@ https://ntrs.nasa.gov/search.jsp?R=19780008665 2020-03-22T06:16:12+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



s r 3 TR R ———— + -l L -
2 |
.

NASA TECHNICAL MEMORANDUM NASA TM 75073

DYNAMICS AND CERTAIN MECHANISMS IN THE CHANGES OF
THE SKELETAL-MUSCULAR EYSTEM OF MAN UNDER BEDREST CONDITIONS

V. 8. Oganov

(NASA=TM=75073) DYNAMICS AND CERTAIN N78-16608
MECHANISMS IN THE CHANGES CF THE

SKELETAL-MUSCULAR SYSTEM OF MAN UNDER

BEDREST CONDITICNS (Naticnal Peronautics and Unclas
cpace Administration) 37 f BC AQ3/MF AOQ1 G3/52 01887

Translation of "Dinameka i nekotoryye mekhanizmy izmeneniy *
v opornomyshechnoy sisteme cheloveka v usloviyakh postel'noga
rezhima", "Interkosmos" Council, Academy of Sciences U.8.8.Ry
and Directorate of Space Biology and Medicine, Ministry of
Health, U.S8.8.R., Moscow, Report, 1977, pp. 1=L0,

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D. C. 20546 DECEMBER 1977

T E T ———— g ——— —— e —



:
| STANDARD TITLE PAGE
| 1. Report No. 2. Goverament Accession No. 3. Recipient's Cotelog No.
| NASA TM T5073
|
| 4. Title and Subnitle 5. Report Dare
. i : . * December, 1977
Dynamics and Certain Mechanisms of the Changes -
] = ? 6. Petlorming Oiganization Code
of the Skeletal Muscular System of Man under
b ey et ot
1. Authorls) 8. Perlorming Organinetion Report Ho.
V. G. Oganov
10, Work Unit No.
< 11. Contract or Giant Ne.
9. Perlorming Orgonization Name and Address NASw-1791
SCITRAN 13. Type of Report and Period Covered
SN 3439 Translation
k-_&nnm_muu,_u_m
12. Sponsoring Agengy Name ond Address
Wational Aeronautics and Space Administration
Washington, D.C, 20546 14, Spensoring Agency Code
15, Supplementary Notes
Translation of "Dinamika i nekotoryye meklianizmy izmeneniy v oporno-
myshechnoy sisteme cheloveka v usloviyakh postel'nogo rezhima", “"Inter-
kosmos' Cowmeil, Academy of Sciences U.8.8.R. and Directorate of Spac
Biology and Medicine, Ministry of Health, U.85.8.R., Moscow, Report,
1977, pp. 1=L0,
16, Abstroet
A vast amount of literature has peen dedicated to the study of the
gtate of the human muscle-support system under conditions of hypo-
kinesia. This report presents the results of reserach on the indi-
cated topie which was mainly conducted in the Institute of Medical
and Hiological Problems with the participation of colleagues from
other institutions.
17, Key Words ‘SHOCIIG by AII"'IOI{'" 18, Disteibution Statement
; Unclassified - Unlimited
|
i
‘ 19. Security Classil, (of this report) ’n. Security Classil, (of this page) 2i. No. of Pages I??. Price
| = 4 a t
Unclassified l Unclassified 3 l |
' _—
| U RS & PR —— - i e Suntil - PRp— -




“INTERKOSMOS" COUNCIL OF USSR ACADEMY OF SCIENCES
ADMINISTRATION OF SPACE BIOLOGY AND MEDICINE
USSR MINISTRY OF PUBLIC HEALTH

(MOSCOW 1977, NO.10/77-1]

DYNAMICS AND CERTAIN MECHANISMS IN THE CHANGES IN
THE HUMAN MUSCLE-SUPPORT SYSTEM UNDER BED REST CONDITIONS

A vast amount of literature has been dedicated to the study of the state Zl*
of the human muscle-support system under conditions of hypokinesia. This
report presents the results of research on the indicated topic which was mainly
conducted in the Institute of Medical and Blological Problems with the parti-
cipation of colleagues from other institutions.

The bed rest conditlons in the experiments had two variants: the longitudinal
axis of the body perpendicular to the vector of gravitational forces (clinostatic
hypokinesia--CH) and the cranial portion of the body inclined from the horizontal
by -4° (antiorthostatic hypokinesia--AH). The duration of the bed rest fluctu-
ated in various experiments from 30 to 182 days. The state of muscles and
neuromuscular system was judged on the basis of the recording of various funectional
indices, as well as by certain results of morphological and biochemical studies
and the data from study of the motor functions.

