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SURVEYS 

UDC: 629.78: [612.395.12-06:612.745.6 

IN-FLIGHT DIETS AND QUANTITATIVE ADEQUACY THEREOF TO PILOT ENERGY EXPENDITURE 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICRESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 6 Mar 81) pp 4-14 

[Article by I. G. Popov] 

[English abstract from source] The paper discusses certain aspects of 
nutrition of aircraft crews in prolonged flights. It describes meals 
acrangements in flights of up to 4 hours, physiological-hygienic re- 
quirements to flight diets and, on this basis, possible improvement 
of crew nutrition through a better utilization of meals cu the ground. 
The paper reviews the Soviet and foreign data on pilot energy expendi- 

tures and caloric value of diets in flights over 4 hours and, in this 
context, emphasizes potential development of excessive food intake 
with symptoms of acute overeating in prolonged flights (8-10 hours). 
This information should be taken into consideration in order to advance 

organization and medical monitoring of flight diets. 

[Text] The problem of onboard diet of flight personnel during long-term flights 
deals with a wide range of questions referable to physiology, hygiene, technology, 

engineering design and supply. Onboard availability of water is closely linked 
to the problem of pilot nutrition, and this question cannot be properly answered 
without consideration of the chemical composition of onboard rations, food intake 
schedule and other distinctions of nutrition during prolonged flights. On the 
other hand, the foods consumed by crews during flights are themselves actively 
involved in fluid metabolism, affect fluid intake and output. For this reason, 
the proper choice of constituents of onboard diets can be made only with due con- 
sideration of the distinctions and capabilities of the system of onboard water 
supply in aircraft. 

At the present time, it is apparently more correct to raise the question of equipping 
aircraft with a special onboard system of nutrition anc water supply, which must 
provide a complex solution to problems of providing food and water for pilots during 

long-term flights. Of course, the onboard system cf collecting and storing such 
human waste as urine and feces must be closely coordinated with the onboard system 
of food and water. The lack of appropriate waste management systems (WMS) imposes 

great restrictions on the system of nutrition and water supply with regard to choice 
of foods and quantity thereof, as well as hot beverages and drinking water. Un- 
fortunately, these problems are often solved in a disparate fashion (particularly 

at the stage of aircraft design) [1-5]. 



With reference to the problem of onboard diet and water supply, one cannot overlook 

its ergonomic significance in a machine-man-environment system, since food and 
water are among the most important environmental factors that have a substantial 

effect on the work capacity of man, particularly when conditions impose greater 

demands on the bedy. Unwise technological design of the onboard food and water 
system, which makes it difficult to operate in flight, creates ergonomic difficulties. 

Finally, the onboard food and water system has some effect on flight safety, since 
it affects health and work capacity. Moreover, food and water of poor quality may 
be the cause of dyspeptic disorders and even food poisoning and infections. By vir- 
tue of the adverse effect of the latter on work capacity, they are direct precondi- 
tions of flight accidents. We know of quite a few instances where intake of 
random food in flight led to gastrointestinal disorders of varying severity. 

A complex approach and involvement of specialists in different fields--avi.tion phy- 
sicians, technologists and designers in the food industry, designers of aircraft 

and onboard kitchen and housekeeping equipment, engineers in the food industry and, 
of course, pilots--are required to properly solve the numerous problems that arise, 

both in developing new onboard meal and water systems of modern aircraft and up- 
grading existing systems. It is impossible to assure high-grade food and water 
for crews during long-term flights without the active joint work of ground-based 

engineering and cechnical, food and medical services. In particular, the workers 

in the aviation medicine service have the job of imp/ementing sanitary and hygienic 
checking of quality of foodstuff received for onboard meals, condition of products 

used in making up onboard ratio. , as well as quality of drinking water issued for 
flights [6]. This work is a rather important element in providing for optimum on- 

board nutrition and water, preventing food poisoning and toxicoinfections during 
long-term flights. 

The main purpose of onboard nutrition and water supply during long-term flights is 

to preserve health and work capacity of crew members on a high level, which requires 
intake of nutrients and water by pilots at the proper times [4, 6]. Nutrients and 
water must be taken in amounts that are sufficient to compensate for the continuous 
expenditure of energy, as well as chemicals of vital importance, which are required 

for normal occurrence of numerous metabolic processes. Intake of food at the 

proper time in amounts that are adequate to working and living conditions of crews 
during long-term flights is also important in preventing distressing hunger pangs 
that occur when there is insufficient food intake and long intervals between meals. 
Such discomfort has an adverse effect on psychophysiological functions of flight 
personnel, worsen attention and functional reserves when flight conditions become 
complicated, Unslaked thirst is even more distressing, particularly since pro- 
longed use of oxygen gear elicits the sensation of dryness in the mouth and naso- 

pharynx [6]. 

The main question that arises in considering problems of nutrition during long-term 
flights is determination of the nutrient value of onboard allowances (chemical com- 
position and caloric value of each meal and food taken over the entire flight) and 
optimum meal schedule. Improvement of onboard water supply involves determination 
of the amount of potable water that should be available, its quality and times of 

intake. All these questions are closely interrelated and must be considered to- 

gether ["in a complex manner"]. Unfortunately, this is not always the case. 

Not infrequently, in the past the nutrient requirements of onboard allowances 
(quantitative and qualitative), as well as eating schedule for long-term flights, 



were considered apart from the distinctions of flight personnel diets on the ground 
[1-9]. One cowld hardly consider such an approach to be correct. First of all, 
onboard food intake in the course of flight work is still episodic in the overall 

process of formation of the alimentary status of flight crews [13]. The main form 
of pilot diet is still the usual flight ration on the ground [6]. Even on flight 

days (particularly long-term flights) flight personnel start and finish eating on 
the ground, mainly in special flight mess halls [dining rooms]. Thus, in the case 
of flights lasting 4-12 h, the crew's food schedule is mixed, since they take 

meals sometimes on the ground and sometimes in the aircraft. This has been reflected 
in the mealtime schedule established for all flight personnel. According to the 
Statute in effect, on flight days the intervals between meals should never exceed 

4-5 h in all cases (including the time spent in flight) [2, 5-8, 10, 13]. 

In the case of short flights, the pilots’ meals can be scheduled on the ground with- 
out infracting the established schedule, with no more than 4-5 h between meals. On 

days of long-term flights, according to the adopted physiological and hygienic 

recommendations, pilots must eat 1.5-2 h before the flight. This is validated by 

the fact that physical and mental work capacity usually diminishes immediately 
after meais, particularly large ones. The fact of the matter is that, immediately 
after food intake, the overfilled stomach elevates the diaphrzgm somewhat, makes 

breathing more difficult and creates unfavorable conditions for function of the 

heart, particularly in seated position [2, 5, 8, 9, 11, 12, 17, 19, 35]. 

It is believed that there is efflux of blood to the region of the digestive 
system, with attenuated delivery of blood to muscles and the brain during the 
period of intensive gastric digestion immediately following food intake. For this 
reason, in sports practice, training and exercise do not start right after a meal, 

but 1.5-2 h or even 3.5 h later [14, 16, 18, 20, 21]. 

In flight practice, these 1.5-2 h after taking a meal in the flight personnel mess 

hall (particularly in the morning) are usually spent on traveling to the airport, 
preflight physical, preflight servicing and preparation of the aircraft for take-off. 

In order to maintain the established intervals between meals (no more than 4-5 h) 

during flights, with consideration of the 1.5-2 h after breakfast and time required 
for preflight servicing, it is necessary to schedule meals even when flights last 

3-3.5 h. If the flight takes off 2 h after the preflight breakfast, the flight 
lasts 3 h and another hour is required for postflight work, the total interval 
between breakfast and lunch increases to 6 h, instead of 4-5 h. If, for some 
reason, the aircraft does not take off 1.5-2 h after preflight food intake by the 
crew, but does so at a later time, it often happens that it is necessary to 

schedule a meal for flights, even if they are of shorter duration, or for the 
crew to eat an additional preflight breakfast. It is hardly desirable to recommend, 
in such cases, that a larger preflight breakfast be consumed, since it could lead 
to excessive food intake, overfilling of the stomach and adverse conditions for 

the function of the body's physiological systems, particularly if the flight will 
start 1.2-2 h after breakfast, rather than 3-4 h. 

At the present time, meals for crews aboard aircraft are scheduled only for flights 
lasting over 4 h. In the case of a 4-h flight, each crew member is issued one 
onboard ration, if it lasts over 8 h he is given 2 rations, over 12 h 3 rations, 

etc. [4-6]. 



At the same time, pilots ar2 allowed to use the flight rations in accordance with 

the established mealtime schedule for flight personnel, with between meal intervals 
of 4-5 h. Consequently, if crew members take food 2 h before the start of a flight, 
they have the right to take food from the flight ration 2-3 h after the start of 
the flight, rather than after 4h. If take-off is delayed, in-flight food intake 
can be started even sooner. This procedure makes it possible to retain the 
daily meal schedule established for pilots [6]. 

Analysis of meal scheduling during flights lasting less than 4 h enables us to con- 

clude that the following steps would be desirable t:o improve nutrition of crews 
during this type of flight: organization of an adidtional, second light breakfast 

with tea or coeffee at the airport if take-off is delayed; issuing small flight 
rations and water; delivery of a light additional breakfast to the airport at the 

time the crew returns from a flight. Thus, by means of a ground ration, which has 

Significant reserves, one can organize additional nutrition for flight personnel 
at the airport and in flight in order to preserve the established schedule for 
food intake every 4-5 h. Concurrently, this would prevent hypoglycemic states and 
discomfort of the gastrointestinal tract related to long intervals between meals. 

We should like to call attention to the desirability of scheduling an additional 

meal at the airport immediately after long-term flights. For different reasons, 

pilots are not always able to travel from the airport to the mess hall right away. 
For this reason, it would be desirable to deliver food from the mess hall to the 
airport corresponding to the usual second breakfast (or second supper) as provided in 

the daily menus for flight days. The total caloric value of such a breakfast (or 
supper) constitutes 10-15% of total calories per day on the flight norm, which is 

quite sufficient. Thus, a small portion of food would make up the shortage of 

calories right after a 2-4—-h flight that was delayed at take-off and mainly it 

would eliminate the feeling of hunger and normalize blood sugar level. Conse- 

quently, the crew would be able to complete their required postflight work at 
the airport and, if necessary, go on another flight in a calm psychophysiological 

state, without reducing physical and mental work capacity because of insufficient 
food intake. In several countries, pilots take small amounts of easily assimilated 

food (sandwiches with sweetened tea or coffee) immediately after completing long- 
term flights. Of course, organizing additional food intake at the airport after 
flights lasting 2-4 h does not eliminate entirely the disruption of the established 
mealtime schedule of flight personnel, although the intervals between meals would 

be substantially reduced and, at best, would not exceed 6 h (1.5-2 h after break- 
fast before a flight, 3-4 h in flight, 1 h after flight). Of course, the intervals 

between meals increase when there is a delay in take-off and the flight lasts 

longer. For this reason, for flights lasting 2-4 h, it is desirable to issue a 
second breakfast (second supper) as provided for flying days in the menus of 
flight crew meals on the ground. Thus, the pilots can make use of scheduled 

meals in flight, as onboard nutrition, rather than on the ground. 

With such organization of meals for crews, there is no need to develop a new, 

special onboard ration for flights lasting less than 4 h. 

The flight ration to be used on the ground contains food that is not so perishable, 
which can be consumed in flight without additional cooking. It has high nutrient 
value and is readily assimilated. Such foods include wheat bread, cheese, butter, 

eggs, chocolate and sugar [6]. Without detriment to nutrition under ground-based 
conditions they can be used to prepare onboard food kits with caloric value of 

up to 740 kcal, which corresponds to recommendations for the second breakfast 



(supper) that is usually provided in the flight ration daily menu. In addition to 
such a kit, hot tea must be prepared, and it can be poured into individual thermoses 

available on all aircraft that make long-term flights. Like the usual onboard 
rations for longer flights, these onboard food kits could be prepared in the flight 

crew mess hall upon prior request of flight directors, and delivered to the aircraft 
1 h before takeoff. This would make it possible to have the foods quite fresh and 

of good quality. It should be noted that before 1958 the above-mentioned foods 
were already used for onboard meals, but for flights lasting 4-6 h. This “sand- 
wich system" of onboard meals was abandoned because of the wide practice of long- 

term flights, for which toods are required that have a longer shelf life without 

refrigeration in aircraft cabins at positive ambient temperatures [4]. 

As the duration of flights increases and the share of the daily diet of pilots 

consumed directly in the aircraft cabin grows, of course greater requirements are 

made of the quality of onboard diet for crews. Indeed, it is one thing when 
aircraft crews take food once in the course of a 4-5-h flight against the background 

of proper nutrition in the flight crew mess hall before and after flights and 
another thi g when the flight extends to 8-16 h or more and meals are taken on 
board in th course of the work day. Consequently, during flights of long duration, 
most of the daily food is taken on board. The consequences to the nutritional status 
and, consequently, to preservation of health and work capacity of unwise onboard 
food and water would apparently be different and not beneficial to nutrition during 
long-term flights. For this reason, there is no question that onboard food during 

long-term flights must meet, in every respect, the established physiological and 
hygienic requirements for optimum nutrition of the adult able-bodied public 18 to 
60 years of age. We cannot agree with those who try to lower the requirements for 

nutrient value of onboard meals because of their relatively small share in the 

overall diet of flight personnel, particularly when dealing with flights lasting 
8-12 h or more. Incidentally, in such cases, pilots may only take one preflight 

breakfast on the ground. In setting hygienic standards for the diet for any 
professional group, it is the general practice to determine, first of all, the 

energy value of the daily allowance. 

