but.then it must be borme in mind that
the distance of missed binocular zone beyond the casing will increase accord-
ingly. Then, from point Q, we draw line GQ through the center of the casing

Figure 2,
Graphic diagram for determination
of angular dimensions of cockpit
canopy casings for commercial
aircraft with a crew of two pilots
(part of left side of cockpit).
Explanation is given in the test.
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projection point R, and measure.on the diagram the values for a and 2 = RQ.
Knowing the values of D, a and a, we use formula (23) to calculate 1 (accord-
ing to the literature, d = .64 mm [2]).: . Then, using formulas (21) and (22) we
calculate v and ¢, and draw lines QL and OK from point Q to the left and

right of line QR. From point R, perpendicularly to QN, we draw a line to

its intersection with QL and QK and obtain segnent HE. We connect points H

and E with dotted lines from point G and, continuing them to the intersection

of the canopy outline at points K; and K,, we find the value of I;. Analogously,
we calculate the optimum angular dimensions of canopy casings installed in

other parts of the FV cockpit.,. : .

The described method can be used not only at the designlng stage, but to
assess optimum angular dimensions of cockpit.canopy casings in exlsting types
of FV. In addition, it can also be used for cockpits with flat transparent
sections in any type of transport and self-propelled machines, in which it is
necessary to provide for the operator comfortable conditions for observing
the exterior space. : :
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INFORMATIVENESS OF ECHO SIGNAL IN PULSED ULTRASONOGRAPHY OF THE BRAIN
(WITH USE OF MODEL) S T

Moscow KOSMICHESKAYA BIOLOGIYA T AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 17 Jan 84) pp 83-85

[Article by L. G. Simonov, L. A. Rozenblyum and N. N. Bogdanoval]

[Text] A change in hydrostatic pressure ‘leads to change in intracranial
volumetric relationships (IVR) of liquid media [3], which has a substantial
effect on intracranial pressure and blood supply to the brain [1, 4]}. As
a noninvasive method of assessing IVR, on€ can use ‘ultrasonic¢ pulsed probing
of the walls of the cerebral ventricles [6]. However, bécause of its low
noise immunity and several other factors that affect the amplitude of the
echo signal, the reliability of such a method for evaluation of IVR of liquid-
media is not satisfactory. We are dealing here with validation of a method
 of probing intracranial structures, in which the ultrasonic pulse penetrates
through the frontal bone, passes through the ventricle and is reflected
from the stationary occipital bone [5].

A model was developed to determine the informativeness of an echo obtained

in this manner. It was demonstrated on this model that a change in level

of the echo signal is elicited by change in ventricular volume. The base
width of the ventricle causes this to be a monotone function. It was

shown that such a probing method is less sensitive to change in acoustic pro-
perties of brain tissue than ultrasonic methods involving direct probing of
ventricular walls.

Methods

In developing the model, we took into consideration the distinctions of func~
tional and structural organization of the blood and spinal fluid circulatory
system of the human brain, namely, existence of a sealed cavity containing the
spinal fluid and blood systems, and brain tissue, A plastic skull is the basis

of the model, and its shape and dimensions correspond to those of the human
skull (Figure la). The "cover" of the skull is executed in plexiglas so that the
intracranial space can be viewed. There is a clamping device on this cover
which, with a liner, seals the 'cranial cavity." '
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Figﬁre 1. Model of ‘human spinal fluid and blood Circulatory system
a) exterior viéw,of model - ¢) flowcharts of deVice and model
b) model of ventricles '

The intracranial arterlal system is represented by a flexible tube 0.2 em in
diameter .and 180 cm in length, which is used for vascular prosthetics. ' Pul-
sation of pressure in it is generated by an extracorporeal circulation
machine (AIK-5), which permits control of both amplitude of pulse pressure

and frequency of its change. The spinal system is simulated with two communi-
cating sections, intracranial and extracranial. The former, which simulates
the cerebral ventricles, is made of latex and is as close as possible in shape
to the ventrlcles of the human brain (Figure 1b). The ‘second compartment con-
sists of ‘a r1g1d tube, at the end of which there is an expandable chamber
(Figure lc) that 31mulates the cerebrospinal "reserve spaces" [7] The
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inside diameter of the tube is 1.5 cm and its length is 60 cm, which corres~
ponds approximately to the actual dimensions of the human cerebrospinal fluid
canal. The compartments are interconnected with an adapter (0.2 cm in diameter),
which simulates the foramen of Magendie. - All systems :in the model are filled
with water. To reproduce effects related to redistribution of fluids caused

by postural tests, the model can be secured on a holder that permits altering
its spatial position if necessary. i ' -

To determine the informativeness of the echo reflected from the occipital
bone, the ultrasound transformer was placed on the frontal bone of the skull
in the model so as to have nothing other than the ventricle on the path of the
ultrasonic beam. : : B

Since the model studies described here are related to validation of the:
ultrasonic bioecholocation method [5], all of the methodological procedures
pertaining to location of the sensor and choice of direction of probing were
identical to those used in examining the dynamic characteristics of the spinal
fluid and blood in the human cerebrospinal system. - SRS R

. : . \
We used a USG~1 instrument as the ultrasonic probe.
Results and Discussion

The level of the echo signal changed with-change in volume of the ventricle,
and the monotone nature of this function was determined by the base width of
the ventricle. When the ventricle is wide and overlaps a significant part of
the ultrasonic beam, the increase in ventricular volume leads to -increase

of echo level. If, however, the ventricle is narrow and overlaps an insignifi-
cant part of the ultrasonic beam, an increase in ventricular volume leads to
decrease in level of the echo signal. In the intermediate case, with growth

of ventricular volume the echo signal first decreases and then increases.

After connecting the extracorporeal circulation machine (AIK-5) pulsations were
generated in the cranial cavity, which led to pulsating movements of the ven-
tricles. The pulsation of the echo they induced in the presence of a wide
ventricle occurred in antiphase with change in pulsed pressure; in the case

of a narrow ventricle, it occurred synphasically and in the intermediate case,
we observed change from synphasic to antiphasic pulsations with increase in_
ventricular volume. . Consequently, the series of ultrasonic pulses that passed
through a structure with variable volume acquired amplitude modulation, the
form of which depends on the ratio of volumes to area of emitting surface.