I. Functional Characteristic of the State of Skeletal Musculature

In order to evaluate the state and functional reserves of the skeletal
muscles a study was made of the dynamics for the change in muscle mass and the

*Numbers in the margin indicate pagination in the original foreign text.
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"hardness" of the muscle tissue, the strength indices and the endurance of
individual muscle groups, the excitability and electromechanical efficacy of

the nuscles,

In the process of clinostatic hypokinesia there naturally was observed a
reduction in the volume of muscles progressing with an increase in the duration

of the bed rest. The pronounced nature of the changes in the perimeters was the [g

greatest in the crus and was 5-6 cm by the ond of a 120-day bed rest pattern,
The changes were viewed as a consequence of atrophiec processes, more pronounced
in the leg muscles. However, the more rapid, although not complete, restoration
of rerimeters in the crus after the end of the experiment permitted the hypo-
thesis that either atrophy of the muscles was accompanied by a weakening of their
function related to the guarantee of venous return, or, besides atrophy, a
disorder occurred here in the regulation of the regional circulation [31].

Under conditions of antiorthostatic hypokinesia, th» degree of change in
muscle mass of the crus was also directly dependent on the duration of the
e;periment, By the end of the 182-day bed rest pattern the crus volume was
reduced by 26% from the original level, The femur dimensions after the initial
reduction had the opposite tendency. By the end of the 182-day experimen'. the
volume of the femur was 33 greater than the norm. Here, apparently, are more
clearly manifest the changes in circulation regulation and/or reduction in
the operation of the "muscle pump", which to an equal degree can produce
congestion in the vessels of the femur and small pelvis (fig. 1).

Study of the hardness of the muscle tissue,as one of the indirect indices
of muscle tone,revealed its essentially similar reduction under the influence
of both versions of bed rest. We must note the procedural imperfection in the
study cof muscle tone on the bhasis of evaluating "hardness" of the muscle tissue,
Nevertheless, changes in the muscle dimensions and indices of "hardness" of
muscle tissue in both variants of the bed rest pattern were expressed more in

the muscles of the lower extremities,

Under conditicns of antiorthostatic hypokinesia of varying duration pro-
gressive reduction in the maximum strength of the muscles was naturally noted.
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After 182 days of AH the strength of the muscles in the crus and torso was
reduced by 18.4% and 39.9% respectively, while the hypodynamics of the brachial
muscles was expressed to a lesser degree (fig. 2). An analogous nature of
changes was noted in the study of static and dynamic endurance (fig. 3), which
testified to the reduction in the reserve possibilities of the skeletal muscu-
lature,

In the process of bed rest the dynamics was traced for excitability and
lability of the musculus biceps brachii and musculus quadriceps femoris,
Changes in the rheobase indicated a reduction in the direct excitability of the
muscles which progressed with an increase in the duration of the experiment and
reached the maximum at the end of the 182-day bed rest pattern (fig. 4). The
frequency limits for assimilation of the rbythms of electrical stimulation were
also lowered. The impairment in lability of the neuromuscular conduction was
the most marked in the 7-8 week of the experiment., The degree of change in the
studied parameters in the musculus quadriceps femoris was more pronounced than
in the musculus biceps brachii (fig. 4).

It was established by investigating the electrical phenomena in the muscles
that the mean amplitude of electromyograms at rest or during the test with
maximum contraction has a tendency to drop under conditions of bed rest 32,33,
The most significant changes in the amplitude characteristics of the EMG were
noted in the distal muscle groups and especlially in the leg muscles.

Lengthy limiting of muscle activity was also accompanied by certain
qualitative changes in the EMG. During hypokinesia of varying duration on the
interference MG (most often the musculus gastrocnemius) spontaneous outbursts
of activity of an unusually rare frequency were observed, as well as individual [&
potentials of fasciculation (see also LI]). These phenomena are usually
assocliated with an increase in excitablility of the motor neurons and the
development of conditions promoting synchronizatlion.

In favor of this hypothesis were data from a study of the reflex activity
of the spinal chord (N-reflexes) and the activity of individual motor units (MU).
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In the seventh week of clinostatic hypokinesia a reduction was established in
the thresholds for summoning the N-reflexes in the musculus gastrocnemius, an
increase in the ratio of N/M-responses and a decline in the duration of MU
potentials.

Data on a reduction in the mean amplitude of EMG during hypokinesia to
a certain extent contradicted the results of the EMC study after space flights.
When the cosmonauts fulfilled adequate muscle work in the period of readaptation
an Aincrease was noted in the amplitude and a decrease in the frequency of MG
oscillations LZi]. which testified to the greater intensity of muscle contractions.

The effort to make the EMG a more informative index resulted in the develop-
ment of a new method for functional diagnosis of the state of muscles on the
basis of evaluating the bioelectric cost of their mechanical effects. The
integral value of the electrical energy in the crus muscles was measured during
random rhythmic plantar flexures of the foot under a standard load.

