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A vast amount of literature has been dedicated to the study of the state	 /*

of the human muscle-support system under conditions of hypokinesia. This

report prosents the results of research on the indicated topic which was mainly

conducted in the Institute of Medical and Biological Problems with the parti-

cipation of colleagues from other institutions.

The bed rest conditions 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 0 (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 functional

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 muscles.

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 L
greatest in the crus and was 5-6 cm by the and of a 120-day bed rest pattern.

The changes were viewed as a consequence of atrophic 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 L311.

Under conditions of antiorthostatic hypokinesia, thi degree of change in

muscle mass of the crus was also directly dependent on the duration of the

eperiment. 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 4. the

volume of the femur was 331 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 of muscle tone on the basis of evaluating "hardness" of the muscle tissue.

Nevertheless, changes in the muscle dimensions and indices of "hardness" of

muscle tissue in both vas cant^ of the tined rest. pattern were expressed more in

the muscles of the lower extremities.

Under condi' V ns of antiorthostatic hypokinesia of varying duration pro- 	 Z.
gressive reduction in the maximum strength of the muscles was naturally noted,

2
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After 182 days of AH the strength of the muscles in the crux and torso was
1	

reduced by 0.4% and 39.9/ roBpo ctively, 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 brachia 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 rhythms 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 brachia (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 L32,331.

The most significant changes In the amplitude characteristics of the EMG were

noted in the distal muscle groups and especially in the leg muscles.

Lengthy limiting of muscle activity was also accompanied by certain

qualitative changes in the EMC. During hypokinesia of varying duration on the

interference EMG (most often the musculus gastrocnemius) spontaneous outbursts

of activity of an unusually rare frequency were observed, as well as individual 14

potentials of fasciculation (see also Li]). These phenomena are usually

associated with an increase in excitability of the motor neurons and the

development of conditions promoting synchronization.

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 (MLf).
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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 EMG study after space flights.

When the cosmonauts fulfilled adequate muscle work in the period of readaptation

an increase was noted in the amplitude and a decrease in the frequency of EVG

oscillations L21], which testified to the greater intensity of muscle contractions.

The effort to make the DEC 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 bioeleetric 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 EMC during the 7-10 weeks of bed rest in the antiorthostatic position.
This indicated, according to our concepts, the impairment in electromechanical

efficacy (WE) of the given group of muscles. With longer periods of bed rest

(to 182 days) the changes in DE E were of a fluctuating nature (fig. 5).

Restoration of the ENE 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.

II. Morphological an: Biochemical Studies

Studies were made on biopsy specimens taken from the musculus soleus of

six subjects on the thirtieth L3] and forty-ninth L3] days of antiorthostatic
hypokinesia. Biometrically it was shown that there was a statistically

F
reliable reduction in the volume of red and white muscle fibers on the average

6



by 33% and 22% respectively L42].

Electron microscopic data indicated that the bed rest (Ali) was accompanied

by marked structural changes in the contractile apparatus (separation of myo-

fibrils, local lysis, thickening and destruction of Z-strin.e.). iiistochemical

studies revealed shifts in the level of oxidizing metabolisr-

After lengthy hypokinesia a decrease was noted in the content of sarcoplasmic

and especially contractile proteins in the musculus soleus (table 1), which

could be a manifestation of intensified catabolic 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

intensification in catabolism on the feedback principle elicited activation of

enzymes partici pating in synthetic processes L91.

	

I	 Certain data of biochemical analysis of blood and urine mere also viewed as

an indication of the intensification in catabolic processes in the muscle.

	

a	 'Phis was shown by the increase in content of creatine phosphokinase in the blood

	

t	 L39.1 increased removal of nitrogen and phosphorous from the urineL121 and

increased nitrogen creatinine in the urine L31

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 cr us and femur signs of atrophy wore observed in

individual muscle fibers and focal dystrophy. Fibers were found which were

increased in volume, with homogeneous sarcoplasmal 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. F'ortugalov 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

5
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change in the deltoideus, gastrocnemius and quadriceps femoris musculi. At the

same time there was an increase 	 proteins of the T fraction and a reduction

In the contractil	 gin actomyosin. The described changes had a focal nature

and indicatel- the initial signs of dystrophy, more pronounced in the lower

extremities (according to the data of M. S. G ayevskaya and co-workers).

