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12TABOLISM DURING HYPODYNUJIA

I.V. Pedorov
Department of Biochemistry, Yaroslavl' Medical Institute

Yaroslavl', USSR

In this survey, the author reviews the published data and his	 24*
own observations of changes in protein, carbohydrate, fatty, and

aqueous-saline metabolism, the activity of enzymes, and hormone

production during hypodynamia. Possible mechanisms for the changes

manifeoted and the consequences of their activity on the human

organism are discussed.

Scientific and technical progress brings mankind priceless good,

but it also presents medicine with new and complicated problems.

One of these problems is the progressive dimunition of the amount of

muscular activity in man's everyday life -- hypodynamia L23, 24, 26,

42, 78]. Hypodynamia weakens the organism and itself causes various

impairments of a healthy condition. In certain population groups --

operators, dispatchers, submarine and surface-ship crew members,

?aviators and astronauts, and others -- hypodynamia is, in a way,

an occupational hazard. Another category of persons must, for a

prolonged time, be partially or completely immobilized because of

illness (from a myocardial infarct, impaired cerebral circulation,

illnesses of the locomotor system). In the overwhelming majority

of cases, hypodynaaxd.a acts on the organism in combination with other

factors. It is quite important to evaluate its influence in the

course of varioi;,s physiological and metabolic processes in the

organism.

In this survey we have attempted to give a general picture of

hypodynamia's influence on metabolism, based on published data and

our own studies.

*Numbers in the margin indicate pagination in the foreign text.
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in an experiment, the state of hypodynamia has been modelled by

placing the experimental subjects in bed; in this manner, a horizontal
position of the body has been combined with immobility. Confinement
in a chair, in a small-sized chamber, or submergence in water (water

immersion) have also been used. Experiments for hypodynamia with

animals are done by placing them in special cages with sliding tops

and of limited volume. Changes in practically all types of metabolism

are undergone during hypodynamia, but the greatest shifts are manifested

in protean and aqueous--saline metabolism.

Body Weight
Decreased body weig1it and arrested growth are an integral

indicator which is characteristic of the state of metabolism in the

organism. During a seventy-day hypodynamia, the weight of the

experimental subjects decreased 2 to 6.4 kilograms [46], during 	 25

120 days, it lessened, on the average, 2.4 kilograms by the eightieth

day, and then normalized [36]. During a two- to seven-week confine-

ment in bed of healthy young men, their weight fluctuated within

limits of+ 0.5 to 2.5 kilograms [12, 63, 651. It has been shown

[13, 341, that some stabilization or increase of body weight takes

place because of the progressive increase in the quantity of fat in

the organism. On the average, on the second day of hypodynamia, the

quantity of fat increases by 250 grams; after seven days, by 1030

grams; and, after ten days, by 1440 grams. In the first few days,
dehydration of the organism simultaneously with an increase in fat

content is observed, and, after five days, the muscular mass decreases,

reaching 1200-1550 grams on the tenth day.

Limitation of the motor activity of monkeys [43] was not apcom-

anied b a decrease in bo dy weight; in rabbits [10] dogs 61
^i.	

p	 y	 y	 g ^	 ^	 g [	 ]t

and mice [39], body weight most frequently dropped. The most detailed

study of changes in body weight was done with rats [55]. After three

days of dehydration, the majority of the rats decreased in weight

because of diminished food excitability [52] and, probably, from an

increase in the advenal cortex's activity, since, at that period,

hypodynamia acts as a stress factor [23, 391. hater, the food
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tjexcitability of the rats increased, and they adapted to conditions

of hypodynamia. However, after fifteen days of dehydration, the

general deviation in weight, compared with the control group was,

on the average, 34;W, and after sixty days it was 48,o. :'according to
other data [311, the weight of all the rate during; dehydration

decreased, by the fifteenth day, by an average of 36a; by the
thirtieth day, by 40,% The decrease in body weight was basically
connected with a decrease in the skeletal muscles' absolute weight
by, respectively, 23;' and 46;3, after fifteen and sixty days of
dehydration [55, 56]. The absolute weight of the internal organs

(liver, kidneys, heart) also decreased, but at the same time their

relative weight increased somewhat [21, 55, 561.

It may be supposed that the decrease in animals' body weight

during hypodynamia x.s connected to an increase in the intensity of

tissue decomposition, first of all protein decomposition, or,

contrarily, with a decrease in their synthesis. A decreased rate
of protein synthesis may be combined with an acceleration or with a
decreased rate of their decomposition.

Protein Metabolism

Excretion of the Products of Protein Snithesis in the Urine

An impairment of protean metabolism is one of the characteristic

and necessary manifestations of hypodynamia. In healthy experimental

subjects, after two to three days' stay in bed with a constmit level

of protein intake from food, the total nitrogen excreted in the

urine grows significantly. Parallel with the growth of the urine's

total nitrogen content is an increased quantity of urea., and the

quantity of ammonia, somewhat increases. Here and later, changes in

the excretion of various components in the urine is given in comparison

with the average level of their excretion for six to ten days preceding

hypodynamia.

Blost carefully done methodologically were the experiments of

Die «trick, 'Jhedon, and ihorr [651: over six to seven weeks of
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strict bed confi .anent, oach of the four experimental sub jeots loot,
above the initial control revel, from thirty to eiGhty-four ;rwiio of
iitro;ezl, which corresponds to 937 to 2625 rams of muscular moos.
;Under less severe conditions of dehydration [61], each of eight

experimental subjects over twuntyy -eight days excreted in the urine,
on average, 39.7 grans of nitrogen; that is, the same as the amount

excreted during the same period by the subject; in the experiemonts

of Deitrick and hie coworkers [65a. According to Heilskov and Schon-

heyder + s data [76J, three experimental sub jecto each lost, during;

sixteen day;, an average of 62 grams of nitrogen, and in Tu.X.

uyzrantoev's experiments [49Js twelve subjects, during twelve days

in bed confinement, lost 37 grams of nitrogen each, or, correspond-

ingly, 1160 grams of muscular tissue.

,ode found manifestations of increased excretion of general	 126
nitrogen in the urine and impairment of the nitrogen equilibrium

in three healthy young people who were in bed for ninety days.

Over ten days until the experiment, the average nitrogen balance

for the group was positive (+0.12 ;rams of nitrogen in 24 hours).

During dehydration, the nitrogen balance became negative. The

quantity of nitrogen excreted grew when the period in bed increased.

It was, for the tenth to seventeenth, twenty-seventh to thirty-fourth,

fifty--fourth to sixty-first, and eightieth to eighty-nineth days,
respectively, -1.7, -3.6, -3. 2, and -4. 1 grams of nitrogen daily.
A persistent negative nitrogen balance developed in people and

animals in almost a^ ' cases, with any model of dehydration [ 46,
49, 52, 63, u5, 67, 81]. According to some observations [46], a
sharp decrease in protein intake from the food was the reason for

the negative nitrogen balance, and it was not accompanied by an

increase in the excretion of total nitrogen and urea, in the ursine.
Under similar conditions, while using a diet rich in calories and

lightly assimilating proteins, Cuthbertson [64] succeeded in restoring
the nitrogen equilibrium. However, other authors [47, 69, 90]

utilizing such diets were unable to achieve a positive effect.
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During water immersion, the excretion of nitrogen increases

three to four times from the first hours of the stay in water and
reaches a maximum on the third day [71-73]. As shown by a ten-day
observation [38', the relative decrease in mobility, during a stay in
a small-sized chamber did not cause azoturia. Our trials with four
experimental subjects, conducted in the course of a month, revealed
a persistent increase in the urine's general nitrogen content. The
greatest increase in nitrogen was in the first week of the experiment.