A statistically reliable, monotonous increase was established in the
integral EMG during the 7-10 weeks of bed rest in the antiorthostatic position.
This indicated, according to our concepts, the impairment in electromechanical
efficacy (EME) of the given group of muscles. With longer periods of bed rest [ﬁ_
(to 182 days) the changes in EME were of a fluctuating nature (fig. 5).

Restoration of the EME after seven weeks of hypokinesia occurred in the
course of three weeks of the readaptation period with the use of rehabilitation
measures (fig. 6). Restoration of the studied function of the crus muscles
after 182 days of bed rest took roughly 5-7 weeks according to preliminary data.

IT1. Morphological ani Biochemical Studies

Studies were made on blopsy specimens taken from the musculus soleus of
six subjects on the thirtieth [3] and ferty-ninth [3] days of antiorthostatic
hypokinesia. Biometrically it was shown that there was a statistically
reliable reduction in the volume of red and white muscle fibers on the average
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by 3% and 227 respectively [42].

Electron microscopic data indicated that the bed rest (AH) was accompanied
by marked structural changes in the contractile apparatus (separation of myo-
fibrils, local lysis, thickening and destruction of Z-striame), Histochemical
studies revealed shifts in tne lovel of oxidizing metabolism.

After lengthy hypokinesia a decrease was noted in the content of sarcoplasmic
and especially contractile prcteins in the musculus soleus (table 1), which
could be a manifestation of intensified catatolic processes. At the same time
the activity of the aspartate aminotransferase and alanine aminotransferase was
noticeably irrreased in the subjects after lengthy bed rest. Apparently, the
intensificatlion in catabolism on the feedback principle elicited activation of
enzymes participating in synthetlc processes L9].

Certain data of blochemical analysis of blcod and urine were also viewed as [g
an indication of the intensification in catabolliec processes in the muscle,
This was shown by the increase in content of creatine phosphokinase in the blood
L39]. increased removal of nitrogen and phosphorous from the urine LiZ] and
increased nitrogen creatinine in the urize [ 3].

It is appropriate here to cite certain results of morphological and
biochemical analysis of muscles after space flight lasting 23 days (material
from the autopsy of the"Salyut-1" crew). On the background of on the whole
normal muscle structure of the crus and femur signs of atrophy were observed in
individual muscle fibers and focal dystrophy. Fibers were found which were
increased in volume, with homogeneous sarcoplasma; a reduction was noted in
the diameter of certain fibers with a considerable increase in the number of
nuclei extended into a chain, and losses in the transverse and longitudinal
striation of individual) fibers., In single fibers sections were found of
coagulation necrosis, "marginal swelli:g" of the sarcoplasma (according to the

data of V, V, Portugalov and co-workers),

Biochemical studies of the same material did not reveal gross signs of
muscle atrophy. The quantity of general and sarcoplasmic proteins did not




change in the deltoldeus, gastrocnemius and quadriceps femoris musculi, At the
proteins of the T fraction and a reduction
n actomyosin, The described changes had a focal nature

same time there was an increase
in the contractil
the initial signs of dystrophy, more pronounced in the lower

extremities (according to the data of M, S. Gayevskaya and co-workers),
III. Neurological Status aud Motor Functions

In the set of neurological disorders accompanying lengthy bed rest several /7
characteristic symptom-complexes are usually distinguished which are classified
as astheno-neurotic, hemodynamic, painful syndromes, syndromes of neuromuscular
and statokinetic disorders. The last two are important for this report. Certain
manifestations and the dynamics for the development of the syndrome of neuro-
muscular disvrders in the process of seven-week bed rest in the antiorthostatic
position are presented in fig. 7. Here attention is drawn to the reanimation of
the tendon reflexes with signs of asymmetry and increase in the plantar reflexes
with pathological signs. In longer periods of bed rest these symptoms were
intermittent, They, in addition, agreed with the activation of the reflex
activity of the spinal cord previously noted on the basis of recording the
M- and N-responses.

The statokinetic disorders found in clinical observations were expressed
in the disruption of stability and coordination of automated motor habits
(locomotion) and preservation of the vertical pose.

On the whole the clinical observations permitted detection of greater
markedness in the syndrome of hemodynamic disorders (all the way to cerebral
synotomateiogy) under conditions of antiorthostatic hypokinesia in compariscn
with bed rest in a horizontal position.

Clinical signs of the statokinetic syndrome were confirmed in the study of
motor functions with the help of quantitative methods of study. After hypokinesia
in the majority of subjects a reduction was observed in the mean rate of move-
ments due to a shortening in the length of the double step and an increase in
the rate of walking L3?. hi]. Simultaneously there was an increase in the
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scope of tha coxofemoral, knee and talocrural joints, which indirectly ialicated

the unaconomical nature of the structure of walking. The described changes in [g
the kinematics were noted in both types of hypoklnesia, had an adaptive nature

and permitted the subject under conditions »f a disorder in movement coordination
nevertheless to maintain a rate of advunce close to the initial., The indicated
changes in step were combined, according to data of movie film, with an increase

in torso fluctuations in transverse and longitudinal directions Lhi].