Theoretically, the change in acoustic properties of brain tissue elicited by
pulsed delivery of blood to brain vessels could change the type of modulation
of the echo signal that has passed through the ventricle and is reflected
from the occipital bone.

The.following,tests were performed to compare the sensitivity of this method of
monitoring ventricular volume to widely used methods of direct probing of
the walls of the third ventricle, with regard to change in dcoustic properties
of brain tissue. Settled tap water, which simulated nonexpandable brain
tissues was poured into a rectangular plexiglas aquarium. The latex ventricle,
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also filled with tap water, was immersed in it. The ultrasound emitter was

so placed as to have the ultrasonic beam overlap the ventricle, after which
we assessed the level of the echo reflected from the anterior wall of the
ventricle and posterior wall of the tank. We then added table salt to

the water in the tank to obtain a 5% change in acoustic resistance of the
medium surrounding the ventricle and monitored relative change in level of

the analyzed echo signals (Figure 2). From the plot we see that the echo
signal reflected from the anterior
wall of the ventricle undergoes much
greater changes than the one that
traversed the ventricle and was
reflected from the wall of the tank.
In order to determine whether the
obtained effect is a property of a
complex interface (solution--latex—-
water) or whether is solution--latex
e .. ‘boundary is analogous to the brain
05 10K mol/% tissue--spinal fluid boundary, we
repeated the test with a thick
ventricle (H = 2.5 mm). There was
no change in qualitative findings in
"this case.

300

100

Figure 2.
Relative change in level of echo 'signals
with change in acoustic resistance of -

medium
D jiﬁ::icizom antgrior wall of In the first series of tests»performed
' on the model, it was established that

2) Signal from posterior wall of tank a change in level of the echo from

the posterior wall of the skull is related to change in ventricular volume.
The monotone nature of this function is determined by the initial width of the
ventricle. o

The results of the second series of tests conducted in the tank revealed that a
change in acoustic properties in the ventricle's environment (salt solution for
model) has a substantially greater effect on the level of the echo reflected
from the ventricle than on the signal that passed through the ventricle and
was reflected from the posterior wall of the tank. One can comprehend such
behavior of echo signals on the basis of simple theoretical considerations. As
we know [2], the coefficient of reflection from the interface of two media
with acoustic resistance p,Cs and p1C1 (p is density of material and C is
velocity of ultrasound) is proportionate to the ratio: :

p2C2 = P1Cy

p2C2 + 01C1
and the transmission coefficient, to 20202 For this reason, the signal

P2C2 + p1C1”
reflected from the tank wall that crosses thfough the ventricle twice is

proportionate to:

(p2€2)%(p1C1)?2 x P3Cs = 01C1
(01C1 + P2C2 ¢ 7 p3Cs + 01Cy .
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minor,rglat%yg chaﬁgevih“ApiCi due to change in salt concentration,” the relative
change in sighhl_réflected from the ventricle is proportionate to o :

where p3C3 1is acoustic resistance of the tank wall (plexiglas). When there is

L © (P11 PGy
B p2C2 = p1Cy

whereas the e;howfromfthé'tahk wall undergoes changes proportionate to

A(piCi)pa1Cy
paCs - p1Cy

Since acoustic resistance of latex is substantially closer to resistance of
water than acoustic resistance of plexiglas, the relative change in level of
echo reflected from the ventricle will be greater than -for the signal reflected
from the plexiglas wall. Since acoustic resistance of brain tissue and spinal
fluid is similar C%%?'z;0.0l) when probing the cerebral ventricles in vivo and
resistance of Ehe'dccipitgl‘bdné_is substantially higher, with change in
acoustic properties .of the brain due to change in delivery of blood to its
tissues the echo reflected from the occipital bone does not ‘undergo noticeable:
change, whereas the one reflected from the ventricular wall would change -
appreciably. ' ' ' ’

As a result of these model studies, it was shown that a change in_ intensity

of the echo signal is related to change in ventricular volume. .The obtained
data permit more accurate interpretation'of-the results of in vivo tests that
are performed to assess the intracranial volumetric relationships of fluids in
man. v L et
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[Text] According to the results of postflight examination of cosmonauts,
exposure to weightlessness leads to changes in fluid-electrolyte metabolism
and in ratio between liquid phases of the body [4, 9].

It is not possible to establish the kinetics of fluid redistribution in the
body as a function of duration of weightlessness, since a method has not yet
been found that would permit measurement of body fluids and proportion of
each in flight.

Recently, works have been published, which report that it is possible to
determine the ratio of total body fluid to its extracellular component [2, 6].
This is done by concurrently determination of impedance (Z) in the measured
section of the body during passage of current through it at different
frequencies.

71/Z1¢0 =1.3020.03 for current at frequencies of 1 and 100 kHz-and 1.50+0.05,

at frequen¢ies of 5 kHiz and 1 mHz. In healthy man, the ratio between these

two parameters (ZLF/ZHF) is a constant for given frequencies of probing current.
With age, the ratio diminishes. It also diminishes in the presence of vir-
tually all forms of pathology where the process is generalized [3].

However, all of the studies cited above have a clinical and physiological
orientation, with which it is impossible to determine distinctly the
quantitative relationship between total fluid and its extracellular component.

Our objective here was to explore the possibility of using two-frequency
impedometry to determine the quantitative ratio between total body fluid and
its extracellular component.

Methods

The study was conducted in four series of experiments on rats. In the first
series (11 animals), we examined the dynamics of change in Z of tissues in




the upper and lower halves of the trunk with exposure to orthostatic and anti-
orthostatic perturbing factors. We changed the position of . the body almost
instantaneously; the tilt angles constituted +90 and -90°, Measurements were .
taken for the first 4-5 s, then 5, 10 and 15 min after changing pesition. The
second series of experiments (13 animals) involved infusion of saline or poly-
glucin into the rat's right pleural cavity through a vascular catheter 0.7 mm

in diameter, introduced in advance. In the third series (14 animals), we
infused a strictly metered amount of saline or polyglucin through a catheter

in the abdominal cavity. In the fourth series (8 animals) we measured the Z
segment of the abdominal region with infusion of saline into the large intestine.