All the authors point out that during any form of limitation of

mobility the nitrogen content in the urine increases; the nitrogen
content in the feces remains unchanged.

During the dehydration of animals the same tendency in nitrogen

excretion was revealed as with human dehydration. The content of

total nitrogen and urea in rats' urine increased by 1.5 to 2 times

after one to two days of dehydration and remained at that level

in the course of the whole period of observations (22 to 24 days).

Similarly, growth in the general nitrogen and urea content was

noted in dogs' urine during dehydration.

The quantity of inorganic sulfur in the urine increased propor-

tionately to the growth of the general nitrogen content, and sometimes

even somewhat exceeded its increase; the content of ether-bonded and

neutral sulfur remained unchanged [63, 65]. The relation between

sulfur and total nitrogen in the control period, during the immobili-

zation, and during the recovery period, remained at an almost constant

level, from 1:14 to 1:15.8; that is, in general, it corresponded to

the sulfur content in the muscular tissue's proteins.

During hypodynamia the creatinine content in the urine did not

change substantially. The majority of the authors 125, 63, 65,

761 note a surprising constancy of the creatinine content in the exper-

imental subjects' urine. Moreover, some experimenters observed a

small decrease [46] and increase [49] in the creatinine content of

humans' urine during dehydration. Some growth in the quantity

5
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of croatinine in the urine was discovered in dehydrated rats [52].

The authors are almost unanimous regarding creatine content.
Creatinuria is a characteristic sign of hypodynamia. The most
careful studies of creatine metabolism were in the experiments of
Heilakov and Schonheyder [76]. T110Y found that three experimental
subjects' daily excretion of creatine, beginning with the fifth day
of dehydration, equalled 600 to 800 milligrams. According to Iu.X.
Syzrantsev's observations 1.491, on the average, the experimental
subjects daily excreted 80 to 170 milligrams of creatine. Deitriok
and his coworkers [65] did not find creatinuria in the experimental
subjects, but established a sharp lessening in the retention of 	 /27
c,eatine in tae organism during dehydration. In the control period,
after a determinate quantity of creatine (1-32 grams per person) was
introduced from food, more than 80',' of it was assimilated, but
during dehydration assimilation fell to an average of 29,,-' (11,-'^ to
70;40). In rats, during the time of immobilization the creatine content
in the urine increased four times over [52].

In the majority of cases, the urine's uric acid content did
not substantially change [63, 65J. lu.IC. Syzrantsev L49J and N.D.
Popov [38J observed in people, as we did in rats [52J, a small,
statistically insignificant growth in the uric acid content in the
daily urine.

The general amino -acid content in the urine increased by 18;'
to 40,E during dehydration in humans [33, 45, 49J. During aminoaci-

duria in dehydrated dogs a more significant increase in the content
of replaceable amino acids -- Clycine, alanine, tyrosine -- was

observed [491•

)s in the Composition of the Blood which are Characteristic of
Protein Metabolism

The content of proteins and proteinless nitrogenous compounds in
humans in a state of hypodynamia has not been systematically studied;
only isolated information exists. The general cont e nt of serum
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proteins and their fractional compooitiono in humano durint,
hypodyn=ia which wao prolonged for tro to four weelto did not
Chat-IL)p [18, 65J. On the twentieth or thirtieth day of dehydration
in rats, a significant decline in the quantity of serum proteins was
f0UIIL [6]. According to some data [8, 15] t the urea. content in the
blood did not change; according to others [351, it incA,-eased. According,
to our observations of four experimental subjects who were in a small-
sized chamber, the urea content in the blood increased by 20;") to
30;% During confinement in bed for terl to twelve days, an increase

fin the general level of amino acids in the blood by 15p, to 25,70' was
discovered [491; the residual nitrogen content in the same experimental

subjects did not materially change, however.

Changes in the Tissues
We evaluated the synthesis of tissue proteins by the intensity

of inclusion of radioactive amino acids in the tissue proteins of

rats over two hours. Various experimental series were conducted

employing methionine or trypotophan, and also mixtures of tryptophan

with methionine and glycines alanine, and phenylalanine with

methionine. All the amino acids contained carbon-14 except the

methionine, which contained carbon-14 or sulfur-35. By introducing

radioactive amino acids, it was established [54-561 that the intensity

of the marker's inclusion in the tissue proteins of the kidneys,

liver, small intestine, spleen, heart, and skeletal muscles, dropped

as early as the third day of dehydration. This drop was exprescad

even more sharply on the tenth day, and on the fifteenth day, on

the average, it was lower than in the controls by 21-1,4;) to 400 (the
data are statiscally significant for all except the muscular tissues

studied).

After sixty days of dehydration, the intensity of inclusion

of the marker remained practically on the same level as it had

been after fifteen days, but for muscular tissue it was halved.

On the sixtieth day, the decrease in radioactivity of all tissues

in relation to the control was statistically very substantial

(P < 0.002).
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During hypodynamia, the marker's maximum inclusion was displaced
to a later time. So, in healthy micep the maximum of inclusion for
all proteins of the small intestine was found to be two hours after
the introduction of the radioactive amino acids; but after fifteen
days of hypodynamia it shifted by four hours. Similarly, for liver-
tl,ssue proteins, the maximum shifted from the first to the fourth
hour; for spleen proteins, it moved from the first to the second
hour. A decrease in the inclusion of glycine (carbon-14) in the
protein part of the bones of the jaw and lower extremities in rats
was also found [41 ]. 	) I

Both the decrease in the marker's inclusion which is found soon
after its introduction, and the displacement of the maximum of
inclusion to a later time, are quite significant evidence of decreased /28
protein synthesis in the tissues studied.

On the fifteenth, twenty-second, thirtieth, and sixtieth days
of general dehydrCation, 14,31-Le general nitrogen content in one gram of
raw muscular tissue in the control and in the experimental rate
was identical [29, 30, 56]. Durin6,, local immobilization [68],
during denervation or tenotomy [16], a significant decrease in the
general nitrogen content of the operating extremities' muscles was
observed. During a study of the fractional protein content of the
skeletal musculature of animals in a state of hypodynamia [29s 31],
it was established that the quantity of general nitrogen in the
miofibrillary proteins did not change. However, the quantity of
nitrogen in the proteins of the actomyosin complex statistically-
significantly lessened, with an increase in the content of proteins
of the T-fraction and proteins of the stroma. In the skeletal
muscles of rats who were in less strict conditions of hypodynamia,
according to M.S. Gaevskaya l s data [7], the summary protein content
(by Lorne l s* method) decreased, on the thirtieth and sixtieth days,
respectively, by 5 and 13^fj. Vae quantity of sarcoplasmic proteins
also decreased; the miofibrillary protein content had increased by

*Name retransliterated from the Russian. -- translator



the *thirtieth day of dehydration (+22°")), but by the sixtieth day
had decreased oubotantially 	 The increase in the qucaitity
of miofibrillary protobic is connected to M some increaou in. the
rata' muscular activity in the first month of their confinement in
croiv*ded oageo.