A reduction in the stability of the vertical pose in the early stager of
bed rest in clinostatic and antiorthostatic positions was stabilographically
established, At the same time the amplitude of oscillation of the common
center of gravity in the body increased in comparison with the norm 1.5-2 times
and more |15,

IV, Possible Mechanisms for the Change In Functional State of Skeleval Muscles

Ahalysis of the findings permits one to state that the stay of a man for
a long time under bed rest conditions was accompanied by the development in the
skeletal muccles and neuromuscular system of a set of changes which, in our
opinion, are well defined by the term "functional atrophy" Lh&]. It is expressed
in the reduced muscle mass and hardness of musclesj; decrease in the strength of
muscles and thelr endurances drop in excitability and functicnal mobility;
increase in the bloelectric "cost" of the mechanical effect. Alsoc noted were
certain morphological and blochemical signs of the development of the atrophic
process in the muscles, All of this was accompanied by a disruption in movements
at various levels of its organization,

The described picture agrees well with the changes in the functions of
muscles in cosmonauts after space flights [2, 13, 14, 20, 21, L4, 46, 64], This
is fairly clearly manifest also in the preeminent reduction in the functional ZQ
potentialities of muscles in the lower extremitlies and torso in comparison with
the muscles in the shoulder girdle [2, 21, 64,

Comparison of the effects of clinostatic and antiorthostatic positions did
not reveal essential differences in the main functional indices., Some observed
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differences in the dynamics of the changes in perimeters of crus and femor were
apparently governed by the fac® that the antiorthostatic position is accom-
panied by a more nronounced development of weakness in the venous "muscle pump.”
This is possibly not only a seconda:, result of progressive muscular atrorhy,
but also a consequence of the reconstruction of regulatory mechanisms in the
circulatory system,

Data of biochemical studies under conditions of bed rest mainly also
correlate well with the results of space flight L12. 5k, 68]. However, certain
analogous studies did not find such significant changes either in the metabolism
of the organism tissue Luo] or in the structure and metabolism of muscles (analysis
of autopsy material on "Salyut-1" crew, see above),

In this respect attention should be drawn to the opinion of Sandler L62]
and many other researchers that flight experiments are not without known
deficiencies: emall number of targets of observation, differences in the con-
ditions and tasks of flights, in the composition and volume of preventative
measures significantly masking the true nanjfestations of changes, limited
opportunities for studying the dynamics of the phenomena. Experiments on animals
in spece, which in particular, are not "protected" by anything from the effect
of weightlessness, were free of some of these deficlencies.

The resulte of research on the blosatellites revealed that after the animals
had been in space for 20-22 days ("Kosmos-605" and "Kosmos-690") certain [lg
contractile functions and biochemical properties of t'e studied muscles (long
extensor of the digits and soleus) underwent noticeable (statistically signi-
ficant) changes; inhibition in the occurrence of single responses, losses of
strength (fig. 8) and elasticity of muscles (fig. 9), reduction in functional
mobility and resistance to fatigue. 1In the musculus soleus, besides a greater
markedness of these changes, an acceleration was also noted in the development
of tetanic isometric contraction (fig. 10). The main characteristics for the
functional activity of muscles for the 26 days of the animals' stay on earth
statistically did not differ from the level of control values, with the exception
of indices for strength and elasticity |28, 29],
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One of the maln features of the study resultes consists of the fact that
the noted changes are more pronounced in the musculus soleus, related, in all
probability, to i1he morphofunctional differences between the studied muscles.
The musculus soleus, as is known, consists primarily of "slow" fibers which are
characteriz.i1 by the slow development of the contractile process, aerobic type
of metabolism and high resistance to fatigue. The long extensor of the dlgits
belongs to the "fast" muscles., Its composition contains a small number of
"slow" and"intermediate"fibers, however, fibers of the "fast" type predominatej
they are characterized by a rapid rate of contraction, anaerobic type of
metabolism and low resistance to fatigue [16, 47, 63,

One can consequently hypothesize that the slow musculus soleus which is
adapted to the development and maintenance of lengthy stresses and functionally
desicned for doing work on earth against the force of gravity, under conditions
of zero gravity toa greaterdr :ee ir subject to inactivity than the "fast" muscle
which mainly participates in the physical activity. This, apparently, also [11
governs the greater markedness in the musculus soleus of such changes as losses
in welight and strength, increase in rigidity, which can be viewed as functional
manifestations of atrophy from inactivity.