During the experiment, the animals were on a temperature~controlled table; the
rats' body temperature did not change by more than 0,5°C. The solutions were
infused at the animal's body temperature. Infusion of solutions increased
primarily the amount of extracellular fluid, altering the ratio between total
fluid and its extracellular component in the tested segment of the body.

The active and potential electrodes were introduced under the skin; the former
around the extremities and the latter around the neck, 0.5 and 1.5 cm below the
xiphoid process and on the level of the iliac crests. ‘An ‘experimental variant
ofjthe_RPG¥204;rhedplethysmograph was used as source of probing current,
resistance at 2 frequencies, 1 and 100 kHz, was measured using a V 7-21 digital
voltmeter. Margin of error in measuring Z did not exceéd 2% at both frequencies.

The data were submitted to variation statistical processing.

Results and Discussion

The dynamics of change in Z of the thorax in rats during perturbing postural
changes at different frequencies of probing current and the proportion between
these the 2 values are illustrated in Figure 1 (as percentage of base values).
For the first few seconds after moving the body from horizontal to vertical
position, thoracic Z increased by a mean of 7% (P<0.01). ‘The increment con-
stituted 3% (P<0.05) after 5 min and. only 1% in the next 10 min. Returning the
animal to horizontal position first led to marked change in Z of the tested
region, and it decreased by 4-57% (P<0.02), In the next 15 min, the changes
did not exceed 1%. 1In antiorthostatic position, thoracic Z changed less:

it decreased by 3-2.5% (P>0.05) immediately after the position change and did
not change thereafter. Return to horizontal position led to only 2.0-2.5%

increase (P>0.05) in Z.

It should be noted that, regardless. of frequency of probing current, thoracic
Z changed to the same extent. For this reason, the value of Z;/7,q0, which
constituted 1.32 in the baseline period, didnot’ change teliably throughout
the experiment (P<0.5). ) - SR

The dynamics of Z for the abdominal segment in ‘rats submitted to postural
changes are illustrated in Figure 2. Changing the animal to orthostatic
position elicited :only 1-1.5% (P>0.05) decline of Z, and in the 10-15 min that
the animal .remained-in this position Z rose gradually, :reaching the baseline
value. . -When rats were changed to horizontal position, efflux of fluid from
the tested segment of the abdominal region continued, causing Z to increase by
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5% in 15 min (P<0.02). For the first few seconds of antiorthostatic position,
Z rose by 5% (P<0.02) and by only 3% in the next 15 min (P>0.05). Returning
the animal to horizontal position was associated with a decline of Z, which
was the most marked immediately after the position change (by 4-57%).
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- " Figure 1. Dynamics of Z for rat thorax with 'changes in'position -

Here and in Figure 2: x-axis, time of recording Z in each period of postural
changes (min); y-axis: a) relative changes in Z at the 2 frequencies during
position changes (%); Z in horizontal position was taken as 100%; b) ‘dynamics
of Z3/Z1¢0 during postural changes. Dotted and dash lines--frequency. of
probing current, 1 and 100 kHz, respectively o -
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Figure 2. Dynamics of Z for lower half ofvrat»trunk with changes in :
position ’

The changes in Z for the measured abdominal segment were the same, as in the
chest, regardless of probing current frequency. For this reason, Zi/Ziogo
equaled 1.50 in the baseline period and did not change reliably .(P<0.5) at
any stage of the functional test. o o ‘

During the disturbing postural changes, when body fluids shift there can also
be a change in intracellular component, so that we deliberately altered only
the amount of extracellular fluid in the next three series of ‘experiments. 1In
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the second series this was obtained by infusing saline at the animal's body
temperature into the right pleural cavity. With infusion of 1 mf saline, Z
of the chest decreased by a mean of 2.5%. No reliable differences were de-
menstrable in nature of curves of Z changes at either 1 or 100 kHz frequency.
Use of polyglucin was associated with analogous dynamics of changes in Z of
the thorax, approximately 3% decline per m{ infused agent. As in the case

of caline, Z of the chest changed to the same extent, regardless of frequency
of probing current.

In the 3d series, we determined Z,/Zj;qo in the abdominal region into which warm
saline was infused through a catheter (1 mi at 1~2 min intervals). As a result

Z in this region changed tc the same extent regardless of frequency of probing
current, by about 1.5%/mf infused solution. Use of polyglucin was associated with
a similar effect: regardless of probing current frequency, Z in the measured seg-
ment decreased by 1.5-2% with infusion of 1 m{ of the agent (Figure 3).
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. Change in Z of abdominal segment in
s rat with infusion of polyglucin into
&y the rectum
- X-axis, ' amount of fluid infused and
- withdrawn (mf); y-axis:
50# e a) relative change in Z at two

12345678300 me frequencies, 1 kHz (dash line)
and 100 kHz (solid line) (value
of Z prior to polyglucin infusion
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b) dynamics of Z /Zloo ratio during
experiment

o Figure 3.
Change in Z of lower half of rat trunk
with infusion of polygluc1n into the
abdominal cavity
X-axis, amount of infused fluid (mQ);
y-axis, relative changes in Z at
frequencies of 1 kHz (solid line) and
10 kHz (dash line) (Z prior to
sufucion was taken as 100%)

It is known that Z of the examined
part of the body as a function of
frequency of probing current is deter-

: mined primarily by two factors: its
strvecture, i.e., sequence of tissues with capacitive and active properties, and
dipender.ce of'electrical properties of tissue on frequency [1, 7]. The most
significant capacitive component of Z due to capacitive resistance of the inte~
gument was excluded by passing electrodes under the skin. However, in order to
rule out the p0331b111ty of dependence of Zi/Zjoo on conditions of electrode
contact with tissue, in some of the experiments we changed the area of active
and potential electrodes by more than 10 times. But even in this case, zl/zloo
did not change with infusion of fluid into the tested region.
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When fluid is infused in the body's natural cavities, it can be localized in
an isolated area that does not intersect the planes formed by the potential
electrodes placed in parallel. Such heterogeneity of the tested body area
could have affected the nature of change in Z1/Zi100. For this reason, in the-
fourth series of experiments,:we infused saline into the rectum,..and the top
potential electrode was placed deliberately below the transverse-:colon. In
this case, both infusion and withdrawal of fluid led to the same change in Z
at both frequencies (Figure 4). As a result, Z1/Z100 remained unchanged.