What is the tendency of change in protein metabolism durinf,
hypodynamia? Analocies are often drawn: 	 changes in metabolism
during; hypodynamia mid chanCeo during trauma, between hypodynamia
and fever, and between, and the muscular atrophy which
is connected with denorvation and tonotomy. Actually, if changes
in metabolism dux?ine, hypodynamia and the indicated states [4, 16 ? 591
are compared, then it is clear that they have some features in
common. So, during trauma, fever, and hypodynamia, increa ses in
the excretion of nitrogen, urea, and sulfur in the urine are observed;
aminoaciduria, croatinuria, and the development of a negative
nitrogen balance are seen. The differences are, first of all,

Dar i.itativeque	 ng trauma grid fever, all the metabolic disruptionsqualitative.	 I
are more clearly expressed, and are two to three times higher in
absolute numbers than in those disruptions during hypodynamia.
During trauma and fever the changes are observed from the first
hours of the injury; however, during hypodynamia they are seen,
as -a rule, only from the second to the fifth day of dehydration.

It is known that a negative nitrogen balance, an increased excretion

in the urine of general nitrogen, urea, sulfur, etc., may develop
when there is ar- increased intensity of tissue degeneration and a

constant level of their synthesis, or because of a decrease in the

synthetic processes with a constant speed of degeneration, and
sometimes with the latter somewhat lessened.

During fever and especially trauma, two phases of a general
metabolic reaction are distinguished [59, 64]. The first phase,
which lasts for ten to fifteen days, is catabolic, when the process

of degeneration clearly dominates in almost all of the organismts

organs and tissues. The second phase is anabolic. During this period
the intensity of the degenerative processes is normalized, and



synthetic proccooeo prevail in the focus of the injury ,md throughout
the orgaui am.

During hypod)aiamia, the catabolic phase in classic form is not
manifested, or is vary short. The factors which give rise to it,
such as multiple negative impulses from the focus of the injury
to the central nervous systamp pain t and the degeneration of damaged
tissues, are absent. More characteristic f^:ir hypodynamia is an earlier
and progressive decrease in the synthetic processes t manifested first
of all in a decline in the formation of now tissue proteins.

Outhbortaon [63] stated the assumption that nitrogen, sulfur,
phosphorus, and potassium are excreted in in-ceased quantities in
the urine because they are used in smaller quantities for synthetic
processes, especially in the muscles and the bones, This position is Z29
now confirmed by much exrarimwaqtal data,

During hypodynamia the excretion of creatinine and uric acid
does not substantially chaxxge p which indicates the constancy of
the catabolic index. During a massive degeneration of tissue, such
as during trauna, an increased excretion of these components of the
urine is usually observed. Creatine, which is produced in the liver,
is completely utilized in the muscular tissue during hypodynamia,
and its wastes are excreted in the urine. Experiments with creatine-C14
[70] have shown that the same kind of changes are observed with
E-avi Camino sis, during which the synthesis of muscular proteins
decreases.

Under the action of radiation [1, 14] or general starvation
[271, the summary content of DNA in the tissues decreases because
of cellular degeneration. During hypodynamia in smimals, the DNA

content in the tissues does not decrease, but, on the contrary,
increases. During an expression of tissue degeneration, for example
in cases of denervation and tenoTomy, the nitrogen content in the
muscular tissues does not change. During denervation t tenotomy [161,

and general starvation [271, the tissues t content of residual



nitrogen increases, and the intensity of protoolycio growo. During
hypodynamia, protcolyuia Crows substantially only in lator periods,

"ohonboydor e t al. [881 otudied the excretion of nitrogen-15
in h^ .Ithy humans and in humane during hypodynamia, then, after
receiving glycino-N 15 from food, a negative nitrogen balance wao
manifeatad. A sharp growth in the speed of nitrogen-15's excretion
in the urine in the first hours after the preparation was given,
and a unique angle of inclination of the curves for healthy and
hypodynamic humansp allowed the authors to assume that the intensity
of synthesis had been affected, but not protein degeneration. it
determination of the intensity of the inclusion of radio-amino acids
in the protein of rats' tissues during hypodynamia C54-563 shows
the decrease in the synthesis of many tissue proteins which progresses
as the period of hypodynamia increases.

Aoueoua-Saline Metabolism
From the first days of hypodynamia, aqgcous-oaline metabolism is

substantially chuneed, and its disturbance is as characteristic for
these states as changes in protein metabolism.

As a rule, in experiments with dehydration, increased diuresis
is observed in the subjects. Under the conditions of a strict
bed-root regimen which lasts two to seven weeks, diuresis, on average,
increased by 200 to 300 milliliters per day [49 t 64, 65]. In the
majority of obsevvations, the use of liquid by the subjects was not
limited, and not considered; in those cases where such observations
were made, it was established that the increased diuresis was not
related to an increase in the use of liquids. In isolated observations
[25], a decreased diuresis was noted in the fourth and fifth week
of hypodynamia. Diuresis increased four to uixXold during immersion
in water for six to twenty-four hours. With a more extended water
immersion (seven days), diuresis exceeded the initial level three
to six times in the first three days and then somewhat declined;
it did not regain the initial value $ however [71-73]. An extended
stay in a chamber of small volume also made for somewhat increased
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diurooio.

In rato, diureoio Grew by 1.5 to 2 times from the firot day of
dehydration, and maintained that level in the course of three V100140

[52]. In a few experiments on dehydrated does, increased diuresis
was not observed, possibly because of the conotant diarrhea which was
noted in all the animals.

Increased diuresis during hypodynwia is ordinarily related to
a rediotribution of blood in the orCaniom, to an increase in its
basic volume in the pulmonary circulation [20 f 691r which causes are 	 IR
excitation of the volume receptors in the region of the auricles and
the major vessels of the thoracic cavity, Luid, throuGh the hypothalamus
and tho pituitary body, leads to suppression of the antidiuretic

hormone. Because of the latter 0 s insufficiency, the return absorption
of water and salts in the small canals of the kidneys is 

",eosaned,

and the excretion of water and salts in the urine increa., -3 proportion-

ally. Moreover, the changes in diuveois may depend on increaoad
blood circulation in the kidneys and an intensification of Clomera.%ar
filtration [9], on an excess of tissue-degeneration products in the
organism, and on an increase in the oxidation processes' intensity.
During dehydration a redistribution of the fluid in the organism
takes place, and its quantity in the intervasal phase somewhat
increases.

It has been established [89] that, after a three-week stay in

bed, the evidence of hemocrit increases from 45.7 to 49.5 millimeters,
the volume of the plasina decreaoeo by 518 milliliters, and that of

the blood decreases by 582 milliliters. The decrease in the plasma

volume was noted as early as the second day of bed confinement,

,and after two to three weeks it reached 1800 milliliters in individual

subjects [83]. A four-day chair confinement lea to a decrease in the

mass of the circulating blood by 522 milliliters. With a fourteen to
sixteen hour stay in water, the quantity of plasma decreased by 370
to 630 milliliters [791. In the final analysis, some concentrated
salts were observed in the blood, which caused an irritation of the
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oemoceptors and reflexively influenced the production of the corres-

ponding hormones, especially aldosterone.