The energy value of the daily allowance or its caloric value is usually expressed 

(standards set) in terms of kilocaloriesand more recently in kilojoules as well, 
in connection with adoption of the new internal system of units. One kJ corres- 
ponds to 1 kcal multiplied by 4.2. In modern physiological dietary standards, 
the recommended daily calories for any professional group of able-bodied public 
are determined primarily by the mean daily energy expendtiure in a given professional 

group. Consideration is given to the energy expenditures of the body both in the 
course of work and rest periods before ani after work, as well as influence of 
general living conditions. In our country, all of the able-bodied population 18-60 
years of age is divided into 4 main occupational groups, according to mean daily 

energy expenditure [16, 20]. Of course, such distribution into groups according to 

daily energy expenditure is tentative, and for this reason the energy and nutrient 
requirements of each specific occupational group must be defined bv additional 

physiological and hygienic studies. Moreover, the nutrient requirements listed 
in physiological dietary standards are given for the “average man," in the USSR 
for a man weighing 70 kg. For this reason, I. M. Buznik very justifiably stresses 
that the energy requirements ot individual people may be higher or lower than the 
average norms [22]. This is all the more valid since not only muscular exercise, 

but height, weight, age, sex, specific dynamic effect of food and neuropsychological 
cension have some influence on basal metabolism and total daily energy expenditure 
[22]. For this reason, when working out food allowances for specific occupational 



groups, particularly those engaged in work that makes high demands of health and 
work capacity (for example, such responsible jobs as that of pilots), appropriate 

corrections must be made in the average norms of physiological nutrient require- 

ments. As a rule, the average norms are raised to a level that precludes instances 
of insufficient food intake by individuals who have a higher basal and general 
energy metabolism per day. For this purpose, one usually increases the caloric value 
of the allowance in planning nutrition for large heterogeneous groups. In the 
opinion of K. S. Petrovskiy, such an increase in daily allowance and, accordingly, 
food ration, must be in the range of at least 10% of the average caloric value of 

the allowance for a given occupational group, calculated on the basis of determin- 

ing the mean daily energy expendture for the “average man" [16, 21]. 

According to the most recent physiological dietary standards developed at the USSR 

Academy of Sciences under the guidance of A. A. Pokrovskiy and approved by the USSR 
Ministry of Health in 1968 as the national norms (USSR Ministry of Health No 735-68), 
the first occupational group includes individuals engaged in mental labor and those 
whose occupation does not involve physical labor, or requires insignificant muscular 

exertion. Their daily energy expenditure constitutes 2800-3300 kcal for men 18-40 
years of age and 2600-3000 kcal for men 40-60 years old. The fluctuations in 
energy expenditure are related to the level of development of municipal services 

(plumbing, heat, sewer system, public transportation, etc.), as well as nature of 
individual recreation (active or passive), involvement with sports, hiking, etc. 
The fourth group consists of individuals engaged in nonmechanized labor or partially 
mechanized heavy and average labor. This includes miners, truck drivers, con- 

struction workers, farm workers, lumbermen, etc. Their daily energy expenditure is 
in the range of 3700-4200 kcal for individuals 18-40 years of age and 3400-3800 kcal 
for thos 40-60 years old. The second and third occupational groups occupy an 
intermediate position. Only men engaged in heavy physical labor expend more 
energy (about 4500 kcal), such as diggers, loaders, mowers, etc. The requirements 
of athletes during periods of competition and intensive training constitute 

about 4500-5000 kcal/day [16, 22, 23]. 

In setting physiological and hygienic standards for flight crew diets during long- 

term flights, one must plan the caloric value and daily allowance for the day of 
the flight and energy value of each meal, i.e., each onboard ration. For this 
reason, one must take into consideration the possible total daily energy expendi- 

ture of pilots on a mixed meal schedule (on the ground and in flight), as well 
as crew members between meals during flights. 

The food consumed by the crew on a flight day must compensate for energy expenditure 
of pilots uniformly over the period of time that has elapsed after each meal, 

rather than as a whole for the entire day. The food that is taken should, so to 
speak, be an advance to cover future expenditure of energy. It is known that it 
is easier to maintain a high work capacity by utilizing newly intaken nutrients, 
particularly carbohydrates and amino acids, and in a number of cases winerals an‘ 

vitamins, than by mobilizing the reserve thereof in the body. Incidentally, the 
readily mobilized reserve of nutrients in the body may not be large enough and, 
mianly, it is difficult to determine the size of this reserve in each particular 

case in a given individual. This is indicated by the practice of man's food 
intake, no matter what his occupation. 

The nutrient value of onboard rations issued for long-term flights must conform 

to the energy expenditure of fight crews duriag the flight and the requirements 
of their body with regard to nutrients, particularly those referable to the 

6 



groups of essential nutrients (i.e., those not synthesized in the human body and 
received only with food or syn.hetic mixtures). This physiological-hygienic require- 
ment must epply, first of all, to nutrients that are used up the most intensively 

by the body during flight work and the reserve of which in the body is relatively 
small. Unfortunately, this aspect of pilot metabolism during long-term flights has 
not been sufficiently studied, primarily because of the methodological difficulties 

involved in studying the dyuamics of metabolism directly in flight, particularly 

in the presence of stress factors. The data in the literature compel us to pay 
special attention to amino acid, vitamin and carbohydrate metabolism, which appa- 
rently are subject to the greatest stress in pilots during flights, including long- 

term ores (12, 24-31]. 

Erergy expenditure of flight personnel on the ground and during flights has long 

since drawn the attention of specialists in different branches of aviation medicine, 
and it has often been the subject of special investigations. For this purpose, the 
method of indirect calorimetry was used to study directly the expenditure of energy 
during different forms of flight work, including flights, as well as time studies 

of different forms of pilots’ professional work, followed by calculation of energy 

expenditure according to reference tables. A major study of energy expenditure of 
pilots was conducted in 1939, tien in 1947-1948 by 0, P. Molchanova, A. F. Legun 
ard G. A. Arutyunov, as a result of which it was determined that it ranges from 
3200 to 4500 kcal/day in pilots, constituting a mean of 3500-4000 kcal/day [32-34]. 
On the basis of the data they obtained, they classified flight work in the second 
occupational group of energy expenditure, individuals in which are engaged in 
mechanized labor without ccnsiderable physical exertion. In 1957, V. A. Petrovykh 
and Yu. F. Udalov estimated mean daily energy expenditure by pilots at 3000-3500 kcal/ 
day with a rise in certain periods to 4000 kcal/day [33]. In 1961, G. A. Arutyunov 

et al. determined that it was in the range of 3000-3500 kcal/day. They demonstrated 
that the energy expended by high-altitude pilots flying jet aircraft constituted 

3400467 kcal/day on flight days and 3145474 kcal/day on days off [36]. In 1965, 
G. A. Arutyunov, I. G. Popov et al. arrived at the conclusion that the daily 
expenditure of energy by pilots flying different types of aircraft ranged from 3000 

to 4000 kcal/day, and that flight crew work could be classified in the second and 
third occupational groups, whose work involves the use of mechanized or pertially 
mechanized labor with mean daily energy expenditure of up to 4000 kcal. For this 
reason, the food allowance for flight personnel, constituting about 4890 kcal, 

exceeds the actual mean energy expenditure. An allowance of about 4200-4300 kcal/ 

day is adequate for pilots of modern jet aircraft [38]. 

G. A. Arutyunov et al. obtained the following figures for energy expenditure refer- 

able to different types of professional work of flight personnel: this parameter 
constituted 248 kcal/h (or 0.059 kcal/kg/min) during flight per hour per 70 g body 
weight for pilots, 142 kcal (0.033 kcal/kg/min) for navigators and 154 kcal (0.037 
kcal/kg/min) for radio operators. On the basis of these data, G. A. Arutyunov et 
al. conlcuded that pilot work can be termed as moderately heavy labor according to 
intensity of muscular exercise and energy expenditure. On flight days, energy 

expenditure is somewhat higher than on days of ground-based training [preparations]. 
The energy expended by pilots involved in long-term flights is somewhat greater than 
in short-term flights. The latter conclusion was made with consideration of the 
fact that during long-term flights even relatively low hourly energy expenditure 
is ultimately greater because of the longer work day than during flight work during 
the usual work day. However, this conclusion has not been confirmed by factual 

data. 



K. S. Petrovskiy, who analyzed the work involved in several modern occupations, 

including pilots, commented on the increasing significance of mental and neuro- 

emotional tension, rather than muscular loads. For this reason, he concluded 

that the energy expended by pilots does not exceed an average of 3000-3500 kcal/day, 
and are somewhat higher only during some brief periods. Accordingly, the caloric 

value of daily food allowances should constitute about 3500-4000 kcal [37]. 

More recent works cite similar levels of energy expenditure for flight personnel [5, 
6, 33, 39). 

R. Farmer estimates the energy requirement of pilots in the United States who fly 

on modern higa-speed aircraft at ohly about 2500 kcal/day [40]. 

The above data are referable mainly to mean daily energy expenditure by flight per- 
sonnel involved in 1, 2 or 3 brief flights per day, each lasting 30-50 min. There 
is little information in the literature concerning daily energy expenditure by 
flight crews engaged in long-term flights (4 h or more). According to the data of 
P. Ye. Yegorov, energy expended by a pilot constitutes 3000 kcal/day during a 
flight lasting 8 h. Under favorable meteorological conditions, M. N. Gendel'man 
estimated daily energy expenditure by flight persunnel at about 2725-3166 kcal. For 
this reason, he believed that the allowance for pilots, with correction for non- 

assimilated food (10-15%) and loss during cooking, should constitute about 4200 kcal/ 
day [1]. On the basis of the results of a study of gas exchange in pilots during 

flights lasting 2 h 55 min to 9 h 35 min, P. Ye. Yegorov concluded (1930) that 
the overall energy expended during flights constituted a mean of 92 to 132 kcal/h, 
the range being 85 to 208 kcal. On this basis, he questions the previous data 

obtained under comparable conditions by N. M. Dobrotvorskiy, according to which 

energy expended by pilots under adverse flying conditions constitutes 600 kcal/h 

and, under normai conditions, about 400 kcal/h [41]. 

In the opinion of I. M. Buznik (1971), the crews of aircraft performing long-term 
flights expend less energy than pilots of high-speed aircraft engaged in brief 

flights, and apparently seldom exceed 3000 kcal/day [22]. 

If we proceed from the above data of G. A. Arutyunov on hourly energy expended 
in flight, the ration issued for each 4 h of flight should have a caloric value 

of at least 992 kcal for pilots, 578 kcal for navigators and 616 kcal for radio 
operators with standard body weight of 70 kg. And this is only the average or even 
minimum caloric value of the onboard ration per 4 h of flight, without considering 
a reserve in the event of greater energy expenditure with increase in physical, 
neuropsychological and other loads in flight, as well as the reserve in the event 
of a longer interval before the next meal, when it is impossible to keep the estab- 
lished eating schedule, for example, because of a difficult flying situation. In 

such cases, individuals weighing more than 70 kg with high basal metabolic rate 
will be in poorer condition. Thus, with a weight of 80 kg, the estimated caloric 
value of each ration per 4 h of flight should constitute 1132 kcal for pilots, 
instead of 992 kcal, 633.6 kcal for navigators and 709.6 kcal for radio operators. 
With weight of 90 kg, the ration should be increased to 1274 kcal for pilots, 703 

kcal for navigators and 799 kcai for radio operators. If we were, however, to 
take into consideration the currently approved hygienic recommendation, according 
to which the caloric value of the diet should conform to expende: energy anc 
exceed it somewhat (by about 10%), the estimated caloric value of onboard rutions 

should be even higher [16]. Thus, the minimum mean energy value of onboard rations 



cited above on the basis of the data on hourly energy expenditure given by G. A. 
Arutyunov must be increased to 1084 kcal for pilots, 636 kcal for navigators and 

678 kcal for radio operators weighing 70 kg. Accordingly, there would be an 

increase in estimates of caloric value of rations for individuals weighing 80 and 

90 keg. 

According to the data of most authors, the most popular onboard general purpose 

ration in current use under conditions when the oxygen mask could be shifted or 
removed during intake of food and water contains an average of about 890 kcal. It 
contains 25 g protein, 28 g fat and 129 g carbohydrates (average). Replacement of 
some items to provide for diversity of the diet leads to some increase or decrease 

in the cited nutritional value of the ration. This onboard ration is the same for 
pilots, navigators, radio operators and other crew members aboard modern aircraft 
engaged in long-term flights [4-6, 33]. 

In accordance with the above estimates of energy expenditure, the modern onboard 
ration for long-term flights must completely cover energy expended over a period of 
4 h by navigators and radio operators weighing 70-90 kg, even with a 10% surplus for 

unforeseen situations and individual differences in metabolism, but for pilots 
there may be a negative energy balance on this ration. The shortage of energy or 

calories in food provided in the onboard ration should reach 102 kcal and, with 

consideration of the 10% surplus, even 194 kcal for individuals weighing 70 kg. This 

shortage of energy supply should increase by 235-356 kcal for individuals weighing 
80 kg and 384-511 kcal for those weighing 90 kg. These estimates are valid if 

the energy expended by pilots during long-term flights is on the level established 
by the above-mentioned authors and does not change with appearance of new aviation 

technology, with a high degree of mechanization and automation of onboard aircraft 

control systems. 