A change from horizontal to vertical position leads to shifting of blood and
part of the extracellular fluid [5]. Some amount is deposited in the abdominal
(in orthostatic position) or thoracic (antiorthostatic position) regions [8].
As a result, there is a change in ratio between extracellular fluid and total
body fluid, and consequently in the Z1/Z190 ratio. In our experiments with
postural factors, Zi1/Zigo remained unchanged in all cases. .However,‘with change
in position of the body in the earth's gravity field, there is also change

in correlation between organs, in particular, the position of the diaphragmatic
dome, heart, liver and intestine. As a result of shifting of organs in the
examined segments of the thoracic and abdominal cavities, there is change in
weight of probed tissue, and these changes may be significant, as compared to
the displaced extracellular fluid. For this reason, we cannot- rule out the
probability of a phenomenon where the ratio between total and extracellular
fluid remains virtually unchanged in the regions we tested with use of

postural changes. - :

We ruled out the possibility of change in tissue mass in the tested segment of
the body in series of experiments with infusion of strictly metered amounts of
saline and polyglucin. But in this case too, the changes in Z at the frequencies
we used were the same, i.e., there were no changes in 'Z1/Z190 although there

was noticeable increase in share of the extracellular component in the overall
level of hydration. ‘

Consequently, our studies failed to demonstrate a relationship between value of
lezloo:andproportion'of total fluid and its extracellular component in the:
tested segment of the body. -Apparently, such a function could be es;ablished
in the case of measurement of only the active component when the role of the
capacitive component, which has low immunity to interference with méasurements
‘at frequencies of up to 5 kHz, rather than with measurement of impedance, i.e.,
total resistance of the segment. : ‘ B

At the same time, in our studies the Z;/Zjoo ratio-was markedly distinct from 1
in all cases. With consideration of the segment of probed tissue, this ratio
ranged from 1.32 to 1.50, i.e., Z of the tissue segment depends on the fre-
quency of current passing through it. The logical question arises as to the
cause of difference in resistance of tissue segments when probing it with
current of different frequencies if the changes in the body's liquid phases

do not alter the base values of Z1/Zio0. We cannot rule out the possibility
that the tissue cell membrane is permeable to probing. current at both frequen-
cies, but it has 1.3-1.5"times more resistance to a frequency of .1 kHz due to
its capacitive component:. ‘ L cen :
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Thus, the results of studies conducted with animals (postural tests, infusion
of saline or polyglucin [dextran] into the pleural and abdominal cavities,

as well as large intestine) do not confirm the findings of some authors [2, 3,
6] to the effect that it is possible to use two-frequency impedometry to
examine redistribution of fluid in the body.

BIBLIOGRAPHY

1. Naumenko, L. N. and Skotnikov, V. V., "Osnovy elektropletizmografii"
[Fundamentals of Electroplethysmography], Lenlngrad 1975.

2. Charpentier, J., Gontfongea, R., Sale, P. et al., ANN, BIOL ANIM., 1972
Vol 12, pp 173- 178 ' 5 . ‘

3. Jenin, P., Lenoiu, I., Roullet C. et al., AVIAT SPACE ENVIRONM. MED.,
1975, Vol 46, pp 152-155. o ‘ , ,

4. Leach, C. S., ACTA ASTRONAUT., 1979, Vol 6, pp .1123~1135.

5.. McCally, M., Pohl Sh A. and Samson, P. A., AEROSPACE MED., 1968 Vol 39
PP 722 734 ! .

6. 'Salansky, F. and Utrata, F;, PHYSIOL BOHEMOSLOV., 1972 Vol 21, pp 3 7.
7. Schwan, H. P., IRE TRANS MED. ELECTRON., 1955 Vol 3, pp 32 46.
8. SJostrand T., PHYSIOL REV., 1953, Vol 33, pp 202-228.

9. Thornton, W. E. et al., in "The Skylab L1fe Sc1ences Symp051um. Proceedlngs,
- Houston, 1974, Vol 2, pPp 211~ 232 : :

136




UDC: 616.12-008.3-073.731-073. 96
AUTOMATIC DETERMINATION OF CARDIAC OUTPUT FROM RHEOGRAM OF THE TRUNK |

Moscow KOSMICHESKAYA BIOLOGIYA I'AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 19,
No 4, Jul-Aug 85 (manuscript received 28 Oct 83) pp 89-90

[Article by I. V. Sokolova and L. A. Kh:yashcheva]

[Text] Depending on the method of recording the trunk rheogram (TRG) and
theoretical validation of formulas for subsequent calculations, many rheographic
analogues of characteristics of cardiac output are calculated from the ampli-
tude and period of the TRG with use of appropriate multiplicative coefficients.
The technical execution of the system for automatic determination of character-
istics of cardiac output on the TRG in the form of an algorithm for a computer
does not impose restrictions on structure,and:number of coefficients, and it
offers broad research opportunities for studying them in comparison of rheo-
graphy to other methods. I

The algorithm for automatic determination of cardiac output feétures from the
TRG is executed in the form of a set of programs in the FORTRAN-IV algorithmic
language for YeS or SM series computers, and it solves the following problems:

1) Isolation of rheowave as the valid signal in the presenée of interférence;
2) Identification of elementé in the rheowave structure for the &uration of
the cardiac cycle. - s : ‘ ‘

3) Calculation of fheographic characteristics of cardiaé output for the
cardiac cycle. ‘ T

4) Statistical averaging of rheographid characteristics,bf‘cardiac output in
a specified interval for a‘spécified level of significance. :

Isolation of the rheowave as the useful signal in the presence of interference
is a problem of theory of pattern recognition which, in this case, is solved
on the principle of composing a description of rheowave properties that is
necessary and sufficient for error-free separation from interferences. The
baseline properties of the rheogram as an analogue signal for composing such

a description are the working range of the spectrum and periodicity.