III. Neurological Status a.,id Motor Functions

In the set of neurological disorders accompanying lengthy b«d rest several Z
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 disorders in the process of seven-week bed rest in the antiorthostati.c

position are presented in fig. 7. }{ere 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

sym ptomatology) under conditions of antiorthostatic hypokinesia in comparison

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 L37, 41]. Simultaneously there was an increase in the

6
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scope of thi coxofemoral, knee and talocrural ,joints, whist. Indirectly indicated

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

and permitted the subject under conditions of a disorder in movement coordination

nevertheless to maintain a rate of adv.nce close to the initial. Tho indicated

changes in step were combined, according to data of movie film, with an increase

in torso fluctuations in transverse and longitudinal directions X411.

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 +.he amplitude of oscillation of the common

center of gravity in the body increased in comparison with the norm 1.5-2 times

and more L151.

IV. Possible Mechanisms for the Change _n Functional State of Skeletal Muscles

Analysis of the findings permits one to state that the stay of a man for

a long time under bed rest conditions wcs accompanied by the development in the

skeletal muscles and neuromuscular system of a set of changes which, in our

opinion., axe well defined by the term "functional atrophy" Ll18 7 . It is expressed

in the reduced muscle mass and hardness of muscled decrease in the strewth of

muscles and their endurance= drop in excitability and functional mobility=

increase in the bioelectric "cost" of the mechanical effect. Also noted were

certain morphological and biochemical 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 L2, 13, 14, 20, 21, 44, 46, 64]. This
Is fairly clearly manifest also in the preeminent reduction in the functional

potentialities of muscles in the lower extremities and torso in comparison with

the muscles in the shoulder girdle L2, 21, 641.

nm pa.rison of the effects of clinostatic and antiorthostatic positions did

not reveal essential differences in the main functional indices. Some observed

7
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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 ar-tiorthostatic position is accom-

panied by a more Pronounced development of weakness in the venous "muscle pun.j ."

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, 54, 681. However, certain

analogous studies did not find such significant changes either in the metabolism

of the organism tissue L40] 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 L621

and many other researchers that flight experiments are not without known

deficiencies: small 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 !:,.ni festations of changes, limited

opportunities for studying the dynamics of the phenomena. Experiments on animals

in spa ce, which in particular, are not "protected" by anything from the effect

of weightlessness, were free of some of these deficiencies.

The results of research on the biosatellites revealed that after the animals

had boon in space for 20-22 days ("Kosmos-605" and "Kosmos- 690") certain	 10

contractile functions and biochemical properties of Vie studied muscles (long

extensor of the digits and soleus) underwent noticoable (statistically signi-

ficant) changesi 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. In the musculus soleus, besides a greater

markedness of these changes, an acceleration was a i.so 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 X28, 29-.
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One of the main features of the study resultr_ consists of the fact that

the noted changes are more pronounced in the mUbC1%lU0 coleus, related, in all

probability, to -,he morphofunctional differences between the studied muscles.

The musculus soleua, as is known, consists primarily of "slow" fibers which are

characterized by the slow development of the contractile process, aerobic type

of metabolism and high resistance to fatigue. The long extensor of the digits

belongs to the "fast" muscles. Its composition contains a small number of

"slow" and" intermediate"fibers, however, fibers of the "fast" type predominate)

they are characterized by a rapid rate of contraction, anaerobic typ" of

metabolism and low resistance to fatigue X16, 47, 631.

One can consequently hypothesize that the slow musculus soleus which is

adapted to the development and maintenance of lengthy stresses and functionally

desi[,ned for doing work on earth against the force of gravity, under conditions

of zero gravity to a greater dr. _ !cue it 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 a.s losses

In weight and strength, increase in rigidity, which can be viewed as functional

manifestations of atrophy from inactivity.

This is confirmed by the results of morphological investigations on

parallel material and agrees with them. In the m ascul.us soleus changes were

histologically and histochemically found in many of its structural components

which were more pronounced as ccmpared to the "fast" muscles reduction in the

dimensions of fibers, presence of foci of dystrophic dAgeneration, active pro-

liferation of connective tissue elements in the endomysium and adventitia of

vessels X17 1.

The selective acceleration in the process of tetanic contraction of the

musculus soleus, apparently, strengthens the viewpoint L67] according to which

"unuse" make the muscles "faster". These results, in addition, correspond well

with the data on the change in the musculus soleus under the influence of

space flifht of the spectrum of isoenzymes of lactate dehydrogenase, which is

viewed as one of the manifestations of the reconstruction of metabolism In the

9
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muscle towards reduction in the activity of its inherent oxidizing processes

and activation of the glycolytic path of metabolism L34].