This 1s confirmed by the results of morphologicil investigations on
parallel material and agrees with them. 1In the musculus soleus changes were
histologically and histochemically found in many of its structural components
which were more pronounced as compared to the "fast" muscle: reduction in the
dimensions of fibers, presence of focl of dystrophic degeneration, active pro-
liferation of connective tissue elements in the endomysium and adveniitia of
vessels (17,

The selective acceleration in the process of tetanic contraction of the
musculus soleus, apparently, strengthens the viewpint [6?] according to which
"unuse"” make the muscles "faster". These resul.s, in addition, correspond well
with the data on the change in the musculus soleus under the influence of
space flight of the spectrum of iscenzymes of lactate dehydrogenase, which 1s
viewed as one of the manifestations of the reconstruction of metabolism in the




muscle towards reduction in the activity of its inherent oxldizing processes
and activation of the glycolytic path of metabolism [ %],

An indication of the possibility of such reconstruction can be seen also
in the results from study of the strength characteristics of muscles, It is
known that each type of motor units corresponds to a specific levu of ratio
for the amplitude of tetanic (At) and solitary (Ao) responses, and the value of
the ratio At/ho is greater in the "slow" muscles (53, 61]. From this viewpoint
the obtained data on reduction in the amount of At/ho can be viewed as the
result of transformation of a portion of the slow fibters of the musculus soleus
into fast (fig. 8).

A definite role in the acceleration of the pr~2ess of tetanic contraction
can also be played by a reduction in the pliability of its elastic components
[16, 45, 47], which agrees with the increase in rigidity of the lusculua
soleus (fig. 9) after space flight [29].

It is theoretically possible [ 50, 52 that the previously described
deceleration in solitary isometric contractions can be related to an increase
in the duration (or reduction in the intensity of development and drop) of
the active state of muscular contractile apparatus. According to [69], the
reduction in rate of unified tetanus of the muscles which was established in
our studies can support this hypothesis. 1In that case this circumstance
can indicat: the known weakening in the power of the calcium pump and the
mechanisms for it which determine the nature of development and the length of
the active state [16, 45, 59]. ;

The findings on skeletal muscles in model experiments with bed rest and
experiments on biosatellites are summarized in table 2.

We will assume tl.at the previously described changes in the skeletal
muscles of man and animals are based on identical or mechanisms close in genesis.
In that case it can be seen that many of the manifestations of "functional
atrophy” of muscles observed under conditions of bed rest and space flight, as
well as the metabolic reconstructions closely associated with them, are equal te
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the preset conditions and have an alauptive nature, In all probability, they
are linked to changes in the regulating systems which have a varying degree of
organizational complexity and varying time constants. Somehow or other, the
cited data apparently confirm the opinion on the dynamic nature of the
adaptation of muscles to a varying level of their functioning [49, 58, 65,

As for the starting mechanlisms of these processes, there are all the bau.us
for the assumption that of them the strength discharge of the skeletal muscles
and reluction in the percentage of tonal component of movements are important,
This widespread apinion 1s confirmed by direct experimental data [22] on the
nature of change 1in the muscular function ina situation which, without limiting
the participation of muscles in the physical movements, significantly reduce or
decrease the strength load on them (amputation model).

The above noted tendencles in the change of contractile properties of the
skeletal muscles can, apparently, play a definite role also in the emergence of
certain phenomena cf disorganization of motor functions. Thils can be shown,
for example, ' the impaired structure of movements based on the interaction of
muscles whi, _..fer in thelr anatomical-functicnal characteristics (slow and
fast). A change ir the function of muscles, in addition, can affect the adequate
sensory provision of certain motor syngergles.

V. Study of the State of Osseous Tissue

It is known that in cosmcnauts after fairly lengthy flights an increase is
observed in the content of Ca in the blood and the separation of Ca and P with
the urine, and a drop in the mineral saturation of certaln bones of the skeleton
(19, 5, 66, 56]. At the same time, careful study of the autopsy material form the
Salyut-1 crew (histockemistry, x-ray structural analysis of crystalline lattice,
evaluation ¢l microhardness and biochemical analysis of correlation of p-ntein
and mineral fractions) did not reveal any changes in the osseous tissue which
could be viewed as pathological [11:].

An investigation of this topic in situations with bed rest produces more
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unambiguous results., They were reviewed at the previous analogous meeting L62_]
and there i< practically no doubt that limited muscular activity or load on

the support apparatus is accompanied by an increase in the removal of calcium
and phosphorous from the organisi, which is related, in all probability, with an
alteration inthe balance between synthesis and resorption of the calcified tissues
under the gliven conditions,

We can supplement this picture with the following data. The stay of a man
in a bed rest pattern for two months (clincstatic position) was accompanied by
demineralization mainly of the tubular bones and this process is expressed in
a greater degree than could be expected according to the data of calecarinuria,
The most pronounced changes were observed on the 15-30 days of the oxperiment,
after which the intensity of demineralization had a tendency to drop [4]. 1In
analogous conditions an increase to 40% was also established for the removal of
calcium [ 36] and a4 reduction in the indices of densitometry in the calcaneus on
the average by 11-12% [13, 24 and in the metaphysis of the first phalanx of the
five fingers of the hand on the average by 7% LZQJ. Attempts to prevent these
changes with the help of pharmacological drugs or physical excercises did not
have a distinct effect.