The working range of the rﬁéoéigﬁal spectrum in the interval of 0-10 Hz
defines it as a narrow-band low-frequency signal. The chosen interval for
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quantization of rheogram ordinates for time, 15 ms, is 6.5 times greater than
the top frequency of the spectrum and provides for rather high precision in
calculating the TRG amplitude and period. Periodic interference in the range
exceeding 10 Hz is eliminated by means of a digital filter at the appropriate
cut-off frequency. '

Periodicity of the rheowave is used to eliminate aperiodic interference on the
order of drastic shift or significant fluctuations of isoline level, artefacts
arising when the examined object moves, calibration, turning the rheograph on
and off, etc. Periodic interference is eliminated with exclusion from further
consideration of the segment of the rheogram where the noise was discovered.
For this purpose, the analyzed segment of the rheogram'is tested for periodicity
of signal. That periodicity conditions are met is tested in the form of
successive comparison to the appropriate allowances for the” scatter of the
following parameters: values for two adjacent absolute maximums of the first
rheogram derivative for time (the rheowave period is isolated on their basis);
maximums of rheograms for two adjacent periods; rheogram minimums for two
adjacent periods; modulus of difference between period duration calculated
from the first derivative and duration of the same period calculated from the
absolute maximums of the second rheogram derivative for time; values for rheo-
gram ordinates at the points corresponding to period start and end positions.

Failure to abide by any of these allowances is interpreted as the influence of
interference, on the basis of which the analyzed segment of the rheosignal is
excluded from consideration,.a shift is made in the run for duration in one
cardiocycle period to the next fragment and it is subsequently checked in a '
similar manner. Time differentiation is effected by means of a digital
differentiating filter with smoothing by the least squares method and approxi-
mation of the rheogram to a quadratic parabola. :

If all conditions for periodicity of the rheosignal are met, it means that

the rheowave period has been isolated in a given segment and further processing
can be done, i.e., identification of elements of its structure. The elements
of rheowave structure for the period of the cardiocycle are the ordinates and
points corresponding to current period rheogram start and end, the duration

of this period (T) and amplitude of the TRG (A). Identification of structural
elements of the rheowave is both the starting and ending condition for forming
the specifications for performance ["noise immunity"] of the algorithm. For
this reason, virtually all elements (with the exception of amplitude A) of

the rheowave structure for the current period are determined already in the
course of identification of the TRG signal. .

At each period of the rheowave, which was isolated and for which the basic
structural elements were identified, immediate values are formed for the
following characteristics of cardiac output: TRG amplitude (A in ohms), pulse
rate (PR/min), volumetric blood flow rate (FC in Q/s).

A (in Q) is calculated using the following formula:

A = A.h/E (L

where Ach is maximum value of TRG ordinates in the period studied in relation
to its ordinate at the starting point of the rheowave for this period
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measured in V, E is calibration signal (in V/Q) for .conversion of TRG ordinates
(in V) to their standard dimension (in. Q). ‘

The immediate PR (per min) is calculated using the formula:
PR = 60/T (2)
where T is duration of period (in seconds).

The rate of volumetric blood flow determined from the TRG, FC (in Q/s) is cal-
culated using the formula:

| FC = A/T : ‘ 3)

This parameter is included, as an intermediate term, in the formula for deter-
mination of relative volumetric pulse VP .(per thousand), which is calculated
[1] in the following manner: ‘ :

VP, /o0 = A*1000/(R+T) = FC 1000/R - (4)

where R is basic interelectrode ohmic resistance of the area.examined (in Q).
Resistance R forms the level of the isoelectric line of the TRG, and its slow
change in time permits consideration of R as a parametric experimental
constant.

On the other hand, volumetric blood flow rate FC, determined from the TRG, is.
a simplified variant of the more.general expression .for velocity of '
volumetric blood flow F (in Q), which is determined from the rheogram of any
part of the vascular system that is calculated [2] with the following formula:

F= (A+B)/T ' (5)

where A is amplitude of the arterial component of the rheogram (in Q) and B
is maximum systolic value of venous component of the rheogram (in Q).

The arterial and venous components of the rheogram reflect volumetric pulsed
fluctuations of delivery of blood in the arterial and venous compartments,
respectively, of the tested vascular region, which are related to propagatioﬁ
of the pulsed wave of blood and occur in relation to intrinsic constant
components of interelectrode ohmic resistance that are components of R.

As a rule, for the TRG (unlike rheograms of other vascular regions), the
amplitude of the arterial component coincides virtually always with the

TRG amplitude, while the maximum systolic value of the venous component is
low enough to be disregarded. If we also consider that it is virtually
impossible to isolate the constant’ elements of arterial and venous components
of the TRC in resistance R that forms the isoline level, the velocity of
volumetric blood flow FC determined from the TRG is a rather interesting
independent feature of cardiac output. :

Statistical averaging of rheographic characteristics of cardiac output is

done for a 45-s interval and 0.1 level of significance. The values for the
calibration signal E (V/Q) and ohmic resistance R () are given in the form
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of parametric experimental constants.’ The results of automatic TRG processing
are written up 'in accordance with the appropriate protocol in the form of a
table indicating the date of the experiment, its code name,. surname of

subject and digital values of rheographic characteristics of cardiac output
determined from the TRG. Operation of the system has been tested in space
investigations. .
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[Article by S. S. Pashin and G. I. Solomin]

[Text] Man's long-term presence in pressurized environments (PE) imposes
certain requirements of the composition of .the artificial atmosphere in
space vehicles. It is important for there to be no odors of various impurities.
The latter is attributable to the range of reflex effects of chemicals through
receptors of the upper respiratory tract on other analyzers, functional state
of the central nervous system, various organs, systems and the body as a whole.
Thus, some compounds elicit a number of reflex effects when introduced into

the upper respiratory tract, primarily a trigeminal effect that is manifested
by inhibition of respiratory center function, slowing of heart rate and blood
pressure drop [3]. Experiments involving stimulation and successive deafferen-
tation of the isolated upper respiratory tract revealed that it is of decid-
ing significance in such reactions [5]. The purely olfactory effect of
chemicals can also be an adverse factor. A, I.. Bronshteyn [1], who tested

the effect of brief exposure to various odorous’ stimuli on change in func-
tional lability of nervous processes in the cerebral cortex, discovered that
inhalation of fumes of compoiunds, the odor of. which is subjectively perceived
as unpleasant, diminishes functional lability and this affects man's work
capacity. Odorous stimuli can be the cause of development of severe headache,
vertigo and nausea. Low concentrations of odorous agents in the air could,

if exposure is prolonged, elicit accentuation .of sensitivity to them and

lead to intolerance to these odors. In some cases, the sensitizing nature of
the effect can be demonstrated even with short-term (5-15 min) inhalation of
air containing odorous agents [4].