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 lei,:'. of ratio

for the amplitude of tetanic (A t ) and solitary (A o) responses, and the value of

the ratio A t/A o is greater in the "slow" muscles L53, 611. From this viewpoint

the obtained data on reduction in the amount of A t/A o can be viewed as the

result of transformation of a portion of the slow fibers of the musculus solaus

into fast (fig. 8). 	 12

A definite role in the acceleration of the pr-cuss of tetanic contraction

can also be played by a reduction in the pliability of its elastic components

L16, 45, 47], which agrees with the increase in rigidity of the musculus

soleus (fig. 9) after space flight L29].

It is theoretically possible L50, 52] that t.hn 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 L691, the

reduction in rate of unified tetanus of the muscles which was established in

our studies can support this hypothesis. In that case this circumstance

can indicat3 the known weakening in the power of the calcium pump and the

machanism6 for it which determine the nature of development and the length of

the active state L16, 45, 591•

The findings on skeletal muscles in model experiments with bed rest and

experiments on biosatellites are summarized in table 2.

We will ass ►une ti.at the previously described changez in the skeletal

muscles of man and animals are based on identical or mechanLsms 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 to

t0



the precast cot ►ditions and hav-v an a captive 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 	 ' 1

adaptation of muscles to a varying level of their functioning Lug, 58, 65:].

As for the starting mechanisms of these procesaen, these are all the ba -.Is

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 opinion is confirmed by direct experimental data L22 -1 on the

nature of chango in the muscular function Ina situation which, without limiting

the participation of muscles in the physical movements, significantly reduce or

decrease tho strength load on them (amputation model).

The above noted tendencies 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. This can be shown,

for example,	 the impaired structure of movements based on the interaction of

muscles whi, ,-.for in their anatomical-functional characteristien (slow and

`ast). A change In the function of muscles, in addition, can affect the adequate

sensory provision of certain motor synergies.

V. Study of the State of Osseous Tissue

It is known that in cosmonauts after fairly lengthy flights an increase is

observed in the content of Ca in the blood and the separation of Ca and 1 with

tfie urine, and a drop in the mineral :saturation of certain bones of the :.skeleton

L19, 5, 66, 56]. At the same time, careful study of the autopsy materiel form the

Salyut-1 crew (histochemistry, x-ray structural analysis of crystalline lattice,

evaluation cl microhardness and biochemical analysis of correlation of r,ntein

and mineral. fractions) did not reveal any change; in the osseous tissue which

could be viewed as pathological Lill.	 14

An investigation of this topic in situations with bed rest produces more

'1
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unambiguous results. They were reviewed at the previous analogous meet)

and there is practically no doubt that limited muscular activity or load

the support apparatus is accompanied by an increase in the removal 	 of calcium

and phosphorous from the organise, which is related, in all probability, with an

alteration in the balance between synthesis and resorption of the calcified tissues

under the given conditions.

We can supplement this picture with the following data. The stay of a man

In a bed rest pattern for two months (clinc,static 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 calcarinuria.

___	 The most pronounced changes were observed on the 15-30 days of the experiment,

after which the intensity of demineralization had a tendency to drop L41. In

h:	 analogous conditions an increase to 40% was also established for the removal of

calcium L 361 and a. reduction in the indices of densitometry in the calcaneas on
the average by 11-12% L13, 241 and in the metaphysis of the first phalanx of the

five fingers of the hind on the average by 7% L24]. Attempts to prevent these

changes with the help of pharmacological drugs or physical excercises did not

havt, a distinct effect.

Significant help in the further progress of studying this problem can be

given, in our opii , ` •)n, by reseaxch on animals in space and under simulated

conditions.

We attempted to generalize some of the results from studies and presented

them in the summary table 3. Analysis of it permits certain preliminary con-

siderations to be stated.

It is theoretically possible that the thinning and reduction in density of 15

the osseous tissue may be governed both by the deceleration in its regeneration

and the acceleration in the processes of resorption, or the both simultaneously.

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

12
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in regeneration of osseous tissue have a no loss pronounced nature. It is

possible that this refers to a greater extent to results obtained in experiments

on biosa'6e111tes where 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

ostaoporosi2, where the processes o1' resorption clearly predominate L6]. 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 decisive and how can they be prevented. It is necessary to note that

until now results have riot been obtained 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 L511

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 weight load L18, 62].