As with dehydration in bed, so also with immersion in water

noticeably more sodium and potassium than the norm are excreted in

the urine. .A six-day stay in water wade for a threefold increase

in the sodium excreted in the urine, and almost a twofold increase

:^.n potassium [71]. During a longer stay in water, the sodium and
potassium excretion levels decreased, but were still higher than the

initial value [721. During dehydration in bed, increased quantities

of sodium were excreted in the urine, chiefly in the first few days

of the experiment [49]. From the seventh to the tenth days of the

experiment, the excretions of sodium grew. By the eighth day of

dehydration, the K:Na relation was 1:1; the norm is 1:2. Over six

to seven weeks of dehydration, eodium loss in the urine exceeded

its excretion in healthy subjects by 4.2 to 14.2 grams. In Iu.K.

Syzrantsev's experiments [491 with eight subjects, the average loss

of potassium was 5.4 to 8.0 grams over eight to twelve days of

dehydration; according to other data, in experiments with subjects

[81] for twenty-eight days, it was 2.15 grams. Naturally, a negative

potass.-Lum balance developed in all the subjects. The sodium balance

remained positive, but declined by three to eight times in absolute

numb, ars [81].

From the second or third day of a stay in bed, the excretion of

phosphorus in the feces, and especially in the urine, rose. The

maximum quantity of phosphorus in the subjects' urine appeared in

the second and third weeks of dehydration; a secondary increase in

the phosphorus content was noted in the seventh week. The losses of

phosphorus over six to seven weeks of dehydration [65] equalled

5.6 to 11.6 grams, and over twenty-eight days [81] they were 4.24

grams. During dehydration, a negative phosphorus balance developed.

In rats [52], the phoophorus content in the urine during; hypo-
dynamia increased by 25;64 to 82?,b; an especially sharp increase was
noted in the second week of the experiment. The phosphorus content
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bed loadsp ill maiiy caws, to ostooporosio

turd the atrophy of tho bony tinsuo [87]. The 
fear 

ha,-, boon oxpro-sood
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that during the prolonged action of hypodynlunia and weightlessness
on astronauts, the strength of the bones may significantly decrease,
so that, under the action of a. load, fractures may occur, and the
coagulation of the blood and neuromuscular excitability may be
impaired [ 20, 62, 77, 85, 86]. These problems require further
study.

Carbohydrate and Fatter Metabolism

Information about the impairment of carbohydrate and fatty

metabolism during hypodynamia is very scanty. Hypodynamia makes

for a decrease in the absorption of the products of the digestion

of food, including the absorption of glacose [32].

According to some experimenters' data, the sugar content in

the subjects' blood during a twelve-day stay in bed [18] and a
six hour water immersion [74] did not change. In other authors'
experiments [49 72], under the same conditions, a small hyperglycemia

was found. Later on, the sugar level in these subjects' blood

returned to the initial one or even less. According to our observations

[541 of rats, on the first day of dehydration a significant, though
short-term, hyperglycemia was manifested. After fifteen and sixty

days, hypoglycemia was found in the rats in every case.

When the rats floated, after two to three weeks of hypoJynamia

-the sugar level in the blood declined more noticeably, and more

slowly recovered, than under the same circumstaaices for the control.

animals. During hypodynamia in dogs, after centrifuging, a hypergly•-

cemous reaction was more weakly expressed.

A lessened glycogen content was found in +ho rats' livers and

skeletal muscles. After fifteen days of dehydration, lyofraction

of the glycogen had almost completely disappeared, and the general

glycogen content had decreased., on average, by 89o. Some strengthening

of the intensity of glyconeogenesis simultaneously with the diminution

of the glycogen stock was demonstrated in experiments witrz alaniz^e-1-C14.
In rabbits, the sugar level in the blood increased during hypodynamia
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[50].

The state of fatty metabolism during hypodyaiamia is most frequently

judo od accordine to the change in the fat content of the organism.
Obesity has been noted in older persons who lead a sedentary life

[26]. In experimental subjects, a one to seventy-day stay in bed

caused an increase of from one to five kilograms in the body's fat	 L32
content [ 12, 13, 25 0 45]. Durinp	 ^.i x month local immobilize,tion
of puppies' paws, the fat content , 1— the muscular tissue increased

from 23.5 to 84.8 milli rams/ ram L08]. In rats, under strict
conaitions of hypodynamia., the supply of fat in the suboutanecus
fat, in the region of the omentum, and around the internal organs

almost completely disappeared [52, 55]. During short-term hypodynamia
( ten to fifteen days), no changes in the content of general fat,
cholesterol, and lipid phosphorous were found in the subjects' blood

[18]. During extended hypodynamia (120 days) the content of general,

lipids, cholesterol, and beta--lipoproteins in the blood increased

[36]•

We have established that there is a significant increase in the

level of cholesterol and beta-lipoproteins in the blood of hypodynamic

rats and rabbits. With physical conditioning of the rats, the

cholesterol content in the muscles decreases [84], and the glycogen

and creatine phosphate content increases [44].

During hypodynamia, the utilization of carbohydrates and fats

as energy materials is impaired because of the substantial change

in the oxidizing, processes. In humans and dogs the basic metabolism

is decreased; in rats, it does not change for the first two to three

months, and then it increases [21, 22]. The level of the tissues'

respiration changes. In the laver, the intensity of tissue respiration

increases; in the heart and the skeletal muscles it decreases [11,

21, 37]. A disconnection of the phosphoryl.ation and oxidation
processes occurs, and the production of macroergic compounds declines

[11, 17]. All these things, along; with other reasons, lead to a

lessening of the ability to perform static and dynamic work.
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Conclusion
laascular activity, movement, is the strongest factor of control

of vital processes, of the regulation of physiological systems mid
the maintenance of hom000tasis [57]. During inactivity, the biological
value of any physiological system declinao. However, muscular
activity is not only a means of conditioning the neuromuscular
apparatus itself, but also a powerful lover for affecting the
cardiovascular, respiratory, and nervous systems and the endocrine
glands. During hypodynamia, hormonal production decreases [21, 53],
which leads to the discoordination of the onzymes t activitl,'.

71hile studying the influence of hypodynamia on humans and in

experiments on animals, changes 
in 

the distribution and the activity

of many tissue enzymes were found [5, 8 1 29, 30, 47-49 0 56].
Impairment of the neuro-hormonal regulotion of all the vegetative
processes, and the changes, which are related to those processes,

in enzymes' activity, lead to that substantial impairment of the
metabolism of proteins, water and mineral salts, carbohydrates, fats,
and the production of energy, of Which we spoke above.

Cardiovascular ailments, kidney stones, frequent pneumonia,
high susceptibility to variouo kinds of colds, and much else, and
in the final analysis, premature ageing and senility -- this is far
from a complete list of the harmful consequences 

of 
hypodynamia.