In practice, modern flight crews do not complain that there is an insufficient 
quantity of food on board when engaged in flights lasting 8-12 h or more. Nor was 

this confirmed by our studies of recent years of onboard nutrition during long- 
term flights and simulation thereof on the ground. Moreover, the impression is 

gained that there could even be some excessive food intake if all constituents 

contained in the modern onboard ration are fully consumed after every 4 h of flight 
in the case of flights lasting more than 8 h, as a result of relative hypokinesia 

and generally low energy expenditure [42]. 

The data listed in the Table constitute some confirmation of the safety of a 
shortage of calories and possibility of excessive food intake during long-term 
flights if the current onboard ration is consumed in full every 4 h. The data 
listed in this table warrant the conclusion that the daily flight allowance, 
consisting of six rations, has higher caloric or energy value that the usual daily 
diet of flight personnel on the ground, in accordance with the flight ration in a 
stationary mess hall. If we refer to modern physiological dietary norms, it is 
easy to see that the onboard daily food allowance during long-term flights is 
about 1000 kcal more than the requirements for men 18--4( years of age engaged in 
nonmechanized labor, which requires considerable muscular exertion (fourth occupa- 

tional group). For individuals 40 or more years of age, the onboard daily allowance 
exceeds the energy requirements of the same occupational group by 1500 kcal. Inci- 
dentally, none of the researchers has yet equated flying work aboard modern 

aircraft, during brief or long-term flights, to the fourth occupational group with 

respect to energy expenditure. 



Nutritional value of pilots’ daily diet in flight, as compared to 
nutritional standards of the USSR Academy of Medical Sciences 

Assimilation, 
Diet oer) Protein, giFats, g 

Carbo- 

hydrates, § 

Daily onboard diet consisting of 
6 rations (intake of 1 ration 

every 4h of flight) 535? 150 168 774 
Requirements for individuals 
engaged in nonmechanized labor 
(fourth occupational group): 

18-40 years old 4200 123 135 595 
40-60 years old 3800 112 122 538 

Data obtained in the United States from studies of energy expenditure by flight 
crews during flights aboard modern aircraft are also indicative of low energy ex- 

penditure during long-term flights, particularly when not complicated by any 
special circumstances. Thus, according to the data in [43], energy expended by 
pilots during night flights aboard C-3 aircraft constitute an average of 1.6 kcal/ 
min, piloting the same aircraft in horizontal flight is associated with energy 

expenditure of 1.7 kcal/min, during instrument landings of C-4 aircraft pilots 
expend 2.5 kcal/min and it is only when flying a bomber aircraft in a combat situa- 

tion that energy expenditure increases to 2.9 kcal/min [43]. These levels of 
expended energy were calculated for men 175.26 cm in height (69 inches) and with 
a weight of 75.75 kg (167 lbs), as related to average body dimensions of astro- 

nauts on the Mercury project. Hourly energy expenditure by men with the same 
anthropometric parameters should constitute 96.0, 102, 150.0 and 174.0 kcal/h. The 
same author, with reference to men with the indicated body parameters, classifies 

work involving less than 2.5 kcal/min (or less than 150 kcal/h) energy in the 
category of very light work, and work involving 2.5-5.0 kcal/min (or 150-250 kcal/h) 
energy as light. Consequently, the levels of energy expenditure established by 
G. A. Arutyunov for pilots, which should constitute 265 kcal/h for individuals 
weighing 75 kg, are substantially higher than those given by P. Webb on the basis 
of data of American authors [43]. Evidently, in view of mechanization and automa- 
tion of onboard control systems, the energy expended by pilots flying aboard modern 

aircraft was found to be lower than established in the past by a number of authors. 

Our analysis warraats the conclusion that the modern flight ration with a mean 
caloric value of 890 kcal/4 h of flying time has a high nutritional energy value 
and, when used for flights lasting up to 1 day, it should adequately compensate 
for the broad spectrum of energy expended by pilots, including the heaviest muscular 

loads, and the daily diet is quite comparable to the recommendations of the USSR 
Academy of Medical Sciences concerning optimum nutrition for the fourth occupational 
group. Moreover, in a number of cases, during long-term flights such a high caloric 
value of onboard rations could result in excessive nutrition and acute over-eating 
in flight, with all its adverse consequences to the health and work capacity of 

crew members. These distinctions of crew nutrition must be taken into considera- 

tion when upgrading onboard rations and giving instructions to flight personnel, 
as well as organizing medical supervision of nutrition and work capacity of 

pilots during flights. 
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EFFECT OF STATIONARY MAGNETIC FIELD ON THE ENDOCRINE SYSTEM 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 2 Jun 80) pp 14-17 

[Article by Ye. A. Zagorskaya] 

[English abstract from source] The review of the reported data 

indicates that endocrine glands react to the constant magnetic 
field (CMF). The paper presents information about the phasic 
pattern of the hypophyseal~adrenal reaction and CMF effects on 

the sympathoadrenal system and thyroid. The review refers to 
many publications demonstrating high sensitivity of testes to the 
CMF. The paper discusses potential therapeutic applications of 
the CMF with emphasis on the fact that most morphological data 
available need ** chemical support. 

[Text] The development of functional disturbances in the nervous and cardiovascular 

systems and tendency toward hypotension among individuals who are chronically ex- 
posed to steady magnetic fields (SMF) in industry [1-6] could serve as indirect 
evidence of changes in functional activity of the endocrine system. The reversibi- 
lity of changes in the case of brief contact w’th SMF implies that regulatory 

mechanisms are involved [7]. Individuals with long work tenure involving exposure 
to SMF develop an increase in 17-HCS [hydroxycorticosteroids] content of blood and 
change in carbohydrate metabolism, in particular, intensification of glycolytic 

processes. 

Experimental studies have shown that animals (mice) endure brief exposure to 
superpower fields of up to 120,000 Oe [8-10]. 

There are no definite, scientifically validated conceptions concerning the mechanism 
of action of SMF [11-14]. Evidently, the hypothalamus is one of the most sensitive 

structures capable of reacting *o SMF [7, 15-18]. 

Few authors have reported undulant changes in the adrenohypophyseal system [18, 19]. 
In particular, this was determined on the basis of decrease in lipids of the 

fascicular zone and increased activity of alkaline phosphatase in rat adrenals{19], 

Ye. A. Savina et al. [20, 21] observed appearance of signs of activation of adreno- 

cortical function--moderate venous and capillary plethora with elevation of blood 
corticosteroid levels. According to the morphological data of I. V. Toroptsev [22] 

and Dinculescu [23], even brief exposure to SMF causes intensification of adreno- 
cortical function. 
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Friedman [24] discovered a 3-fold increase in 17-HCS excretion in urine of squirrel 
monkeys in the first 6 days of exposure to SMF of 200 0e (4 h per day, 10 times). 
Subsequently, there was normalization of 17-u.” level, in spite of continuing expo- 
sure to SMF. 

The Thorn test demonstrated development of functional insufficiency of the rabbit's 

adrenal cortex under the influence of SMF [25]. 

With prolonged (15 days) exposure to 1000 Oe SMF, there was narrowing of the 
fascicular zone and dilatation of the reticular zone, reflecting depletion of 

functional activity of the adrenal cortex [19, 26]. 

Data pertaining to phasic change in weight of rat adrenals and phospholipids of 

mouse adrenals under the influence of prolonged exposure to SMF are consistent 

with the above findings [27, 28]. Accumulation of RNA and mucopolysaccharides in 
adrenocortical cells was another indirect indication of increased functional acti- 

vity of the adrenal cortex [27]. 

Thus, it may be assumed that the reaction of the adrenohypophyseal system to SMF 

depends on duration of exposure and intensit’ of the field, and it may resemble 
the systemic adaptation syndrome. 

There are isolated works dealing with the effects of SMF on the adrenosympathetic 
system. B. M. Fedorov [29] observed increase in norepinephrine of the rabbit 
hypothalamus and myocardium after "irradiation" by SMF for 24 h (1000 Oe). Under 
the same experimental conditions, it was demonstrated that there is intensification 
of hypothalamic neurosecretory function, which was followed by a depletion phase 

when exposure time or field intensity were significantly increased [30]. According 
to the data in [31], SMF elicit a drop of norepinephrine and epinephrine levels in 
the rat's heart. Repeated exposure of the rat's head to SMF led to enlargement of 
nuclei in the medullary layer of the adrenals [32]. 

The change in height of thyroid epithelium, condition of colloid and follicles 

after 7 days of SMF "irradiation" was indicative of activation of hormonopoiesis 
[33]. The increase in number of thyrotrophs in the adenohypophysis was also 
indicative of activation of thyrotropic function of the rat pitiitary under the 

influence of SMF [32]. 

Studies of the effects of SMF on the reproductive system, which were pursued by 

many researchers, revealed that testicular tissue was sensitive. The demonstrated 
changes [34, 35] were indicative of brief decrease in functional activity of the 
spermatogenic epithelium (200 Oe SMF, 6.5 h). Delayed maturation of spermatozoa, 
diminished motility thereof and diminished fertilization capacity were observed 
after exposing rats (for 7 days or more) to SMF (200 or 400 Oe) [36, 37]. Other 
authors, however, demonstrated activation of spermatogenesis in mice and, to a 

lesser extent, in rats and rabbits [25]. 

Ye. A. Savina et al. [20] observed moderate venous and capillary plethora of the 

testes of rats and signs of depressed spermatogenesis in high-intensity SMF (1000 
and 4500 Oe). 

No mature spermatozoa were found in the seminiferous tubules, hemodynamics and 

lymph dynamics were impaired, and there was edema of the testes of mice and guinea 
pigs exposed to SMF of 7000 Oe for 500 h [22, 38-40]. 
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Unfortunately, these morphological changes in the testes have been confirmed only 
by isolated biochemical findings of decrease in testosterone and gonadotropins of i 

blood flowing from rat testes after exposure to SMF [41], as well as changes in \ 

gonadotropic function of the pituitary [42]. 

Low intensity SMF (up to 125 Oe) elicited no changes in blood gonadotropins of male 
rats [43]. 

It has been demonstrated that SMF affect the estral cycle 4d gestation period. 
Single "irradiation" by 100-400 Oe diminished bioelectrical activity and contrac- 
tile function of uterine muscles [44], while prolonged exposure to SMF elicited 
morphological changes in the ovaries [45] and disrupted the estral cycle [36, 46]. 
At higher SMF intensities (1000-4500 Oe) offspring presented developmental retarda- 
tion, or else died several days after birth. In a number of cases, there was re- 

sorption of embryos in the uterus [26, 47, 48]. Ye. A. Perepechin [49] reported 

that there was higher mortality of rat embryos with exposure to SMF of 260 Oe. 

In recent years, many publications have appeared concerning the therapeutic effects 
of SMF used in small doses and for short periods of time [50-52], as well as the 
anti-inflammation effect of a magnetic field, which is assumed to be mediated via 

the adrenals [53-55]. It was shown that SMF can be used to enhance resistance of 
organisms to radiation lesions by means of intensification of leukocytosis [56] and 
change in reaction of the adrenal cortex [57, 58]. Some clinical findings are indi- 
cative of the possibility of using SMF to "correct" the functions of the adrenal 
cortex and thyroid, when hypofunction or hyperfunction is present [59-62], and 
normalize pituitary-ovarian function in women suffering from various gynecological 

diseases [63-65]. 

Like any stimulus, when brought up to a certain level SMF could be a stressor agent 
and elicit various functional changes in the endocrine system. This could lead to 

metabolic changes such as diminished intensity of energetic processes, intensified 

glycolytic processes, impaired permeability of cell membranes and development of 
hypoxia in cells of some tissues [15, 66-71]. Some reports are indicative of 

changes in circadian biorhythms [72, 73]. 

In conclusion, it should be noted that 4: is extremely difficult to analyze the 

literature dealing with magnetobiolopy because of the infinite diversity of 
parameters of exposure. Moreover, aany works require more definition and further 

experimental veritication. 
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[Article by V. P. Bychkov, S. Kalandarov, M. V. Markaryan, N. D. Radchenko, 
K. A. Stepchkov and M. L. Frumkin] 

[English abstract from source] The paper describes the use of 

advanced space diets of three prime crews who made 96-, 140- and 
175-day flights aboard Salyut-6. It is concluded that the diets 
facilitated maintenance of 2 good nutrient status, high work 

capacity and normal health condition. 

[Text] As compared to the Salyut-4 orbital station, there was substantial improve- 
ment of nutrition aboard Salyut-6. The caloric value of the food allowance was 
increased to 3150 kcal (2900 kcal aboard Salyut-4), which was related to expansion 
of the set of physical exercises and greater energy expended on it. There was 

an increase in assortment of foods (about 70 names) used in the diet. This made 
it possible to provide a diversified menu on a 6-day cycle. The food allowance 
included the following (in grams) protein 135, fat 110, carbohydrates 380, calcium 

0.8, phosphorus 1.7, magnesium 0.4, potassium 3.0, sodium 4.5 and iron 0.905. The 
following groups of foods were represented: 25 meat dishes, 6 first courses, 5 dairy 

products, 5 bakery products, 10 pastry items, 12 fruit and juices, 3 beverages a i 
2 condiments. Crew members took one Undevit multivitamin lozenge twice a day. ine 

assortment of foods to be warmed up increased (in tubes, cans [or jars] and film 
[plastic] packages). The warmer aboard Salyut-4 could be used onlyto warm foods 
in tubes. It became possible to include in the allowance dehydrated second courses 
and beverages reconstituted in hot water before intake because of installation 

aboard the station of a standard [regular] unit for regeneration of water from 
condensate (SRV-K). The assortment was increased of fruit, berry and vegetable 

juices to be reconstituted in cold water by means of a special device installed 
on containers with a supply of water. About half (34 items) the foods were con- 

sumed by cosmonauts in hot form. 