‘It is particularly undesirable to have persistent odorous stimuli in the atmos-
phere of a pressurized environment, and for‘ﬁhi% reason odorimetric studies
are a mandatory stage of setting hygienic standards. However, such studies
are performed under ordinary laboratory conditions, without consideration of
the possible functional changes in the olfactory analyzer related to long-
term isolation of an individual. Yet information of this kind, which has not
been reflected in the literature, could be of great practical value for
correction of hygienic standards as they apply to PE. Our objective here was
to demonstrate any possible functional changes in the olfactory analyzer
during ‘long-term exposure of man to the artificial atmosphere of a pressurized
chamber.
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Methods

This study was conducted on 3 subjects who spent 3 months in a pressure chamber
with normal levels of the main components of air. The functional state of the
olfactory analyzer was assessed by the threshold of the odor of the tested
agent in each subject at different stages of their stay in an artificial atmos-
phere. Odorimetric tests were performed at 2-week intervals in order to rule
out any possible factors of adaptation and sensitization of the analyzer.
Pressure chamber conditions did not enable us to use the traditional approaches
to evaluation of the threshold of olfactory sensation, and for this reason we
used a modification of known static methods [2].

We first produced specific concentrations of the tested agent in Zeger pipettes
(200 mf). Using a silicon tube, the subject alternately comnected each of the
pipettes to bulbs introduced in the nostrils to form a seal, opened both valves
of the pipette and performed a forced inspiration (smelling motion). In order
to provide the required concentrations in the pipettes, a microbatch of the
tested agent was put in a desiccator with a magnetic mixer. After evaporation
of the agent from the desiccator a syringe was used to collect an air sample
of a specific volume, which was determined using the following formula, depend-
ing on the required concentration:

v, = VzeV3eC
m
where V;, Vy, V3 are volumes of the syringe, pipette and desiccator (in %),
respectively, C is the required concentration (mg/%) and m is the batch of
agent (mg). This volume of air, which contained fumes of the tested agent,
was transferred from the syringe to the pipette. Air samples were examined
by a chromatographic method to monitor concentration levels.

To assure introduction of the agent in a leak~proof manner into the nasal cav-
ity, we individually fitted the bulbs for each subject; the bulbs consisted
of an plexiglas attachment connected to a glass three-way tube. Each of the
subjects was given 9 pipettes with different amounts of the tested agent, and
4 of them were fllled with pure air, serving as a control.

We selected butyl acetate as the tested agent, since it has been identified the
most often among the gas emissions from nonmetal materials used to outfit PE.
This was confirmed by the results of sanitary and chemical tests of the at-
mosphere of a mock-up of the Salyut-6 orbital space station [7]. The results
of preliminary chemical tests revealed that the concentration of butyl acetate
was close to nominal.

Results and Discussion

The results of odorimetric tests enabled us to demonstrate that there is the
same direction of changes in acuity of olfaction in the subjects, while

there were individual differences. As can be seen in the Table, the threshold
of butyl acetate odor dropped on the average from 0.02 to 0.002 mg/% during the
stay in the chamber, i.e., to 1/10th the baseline. This is indicative of sig-

nificant intensification of sen51b111ty of the olfactory analyzer to presence
of butyl acetate in inspired air as early as 1 month after the start of the

study. Thereafter, sensitivity of the olfactory analyzer showed virtually no
change, and the threshold for butyl acetate odor held at close to 0.002 mg/%.
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Apparently, the demonstrated heightening of sensitivity of the olfactory analyzer
is a reaction to the effect of long-term isolation.

Change iﬁ’threshélq for odor of butyl acetate (mg7i) in subjects at
different stages qf stay in.pressure chamber ‘

Day of observation

Subject Basellﬁe TS ' I N [ 2 T .70.
I-n 0,029 0,016 | 0012 0,0043 ~ | 10,0018 0,006
K-ch 0.016 0,0032 0.0012 0.00034 0.00018 0.00015
M-v 0,016 0,0032 0,0014 - 0.00086 0,0005 0,00053

¥ 02 .| 0.0075 0,0049 0.0018 0,00083 0,0025
+0 0.0043 | - 0,0043 0,0029 0,0012 0,0005 10,0013
P — | =005 <0,05 <0,05 <0,05 <0,05

There is information in the literature to the effect that general functional
level of the central nervous system declined in experimental,énimals, not only
during total but relative sensory isolation. Even insignificant changes in

the stereotype of conditioned stimuli could lead to impairment of higher nervous
activity [8].

The artificial atmosphere in a PE can be viewed as a factor of sensory isolation
of the olfactory analyzer, since the air in closed environments is virtually
wanting in the customary range of odorous stimuli but can contain trace impuri-
ties that are recorded by the olfactory receptors relatively seldom under
ordinary conditions. For this reason, the changes we demonstrated in these
studies may be a compensatory and adaptive reaction to this factor. On the
other hand, the demonstrated effect could be related to change in general
functional state of the central nervous system. An analogous situation pre-
vailed in a study of the effect on man of social isolation and sensory depriva-
tion [9], as well as of constant monitoring by the researcher of the subject
when the latter was totally isolated [6]. In addition, it should be noted
that an individual in a closed environment, which does not exclude the pro-
bability of an emergency situation, is under some psychological stress, for
which reason the olfactory analyzer acquires special significance as a rather
sensitive apparatus that permits rapid registration of changes in gas composi-
tion of the artificial atmosphere and can prevent undesirable consequences.

For this reason, olfaction may be heightened.