No medications are able to replace muscular activity. Complete rest
is not the organism's optimal state [33]. A certain minimum of
muscular activity is necessary for all groups of the population and

even for the seriously ill. 	 60]. Without a certain amount of
physical labor and physical culture the creation of well-rounded,
more mature individuals for the future communist society is incon-
ceivable.
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9. Ginetsiiskiy, A.G., Lebedinsk y, A.V., Kurs normal.'noi fiziologii
[A course in normal physiology , Moscow, _Rledglz, 19567.

18



10. Gordenko $ V31. 1 "Punktoional tnoe sostoiailie siotemy gipofiz-kora
na.dpochechnikov pri gipsovoi immobiliza.tsii konechnostei v
eksper,imente [The functional state of the pituitary body and the
adrenal cortex during the immobilization of the extremities in
a cast]," Piziologiya i patologiya endokrinnoi sistemy [The
physiology and pathology of the endocrine system], Kharkov t 1964.

11. Grinberg, Z.N., "lzmenenie dy1chaniya mitokhondrii pecheni krys
pri dlitel tnoi gipokinezii [Change in the respiration of the
mitochrondria of the liver during extended hypokinesia]'"
Voprosy meditsinskoi khimii 16 4 (1970).

12. Demidov, G.A., Zhdanova, A.G. t Sleoarev, V.I., "Vliianie

Rhe
podinamii na morfofunktsional tnye osobennosti cheloveka
 influence of hypodynamia on the morphofunctional pecul-

iarities of man]," Sbornik materi alov ito.ovoi nauchnoi sessii
instituta fizlzul'tury A c-ollection	 tFe materials from a
scholarly summary conference of the physical culture institute],
Moscow, 1962.

13. Zhdanov, A.G., "Makrometricheskie izmeneniya sostava Lela cheloveka
pri gipodinamii [Macrometric changes in the state of the human
body during hypod amia]," Arkhiv anatomii, gistoloEii, embrio-
to ii 49/12 (1965.

14. Ivanov, N.l., Borovikova, O.N., Vl.adimorov, B.G., Dolgo-Saburov,
V.B., Sharabaiko, V.I., "K vo prosy o melchaunizme snizheniya.
urovniya DNK v tkanyakh posle vozdeistviya ioniziruioshchei
radiatsii [About the problem of the reduction of the DNA level
in the tissues aft^r the action of ionizing radiation],"
Tezisy dokladov 1-go Vvosoiuzno 

v
o biokhimiche sskoogo__ c"ezda

Summaries oY_The papers of tf % rst All -union  bloc 1̂ em stry
conference], Tzdatel t stvo AN SSSR [USSR Academy of Sciences
publishing house], Leningrad, 1964.

15. Ivanov, I.T., Korovkin, B.F., Mikhaleva, N.P. t "Issledovanie
nekotorykh biokhimicheskikh pokazatelei syvorotki krovi pri
dlitel'noi gipodinamii [A study of some of the blood serum's
biochemical indicators during prolonged hypodynamia]," Probl^emy
kosmicheskoi biolo ii [Problems of space biology], volume X13,
"Na a", T oscow,

16. Ivanov, T.T., Iur'ev, V.A., Biokhiml a i paat_obiiokhimi a m^,shts
[The biochemistry and pathobio'—cemi^y o^_es , Medgii,
Moscow, 1961.

17. Ivanova, S.M., Ushakov, A.S., "Vliia,nie gipokinezii i gipokinezii
v sochetanii s uskoreniem na okislitel lnoe fosforilirovanie v
mitokliondriyyakh nekotorykh, organov krys [Tre influence of
hypokinesia and hypokinesia in combination with accelerated
oxidative phosphorylation in. the mitochondria of some organs
in rats]," Trudy VNTT fizku.l'tur : Fiziologicheskierop blemy
detrenirovannosti Proceedings of the dill union scientific

19

r ,__ _̂i a 12MV;iQ-O*x.+e....
.j-ua/	 , aw I,l .i '.}Q`/NY	 ^'r}/



rooearch inotitute of phyuical culture: Physiological problomo
of do-conditionin6l, 1,10.9cow, 1970.

18 * Makurin t L.1., Xaticovokiy, D.S. "Nakotoryc fiziologicheolzie
aopokty dlitel l noi novesomooti tsome physiological a0poets of
rololieed weic;htlaosticao .1, 11 Fiziolo jLiya cheloveka i zbivotny h
Human and animal phyoioioev-j-) -6N-a-u-FdII-, occow,

19. Xakurin, L.I., Kablcovokiy, B.S., Georaievokiy, V.8,, et al.,
I 'Funktsional l nye raustroiotva pri cipokine 74ii u cholo-VeMa-
Pluman. functional disorders during hypokinesial," Vg roe
kurortoloCii, fizioterapii i lechebnoi fizkuL!±^'1__0370),,

20, Xovalenlco, B.A., Vasil t ev P.V., "Patogenez I sindroma nevesomostil
[The pathogenesis of the "wei ghtlessness syndrome']," 1zvestiYa
AN SSSR, sor a biulo6ii [USSR Academy of Sciences NowF._-7B_I`oT"o7gicaI
go-rir-eTs, 3  1 5 71)  -

21. I(ovalenko, E, A	 Popkov j V.L., lCondrat l ev, lu.I., Manlyarl, B.S.,
et al., II IzmLn;Aiya funktsii organizma pri dlitel l noi Cipokinezii
r-ChEn-Cee in the oreanism t s functions during prolonged hypodynamia],11
Patologicheskaya fiziolo^iya i eksperimental t naya terapiya 1416
k I 9'to).

22. Kovalenko, B.A., Popkov, V.L., 14anlyan, E.S. t Golushko, 1U.S.,
et al., "Vliianie gipodinamii na azoobmen [The effect of
Hy-pUUynamia on gaseous metabolismT 11 Kosmicheskaya biologiya
i meditsina V4 (1971).

23. ICorobkov, A.V.p 11 0tsenka v1iianiya ogranicheniya dvigatellnoi
aktivnosti na cheloveka s pozitsii sovremennoi nauki [An eval-
uation of the effect of limited motor activity on man from the
viewpoint of modern science]," Problemy uortivnoi meditsiny
[Problems of athletic medicine], Moscow, 1965.

24. Xorobkov, A.V., "Zadachi nauchnoi razrabotki dvigateltnogo
rezhima kalc vazluioi osnovy psikhofiziologicheskoi podgotovki
kosmonavta [The problem of scientifically developing a motor
regimen as an important basis of an astronaut's psycho-physio-
logical preparation],'" Kosmicheskaya biologiya i meditsina 311
(1969).

25. Xorobova, A.A., Venichenko, Iu.B., I 'Dinamika sutochnogo diureza,
ekskretsii kreatinina i srednei tolshchiny kozhno-zirovogo
sloi u sportsmenov v protsesse dlitel l noi gipokinezii [The dynamics
of daily diuresis, creatinine excretion and the average thickness
of the skin-and-fat layer of athletes in the process of prolonged
hypokinesia]," Kosmicheskaya biologiya i meditsina /3 (1968).