The list of foods and dishes on the menu for 1 day is as follows: 

First breakfast: Chicken with prunes 100 g 
"Borodinskiy” bread 45 8 
“Praline” candies 50 g 
Coffee with milk 150 g 
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Second breakfast [lunch]: Cottage cheese with pureed black currants 165 g 
Honey cake 45 8 
Black currant juice with pulp 50 g 

Dinner: Sauerkraut soup 165 g 
Roast beef with mashed potatoes 57.5 g [sic] 
"Table" bread 45 g 
Prunes with nuts 60 g 

Candied fruit 50 g 
Coffee with sugar 24 g 

Supper: Chicken in tomato [sauce?] 165 g 
"Table" bread 45 ¢8 
"Rossiyskiy" cheese 100 g 
Tea with sugar ; 23 ¢8 

The food allowance contains all of the essential nutrients in sufficient amounts and 
good balance. This was confirmed by the results of studies of adequacy of the diet 

to requirements of the body, which were conducted under ordinary living conditions 
and in pressure chambers with simulation of flight factors. Determination was 
made of the subjects’ metabolism, parameters of immunological reactivity, activity 
of a number of hormones and enzymes, assimilation of nutrients, balance of main 

elements, state of digestive function and several physiological parameters. The 
above parameters, together with the findings of clinical examination and routine 
medical observation, made it possible to form an objective idea about the functional 

state of the subjects’ body and to become convinced that the tested diet meets the 
energy and plastic requirements of the body [1-3]. 

During the period of preparing for the flights, the crew members of Salyut-6 station 
were provided with a satisfactory (according to levels of main nutrients) food 
allowance. Its caloric value was aobut 3300 kcal. They took four meals, which 
was instrumental in preserving a good nutritional status and stable weight of the 
cosmonauts. 

During the first week of the flight, during adaptation to weightlessness, they did 
not exercise at all and food intake was at a level of about 2300 kcal/day. There- 

after, at different periods of the mission, the caloric value of the mean daily 
food allowance ranged from 2400 to 3000 kcal. 

For the first 12 days of flight, the crew members had less appetite and they did 

not eat the meals in their entirety. After they started to use dehydrated foods 
reconstituted by the SRV-K (from the 18th day of the mission), the cosmonauts 

found that the food was tastier. 

At the request of the crews, a rather wide variety of foods (fresh, dehydrated and 
canned) was delivered by Soyuz-27 and Progress-l, in addition to the regular 
food allowance. 

Up to the 52d day, the cosmonauts reported that they ate their food allowance with 
a good appetite. However, starting on the 58th day, they again lost their appetite, 

apparently because they got tired of the canned foods. 

On the whole, the crew of the first expedition rated the diet as adequate and quite 

acceptable for the space flight conditions aboard the Salyut-6 station. In the 
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opinion of the flight engineer (FLE), the diet was more diversified and tasted 

better than the one consumed on the Salyut-4 station. While on the Salyut-4 
station Moldova sauce had to be added to virtually all of the canned meat items 
because they seemed to taste the same, this sauce was virtually not needed aboard 
Salyut-6, since each item had its own distinct flavor. The cosmonauts liked the 
hot dishes and warmed not only what was recommended, but even cottage cheese in 
tubes; they diluted in hot water not only coffee and tea, but freeze-dried juices. 

During the period of the flight, the commander (CDR) lost 3.2 kg (his weight dropped 
from 74.4 to 71.2 kg) and the FLE lost 4.4 kg (from 82.0 to 77.6 kg). The nutri- 
tional status of the crew of the first main expedition aboard Salyut-6 can be 
rated as satisfactory. 

There was a corrected diet for cosmonauts of the second main expedition aboard 
Salyut-6. They received, as a second course at dinner time every day, dishes 

that had been submitted to freeze drying. This was attributable to the fact that 
the cosmonauts of the first expedition had suggested, from the very first days of 
flight, that water taken from their supply be heated in the SRV-K. This diet 

included enriched wheat bread, with some decrease in total amount of bread; new 

dishes were proposed to replace the main food items, and the variety of fruit and 
berry juices was broadened. In addition, the cosmonauts took Aerovit instead of 
the Undevit multivamin complex, since the former was more stable during storage. 

In addition to the regular food allowance, the crew of the second expedition-——like 
that of the first--received fresh foods with limited shelf life (delivered by Soyuz-30 
and Soyu7-3l, Progress-2, Progress-3 and Progress-4). 

The appetite remained good in cosmonauts of the second main expedition during 
almost the entire flight. The caloric value of daily food constituted a mean 
of about 3000 kcal. During the periods when visiting expeditions were on board 

and while performing unloading work, the caloric intake increased to about 3100 kcal. 
The crew members tried to perform the scheduled set of exercises without fail from 

the beginning to the end of the mission. 

The cosmonauts rated their diet positively, although there were comments made 

about the flavor of some foods and dishes. 

During the second half of the flight, the FLE lost some of his appetite, and this 
was attributable to decrease in physical activity because of muscular pain. He 

did not finish the meat dishes, preferring cottage cheese, juices and beverages. 
As a result of the negative energy balance, he lost considerable weight (-6.4 kg) 
at expressly this period of tim. 

It should be noted that, while the time spent on exercise was about the same for 

both cosmonauts, the intensity thereof was considerably greater for the CDR, and 
this unquestionably played a rather important part in both maintaining his physical 
status and retaining a good appetite. This was also confirmed by his minimal 
weight loss (2.1 kz) over the period of the flight. It is known [4] that intensive 

exercise stimulate: production of somatotropic hormone, which intensifies synthetic 

processes in organs and tissues. 

The nutritional status, as well as well-being and general condition of the crew 

of the second main expedition, were considerably better in spite of the longer 
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mission, than the first expedition crew, which is largely attributable to their 
adherence to the schedules for exercise and mealtime, more faithful performance of 
the entire set of preventive measures stipulated in the flight program. 

For the 175 days of their mission, the appetite of crew mewbers of the third expedi- 

tion remained good. They consumed an average uf about 3000 kcal/day (assimilated 
part of diet). During the period of unloading work after docking with the Progress 
spacecraft and extravehicular activity, caloric intake increased to 3100 kcal. 

The cosmonauts rated the diet well, even though comments were made about the flavor 

of some foods and dishes. For example, the "Rossiyskiy" cheese did not taste good 

to them for the first few months, and for this reason some amount thereof remained 
uneaten. Later on, the flavor of the cheese improved considerably in warmed forn, 

and the cosmonauts ate all of the accumulated supply thereof. 

The additional assortment of foods, in supplement to the regular allowance, which 
was delivered by Progress-5, Progress-6, Progress-7 and Soyuz-34, was also well- 

rated. 

The nutritional status of the crew of the third expedition remained good, which can 
be attributed to adherence to the meal schedule and meticulous implementation of 

the entire set of recommended preventive measures. During the period of this 
mission, the CDR lost 5.5 kg (from 81.7 to 76.2 kg) while the weight of the FLE 
showed virtually no change (84.0-84.2). 

Food intake was monitored during space flights aboard the Salyut-6 orbital station, 

other stations of this type and Soyuz spacecraft. Metabolic parameters were 

studied mainly before and after the flight. It was possible to examine a rather 

limited set of parameters during the flights [5-7]. 

It is apparent from the data we have submitted that the change in weight of crew 
members of the three expeditions aboard the Salyut-6 orbital station fluctuated 
over a wide range (from +0.2 to -6.4 kg, the mean constituting -3.6 kg), which was 
apparently related both to the volume and intensity of preventive measures, and 

individual metabolic distinctions, The initial nutritional status remained un- 

changed at the end of the flight in only two out of six crew members (CDR of the 

second expedition and FLE of the third). 

After landing, various fruit and berry juices, fresh vegetables, stewed dried 
apricots and other fruit, as sources of vitamins and minerals, as well as meat, 

liver, kidneys, dairy products and eggs, as sources of complete protein, were 
included in the diet to accelerate rehabilitation processes. The caloric valve 

of the diet was increased gradually to the preflight level (about 3300 kcal) over 

the first 3 postflight days. 

Thus, the results obtained during flights of three expeditions aboard the Salyut-6 

orbital station revealed that all elements of the nutritional system functioned 
well. The diet provided for a satisfactory nutritional status of the cosmonauts and 

maintained a sufficient work capacity to fulfill the flight programs. 
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[English abstract from source] Forty-two healthy volunteers, aged 19 
to 49, participated in three bed rest studies of 69 to 180 days in 
duration. The test subjects were kept on the diet consisting of de- 
hydrated foods: fresh, stored for up to 2 years, and exposed to 
proton irradiation at a dose of 24,000 rad. Metabolism of amino 
acids was investigated under these conditions. It was concluded 
that during prolonged storage and irradiation proteins of dehydrated 
foods retained their biological value. This allows their use in 
long-term space flights. 

[Text] Amino acid metabolism is one of the main indicators of adequacy of protein 
intake. Data in the literature indicate that the concentration of free amino 
acids in blood and urine depends on the quality and amount of protein contained in 
food [1-3] 7 

Before reliable and economical methods are developed to produce food during long- 
term space flights, the meals consumed during such flights will most probably 
consist of supplies of dehydrated foods [4-5]. Since this means that dehydrated 
foods will be stored for a long time and exposed to ionizing radiation (galactic 
radiation and solar flares), it is necessary to explore the effects of these fac- 
tors on the biological value of protein contained in such food. In this regard, 

data on the effect of hypokinesia, as a model of some effects of weightlessness 
on amino acid metabolism in man, are of definite interest. We submit here the 
results of studies of amino acid metabolism as related to intake of dehydrated and 

fresh foods, with concurrent simulation of space flight conditions. 

Methods 

Five studies lasting 60 to 180 days were conducted on 42 healthy male subjects 

19 to 49 years of age. Their diet was strictly regulated. Wher estimating 
caloric intake, we took into consideration actual energy expenditure. The diets, 
which consisted entirely of dehydrated foods, contained adequate amounts of all 
nutrients in balanced proportion. Their chemistry was similar to diets of freshly 

prepared foods used in the background and recovery periods. 
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We assayed free amino acids in serum or venous blood plasma taken in the morning, 

on a fasting stomach, by the method of paper [6] and ion-exchange chromatography. 

Free amino acids in mean 24-h urine samples were assayed by paper chromatography 

and amino nitrogen by the method of Pope and Stevens [7]. 

Results and Discussion 

Studies of the effect of diets consisting of freshly prepared foods taken for 60 

and 120 days by 12 subjects (6 men in each study; first series) revealed that 
there was a decline of blood serum (plasma free amino acids and increased excretion 

thereof in urine for the first months. 

During the experimental period (120 days) of the 180-day study, total amino acids 
of blood serum decreased with statistical reliability from 19.9+0.96 mgZ% (background) 
to 16,340.41 at the end of the lst month, 16,140.51 at the end of the 2d month and 
14,340.66 at the end of the 3d month (P<0.01, <0.01 and <0.001, respectively). The 
ratio of essential to nonessential amino acids (E/N) dropped from 1.04t0.05 in the 

background to 0.88t0.04 and 0.88+0.04 at the end of the lst and 3d months of the 
experiment (P<0.05). The following amino acids presented the greatest decline: 
glutamic acid, threonine and methionine with valine (P<0.001) [8]. In the 4th 
month of the experimental period, the concentration of free amino acids increased 

to 17.7+1.65 mg% and the E/N ratio to 0.9740.06 (P>0.05). In the recovery period 
(intake of unadulterated food), free amino acids of blood serum returned to back- 

ground levels (21.00.95 mg%, P>0.05), while E/N reverted to 0.96t0.05, P>0.05. 

Total free amino acid excretion in urine increased to 10431+8.21 mg/day by the end 
of the 3d month of the experimental period, but this was unreliable (P>0.05) in 
comparison to the background (815t76.2 mg/day). E/N increased reliably by the end 
of the 2d month (0.5610.03, P<0.05) and 4th (0.6720.04, P<0.001) months of the ex- 
perimental period (0.45t0.02 in the background). In the recovery period, amino 
acid excretion in urine was higher (1014468.3 mg/day) than in the background period 
(815+76.2 mg/day), but this increase was statistically unreliable (P>0.05). 

When on a diet of freshly prepared dehydrated foods for 60 days, we observed a 
decrease in total amino acids of blood plasma from 41.91%3.36 on the 15th day to 
29,0641.17 on the 30th day (P<0.01) and 30.37120.67 mg% on the 60th day (P<0.01). 
E/N decreased insignificantly only on the 30th day (from 1.25t0.09 to 1.0710.02, 
P>0.05). Amino nitrogen excretion in urine increased reliably on the 10th-14th 
days (from 0.38t0.04 to 0,5520.04 g/day, P<0.01) and 25th-29th days (to 0.5340.04 g/ 
day, P<0.01). By the 39th-43d days, amino nitrogen excretion diminished and on the 

54th-58th day reached the base level (0.38%0.04 g/day, P>0.05). 

The observed changes in amino acid metabolism were apparently attributable to 
change in activity of proteolytic enzymes of the digestive system, due to the 

fact that it is more difficult for protein from dehydrated foods to attack them [9]. 
Normalization of amino acid metabolism toward the end of the studies was apparently 
indicative of the body's adjustment to a diet of dehydrated foods. 