_The findings make it necessary to consider not only the intensity of odor of
chemicals that are subject to hygienic standards, but change in sensitivity of
the olfactory analyzer to these compounds. The changes may be selective, and
for this reason correction of maximum allowable concentrations may vary for

different agents. '

Consequently, odorimetric studies should be one of the stages in setting
hygienic standards for chemicals in the air of PE. We cannot rule out the

possibility of compensation of changes in olfactory analyzer function by
means of certain preventive agents. Thus, if we consider sensory isolation
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of the analyzer to be the main factor affecting olfactory function, addition
to the artificial atmosphere of a set of chemicals (mainly of natural origin),
which do not form a persistent odor, may be such a preventive measure. One
should also take into consideration the individual distinctions of a person,
his subjective perception and objective signs. Such measures require

special investigations in order to determine scientifically wvalidated and
optimum parameters for composition of an artificial atmosphere.
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[Text] The basic components of sebaceous gland secretions’ are triglycerides,
which are hydrolyzed to free fatty acids, monoglycerides and diglycerides on
the skin surface, under the effect of lipases of microorganisms and other
factors [8]. Studies of the microflora of the skin surface revealed that it
contains aerobic staphylococei, anaerobic propionobacteria and fungi which
have lypolytic activity [4, 6]. A correlation was established between quantity
of microorganisms of the micrococcus family and acne propionobacteria on

the skin, on the one hand, and rate of formation of free fatty acids (FFA)

of sebum cutaneum, on the other hand [2].

The bactericidal and fungicidal properties of the skin are attributed to the
presence of FFA on its surface [8-10]. The authors of hypotheses on the
pathogenesis of acne simplex believe that inflammation of the follicular wall
of a sebaceous gland is related to the irritating effect of FFA [3, 7, 11].
It has been established that saturated fatty acids with chains of 10-18 atoms
of carbon have comedogenic activity [5]. . g :
Because of the high sensitivity and informativeness of gas chromatography, it
has gained wide use in the last 10 years in biomedical investigations [1].

Our objective here was to develop a gas chromatography method for examining
the FFA of sebum cutaneum.

Methods

The subjects took a shower in the evening, but did not shave or wash in the
morning. Sebum cutaneum washings were applied 12 h after the shower (from
1000 to 1100 hours). A glass cylinder (17 mm in diameter) was placed on a
section of the skin; it was filled with 5 mQ mixture of ethyl alcohol and
ethyl ether (1:2), kept there for 10 s and decanted into a test tube., This
procedure was repeated twice. The combined washings were kept for further
tests at the temperature of a freezer, -5°C.
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Figure 1.

Chromatogram of methyl ethers of

FFA of dorsal skin lipids
Here and in Figure 2:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)

myristic (14:0)
pentadecanoic (15:0)
palmitic (16:0)
palmitoleic (16:1)
(17:0+16:2) '
stearic (18:0)
oleic (18:1)

(19:2)

arachic (20:0)
(21:0)

not identified
behenic (22:0)
(23:0)

lignoceric (24:0)

Recovery of methyl ethers of fatty acids
was effect in standard solutions of acids
using BF j-methanol (147) reagent of the
Fluca firm (FRG). Optimum conditions for
etherification were selected on the basis
of evaluating fullness of methylation of
standard FFA solutions in the presence of
bound acids. We obtained a calibration
function for quantity of methyl ethers as
related to quantity of FFA in the presence
of triglycerides, esters of cholesterol
and phospholipids. Lipid extract was
evaporated from the skin surface (5 m{)
in a flow of nitrogen; we added 0.5 m{

BF ;-methanol reagent (147%) and allowed it
to stand for 10 min at room temperature.
We then added 0.1 m% zinc acetate (2%
solution) and shook the mixture. The
obtained methyl ethers were extracted
twice with hexane (0.4 m%). The combined
batches of extracts were evaporated in
nitrogen; we then added 20 pf CCl, and
placed 4 Y& solution in the chromatograph.

We used a Tsvet-100 chromatograph with
flame-ionization detector and glass column
4 m long filled with 5% diethylene glycol
succinate on gasochrome Q. Velocity of
nitrogen carrier gas constituted 50 mf&/min,
hydrogen 40 m%/min and air 300 mQ/min.
Operating temperature for column was 100-
200°C (programming at 3°C/min) and 180°C.

We examined lipid extracts from the surface of the face, hands and back of
healthy men in two age groups (25-35 and 45-55 years).

(a)

% 3 AN /\

7

(%)

A

(b)

1

%

7

Figuré 2. Chromatogram of methyl ethers of 1lipid FAA on facial skin
surface of men 25-35 (a) and 45-55 (b) years old
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Results and Discussion

The studies revealed that higher fatty acids with carbon atom number of 14-24
were the main components of skin surface lipids. Figure 1 illustrates a
typical chromatogram of lipid washings from the dorsal skin. Table 1. lists
the composition of FFA in lipid washings from the skin of the back and hands
of men 45-55 years of age. We failed to demonstrate appreciably differences
in composition of sebum FFA between the two skin areas in this age group.

Table 1. Table 2.
FFA corntent (%) in lipids on skin FFA content (relative %) in lipids on
of the back and hands of men 45-55 facial skin of men in the two age
years of age (Mim) groups
— _
Acid code Skin surface of . Subjects' age, yrs
back hand Acid code
. 25 —356 4555
14:0 4,91+0,44 | 3,36+0,35 .
16:0 23,93+1,53 | 22,89-£0.76 16:0 94,19%1,22 | 17,835:0,65
61 10,75:£1,16 | 9,63£0,75 16:1 17.41£1.62 | 13.582.30
18:0 5,55:0,44 | 7,980,660 180 3,7550,45 | 4,09+ 1,35
18:1 14,2641.26 | 17,26-00,43 181 13.56+0.70 | 13.91= 1,31
20:0 0,74:£0,13 1 0.910.28 20:0° 0,342:0,14 | 0,957:0.33
210 0,95£0,27 | 0,38£0,14 21:0 0,40+0,12 | 1,87£0.87
Not igc_antified 0,234+0,16 | 0,21+0,21 Not identified 019+0,13 | 0,57-£0.50
23;8 gg{i‘?’gf 4a90.59 : 92:0 11250042 | 3.68£0.56
: 011 AokIo 23:0 2,21%£0,31 | 5,1940,63

Figure 2 illustrates typical chromatograms of ethyl ethers of FAA in lipid
washings from facial skin of men 25~35 and 45-55 years of age. Table 2 lists
the composition of FAA in 1lipid extract from washings from facial skin
surface of men in the two age groups. A comparison of these data revealed
that there was a higher percentage of biologically valuable C;y~C;g-acids

and a lower percentage of long-chain Cy¢-Czy acids.