26. Kriachko, I.A., Askerov, A.A., "Gipodinamiya i zdorov l e [Hypo-
dynamia and health], " Problemy sportivnoi meditsiny [Problems of
athletic medicine], Moscowo '1965.

20



27. Laguehov, S.S. , "0 fi :iologichesko gibell, kletok v organizme	 34
[0n the p^yaioloeical death of cells in the organism)," Ua ekhi
oovremmenoi biologiya 	 2 (1963).

28. lobachik, V.T., 12'gorov, X3.B., 11 0 metabolizme kal r toiya v uoloviyakh
gipokenizii [0n the metabolism of calcium under conditiono of
hypokinesia]," Trudy konferentall "EEk_a e^rimental	 isole dovaniya

f
- i	

^
olcinezii, ^.zmenrio^ nazovoi sr^dy, u o end i are ruzok

^

rocee i5jo of the con erenoe on "^:xperment s ad *.es of
hypokinooia atmospheric changeo, acceleration, and overstress" I,
Moscow, 196b.

29. Dlikhaleva, N.P., "Vliianie gipodina.mii i lokal lnogo vozdeisty ya
ionoiziruiushchei radiats i na belki i fermenty orranov i
tkanei [The influence of hypodynamia and the local action of
ionizing radiation on the proteins and enzymes of the organs
and tissues]," avtoreferat kand.da.tskaya dissortatoiya [abstro.ct
of dissertation for the candidate t s degroe], LeninC;rad, 1 969,

30, Milchalova, N.P., Ivanov, I.I., Xorobkin, D.P., 11odorov, I.V.,
"Aktivnost' fermentov i ooderzhanie kaliya i natriya v skeletnoi
muokulature i syvorotke krovi pri dlitel lnoi gipokiinezii
[:enzyme activity and the potassium and sodium content in the
^lcolcta,l musculature and the blood serum during; prolonged
hypodynamia]," Tr--^. en 	 sre	 corona

dZ lkonferontsii "Blca erimental I n e issledovan-
tNioceedlnGo

i okinezii, izmnoi aazovoa.	 , us	 s I herenruzo
 of a cFni'le ce:^1i.ce oil ",::^sper7.aiion t o » uuu2 o s o

hypokineoia atmospheric changes, acceleration, and overstress"],
„loscovr, 1 96b.

31. Milchaleva, N.P. , Ivanov, I.I. , li edorov, I.V. , Amdii, B.Ll. ,
"Izuchonie frakt pionno„^o oostava belkov ;alceletnoi muskulatury
,pri Sipokinezii [A study of the fractional composition of the
proteins of the skeletal musculature durin,, hpokine sia. 1,”
Kosmicheskaya, bielogiya i meditsina, Y2 (1970 .

32. Mogendovieh, M.R., Gipokineziya kak faktor patologii vnutrennilcll
orcl anoy [Hypokinosia as a factor in the pathology of internal
organs], if Lks eriment^al ^n^o issl e dovan 	 to fiziolo Lii biolchimii
i farma,lcolo i! erms c^ o	 ed si^ns_kogo_ instituta B'xpera,men a
Stu ies in sa.o' 0 o^y^i—OCTIema."- ryy,^an pharmacology of the Perm
medical institute J, number 3, Perm, 1961.

33. Mogendovich, M.R., "Mekhanizmy motorno-vistseral l noi integratsii
i starenie organizma [Mechanisms of motor--visceral integration
and the aging of the organism]," Dvi matel v na a aktivno st r i
starenie [Motor activity and aging , Xlev, -1969.

34. Blolchanov, N.S. , Krupina, T.N. , Balandin, V.A. , Beregovkiy, A, V. ,
et al., "Rezul'taty klinicheslcogo obsledov=, iya kosmonavtov
A.G. Nikolaeva, V.I. Sevaiat'ianova [Results of a clinical
examination of astronauts A.G. Nikolaev and V.X. Sevasttianov],"
Kosmicheska,ya biologiya i meditsina. f6 (1970).

21



3 . 0rlova, .I., "Soderzhanie mocheviny krovi pri dlitol fnom."ani..
	 podvizhnocti [Urea contoat in tho blood during a

proton-od limitation of movemont^," Proble koomicheokoi bio--
19 LProblemn of apace biology ] , vo ume , ° au ca p`; oaco^v,

36. Parin, V.V., Krupina, T.N., Mikhailovakiy, G.P., Tiwul, A.Ia.,
"0snovnye izmoneniya v organizme zdorovogo cheloveka pri 120--
sutochnom postel tnom soderzhanii [The basic changes in the
organism of a healthy human being, during 120--days' confinement
in bed]," Koemicheskaya biollo Miya i meditoina 15 (1970).

37. Fopkov, V.L., Mailian, 1.S., Golushko, Iu.S., ICovalenko, B.A.,
at al., ' I lzmenenie gazoobmena, gazovogo gomeostaza, i tkancvcgo
ZpcMaaniya keys pri dlitel tnoi gipokinezii [Changes in gaseous
metabolism, gaseous hom000tasis, and tissue respiration in rata
during prolonged hypokincoi.a]," I. iziol.ogicheslc i zhurnal SSSR
56 12 (1970).

3$. Popov, N.D., "Kharakteristilca pishchevogo ratsiona, i izmenenio
obmena veshchesty v usloviyakh opyta [Characteristics of food
rationing and changes in metabolism under experimental conditions],,'
Trud voenno . a falculteta Instituta fizkul l tury imeni Le_s_gafta

^tor cs of the m	 r`y-`acUltyof 'the Leshaft Tnstl7u e f"
physical culture], volume 30 9 196220

39. Portugalov, V.V., Gazenko, O.G., Ilona-Kakueva, E.I., Malkin,
V.B., Artiulchina, T.V., Bakaeva, I.A., Gotlib, V.Ia., Rokhlenko,
K.P., Roshchina, N.A., Starostin, V.I., "0 nelcotor kh effektakh,
voznikaiushchilch pre. gi^pokinezii (opyty na myshakh) [On some
effects which arise during hypokinesia (experiments on mice)],"
Kosmicheskaya biologiya i meditsina 16 (1967).

40. Portuga.l.ov, V.V., Il t ina Xalcueva, E.I. , Artiulchina, T.V. ,
Gotlib, V.Ia., Starostin, V.Y., "IC voprosu ob izmeneniyakh v
nekotorylch endokrinnylch zhelezalch i sekretiruiushcb.ikh iadrakh
gipotalamusa pri gipokinezi [On the problem of changes in some
endocrine glands and nuclei of secretion of the hypothalamus
during hypokinesia]," Trudy konferentsii ";ks erimental tn e
issledova^niya i okin.e -- i, izmennoi aazovoi sredy t us orenii

Pere ruzoic: [Proceedings oan conference on { xpi7 erxme""- a-
studie^ypokinesia, atmospheric changes, acceleration, and
overstress"], Moscow, 1968.

41. Prokhonchukov, A.A., Koval.enko, B.A., Kolesnilc, A.G., Kondrattev,
Iu.I., Iliushko, N.A., "VaJ anie gipodinamii na mineralInyi
i belkoi obmen v obyzvestvlen ykh tica,nyakh zubochel.iustnoi
sistemylThe effect of hypodynamia, on mineral and protein
metabolism in the calcified tissues of the dental.--mandible
system], Stomatol giya 4V4 ( 1 970).