In the second series, we studied amino acid metabolism in 20 subjects who were 
on a diet of dehydrated foods for 70 days after this food had been stored for 

a long time (1 and 2 years) and exposed to proton radiation in doses of 12,000 and 
24,000 rad (120 and 240 Gr [Gray units]), respectively. In the case of consuming 

such a diet after l-year storage, we failed to demonstrate appreciable changes in 
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concentration of free amino acids of blood plasma or excretion of amino nitrogen in 

urine [10]. In subjects who stayed on this diet after 2-year storage, as compared 

to the control group which ate a freshly prepared diet, we observed by the 70th 
day a decrease in levels of the following amino acids in blood plasma: lysine (to 

3.56+0.19, versus 4.6740.16 mg% in the control, P<0.01), arginine (1.7310.17, versus 
2.34+0.08 mg%, P<0.02), threonine (1.36+0.07, versus 1.88+0.15 mg%, P<0.02), methi- 
onine (0.29t0.02, versus 0.35+0.01 mgZ, P<0.05), total essential amino acids (13,9+ 
0.75, versus 16,910.39 mgi, P<0.02), E/N ratio (0.86+0.03, versus 1,2620.03, P<0.001). 

However, the observed changes in tested parameters did not exceed the range of 
their physiological fluctuations. 

In subjects who consumed the diet after storage for 1 year and exposre to 12,000 rad 
protons, we only observed a reliable decrease in blood plasma histidine content (to 

1.4940.09 mg%, versus 2.29t0.25 mg% in the control, P<0.02) by the 70th day. 

We failed to demonstrate appreciable changes in amino acid metabolism of subjects 

who ate the diet after 2-year storage and exposure to protons in a dosage of 24,000 

rad, as compared to the parameters of subjects who were given an analogous diet that 
was stored for 2 years without irradiation [11]. 

The absence of appreciable changes in amino acid metabolism of subjects who parti- 

cipated in the second series of studies indicates that the protein of dehydrated 
foods retained its biological value during prolonged (up to 2 years) storage and 
exposure to protons in a dosage of 24,000 rad. 

The third series was concerned with the study of the effect of clinostatic hypo- 

kinesia for 120 days on amino acid metabolism. It involved the participation of 

10 healthy men who were divided into 3 groups [12, 13]. The subjects in the first 
group (4 men) were submitted only to hypokinesia and served as a control. The 

second group of subjects (3 men) was given pituitrin and deoxycorticosterone acetate 
to prevent some of the changes in fluid-electrolyte metabolism induced by hypokinesia. 
The subjects in the third group (3 men) were given the anabolic hormone, nerobol, to 
prevent changes in nitrogen metabolism. The subjects’ diet consisted of fresh un- 
adulterated foods; it contained all essential nutrients in a ‘alanced proportion, 

and it conformed with energy expenditure in its caloric value. 

The fir: roup of subjects presented an increase in total free amino acids of 

blood serum on the 35th, 70th and 105th days of hypokinesia (22.742.39, 21.3t1.11 
and 22./21.22 mg%, respectively, versus 19.740.85 in the base period, P>0.05) and 
in urine on the 35th day (1197267.9 mg, versus 932162.5 mg/day, P<0.05). In the 
second group, intake of deoxycorticosterone acetate was associated with a decline 
of free amino acid level in blood serum on the 105th day of hypokinesia (19.8+0.37 

mg%, versus 24,510.75 mgZ, P<0.01) with some increase in excretion thereof in 
urine (10484125.2 mg/day, versus 975288.0 mg/day, P>0.05). Intake of nerobol by 
the third group of subjects stimulated utilization of free amino acids for synthetic 
processes, which was manifested by a decrease in levels thereof in blood serum on 

the 35th and 105th days of hypokinesia (24,942.75 mgZ%, P>0.05, and 21.340.63 mgi, 
P<0.01. versus 26.7+0.58 mgZ% in the base period) and in urine (905t47.2 and 

866+42.6 mg/day, versus 1108+159.6 mg/day, P>0.05). 

The observed fluctuations in levels of free amino acids of blood serum and urine 
of the subjects were apparently attributable to a change in correlation between 

anabolic and catabolic processes, which occurred during adaptation to long-term 
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hypokinesia, They were also attributable to the pharmacological agents given to 
the subjects in the second and third groups. 

9. 

10. 

ll. 

12. 
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EFFECT OF SPACE FLIGHTS OF DIFFERENT DURATION ON ENERGY METABOLISM OF HUMAN 
ERYTHROCYTES 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 25 Sep 80) pp 23-27 

[Article by A. S. Ushakov, S. M. Ivanova, S. S. Brantova and 0, I. Labetskaya] 

[English abstract from source] The energy metabolism of red blood 
cells of cosmonauts was investigated before and after flights of 

varying duration. Certain changes in red blood metabolism were 

found after prolonged space flights. 

[Text] It is known that changes were demonstrated in the blood system of crews 
involved in space flights differing in duration, which were manifested by a de- 

crease in plasma volume, erythrocyte mass, total hemoglobin, reticulocyte content 
and hematocrit [1-3]. A study of erythrocytes revealed marked changes in the 
direction of microspherocytes [3] and increase in erythropoietin content, with 
general tendency toward diminished resistance thereof. However, there have been 

virtually no studies of metabolism of red blood cells. At the same time, it should 
be borne in mind that erythrocyte metabolism is, to some extent, an expression of 

the functional state of the entire body, as indicated by the findings referable to 
various pathological disorders [6-11]. In accordance with the foregoing, a study 
was made of some parameters of energy metabolism--adenosine triphosphoric acid 
(ATP), 2,3-diphosphoglycerate (2,3-DPG), reduced glutathione, intensity of glycolysis, 
activity of the enzymes lactate dehydrogenase (LDH) and glucose-6—phosphate de- 
hydrogenase (G-6-PDH)--in erythrocytes of cosmonauts before and after space flights. 

Methods 

The parameters under study were assayed in erythrocytes, twice washed in saline, 
which were isolated from peripheral blood. ATP content was determined by the 

enzymatic method [12]. 

We determined intensity of glycolysis according to increment of lactic acid in 
erythrocyte cells incubated for 2 h at a temperature of 38°C. The formed lactic 
acid was demonstrated by the enzymospectrophotometric method [13]. We assayed 
2,3-DPG by means of sets of reagents in accordance with SIGMA TECHNICAL BULLETIN, 
No 0-35-1974. We used Elman reagent to assay reduced glutathione, the method of 
Wu and Racker [15] to measure LDH activity and the method of Kornberg and Horecker 
[16] for G-6-PDH. The obtained results were scaled to 1 mf erythrocyte cells or 

1 g hemoglobin. The latter was assayed by the cyanmethemoglobin method [17]. 
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Results and Discussion 

Energy metabolism of erythrocytes was examined in 88 clinicophysiological studies, 
as well as cosmonauts after completion of short- (up to 1 week) and long-term 

space flights aboard Salyut-4 and Salyut-6 orbitel stations. Initially, we 
measured two parameters, ATP and intensity of glycolysis, then when we examined 

the first and second crews of Salyut-6 we examined LDH and G—6-PDH activity. 
In our study of the third crew, we assayed 2,3-DPG and reduced glutathione, in addi- 
tion to the above. 

Our study of the effect of short-term flights on energy metabolism of blood erythro- 

cytes of cosmonaucs who flew aboard Salyut-6--Soyuz failed to demonstrate statis- 

tically reliable changes in any of the tested parameters (Table 1). 

Table 1. Energy metabolism parameters of cosmonaut erythrocytes, as related to short- 

term flights 

Glycolysis, | LDH activity, G=6-P0 
MM lactic UM NAD*H,/ activity, 

ATP, UM/mgd acid/mt mi UM mney“ Hs/ 

erythrocytes erythrocytes | erythrocytes | erythrocytes 

Crew = rst - | first - /first first Pre~ | post-| P¥°" | “post-| PF®" lpost-| P**" |"post- 
flight} flight/flight |flight | flight| flight] flight/flight 

day day day ’ day 

Soyuz-27 
CDR! 1,100 1,020 1,845 1.894 0,926 1,120 3.830 3,996 
FLE! 1.176 1.420 | 2,808 | 2,550 | 0,887 | 0,964 3,100 | 4,409 

Soyuz-28 
CDR} 1.070 | 0,969 | 2.439 1,709 1,056 | 0,627 4,352 | 4,483 

, FLE;| 1|.328 1.366 2,995 0,849 0,959 1,296 4,048 4.88 
"  Soyuz-30 

CDR; 0.902 0,488 4.478 5,720 1,241 0,990 4.775 3.408 
FLE;| 0.788 0,438 4.381 5,023 0,964 1,061 4,425 3,514 

Soyuz-31-29 
CDR; 1.353 1.630 3.409 — 1,157 1,013 5,426 4,341 
FLE;| 1,343 1,701 4.333 - 1,350 1,157 5,878 3,966 

Studies of erythrocyte metabolism as related to longer flights revealed consistent 
changes that depended on flight duration. Thus, examination of the first and 

second crews of Salyut-4 (after 30- and 63-day flights) revealed a marked tendency 
toward decline of glycolytic activity with virtually unchanged ATP content [18]. 

Examination of erythrocyte metabolism in cosmonauts who participated in the 96- 

day flight revealed a significant change in ATP content in both crew members (by 
50% in the commander-—-CDR, and by 60% in the flight enginer—-FLE; Table 2). In 
this case glycolysis was more intensive than preflight levels (by 72% in the CDR 
and 51% in the FLE). LDH activity was elevated, while G-6-FPDH showed virtually no 
change. The observed increase in intensity of glycolysis was probably related to 
triggering of compensatory mechanisms in response to space flight factors, whereas 
the ATP deficiency was apparently due to intensive dissociation of this nucleo- 

tide (perhaps due to increased activity of Kt, Nat-ATPase). 

Examination of cosmonauts after the 140-day flight revealed a decline in intensity 
of metabolism of both expedition members even on the first day after landing (Table 
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3). 
flight levels. 

On the 25th postflight day, the parameters studied did not differ from pre- 

Table 2. Energy metabolism parameters of cosmonaut erythrocytes, before and after 

96-day flight 

| per Postflight days P 
Parameter preflight : = hysiological 

norm 
CDR CDR | FLE | CDR/FLE | CDR | FLE 

ATP, UM/m2 erythrocytes 0,618 | 0,851 | 0,291 , 0,492) 0,454 | 0,627 | 0,988) 1,060; 0,823+0,03% 

Glycolysis, wM lactic acid/ | 2,600) 2,040/ 3,940) 3,501 | 2,614/ 3,891 | 2,503/2,451| 4,208+0,205 
mi erythrocytes 

LDH activity, pM NADH, /mg 4.667 | 3,201 | 3,995 | 3,927/ 4.116} 4,030) 4,305/4,.583; 4,240+0,185 

erythrocytes 

G-6-PDH activity, UM NADP*H, / !,060/ 0,943) 1,440) 1,336) 1,032) 1,398) 1,093) 1,318) 0,891 0,059 
m2 erythrocytes 

Table 3. Energy metabolism parameters of cosmonaut erythrocytes, before and after 

140-day flight 

Postflight days 
Seceneas Preflight =. ysiological 

norm 
CDR | FLE | CDR | FLE | COR | PLE saa 

ATP, UM/g hemoglobin 6,264 | 5,951 | 4,242 | 3,206 | 7,097 | 5,897 | 5,636+0,297 

Glycolysis, UM lactic acid/ 35,121 6,018 4,530 4.201 6 647 5,663 | 7,286+0,265 
g hemoglobin 

LDH activity, |"! NAD*H2/g 26,117 | 21,826 | 21,556 | 16,012 | 29,485 | 20,516 | 24,855+0,461 

hemoglobin 

G-6-PDH activity pa 3,921 3,281 2,833 2,573 2,775 4,114 4,374~0,393 
NADP*H2/g hemogio in 

The changes in intensity of energy metabolism demonstrated in the cosmonauts on 
the lst day after the 175-day flight were analogous to those present after the 96- 

day flight. The results listed in Table 4 indicate that there was a decline of ATP 

content against the background of more intensive glycolysis, which was apparently 
due to changes on the level of erythrocyte membranes and directed toward preserving 

structural integrity of cells. At the same time, on the 8th day after landing, 
we demonstrated an increase in intensity of glycolysis, 2,3-DPG content and LDH 

activity, as compared to both preflight levels and data obtained on the lst post- 

flight day. 
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should be noted that these changes were more marked in the CDR. The elevation of 

tested parameters probably occurred at the expense of potential reserves of enzyme 

activity. Moreover, we cannot rule out the possibility of appearance of new cells 
with higher metabolic rate. 

Table 4. Energy metabolism parameters of cosmonaut erythrocytes before and after 

175-day flight 

Postflight days Physiolo- 
Parameter Preflight i 6 gical 

cor | FLE | cor | PLE |cpR | FLE — 
ATP, UM/g 

ATP, UM/g hemoglobin) 7.834 | 6.132 | 4,747 | 3,745 | 5.118 | 5,187 | 5,636+0,297 

Glycolysis, UM lactic 5.055 5,353 8,392 6,932 | 10,081 9,529 7 ,286+0 ,265 

acid/g hemoglobin 

LDH activity, uM 27.335 | 24,509 | 22,241 29.914 | 36,143 | 33,194 24, 85520 461 

NAD*H2/g hemoglobin 

G-6-PDH activity, uM| 3.776 | 4,419 | 3,869 | 5.605 | 6,277 | 3,882 | 4,374+0,393 
NADP*H2/g hemoglob. 