Significant help in the further progress of studying this problem can be
given, in our opir'un, by research on animals in space and under simulated
conditions,

We attempted to generalize some uf the results from studies and presented
them in the summary table 3. Analysis of 1t permits certain preliminary con-
siderations to be stated.

It 1s theoretically possible that the thinning and reduction in density of [li
the osseocus tissue may be governed both by the deceleration in its rogeneration
and the acceleration in the processes of resorption, or the both simultaneocusly.
The overall picture presented in the table has definite signs of a rise in the
catabolic processes in bone, However, the impression is created that, with the
exception of situations with very rigid fixation, the processes of deceleration
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in regeneration of osseous tissue have a no less pronounced nature. It is
possible that this refers to a greater extent to results obta‘ned in experiments
on blosalellites wnere the periods of observation are limited.

The set of phenomena known at present are apparently more successfully
described by the term "osteopenia", in contrast, for example, to senile
osteoparosis, where the processes of resorption clearly predominate [6]. The
main questions emerging from this discussion appear to be how soon (at what
periods of the space flight) does the dominance of breakdown processes possibly
become declisive and how can they be prevented. It is necessary to note that
until now results have not been obtalned which basically solve this difficulty.

In the set of mechanical forces, which in accordance with Wolf's law determine
the growth and development of skeletal bones, the decisive role, according to LSI]
belongs to the deforming loads which are governed by earth gravity., At the same
time, analysis of the extensive experimental material results in the conclusion
that muscular tone and mechanical forces created by the muscle stress more
effectively prevent resorption of osseous tissue than a welight load L18. 62].

Analysis of the results presented in tadble 3 to a certain degree confirms /16
this viewpoint. 1In any case, the findings from blosatellites reveal that
welghtlessness only aggravates certain manifestations of disorganization in the
bone metabolism which are noted in parallel experiments with partial immobilization
of animals. Tt is not excluded that the expressed opinion is accurate only for
experimental situations with animals where the elimination of the hydrostatic
pressure and the redistribution of fluids in the organism which is linked to it
i8 not so essential as in man. It is possible that in man this circumstance
more actively stimulates the engagement of other, most likely neurcendocrine,
mechanisms of regulation which can aggravate reconstruction of metabolism of the

osseous tissue in weightlessness,

Comparison of the aforementioned results from study of the muscular system
and osseous tissue in hypokinesia and under conditions of zero gravity, as well as
comparison of columns 3 and 4 in table 3 permit one to hypoithesize that the




aggravating action of welghtlessness on the osseous tissue to a greater extent
is determined by the change in muscles under these conditions. Apparently,

the lack of earth gravity is accompanied in animals by a lower reduction in

load on the bone apparatus, and in particular on the vertebral column,than in
man, At the samc time, as follows from the examined material, the contractile
properties, mainly of the antigrevitational muscles, change so that they cannot
develop lengthy and fairly large stresses. If one takes into consideration that

the fast muscles also adaptively develop smaller stresses, then these circum-
stances, besides the lack of gravitational load on the skeleton, additionally

strain the bone., Here, apparently, also should be directed the main efforts to

find preventative measures which could have a diffeventiating effect on indi- le
vidual muscle or muscle groups.

As noted previously, as before we still know very little about the details
of disorders in mineral and protein exchange in bones under conditions of zero
gravity., For this purpose it is necessary to develop analytical studles on the
state of the microstructures of the osseous tissue, crystalline Jl.icice of bone
and protein matrices and their link to the metabolic activity of cer*ain endocrine
glands, first of all, of the thyroid-parathyroid complex and others |6, 11]. of
no less importance is the further perfection of methods.for intra vitam study and
measurement ot the composition of osseous tissue in man., From this viewpoint,
the elaboration of a method for photon absorbsiometry or the equivalent mu-meson
method of intra vitam analysis of the mineral composition of osseous tissue is
encouraging. The latter was employed by the colleagues of our institute jointly
with the Institute of Nuclear Studies in the experiment with lengthy (182 days)
bed rest, Unfortunately, the findings are in the stage of processing and we
are unable to present the results.

Conclusion

The informational and procedural value of experiments with bed rest for
solving many basic tasks of space medicine at the present time, apparently, does
not elicit doubts.

Tn this report we attempted to 1llistrate this thesis in the results of a
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study on the muscle-support system, It can be assumed that between "functional
atrophy" of the skeletal muscles and "osteopenia" occurring under space flight
conditions there exists a closer and seemingly, more complex bond. It can be
thought that studles under conditions of a bed rest pattern will significantly
promote further understanding of the essence of this bond, as well as of the [lﬁ
mechanisms involved in the adaptation chrnges in individual physiological systems
both neuromuscular and osseous.