22



42, Iio.-enblium, D03'# 1 I'Dvizhenie I ohi r2111 1 [I"10voment "nd lirobil
Problom koomicheoltoi meditoiny: X= 40orentniya pamiati A.V.

0 111OK060 Lkrobl	 --of-Cip-t-1-0-o-I mac., 	 A onfo-r-en-ce in
"	 1,11memory of A.V. Lebodinulciy jj ' occow, 1966.

43, Rokotova, 11.4i, f Doe,,ina, IoD., Bolotina, O.F., Kuoherenckop
► 'Vliianie dlitel l nogo orranicheniya dviCatol f noi aktiviiooti
na zhiznedoiatel l noot' obez l ian Me influence of a prolonCod
limitation of motor activity on the vital activity of monkeys]III
Problemy koamicheskoi biologii [Problems of space biolory),
Vo-Tu—me 2, Izdatel l o -71N-7-37M [USSR Academ-- of Sciences publioh-

'A

inG house , IM.,oscow, 1962.

44. Samodanova, G.I., "Biek-himichookie izmereniya v t1canyalch belykh
krys pri ciatematicheokoi myshechnoi doiatel l nosti [Biochemical
changes in the tissues of white rats during systematic muscular
activity J , 11 FizioloGichookL3.)r zhurnal 2SOR Lj6/2 (1970).

45. Bergin, M.S., Xamforinap S.A., Lebedeva, MT., "Nekotorye
pokazateli obmena veshcheotv pri dlitel l nom ogranichanii
dvizheniya [Some indicators of metabolism during prolonged
limitation of movement," Llaterialy 3-i nauchnoi konferentoii
P WtaIMIYEL lichnogo sostavd-V	 L'I'aterials	 he
o 

voprosam
i	 Ily F-Fr-Terence ontH rd scholar' 	 questi6xi—soT-We nutrition of

the nersor-ne! of 'uhle- USSRs armed forces	 nX,	 Leningrad; 1966.

46. Seregin t M.S., Popov, I.G., Lebedeva, Z.N., Goriacheva.,.O.A.t
Kamforina, S.A., et al. ► l Pitanie i obmen veohohestv pri
dlitel t noi ipodin—am'il tNutrition and metabolism during prolonged
hypodynamial," Problemy 1cosmicheskoi bioloaii [Problems of
space biology], -7-61u—me 13, "Na a,' Moscow, 1969.

47. Simonov, E.E., Fedorov, I.V., I ► Aktivnost l nekotorykh formentov
syvorotki krovi it keys pri dlitel l noi obezdvizhennosti [The
of some serum enzymes of the blood in rats during prolonged
hypodynamial," XosmicheskMa biologiya, i meditsina, ^l (1970).

48, Strelina, A.V., "Xholinestraznaya aktivnust' v myshtsakh i
chuvstvitel l nost' myshts k atsetilkholinu pri kontrakturakh,
vyzvanny.kh immobilizatsiei konechnosti [Cholinestrous activity
in the muscles and muscular sensitivity to acetylcholine during
contrantions caused by the izma,obilization of an extremity1#11
Fiziologicheskiy zhurnal SSSR' V4 (1956).

49. Syzrantsev, lu.X. t Udalov, Iu.F.p "Znachenie otdel l nykh pishchevykh
veshchestv dlya sokhraneniya asotistogo ravnovesiya v uslovyakh
ogra-nichennoi podvizhnosti [The value of individual nutritious
substances for the nitrogen equilibrium's maintenance under
conditions of limited movement]," 1,11aterialy 

3 
-i nauchnoi

konferentsil PO voprosam, pitaniya lichnogo sos^EaVa VS SSSH

	

M	 -LI,Jaterials of the third so olarly conYe—rencii —onproME—sof the
nutrition of the personnel of the USSR's armed forces], Leningrad,
1966.

23



0. f^Icrlvolcinj V.V., "Din, iilzi ooderzhaniya sakhara v krovi pri
ekaperimontal lnom atorosklero zo i kl^oxonarnoi nod'[ooiatochtiosti,
vy..1Vannyk^1 o x^an .chon et.. poaviJmooti krolikov (Tho t1y21Cmico,
of the b lood--au ,,.r ow tone under coilditio:us ofe cporim r tal
-thero olurooio and coron aryi.zq 4. a uacS,. cauood ,},b^r l .t ita.^ix

ho IIi^HiC°".ir`^ out o4l' rtibbit	 "" jjo ulletin xi" } .T` '1C'3 ^!(^l t a2C)^ biolot'sii

F:loldi'Gokla 66111", (1968).

Ti'lVoltin, V.V. , ""V2iianie o^,x< uzicheniya. mysl1echnoi al tivnost ^
wa oodor. hanie na.triya, l , li, c: 1. kal'to y a v Oyvorot1co lcrovi

he iliflu^ nco o muucul^:r activity' o limitation on till' odi`^m,
potaooiwn and calcium content in blood ocrt^m]," Pa,tolo^aka r ^
fizioloEiyl as i ekspe.rimontaal'	 ^ terapiya 13	 1

^2. .^	 ,	 , "" "̂ E,otiotyi obmen pri ipokinazii zhivotnykh'^edorov, T.V. a z 	,
[Nitro]-,en exch..nee durin hypokinooid in anima^.a^,'" lCoomicheskaya
biolo-,i a i mcditsina. 1/3 (1967).

53. ? odorov, T.V., "Gipodynamia i ,ormonal'naya aktivnoot' [1iypo-
dynamia and hormonal activity]," Koomicheskaya biol.ociya i
moditsina  L)/4  (1971) •

54. Fedorov, T.V., V noGradov, V.114., Mlilov, Tu.T. " 1 0 aintez
tkanevykh bolkov u zhvotnylch pri ,^ipodinamii [on tissue-protein
synthe of s in animalo during; hypo dy rnia. ], " lCo ami cho ska,,ya bi ol2Li: y
i medi toin 1 1 (1 U ) •	 - -

55. Pedorov, T.V., i il.ov, Tu.V., Vinogradov, V.TT., "'Vos telo. i
aintez belnkov u zhivotnylch, pri Cipokinezii (Animals' body
weight and protein synthesis during; hypokine ia],"" Koomicheskaya
biol.ogiya i meditsina 2/1 ( 1 968).

56. .Pedorov, T.V., Milov, Tu.T.*, aimonov, B.B., " 1 0 dinamike izmenenii
belkovogo obmena a 1crys v techenie dl.itel'noi gipolcinezii
[On the dynamics of chin-o in rats' protein metabolism in the
course of prolonged hypokinesia]," Kosmicheskaya biologiya i
meditsina Y3 (1970) .

57. 1"rol l kio, V.V., Dluro.nov, T.V., "D skussionnye voprosy fizio-
logicheslcogo mekhanizma vliiani.ya myshechnci deiatel'nooti na
organizm pri starenii [Items for discussion about the physio-
logical mechanism of muscular activity's influence on the
organism during  aging],"" Dvi fatel I n i rezhim i starenio [ The
motor regimen and a.ging], `Kiev,	 I.	 -'

58. Cherepakhin, M.A., "Vliionie dl.itel tnogo postel lnogo rezhima
na myshechnyi tonus i propritsenitivnye refleksy -4orovogo
cheloveka [The influence of prolonged bed rest on.a healthy
human's moucl.e tone and proprioceptive reflexes], ,, ICosmicheskaya
biologiya i meditsina 13 (1968).