Reduced giutathione,| 8,094 | 10,998 6,732 | 11,581 8,859 7,302 9,818+0,484 

uM/g hemoglobin 

2,3-DPG content, - — 9,741 | 10,918 | 19,792 | 14,641 | 12,800+0,320 
UM/g hemoglobin 

On the basis of the obtained data, it can be concluded that short$term space flights 
(7 days) do not elicit reliable changes in energy metabolism of red blood cells. 
One should proceed with caution in evaluating the changes observed during long- 

term flights in view of the insufficiency of experimental data. At the same time, 
the demonstrated changes are most probably adaptive. They were unrelated to 
impairment of the basal metabolic process in erythrocytes, but reflected adjustment 
of the body to space flight conditions and subsequent readaptation to terrestrial 
conditions. 
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PREVENTION OF STAPHYLOCOCCAL INFECTIONS DURING SPACE FLIGHTS 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 16 Jun 80) pp 27-29 

[Article by S. N. Zaloguyev, A. N. Viktorov, V. P. Gorshkov, T. Yu. Norkins and 
M. M. Shinkareva] 

[English abstract from source] In space flight the role of carriers 
of pathogenic staphylococci as potential sources of infection 
increases. This fact together with the observation that many 

crewmembers prove to be such carriers make it necessary to expose 

them to prophylactic procedures. 

[Text] It is believed that pathogenic staphylococci are the most likely pathogen 
of infectious diseases of man in space vehicles [1-3]. 

Not only sick people, but so-called healthy carriers of pathogenic forms of 

these microorganisms spread staphylococcal infection [4-6]. And “healthy 
carriers" may be the source of both "cross infection" and autoinfections [4-7]. 

Our objective here was to investigate the incidence of carriers of pathogenic sta-— 
phylococci among cosmonauts and candidates [applicants] for positions of crew 
members in spacecraft, as well as to assess the staphylococcal flora of carriers 

while they participate in space flights varying in duration. 

Methods 

Samples -f microflora from the nose and integument (axillary, inguinal scapular 
regions) were taken from people in their ordinary habitat by means of cotton 

swabs, and from the mouth in the form of washings using the conventional methods. 
To collect samples of microflora from cosmonauts while in the cabin of a space- 
craft, we used specially developed test tubes containing a preservative, The 
material was analyzed under laboratory conditions after delivering specimens 
to earth. 

Pathogenic staphylococci (Staph. aureus) were identified by testing the capacity ‘ 
to decompose mannitol under anaerobic conditions, production of the enzymes, 
coagulase anc lecithinase, as well as on the basis of presence and intensity of 

toxin production, in the isolated cultures. 

The strains of pathogenic staphylococci were submitted to phage typing using 

the international set of staphylococcal bacteriophages. 
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Results and Discussion 

We demonstrated pathogenic staphylococci on the upper respiratory tract mucosa of 

most tested subjects (72%). In virtually half the carriers (48%), a microbial 
site formed by pathogenic staphylococci was localized both in the nasal and oral 
mucosa, 

found in only isolated cases, and then only in the inguinal region. 

Table l,. 

Carriers demonstrating pathogenic staphylococci on the integument were 

Pathogenic staphylococci (quantity of microorganisms per swab [or sponge]) 
on mucous membrane of upper respiratory tract of cosmonauts aboard the 
Salyut-6 orbital station 

| a Cosmonaut 
Time of test 1 a 4 6 9 

mouth & mouth &/mouth & 
nose/nose|nose| oat [NOSE |Mose! cat lthroat |2°8¢ 

Before flight 10?|none/none| none |none| 107] 10? none | 10° 
On day of landing _ 10*] 10°] 10*| 10? | 10*| 10°} 10° 10° | 10° 

Table 2, Antibiotic resistant staphylococci (Z% of all isolated strains) in upper 

respiratory tract of cosmonauts comprising one of the main crews of 
Salyut-6 orbital station 

37th day Postflight day 
Cosmonaut Antibiotic Preflight of flight 0 ae 

Commander Ampicillin 0 20 ll 0 

Tetracycline 17 40 66 | 55 

Flight engineer Ampicillin 0 100 35 0 

Tetracycline ll 5 53 | 54 

We were impressed by the fact that the size of the microbial site on the mucosa of 

the anterior part of the nasal cavity among carriers of pathogenic staphylococci 
exceeded 10° microbial cells per swab in a considerable number of subjects [76%). 

According to existing conceptions [8, 9], this warrants the belief that they are 

sources of active elimination of pathogenic staphylococci into the environment. 

Repeated testing of “carriers" at intervals ranging from several months to 2 years 
revealed that over 50% were constant carriers of pathogenic staphylococci. The 

strains isolated from these carriers at different times were referable to different 
phagotypes and, occasionally, different phage groups. 

There was some changes in composition of staphylococcal flora of cosmonauts during 

flight. There was an increase in size of microbial focus formed by pathogenetic 
staphylococci in the mucosa of the upper respiratory tract (Table 1). 

In several cases, there was an increase in antibiotic-resistant staphylococci among 

the microflora of the upper respiratory tract of cosmonauts during and immediately 
after the flight (Table 2). We also demonstrated transmission of pathogenic sta- 
phylococci from one crew member to the other, which was associated with temporary 
colonization of foreign strains in the new host. For example, during the 63-day 
flight aboard the Salyut-4 orbital station, there was transmission of pathogenic 
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staphylococci of the second phage group, phage type 3A/3C (a-toxin titer 1:320- 
1:640) from one crew member to the other. Pathogenic staphylococci of this 
phagotype were demonstrable on the recipient's mucous membranes 7 days before the 
flight and after its conclusion, 

There was transmission of minimally toxigenic strains of pathogenic staphylococci, 
phagotype 3c/55/71, from one cosmonaut to the other during their joint work aboard 
the Salyut-6 orbital station during 140 days. Colonization of foreign strains 
after the flights went up to 7 days. 

Thus, the results of our studies indicate that there is an increase in significance 

of carriers of pathogenic staphylococci as possible sources of infection in the 
course of space flights. These data, as well as information that there is a high 

incidence of carriers of pathogenic staphylococci among healthy men allowed to parti- 
cipate in space flights, make it necessary to treat [disinfect] cosmonauts on whose 
integument these microorganisms vegetate (both at the stages of preflight training 
and during space flights) to prevent staphylococcal infection. We use the term 
"disinfect" to refer to direct or indirect treatment of the microbial site that 
precludes the role of carriers of pathogenic staphylococci, if not entirely, at 
least reducing it to a minimum, 

The shortage of information about the pathogenesis of formation of carriers of 

pathogenic staphylococci makes it substantially more difficult to develop effective 
means of treating such individuals. Local application of antiseptics and other 
antibacterial agents (furacillin, lysozyme) for this purpose elicits a brief effect 
[5, 6, 10]. Researchers had to abandon the use of antibiotics because of the fact 
that staphylococcal strains with multiple resistance are widespread, and there 

could be adverse changes in the autoflora as a result of breeding [5]. Thus far, 
there have been very few reports of positive results with use of the phenomenon 
of bacterial interference as a means of disinfection, and this problem has not 
yet found a practical solution. According to a number of authors [4, 6], immuniza- 
tion with staphylococcal anatoxin so lower the carrier level demonstrated that this 

measure is ineffective. 

There are indications in the literature [4] to the effect that, in spite of con- 
stant antigenic stimulation as a result of absorption from the nasal mucosa of 

staphylococcal a-toxin and enzymes produced by these microorganisms, there is 
virtually no difference between carriers and noncarriers with regard to level of 

corresponding antibodies in blood serum, 

Considering the existing principles of prevention and treatment of staphylococcal 
infections, as well as existing information [4] that there is hypoproduction of 
immunoglobins by carriers of these microorganisms, a promising route for develop- 
ment of procedures to disinfect cosmonauts is to search for the means of mobilizing 
nonspecific resistance to infection, local immunity of the mucosa of the upper 

respiratory tract with activation of biosynthesis of class A secretory immunoglobu- 

lines. 

Stimulation of immunity should be performed in conjunction with local application 
of antiseptics with a narrow spectrum of action, therapeutic bacteriophages and 
other individually selected antibacterial agents that affect primarily staphylo- 
coccal flora with preservation of other representatives of the biocenosis of the 
mucous membranes of the upper respiratory tract. 

37 



BIBLIOGRAPHY 

1. Prokhorov, V. Ya., “Pathogenic Staphylococci as the Possible Cause of Infection 
as Related to Space Flight Conditions,” author abstract of candidatorial 

dissertation, Moscow, 1971. 

2. Berry, C. A., AEROSPACE MED., Vol 41, 1970, pp 500-519, 

3. Taylor, G. R., and Zaloguev, S. N., "Medical Microbiological Analysis of 
Apollo-Soyuz Test Project Crew Members," Houston, 1976. 

4. Belyakov, V. D., Kolesov, A. P., Ostroumov, P. B., et al., "Hospital Infections," 
Leningrad, 1977. 

5. Smirnova, A. M., Troyashkin, A. A., and Paderina, Ye. M., "Microbiology and 
Prevention of Staphylococcal Infections," Leningrad, 1977. 

6. Chistovich,G.N., “Epidemiology ard Prevention of Staphylococcal Infections," 
Leningrad, 1969. 

7. Vygodchikov, G. V., “Staphylococcal Infections," Moscow, 1963. 

8. Mordvinova, N. V., and Eristavi, G. V., ZH. MIKROBIOL., No 7, 1972, pp 48-52. 

9. Erenkranz, N. G., NEW ENGL. J. MED., Vol 271, 1964, pp 225-230. 

10. Golosova, T. V., “Biologically Active Substances in Prevention and Therapy 
of Diseases of Staphylococcal Etiology," author abstract of doctoral disser- 

tation, Moscow, 1969. 

38 



UDC: 612.45+612.89].014.477-064 

HUMAN ADRENOSYMPATHETIC SYSTEM DURING IMMERSION IN WATER 
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No 5, Sep-Oct 81 (manuscript received 23 Dec 80) pp 30-34 

[Article by N. A. Davydova, R. A. Tigranyan and Ye. B. Shul' zhenko] 

[English abstract from source] The activity of the sympathoadrenal 
system (SAS) of 12 volunteers exposed to water immersion for 7 days 
was studied. Before and after water immersion six of the test sub- 
jects were exposed to acceleration of +3 Gz for 15 min. .It was 
demonstrated that water immersion increased the hormonal activity 

and decreased the transmitter activity of the SAS. Exposure to 
acceleration stimulated the SAS, thus increasing immersion tolerance. 

[Text] It is known that immersion in water is the most adequate laboratory 
method simulating body reactions inherent in weightlessness [1-3]. Changes 
are elicited by the extreme conditions of immersion in water in vital functions 
of the body, which require correction by various regulatory systems and, first of 

all, a system such as the adrenosympathetic system (ASS), which plays an important 
part in development of adaptive reactions. 

Our objective here was to study ASS activity during immersion, as well as the 
effects of accelerations in the period prior to immersion. 

Methods 

These studies were conducted on 12 healthy male subjects 25-35 years of age. Weight- 
lessness was simulated by means of 7-day immersion in water by the method of "dry" 
submersion [4]. The men were divided into 2 groups of 6, and the second group 
was submitted to accelerations of 3 Gz for 15 min 7 days prior to immersion; the 
participants of this study making up the first group were not submitted to accele- 

rations. 

Venous blood and 24-h urine served as material for these studies. We analyzed 

venous blood of the second group of subjects 7 days (before and after accelera- 
tions--background I and background III) and 1 day before the experiment (back- 
ground II), then on the 2d, 4th and 6th days of immersion and the lst (before and 
after accelerations) and 3d days after immersion. In the first group, analyses 
were made 5 and 2 days before immersion (background I and background II), on the 
2d, 4th and 6th days of immersion and on the 3d and 5th days after termination 

thereof. We colleced 24-h urine specimens over the entire period of the study. 
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Epinephrine (E) and norepinephrine (NE) of blood, as well as E, NE, dopamine (DA), 
dopa, metanephrine (MN) and normetanephrine (NMN) of urine, were assayed by fluoro- 
metric methods [5-7], while the levels of vanillylmandelic (VMA) and homovanillic 
(HVA) acids in urine were assayed by the method of thin-layer chromatography [8]. 
The obtained data were submitted to statistical processing by the variational 
method with the use of the Student-Fisher criterion, The indicators of relative 
activity of different elements of catecholamine (CA) metabolism were calculated 
for qualitative evaluation of the ASS [9]. 

Results and Discussion 

We observed the normal physiological level of ASS activity in the period preceding 
immersion (background I). Before starting immersion (background II) there was an 
increase in concentration of E in blood and urine. The E/NE ratio increased by 
2.5 and 1.6 times in blood and u~ine, respectively, as compared to background 
levels, whereas the other parameters remained in the normal range (Table 1). The 
above finding was indicative of increased activity of the hormonal part of the ASS 

(increase of E occurred against the background of diminished processes of binding 
and inactivation thereof), apparently demonstrating that an emotional reaction was 

present. Several authors had previously obtained analogous results [10, 11]. 

Elevation of levels of E and NE in blood, as well as CA and their metabolites in 

urine, was observed during exposure to accelerations both before and after immer- 
sion, the discharge of CA being greater after immersion, when activity of the 
hormonal part (E/NE) of the ASS was also higher (Table 2). The nature of the 
changes in acitivity of this system, evaluated according to relative activity of 

the mediator element and CA metabolism, indicated that the reaction of the ASS 
was similar in both cases and was associated with development of relative hypo- 

metabolism. 