Analysis of the results presented in table 3 to a certain degree confirms

this viewpoint. In any case, the findings from blosatellites reveal that

weightlessness only aggravates certain manifestations of disorganization in the

bone metabolism which are noted in parallel experiments with partial immobilization

of animals. It 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

.s not so essential as in man. It is possible that in man this circumstance

more actively stimulates the engagement of other, most likely ne uroendocrine,

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 hypok ineala and under conditions of zero gravity, as well as

comparison of columns 3 and 4 in table 3 permit one to hypothesize that the

1^

t
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aggravating action of weightlessness 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 same time, as follows from the examined material, the contractile

properties, mainly of the antigravitational muscles, change so that they cannot

develop lengthy and fairly large stresses. If one takes into consideration that

Vie 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 differentiating effect on indi- 	 /17

vid ual 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 dovolop analytical studies on the

state of the microstructures of the osseous tissue, crystalline 1y',Lice of bone

and protein matrices and their link to the metabolic activity of cer- l ain endocrine

glands, first of all, of the thyroid-parathyroid complex and others L6, 111. Of
no less importance is the further perfection of methods-for intra vitam study and

measurement of 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.

in this report we attampted to illistrate this thesis in the results of a
q

14
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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 e) , ists a closer and seemingly, more complex bond. It can be

thought that studies under conditions of a bed rest pattern will significantly

promote further understanding of the essence of this bond, as well as of the 	 18

mechanisms involved in the adaptation rh -nges 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 'dition to those previously state L621s objectivation and standardization

of control over observance of bed rest (a better variant, apparently, would be

the possibility of quantitative analysis of the degree or measure of "inactivity"

of the muscle-support system);selection 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.

ORIGINAL PAGE IS

OF POOR QUALITY

15



I

TABLE 1
	

119̂ 1

a;

EFFECT OF 49-DAY ANTIORTHOSTATIC HY1'OKINE9IA ON COMPOSITION OF
PROTEIN FRACTIONS AND ENZYME ACTIVITY OF' SARCOPIA:MIC FUNCTION
OF PROTEINS IN HUMAN MUSCUIIJS SOLEUS L91

Indices
Stat, before after
indic.U

co
C _ •

•	 ..

^ H	 4 .,

E .14 p

U 0 ^ ._
a -

m
4-4 x
0

.	 .r	
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+) E-4	 VJ

,`H ..

d Gp JC
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cd O

o .^+

o

X Criterion of reliability for difference between data before and
after experiment.

xX Criterion of reliability for difference between mean original and
amounts obtained after the experiment.
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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--
lying.
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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 Ant'_orthcstatic Hypokinesia
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Figure ?. Dynamics of Static Endurance of Muscles in Posterloi Group
of Crus ^I), Extensor (II) and Flexors (III) of Torso in F'rucess of
Antiortho.ztatic Hypokinesia

t

23



s_	 i_	 t

2020

rI	
,

i
I

^	 n	 ^

i	 I

fjo

I 
F

5U	 901	 I35	
^' lDu► ^

Figure 4. Dynamics of Indices for Ex
co?.umns) and Lability 	 Excitability (non-shaded

y (shaded columns) for Musculus Biceps
Brachii (I) and Musculus Quadricops Femoris (II) in Process
of Antiorthostatic Hypokinesia

On,IGIN It ^V ?AGE 15

OF po o	 AUO,

24



/28

r

_.	 I	 I	 I	 I	 t	 I
I	 I	 I	 I	 I	 • -.^	 t1	 I	 I	 '^	 I	 I	 I	 ^	 1	 `

_	 '-^ t	 I	 i	 I

1	 ,	 f

^	 I	 I	 I	 I	 i	 `^ I ►
..._	 ^	 I	 I	 I	 I	 I

`wx	 3O 1	 70	 90	 13:; I	 I821 oars

Figuro 5. Dynamics of Integral Energy of EMT of Musculus Castrocnemius
with Standard Load ( I) and Maximum Strength (II) in the : rocess of Anti-
orthostatic }iypoklnesia

25

r



i f

4

2.01:

i.	 1

7	 2

Weeks
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Musculi in Process of A ntiorthostatic Hypokinesia
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Figure 7. Development of Syndrome of Ne ,-xomuscular Disorders in Process
of Antiorthostatic 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 'r'hite Rats on First (I) and Twenty-Sixth (II) Day after
Flight in Biosatellites "Kosmos-605" and "Kosmos-690".
F--flighty S--synchronous control experiment= V--vivarium control.
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control. Remaining designations the same as in fig. 8.
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