*14ilov's second initial is different in item 55 than in items 54 and
56 in the original text. -- translator

24

L



1:3, 9 * Clio rkacova, L.O., Biolchimiya travmZ [The biochemictry of traum,")],
N,Inuki 1957.

Go. Shanin, lux., Putov, rl.v,, livchitay 1,0, nnaphenie rannei
dvigatel l noi aktivnoati v poeleoperatsionnom lechenii (The
siCnificance of early motor activity in post-operative recup-
oration]," Vow-moditainakiy zhurnal, 12 (1970)f

61. laremonko, B.11., 11 0 vIiianii dlitel t noi L;ipodinamii na nokotoryo
f iziolor	 oobak [On tile influence of proloneed^,,icheokia funktaii u
hypodynamia 

on 
some phyoiological functiono in doe Pato-

locichookaya fizio loriya i oks erimentalnau terapiya Z/7-
k 19'[0) #

6P. Brannon, 1, 	 C., gotta, P., "Tho influence of specific
oxorciveo i ,n the prevention of debilitatinC muoculookoletal
disordora: implications in phyciolooical cond i

I
tionin - for

prolon,Eod weirjitl000noos, ll Aeroopace T-ledicine -14/10 1963)•

63. Cathbortoon, D., , The influence of(
132
rolon-ca Mmocular root oil

motaboliom," Diochom. 4ournal 23/6	 9)to'

64. Cathbortoon, D., 11 ^Iarther oboervationo on the disturbc-mcc of
motaboliom cawood by injury with particular roforunce to the
diotary roquiremonto of fracturo cases," Britigh Journal of
Sarrnry PIA1 Hqlri).I---- LI__ It "=f - - ^ ---, -

65. Doitriclt t J., *.Aiodon, D., Shorr, B., II Nffocto of immc.-Alization
upon variour, motaboliom and physiolo.ic functiono of normal
men," Ltiorican Journal of 14odicino All (1940).

66. ti c C, Y., "Objoctivo dotormiliationo, of bone calcitmi levels,"
Aorocwlca Idedicille 3V2. (196 )

67. Dock,	 I'Dio inaooirm iblo offoct.-i o^' beet root,"
,'orth ilmoricL	 (1945).

66•

	

	 L., Domo., '.,%p 111oulder, P-, f "Tissue studies durinG
recovery from immobilisation atrophy,," Journal 

of 
Applied hhypio-

12a 1V3 (1963)•

69. Gamor t 0., Henry, P., ""Circulatory baoic of fluid volm-10 controill,
Phy.sioloc;ical lilaviev. 43/3 (196.'),).

70. Gerber, G., Coozalicu, Ill . , .4'ritnol l V., 11 0rol,",tine inetabolism in
Vit"I:Amin i,I defioiency ill tho'rat ) " "IrIle' riczai Journal 

of 
Pliyviolo,,.,,y

f)	—

71. G.-cwolino, D., Jackooa, K., "Diuroon o. vt0000ilated with proloIIL^oclt
w"'tor inuncroionp l, Iamcrictml Jourlic-a Of Physiolo;;Y 17 (1962).

72. Grovolino, D.,	 IL, 11 13ociy fiuie, aio-tribution: Implicatioao
.Lor zero ravityy ll ,"Iqro0j)U00 i'ledicineLI

25



73. Gravolino, D., 11 -lcUcilly t 	twL,-ter

74. G*oldja,,1n # Y., 11 2ree ;patty noid ro pponap o to tiltin,-^ O.4A&"t(.,r rz..,tor

i.,Mieroioa," Jouimal Of ^11)*Olioa PllyOioloc-z 243 (1965).

75. 11'attlier, D.C.,	 D.iZ., "Influence of
upon the oltolatoa, ll Aorospace Tzeflicine L19/9 (1968).

76. lloil-okov, 147. 1 Ochonheydor, 2., "Groatinura duc to i.,mmobilization
in bed," Acta 1..od., 12cand. 111/1 (1955)0

77. l000kuto, D. t Blizzard, Yo
1 	 '4

Birldhead, IT., Rondah	 fl, X., ITffect o
prolon t-,od bed root on urirary calcium output," Journal of .1-oplied
PhygioloL.,y L- 1,/3 (1966).

'78. lcrauo, R., Haab, 7.7., 11y1jokinatic disease, c0printTiold, US4, 1961.

j. Lamb ) L., Yohnoon, 2., Otevono, P. ) "Cardiovascular deconditionin-
durin6* chair rest, 

It 
Aerospace Kedicina 35 11 (11964).

80. Landry, 1J., Pleioch, 11. t "The influence of immobilisation on
bone forma, 	 as evaluated by osceouo incorporation of tetra-
cyclineo ) " Journal of Bone and Joint SurEorX jUB4 (1964).

al. Lynch, T., Yoncon, ii., Stevens, P., and others, 1 ►3Tlotabolio effects /K
of prolonged bed rest," Aerospace Medicine Wl (1967).

82. Dliller, P. , llartm=, B., Yohnson, it. t Lamb, L. 1 11 Nodift cation of
the effects of two weeks of bed rest upon circulatory functions
in man," Aerospace Medicine 35/12.

83. X',Iler, P., Yohnson, It., Lamb, L., "Jillffects of four weeks of
absolute bed root on circulatory function in man," Aerospace
Medicine 35/12 (1964).

84. Worgan, T.R. ) Short, P.A., Coll, L. L., "Effect of long-term
exorcise on skeletal muscle lipid composition," American Journal
of PhysioloQ 216/1 (1969).

85. Neuman, ►,11., "Calcium metabolism under conditions of weightless-
neso," Fourth International Space Science Symposium, Vlarsaw,
1963.

86. Rose, G., "Immobilisation osteoporosio: a study of the extent,
severity: and treatment with bendrofluazide," British Journal
of Surgery 53/9 (1966).

87. Stevenson, F.H., "The osteoporosis of immobilisation in recumbonce,"
Journal of Bone and Joint Surgery 34B  (1952).

88. Schonheyder, P.p Heilskov, N., Olesen, X., "Isotopic studies on
the mechanism of negative nitrogen balance produced by immobili-
sation," Scand. Journ. Clin. Labor. Investigation 6/3 (1954).

26

p.



89. Taylor, H., Henschel, Ho t Brozek t Y., Keys, A.r "Effects of bed
rest on cardiovascular function and work performance," Journal
of LpZLied Physiology V5 (1949).

90. Wolthnis, P., "Effect of diet, bed rest, and anabolic steroids,"
Acta Tiled, Scand, 171 (1961).

Recommended by the Department of Diochemistry, Yaroslavl f Medical
Institute

Received February 11, 1972

27


	1980011503.pdf
	0001A02.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif
	0001B12.tif
	0001B13.tif
	0001B14.tif
	0001C01.tif