At the early stage of immersion there was redistribution of blood, in particular, 
plethora of the upper half of the body [4]. This elicited a compensatory elevation 
of levels of NE and DA, which are responsible for maintaining vascular tonus, 

against the background of relatively diminished mediator activity (Ne/DA, DA/dopa), 

apparently as a result of discharge thereof from the reservoir. 

Throughout the period of immersion, subjects of both groups presented elevation 
of E in blood, as well as E, MN, dopa, VMA and HVA in urine, against the background 
of diminished concentration of NE in blood, NE, DA and NMN in urine. The E/NE 
ratio of blood and urine was significantly elevated, as compared to the background 
level, particularly in subjects of the first group. Ne/DA underwent fluctuations 
in both groups that were close to background levels, and a tendency toward decline 
thereof was demonstrated only at the end of the immersion period in the first 
group of subjects. DA/dopa was low over the entire period of immersion, with an 
increased process of DA inactivation (GVA/DA), whereas the process of NE inactiva- 

tion (NMN/NE) was above the background level in both groups. 

The high E level in the body was probably maintained as a result of diminished 
binding and inactivation to methoxy derivatives (MN/E about 60% of background level), 
whereas inactivation to the end product (VMA) was negligible increased (VMA/MN+NMN) 
in only the first group of subjects. All this indicated that immersion most 

probably elicited stress reactions, which were more marked in the first group of 

subjects. 
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At the same time, there was a decline in activity of the mediator part of the ASS 
(more marked in the first group of subjects), which occurred on the level of the 

NE-/DA precursor. Interestingly enough, the process of relative activity of NE 
synthesis (NE/DA) underwent virtually no change against the background of increased 
inactivation thereof, and this was probably instrumental in holding NE synthesis 

on an unchanged level [12], and, at the same time, led to an absolute decrease in 
NE content in the body. In our opinion, the above-described changes were adaptive, 
since hydrostatic blood pressure is partially neutralized by water pressure when 

submerging into the immersion environment, and this is associated with a decrease 
in vasomotor sympathetic activity as a result of decrease in quantity of stimuli 

that cause release of NE from nerve endings [13, 14]. 

In the postimmersion period, we observed increase in blood and urine CA, as well 

as metabolites of CA in urine of subjects in the first group. Such activation of 
the system is probably related to the body's defense reaction to hemodynamic 
changes related to change from horizontal to vertical body position, which caused 

accentuation of vascular tonus, influx of blood to the heart and prevented an 
arterial pressure drop. 

Normalization of ASS activity, which was observed by the 3d (second group) and 5th 

(first group) days of the aftereffect period, was indicative of the fact that the 
demonstrated changes were physiological. Exposure to accelerations, which played 
a stimulating role in the system, aided in tolerating immersion conditions. 
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COMBINED EFFECT OF SIMULATED WEIGHTLESSNESS AND ACCELERATIONS ON ENERGY METABOLISM 
ENZYMES 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 18 Aug 80) pp 34-38 

[Article by Ye. G. Vetrova, T. Ye. Drozdova, R. A. Tigranyan and Ye. B. Shul'zhenko} 

[English abstract from source] Exposure to simulated weightlessness 
(7-day water immersion and 7-day head-down tilt) caused a decrease in 
the activity of malate (MDH) and isocitrate dehydrogenase (ICDH), and 
creatine phosphokinase (CPK) at the expense of its MM isoform whereas 
the activity of alanine (ALT) and aspartate aminotransferase (AST) 
and pattern of distribution of MDH isoforms remained unchanged. Ex- 

posure to acceleration of +3 Gz, before and after simulated wieghtless- 
ness revealed similar changes in the activity of MDH, ICDH, ALT, AST 

and MDH cytoplasmic fractions. However, the higher increase in the 
enzyme activity after simulated weightlessness may give evidence for 

a greater change in cell membrane permeability during acceleration 

effects that followed simulated weightlessness. 

{Text} It has been established that hypodynamia, created by long-term bed rest 
or immersion in water, elicits deconditioning of the body, which is manifested by 
a decrease in capacity to react adequately to accelerations [1, 2]. Perhaps, such 
changes are based on changes in a number of biochemical constants, as a result of 
which there could be impairment of enzymatic coordination of different elements of 
metabolism of a number of functional systems of the organism. At the same time, 
no specific studies have been made of blood enzyme activity during exposure to 
accelerations against the background of simulated weightlessness. This prompted 

the present investigation. 

Methods 

We conducted this study on 12 male subjects, in whom weightlessness was simulated 
by means of antiorthostatic (-6°) [head-down] hypokinesia for 7 days (6 men; first 
group) and immersion in water by the method of “dry” submersion [3] for 7 days 
(6 men; second group). In both groups, the subjects were submitted to accelera- 
tions of +3 Gz for 15 min, 7 days before the start of simulated weightlessness 
and immediately after it. The tests were made at the same times for both groups. 
The material analyzed was venous blood taken from the ulnar vein in supine posi- 
tion, on a fasting stomach in the morning, 7 days (before and after accelerations) 

and 1 day before the start of the study, on the 2d, 4th and 6th days of simlated 
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weightlessness and on the lst (before and after accelerations) and 3d day after. 

We tested activity of malate dehydrogenase (MDH) [4], alanine (ALT) [5] and 
aspartate aminotransferase (AST) [6], isocitrate dehydrogenase (ICDH) [7], total 
activity of creatine phosphokinase (CPK) and of its isozymes [8], as well as 
activity of MDH isozymes in blood serum. The obtained data were submitted to 

statistical processiag by the method of determination of reliability of quantita- 
tive differences between results of studies conducted dynamically on one group [9]. 

Results and Discussion 

The results of testing /lood enzyme activity before accelerations, 7 days prior to 
the study, showed that there was a normal level of activity of ALT, AST, CPK, MDH, 
ICDH and CPK and !IDH isozymes in both groups of subjects. Examination just prior 

to the start of the experiment revealed that the parameters of activity of these 

blood enzymes were also in the range of the physiological norm. By the 6th day 
of the experiment, the first group (hypokinesia) showed a tendency toward decrease 

in activity of enzymes such as CPK, MDH and ICDH, with 32% decrease in overall CPK 
activity, mainly referable to its MM isoform. ALT, AST activity, as well as dis- 

tribution of MDH isoforms underwent virtually no change over the experimental period; 
in the second group, as in the subjects of the first group, MDH and ICDH activity 

diminished, and this decline was reliable, whereas ALT activity, which increased on 

the 2d day, remained at this level over the entire period of immersion; there was 
appreciable fluctuation of CPK activity in the second group of subjects, so that 

no definite tendency could be demonstrated (Tables 1 and 2). 

After accelerations of +3 G, before the experiment, the first group presented a 
tendency toward increase in activity of ALT, MDH and ICDH, with reliable concurrent 
increase in AST and MDH, and MDH2 isozymes; overall CPK activity diminished reliably, 
and this decline was attributable to its MM isoform. In the second group, accele- 

rations elicited analogous changes in activity of ALT, ICDH, CPK, total MDH and MDH, 

fraction, the increasing being reliable only for ICDH; activity of AST and the MM 

isoform of CPK showed virtually no change (see Tables 1 and 2). Seven days after 

exposure to accelerations, i.e., just prior to the experiment, there was a decrease 

in enzyme activity to the base level for most of the tested enzymes, with the ex- 
ception of CPK, the activity of which increased appreciably (by 28 and 10% in the 

first and second groups, respectively). 

Exposure to accelerations immediately after the experiments simulating weightless- 
ness elicited more significant hyperfermentemia in most cases. Thus, MDH activity 
increased by 14% and ALT by 11% in the first group of subjects, and by 33 and 352%, 
respectively, in the second group. CPK activity increased under the influence of 

posthypokinetic accelerations, with reliable increase in its MM isoform. In the 
second group, the change in CPK activity at this time was correlated with the 

changes observed following exposure to accelerations before immersion. In both 
groups, there was stabilization of ALT and AST activity, appreciable increase in 
CPK activity on the 3d postexperimental day, the latter constituting 18% in the 
first group and 35% in the second. MDH, ICDH, MDH; and MDH2 cytoplasmic fraction 
activity dropped to the base level in the first group and, although it did diminish 

in the second group, it did not reach the level demonstrated before exposure to 

accelerations (see Tables 1 and 2). 
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Activity of ICDH, MDH, ALT, AST, CPK and MDH, CPK isozymes in blood serum during 7-day immersion in water 

Table 2. 
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Blood and tissue fluid are the most labile 
tissues of the body, and for this reason 
hemodynamic disturbances hold one of the 

prominent places in the genesis of physio- 
logical changes during exposure to accele- 

rations. Accelerations affect not only 
redistribution of blood in the body, but a 

number of parameters characterizing its 
morphological, chemical and physical pro- 

perties. Along with other changes, some 
are noted in blood enzyme activity, even 
with relatively low levels of accelera- 
tions [10, 11]. Thus, an increase was 
demonstrated in AST activity of blood 
under the influence of accelerations [10]; 
in the opinion of the authors of this 
study, this increase is the consequence 
of change in permeability of cell membranes 
and release into the blood stream of a 
readily separated form of the enzyme; 
when the organism is exposed to severe 
factors, when there is impairment of 

mitochondrial membrane function, the AST 
molecules attach themselves to their 
structures, and this is associated with 
partial decrease in AST activity. In our 
studies, some subjects presented a de- 
cline of AST activity in blood after hypo- 

kinesia, which most probably could be in- 

dicative of diminished resistance of the 
body to accelerations. The more marked 
changes in tested activity of AST, ALT, 
MDH, ICDH and MDH isoforms under the 
influence of posthypokinetic and post- 
immersion accelerations was apparently 
indicative of more severe impairment of 

permeability of cell membranes during the 
period following, the studies. Thus, the 
increase in total activity of MDH, ICDH, 
AST and ALT after accelerations is indi- 
cative of impairment of permeability of 

cell membranes and release of cytoplasmic 
enzymes into the blood stream, which is 
confirmed by the increase in overall acti- 
vity of MDH due to intensified release 

of cytoplasmic fractions MDH; and MDH>2; 

evidently, this is not associated with a 
change in integrity of mitochondrial men- 
branes, or else the change is less signifi- 

cant, as indicated by the unchanged state 
of fraction MDH3;. The more significant 

increase in activity of ICDH, ALT, overall 
and cytoplasmic MDH after immersion and 



hypokinesia, as compared to the period before the start of the experiments, is 
indicative of some changes in cell membranes, which most probably occurred during 
the tests and, consequently, greater vulnerability to accelerations. The rela- 
tive stabilization of AST activity after hypokinesia and MDH level after immersion 
on the 3d day of the aftereffect period, along with reliable increase in CPK acti- 
vity referable *o its MM isoform after hypokinesia, increases the probability of 
the hypothetical possibility of increase in cell membrane permeability under the 

influence of accelerations following exposure to simulated weightlessness. 

In view of the fact that the enzymes studied have some organ specificity, it may 

be assumed that fluctuations of levels of serum activity of transaminases, MDH 
and ICDH in the course of the study are attributable to change in metabolism of 

the hepatic parenchyma and myocardium, whereas the activity of blood CPK, which 

changes at the expense of its skeletomuscular MM isoform, reflects changes in meta- 

bolism of skeletal muscle myocytes. 
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UDC: 613.693:612.173.3 

CARDIAC OUTPUT AND CARDIAC CYCLE PHASE STRUCTURE OF PILOTS DURING FLIGHTS 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 2 Sep 80) pp 38-41 

[Article by V. A. Degtyarev, V. S. Bednenko, A. B. Vasil'yev, A. N. Kozlov, 
V. Ya. Kolyagin and A, P. Yarunin] 

[English abstract from source] Changes in cardiac output and systolic 
time intervals of pilots inflight were examined by the Doppler 
ultrasound metnod. The changes were related to the degree of com- 

plexity of different flight stages. It is recommended that the 
above parameters be monitored during flight training in order to 

standardize professional loads. 

[Text] Flight conditions aboard modern aircraft make exceptionally high demands of 

the human body. It is therefore understandable that efforts are made to expand 

the possibility of studying the functional state of pilots directly in flight. 
Our objective here was to examine the dynamics of cardiac output and phase 
structure of the cardiac cycle as related to difficulty of flight assignments. To 
do this, we used the method of ultrasonic Doppler cardiography (USDC), which is 
based on the principle of ultrasonic location of the heart using the Doppler 
effect and which permits determination of the dynamics of stroke volume [1] and 
duration of phases of the cardiac cycle [2] during operator work. 

Methods 

Data for this study were obtained from 14 flights aboard transport aviation aircraft 
while pilot-subjects performed various flight assignments: horizontal flight (HF) in 
modes of manual (MC), semiautomatic (SAC) and automatic (AC) control with and with- 
out a distracting task (DT), landing approaches in the same modes and landings. 
We recorded the USDC on the commander from a region that permitted registration 

of signals reflected from the posterior wall of the left ventricle (4th intercostal 

space on the left, near the sternum), as well as electrocardiograms (EKG) in the D-S 
lead and pneumogram (PG) using KMA-72 equipment and an onboard magnetic storage unit 
(see Figure). To improve the reliability of picking up ultrasonic signals, we used 

an upgraded system to secure the sensor [3]. 