One should favorably evaluate the perspective for conducting joint research
to solve the indicated questions, From this viewpoint it is expedient to
examine and discuss a number of questions of methodological and methodical nature
in .idition to those previously state [62]: objectivation and standardization
of control over observance of bed rest (a better variant, apparently, would be
the possibility of quantitative analysis of the degrse or measure of "inactivity"
of the muscle-support system)jselection and standardization of the nature of
bed rest (for example, clinostatic or antiorthostatic positions); standardization
of the methods for selecting subjects and patterns of rehabilitation; selection
and unification of methods for mathematical planning of experiments and processing
of their results,

The advantages of cooperation in solving these so complicated problems are
obvious,
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TABLE 1

EFFECT OF 49-DAY ANTIORTHOSTATIC HYPOKINESIA ON COMPOSITION OF
PROTEIN FRACTIONS AND ENZYME ACTIVITY OF SARCOPIASMIC FUNCTION
OF PROTEINS IN HUMAN MUSCULUS SOLEUS |9
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TABIE 2

COMPARATIVE DATA ON THE STRUCTURAL-FUNCTIONAL CHANGES Lillagihlej RECONSTRUCTIONS IN THE HUMAN
SKELETAL MUSCLES UNDER CONDITIONS OF BED REST AND IN ANIMALS AFTER SPACE FLIGHT

Bed Rest in Man :  Weightlessness and other factors | | in animals

Metabolism Structure Function (and Function Structure Metabolism
anthropometry)

Drop in content Drop in cross Drop in strength; | Drop in amplitude |Drop in cross | Losses in

of sarcoplasmic dimensions ol reduction in of tetanic dimensions of |myofib. pro-

and especially fibers, signs volume and peri- stresses per unit | fibers, teins

myofibrillar
proteins, 49
days [9s

Increase in
activity of AST
and AIT (9] ;

In blood:wave-
like changes in
content of lactate
and pyruvate with
[11legible]

of atrophy [42];

Focal dystrophy
[42];

Histochemically:
shift in carbo-
hydrate exchange
towards domi-
nance of aerobic
oxidation [42]

meter of muscles;

Reduction in
hardness of
muscles;

Reduction in

strength impulse
due to shortening
of movement time;

we t of muscle

(29

Losses in elas-
ticity (in-
crease in angle
of slope for

curve in relation-
ship "length-
stress” [29];

Shortening of time!
for development
tetanic stress
(normalized by

amplitude) |28,
29]

atrophy 17

Proliferation
of connective
tissue ele-
ments in endo-
mysium (17

Disorgani-
zation of

cross stri-
ation [17];

Increase in
activity of
AST _and AIT
(10]

Dominance of
"muscular”™

fraction in
LDG spectrum:
IDGu and IDGS

(#]s
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Continuation of table 2

-+».tendency towards their reduction
in second half; Signs of predominance
of anaerobic breakdown of carbohy-
drates. Throughout entire experiment
(49 days) content of cardiac fractions
LDG increased L1.2]: gradual and
sharp rise in LDG5 at end of experi-
ment [39];

Increase in creatine phosphokinase in
blood L39] and nitrogen creatinin
in total nitrogen of urine [3].

Increase in thresholds of
direct electro-excitability;
Reduction in rate of recruited
rhythm of excitation;

Increase in bicelectric "cost"
of mechanical effect;
Reduction in static and
dynamic endurance;

Decrease in amount of
ratio tetanus/twitch
Reduction in rate of
unified tetanus L29]|
Drop in rate of
solitary stresses L29]|
Decrease in resistance
to fatigue in rhythmic
stimulations [29],
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TABLE 3

/22

COMPARATIVE DATA ON THE STRUCTURE AND METABOLISM OF OSSEOUS TISSUE IN MAN AND ANIMALS AFTER SPACE

FLIGHT AND UNDER SIMUIATED CONDITIONS

Lack of bearing load

Presence of bearing load

Reduction in muscle activity

Limited muscle (phase)

[ J; tonal Tonal - for all muscles e

of muscles in lower

extremities
Bed rest Weightlessness |Weightlessness Hypokinesia (limited mobility)

(man) (man) (animals) in animals

(1) (2) (3) (&)
Increase 1n content of | Duration of Moderate thinning of Delay in growth of tones in extre-
[] in bloods flight 14-84 spongy osseous tissue mities, disruption in exchange of
Increase in separation | days.Increase in|of metaphyses (in % of Cak5, P32, glycine-2C1"* in bones and
of [] and P with urine;| content of Ca in|cases)expressed more teeth; hypokinesia 6C and 100 days,