Thus, we demonstrated differences in fatty acid composition of 1lipids in
facial cebum in males of different age groups, which requires a differentiated
approach to selection of hygienic agents.

In view of the lack of appreciable differences in fatty acid composition of
sebum cutaneum on the back and hands, it is recommended that the physiological-
hygienic condition of the skin be evaluated in washings from the hand skin
surface passed through a "sluice," similarly to how venous blood is drown

for biomedical tests. :

The proposed method of gas chromatographic analysis permits evaluation of the
composition of the main fraction of skin surface lipids, FFA.
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[Text] Closteriopsis acicularis var. africana Hlnd unicellular green algae
attracted the attention of researchers because, unlike Chlorella, it has a
readily broken down cell membrane and, according to preliminary data, its bio-
mass contains considerable amcunts of readily assimilated carbohydrates. It .
is felt that inclusion of this alga in the photogutotrophic part of a biological
life-support system (BLSS) for man could optimize its features considerably.

One of the main questions in studying unicellular algae as applied to human BLSS
is their biogenic element requirements. Such knowledge is necessary in order

to provide optimum mineral nutrition for algae and high productivity, but

mainly to maintain these conditions on a specific level during continuous cul-
tivation in the mode of medium recirculation, which requires constant replenish-
ment of biogenic elements in strict accordance with their removal with the
collected harvest [3].

Previously, this form of algae had not been the object of laboratory investiga-
tion, and we found no information whatsoever in the literature concerning its
mineral nutrition and requirements as to the individual biogenic elements., Our
objective was to obtain data on biogenic element requirements of algae during
accumulating cultivation under different cultivation conditions.

Methods

We conducted experiments under two different cultivation conditions: 1) extensive,
in flasks illuminated by fluorescent 10-12 klux lamps with around the clock
aeration with a mixture of air and 1-2% CO,, and 2) intensive, in a rotation

type reactor with up to 60 klux illumination on the surface and aeration with

air with CO, in a concentration of 2-5%. Algal biogenic element requirements
were studied according to removal of elements from the medium during culture
growth. and their accumulation in biomass. The first stage of these studies,

to which this report pertains, was conducted with accumulating cultivation of
algae. Removal and accumulation of elements was studied in the linear segment

of the growth curve in the presence of all elements of mineral nutrition.
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When we started using this form in laboratory cultivation, we proceeded from
the fact that it is a representative of\chlorocodcal algae; consequently,

its biogenic element requirements could be similar to those of the well-
studied Chlorella. For this reason, we first used a nutrient medium that

had been previously developed for intensive cultivation of Chlorella [2].
Preliminary experiments were conducted with it. They revealed that Closteri-
opsis, just like Chlorella, grows well with use of different sources of nitro-
gen (nitrates, urea and ammonia nitrogen), and they tolerate high concentra-
tions of nitrogen in the medium. The form in question does not require
macroquantities of sodium and calcium in the medium. The optimum range of
medium acidity for it was found to be similar to the one previously found for
Chlorella, and it constituted 6-8. ' '

Results and Discussion

Table 1 lists the amounts of elements removed and accumulated in both modes of
cultivation of Closteriopsis. '

Table 1. : Table 2,
Amounts of mineral nutrients removed Composition of balanced, corrective
from medium and accumulated in biomass solutions for continuous cultivation
(mg/g dry matter) in accumulating cul- of Closteriopsis (mg/g dry matter)
tivation of Closteriopsis ' ' :
A ol ‘l Cultivation
=i v - .. iti
g g a R - g LT Qe Mineral salt conditions
- o 0 > =] od -~ ~ n- |1 -
2.9 1818 eal BIE |04 exten-|inten
~ 0 & 0| € 6g| bLojHO sive | sive
= B B —~ Q M a U -~ e
OP™” |m|gwueEl A |DY ‘
- KH,PO, . 68,0 22,0
Extensive 1;1 TOQf?é Z?g:;: 29,1 MgS0,-7H,0 - 63,0 37,0
s |'370F0s| a5x003] voo HNO, 360,0 191,0
Mg 6,2+0,2 H.4+0,23 87,1
i N |e2.5%3.0 N TR
Intensive | § %5350 6| 105k 0l4| o6l
S 3.3+0,5 3,240,2] 97,0
ll\gg 3,60,9 g‘.])-‘-‘g(; %05
— A0 -- .
: The data in Table 1 show that in the
accumulating mode Closteriopsis cell
Ve s biogenic element requirements depend
Note: Means and arithmetic mean g . 4 .o . P
. on the degree of intensification of
error are listed from X . ,
. . the cultivation process. With high
8 replicas of experiment. . R X
: intensity of light, when algal out-

: put reached 10.0 g/%/day, element
requirement diminished, particularly N and P. In biomass grown under intensive
conditions, there was 1/2 the N and 1/3 the P in comparison to cells grown
under low illumination (culture productivity was about 1 g/%/day). These
findings are indicative of high lability of chemical composition of biomass
in the form of algae we studied. N uptake by Closteriwpsis cells, which
was 42.5 mg/g dry matter with intensive cultivation, was close to the critical
level for Chlorella. A decline in nitrogen content of Chlorella cells to
this level, with nitrogen starvaticn, leads to total arrest of algal growth.
This concentration of N in Chlamydomonad cells results in about 50% of nominal

rate of biomass increment [1].
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A comparison of removal of elements from the medium to their accumulation in
biomass demonstrated a difference in the direction of decreased accumulation,
as compared to removal. Thiis decrease was minimal for anions and did not ex-
ceed 10%, which is indicative of a high degree of utilization by cells of ele-
ments absorbed from the medium. This difference is attributable essentially
to secondary release into the medium of absorbed elements in the form of meta-
bolic products. The extent of these differences was about the same as for
Chlorella [2]. : ' :

We made calculations for‘corrective solutions to be used in nonflow-through
cultivation of Closteriopsis on the basis of the obtained data on removal
of elements with biomass (Table 2).

Preparation of formulas for corrective solutions enables us to turn to the
next stage of investigation of this form of algae, i.e., development of techno-
Jlogy for continuous cultivation with recycling of medium.
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