Reduction in mineral

saturation of bones,
Jophotometricall
»oolb, 18, 24, 363

blood;

Drop in mineral
saturation of

5, 19, 56
&T:s L5

Increase in re-
moval of Ca and
P with urine
[5,19,56,66 ]
FPreserved struc-
ture of compact
and spongy bones
Markedness of
crystalline

structures betten
than in cont.

than in synchronous
contr. plans (in 1/3
of cases);

Perilacunar osteo-
lysis, more marked
in comparison with
synchr. control;

Deceleration of peri-
osteal osteogenesis;

Deceleratior. in growth
in length,femur and
tibia |43 s

preparations

rats [ 23, 25 s

Small increase in conc. Ca in plasma
of blood and reduction in total
protein and inorganic phosphorous
(7]s

Phase changes in content of alkali
and acid phosphatase in osseous
tissue and alkali phosphatase in
blood serum, increase in activity
of both phosphatases by end of
months of hypokinesia; rats |26 |3

Decrease in density of bone (radio-
metr. method) and increase in
removel of Ca with feces; primates,
non-support content 35 days L55];
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Continuation of table 3

Content of mineral fraction
and its correlation to
protein without essential
differences;

Microhardness--without
essential deviations
from normj pathomorpho-
logical data "Salyut-1",
duration of flight--

23 days [11].

Reduction in periosteal
osteogenesis; Drop in
rate of maturation of
osteocytes and linear
rate of growth of bones
(tibia) no reliable data
on increased resorption
(according to data of

E. Kholton, D. Beylink).
Reduction in strength

of tibia and femur in
flights as compared to
synchr. contr. (according
to data of G. Stupakov,
V. Korolev).

No pronounced changes
found in content of Ca and
P in calcified tissues in
humerus and incisorssg

Drop in specific activity
of calcium exchange, 1i.e.
rate of restoration [_35]: !

By EFR method no differences
found in correlation of

amorphous phosphates Ca and
crystalline hydroxy a%petites ‘
in osseous tissue | 30 |. i

/23

: Morphological signs of

dystroph.process in comp.
and spong. substance of
tibia; dogs, limited
movement 6 months [27 s

Drastic disruption in struc-
ture, wearing down of
trabecular base--with rigid
fixation, primates |57 3

Reduction in mineral
saturation of tibia and
lack of it in bones of
forearm with parallel
increase in PIG activity

(max. in 3 weeks)--
limited mobility 10 weeks
[70s

Redistribution of Ca%>
in different mineralized
tissuves:resorption from
bones of rear extremities
and increase in jaws and

teeth 8.
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Figure 1, Dynamics of Amount of Volumes of Femur (I) and
Crus (II) in Process of Antiorthostatic Hypokinesia (in
percentages of initial level). Non-shaded columns--
amount of volumes in prone position, hatched columns--
difference in volumes measured in positions of standing--

lylns .
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Figure 2. Dynamics of Amount of Maximum Strength of Muscles in the
Posterior Group of Crus (II), Brachial Extensors (I) and Torso (III)
in Process of Antlorthestatic Hypokinesia
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Figure ?, Dynamics of Static Endurance of Muscles in Posterior Group
of Crus (1), Extensor (II) and Flexors (III) of Torso in Prucess of
Antiorthostatic Hypokinesia
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Flgure 4. Dynamics of Indices for Excitubility (non-shaded
columns) and lLability (shaded columns) for Musculus Biceps
Brachii (I) and Musculus Quadriceps Femoris (II) in Process
of Antiorthostatic Hypokinesia
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Dynamics of Integral Energy of EMT of Musculus Gastrocnemius
(1) and Maximum Strength (II) in the

with Standard Load
orthostatic Hypokinesia
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Figure 6. Dynamics of Amount of Electric
of Gastrocnemius (solid 1
Muscull in Process of Antiortho
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Figure 7. Development of Syndrome of Neuromuscular Disorders in Process
of Antlorthostatic Hypokinesia
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Figure 8, Ratio of Amplitude of Tetanic and Solitary Isometric
Contractions of Musculus Soleus (MS) and long Extensor of the Digits
(LED) of “hite Rats on First (I) and Twenty-Sixth (I1I) Day after
Flight in Biosatellites "Kosmos-605" and "Kosmos-690",

F--flighty S--synchronous control experiment; V--vivarium control.
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Figure 9.Relationship of "length-Stress" in Skeletal
Muscles of White Rats After Flight on Blosatellite
"Kosmos-605"., Solid line--flights dotted line--
synchronous control experiments; dash-dot-- vivarium
control, Remaining designations the same as in fig. 8,
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Figure 10, Duration of Development of Tetanlc
Conjugation (to 4 maximum) of Musculus Soleus
in White Rats after Flight on Biosatellites
"Kosmos-605" and "Kosmos-690"., Designations
the same as in fig. 8.
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