We determined the duration of the cardiac t,. and respiratory tyr cycles, heart 
rate (HR) and respiratory rate (RR) from the EKG and PG. The dynamics of stroke 
value I were evaluated according to the USDC, by a previously developed method [1], 
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from the integral values of rate of movement of the posterior wall of the left 
ventricle, with subsequent scaling to changes in ventricular volume. We calculated 

the relative changes in minute volume W as W= I*f, where f is HR change... On the 
basis of the typical signs of amplitude and frequency parameters of complexes of 
USDC signal, we determined the duration of phases of the cardiac cycle [2]: ventri- 

cular contraction [tension] period (C), ejection period (E), protodiastole (P), 
isometric relaxation (IR), fast and slow ventricular filling (FF and SF), atrial 

systole (AS). We also calculated the index of myocardial contraction [4] as 
K = C/(C+E). To make it possible to compare the severity of changes in hemodynamic 

parameters of different pilots, all parameters were standardized in relation to 
background data, in the capacity of which we used the levels recorded in horizontal 

flight with automatic control, since these stages involved the least difficulties 
for pilots. 

a 

~ >> 

Sample of tracings of recorded parameters in horizontal flight (a) and 

landing (b). Subscript ¢ refers to base data and 6 to values observed 
during landing 

1) time mark 4, 5) integral values for level (Q) and frequency (V) of 

2) EKG USDC signal 

3) USDC 6) pneumogram 

The USDC was reliably recorded at all stages of the flights; mean values of recorded 
parameters are listed in Tables 1 and 2. 

Results and Discussion 

Anelysis of our data revealed that HR constituted 68-73/min and RR 17-21/min at the 
HF stage with AC. The increase in HR did not increase 6-15% with change in HF mode 
or 11-31% when making a landing approach. Maximum increment of HR was observed 
curing landing, when it constituted 55%, which corresponded to a pulse of 105-118/min. 
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The relative changes in RR were about the same, and this parameter reached 30/min 
during landing. 

Virtually no changes in stroke volume were observed at different stages of horizontal 
flight. There was moderate increase in systolic ejection during landing approaches, 

which constituted 7 to 16%, depending on the flying mode. A significant increase 
in stroke volume, which constituted a mean of 51%, was observed during landing. 

Minute volume did not change significantly at different stages of HF. The only ex- 
ception was a 15% increment in the mode of manual control “under the hood" [7]. 
During the landing approach, we observed nearly 1.5-fold increase in minute volume, 
which was referable to about the same extent to increase in systolic volume and HR. 
During landing, minute volume increased by more than double, and formation thereof 

was also referable to about the same increase in stroke volume and HR. 

The changes in phase structure of systole in HF and when making landing approaches 
were characterized on the average by negligible shortening of ventricular contrac- 

tion (by 8%) and ejection (by 12%). During landings, the ejection phase underwent 
significant changes: it shortened by up to 25%. The myocardial contraction index 
was in the range of 0.25-0.34 in HF with AC, which was usually higher than at 

rest in healthy man, when it constitutes 0.23-0.25 [4]. At the other stages of 
flight, K, increased even more, reaching 0.37 during landing. Consequently, the 
variations in phase structure of the systole when in HF and making landing approaches 

were mostly moderate, and more significant during landings. 

The changes in diastolic phase structure in HF and landing approaches in automatic 

mode we ‘e characterized by moderate decrease in phases of isometric relaxation (by 
11%) and rapid filling (by 10%). Duration of ventricular SF diminished appreciably 

(by 45%). When making approaches for landings in MC and SAC modes, the decrease 

in FF reached 19% and SF 82%. During landings, we observed a decrease in IR (up 
to 22%) and virtual disappearance of SF, which constituted about 3% of the base 
level, At ail stages of flight, the duration of P and AS did not undergo signifi- 

cant changes. Consequently, the changes in structure of the diastole in flight 
consisted of significant shortening of ventricular filling time, moderate decrease 
in duration of their C and negligible changes in time structure of P and AS. 

Since performance of the discussed flight assignments aboard aircraft of the trans- 
port aviation does not require considerable physical effort on the part of the 

pilot, emotional tension must be considered the prime factor in flight work, which 

induced the changes in the above hemodynamic parameters. 

It appears obvious that prolonged or frequent performance of stages of flight that 
involve significant increase in load on the heart, which is not attributable to 

its energy requirements, could lead to accumulation of changes and be one of the 
causes of development of fatigue in flight personnel, as well as functional dis- 
turbances of the cardiovascular system. To prevent the development of such pheno- 
mena, we can recommend that the changes in phase structure of the cardiac cycle 

and cardiac output according to the USDC, the results of which could serve as 
a substantial argument in setting standards for flight work, be monitored when 
refining schedules for flight work. Development of criteria for setting such 
standards is the subject of separate investigation, and was not included in the 

objectives of this study. 
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HUMAN LIPID METABOLISM DURING CONFINEMENT IN PRESSURE CHAMBER 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 31 Jan 80) pp 41-43 

[Article by V. P. Bychkov and S. Bs Khokhlova] 

[English abstract from source] The effect of prolonged enclosure, 
changed diet, atmosphere and hypokinesia on lipid metabolism was 
investigated in 115 test subjects during 27 experimental runs. It 
was concluded that the changes in lipid metabolism occurred pri- 
marily due to reduced work load. 

[Text] It was reported in previously published works [1-4] dealing with the 
effects of factors simulating space flight on lipid metabolism in man that the 
parameters in question underwent the most appreciable change under hypokinetic 

conditions (bed rest) and in pressure chambers. 

A statistically reliable decrease in percentile levels of a-lipoproteins, as com- 

pared to the background and recovery periods, was demonstrated in 58 subjects who 
had spent 90 days in pressurized chambers [2]. During the same period, they pre- 
sented an increase in blood serum cholesterol. 

In recent years, researchers working in the field of lipid metabolism have been 
devoting particular attention to a-lipoproteins as the "inverse risk factor" of 
cardiac ischemia, attributing much importance to them in regulation of lipid 

metabolism. It is believed that the higher the a-lipoprotein content and higher 
percentage of blood serum cholesterol contained in this fraction (a-cholesterol), 

the better the conditions for elimination of excessive cholesterol and, consequently, 
deposition thereof in vascular walls is prevented [5, 6]. Low a-cholesterol levels 
have been observed in the presence of a number of diseases, whereas they were con- 
siderably higher in blood serum of the very aged and individuals leading an active 

life. 

On the basis of these data, we undertook the study of a-cholesterol level in blood 
serum of individuals confined in sealed chambers. To evaluate lipid metabolism, 

we deemed it expedient to introduce the coefficient a-LP/C, characterizing the 
ratio of the a-lipoprotin fraction to total cholesterol content (in grams per liter). 
A decline of this coefficient is indicative of adverse changes in lipid metabolism 

related to the shortage of a-lipoproteins for transport of cholesterol and elimina- 

tion of excess thereof from the body. 
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Methods 

We tested the parameters of lipid metabolism (total lipids, cholesterol, a- and B- 
lipoproteins) in blood serum of 115 healthy men 19 to 45 years of age in 27 
series of studies. The methods of assaying these parameters and a more detailed 
description of the studies were furnished in previous reports [1-4, 7]. In the 
27th experimental series, we also assayed a-cholesterol by the method of Lopes- 

Virella et al. [8] in 4 subjects who had spent 42 days in a chamber 24 m’ in size. 

Results and Discussion 

As a result of conducting the 27th series of tests, we found a decrease in O-choles- 
terol content of blood serum in subjects who had spent a long period of time in 
the pressurized chamber. The aG-cholesterol levels constituted 56.4t4.5, 55.6¢5.3, 
49.0t5.0, 47.1+5.9 and 47.145.8 mg% in the background period, on the 6th, 18th, 30th 
and 42d day in the chamber, respectively (P>0.05), whereas a-cholesterol levels con- 
stituted 35.242.2, 31.8%3.7, 27.1t1.9, 25.7%3.1 and 29.343.6% of total cholesterol 

content (P<0.05 for the 18th and 30th days). At all tested times, we observed sig- 
nificant individual fluctuations of the lipid metabolism parameters under study, 
which made it difficult to interpret the findings. For this reason, it was necessary 

to compare larger groups of people under similar conditions in order to demonstrate 
consistent changes in the parameters under study. 

It was established that, in spite of fluctuation of different parameters of the 

gas atmosphere in small pressure chambers, the changes in parameters of lipid 
metabolism were in the same direction in the subjects, whereas the severity thereof 

depended significantly on time spent in the chamber. For this reason, we summed up 
the findings obtained in 17 series of studies [2] conducted in small pressure 

chambers under adverse habitat conditions (in most cases, there were 4 subjects 
in a chamber 24 m’ in size). Coefficient %-LP/C constituted 16.7+0.7 in 58 subjects 

before entering the chamber and 12.5+0.9 at the end of the stay in it (P<0.001). 

There is a complex set of factors that affects man when experiments are conducted 

in pressure chambers, including the nature and amount of physical activity [9], 
diet developed for spacecraft crews’ rations, fluctuation of various parameters of 

the gas atmosphere, etc. 

As a result of studies conducted outside the pressure chamber, it was established 
that a change in diet had no effect on the parameters of lipid metabolism under 
study [1-3, 7]. Thus, when 6 subjects were on the diet developed for space flights 
lasting up to 1 month, their coefficient a-LP/C constituted 13.7+1.8 in the back- 
ground period and 13.2+1.9 on the 29th-30th day (P>0.05). With the use of the diet 
developed for orbital stations of the Salyut type (2 series of tests involving 10 

subjects), coefficient q=-LP/C constituted 16.2+1.7 in the background period, 16.0+1.6 
on the 23d-26th day and 14.5+1.1 on the 47th-48th day (P>0.05); on a diet consisting 

entirely of dehydrated foods, this parameter constituted 9.9+0.8 in the background 
period, 10.1+1.1, 10.9+1.1, 12.0+1.4 and 12.6+1.4 at the end of the lst, 2d, 3d and 

4th months, respectively (it even increased somewhat). 

Examination of 3 subjects who spent time in a large pressure chamber (about 100 m*) 
failed to reveal adverse changes in parameters of lipid metabolism [3]. Test on 3 

subjects who spent 1 year in a ground-based laboratory complex revealed that the 
coefficient a-LP/C constituted a mean of 16.8 in the background period and 16.9+1.1 

(average of 16 readings) during the stay in the pressure chamber. The energy cost 
of physical exercises performed by the subjects constituted about 300 kcal/day [9]. 
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Under hypokinetic conditions (bed rest), the subjects presented appreciable adverse 
changes in parameters of lipid metabolism [1-3]. After generalizing the data from 
4 experimental series (28 subjects), it was established that a-LP/C constituted 
13.7t0.6 in the background period and 10.6t0.6 on the 35th-48th day of hypokinesia 
(P<0.001). We know from the literature [10] that a decrease in physical activity 
was associated with significant adverse changes in lipid metabolism, including a 
drop of a-cholesterol content, whereas this parameter rose with increase in physical 
activity. 

As yet, there has not been sufficient study of the mechanisms of interdependence of 
lipid metabolism and physical activity. Hypokinesia is associated with a decline 

of synthetic processes in the body and less energy expenditure. Apparently, the 

passage of excessive amounts of free fatty acids (due to impairment of energy meta- 

bolism), diminished functional activity of the liver and other changes, which lead 

to impairment of the multicomponent system of metabolism of lipoproteins that hold 
blood serum cholesteroland other lipoprotien fractions at the proper level (by means 
of transport between organs and tissues, oxidation and elimination), play some role 
in this. 

The similarity of direction of changes in parameters of lipid metabolism when con- 

fined in small pressure chambers and hypokinetic conditions warrants the conclusion 

that they are related, to a significant extent, to the decrease in man's physical 
activity. However, we cannot rule out entirely the significance of other factors, 
for example, change in immunological reactivity of the body [11]. There are reports 
that blood serum a-lipoprotein levels drop in subjects with allergic states [12] 
and in the process of immunogenesis [13]. Special studies must be conducted to 
determine the effects of these factors on lipid metabolism. 
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AEROSOL DISTRIBUTION OF MICROORGANISMS IN A MANNED PRESSURIZED CHAMBER AND EFFECT 
OF ARTIFICIAL AIR IONIZATION 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 31 Jan 80) pp 44-46 

[Article by S. N. Zaloguyev, B. V. Anisimov, A. N. Viktorov and V. P. Gorshkov] 

[English abstract from source] In a manned enclosure the distribution 
of bacterial aerosol with respect to the size of particles is bimodal. 
Artificial bipolar ionization of the air may decrease the content of 
relatively large particles of bacterial aerosol, leaving particles with 

2.0-0.6/\m in diameter in predominance, These properties of the 
bacterial aerosol structure may be of importance in the prophylaxis of 

aerogenic infections of cosmonauts. 

[Text] Previous studies [1] demonstrated that there are distinctions to the forma- 

tion of bacterial aerosol in a pressurized space, in the presence of people, which 
are attributable chiefly to accumulation of finely dispersed particles in air. 

This circumstance is one of the factors instrumental in expression of the mechanism 
of transmission of representatives of the automicroflora under these specific living 

conditions. 

For this reason, it became necessary to obtain information about the distinctions 
of distribution of various microorganisms in the range of the fine phases of bac- 

terial aerosol in a pressurized space. 

Various factors affect formation of bacterial aerosol, among which some signifi- 
- cance is attributed to the electrical charge of its particles, which could change 

for different reasons. One of them is the effect of high air ionization [2, 3]. 
If we consider that, according to a tentative estimate [4], the concentration of 
light ions in the atmosphere of spacecraft would be 20-100 times greater, because 
of the constant effect of ionizing radiation, than in the near-earth layer of 
atmosphere, it becomes obvious why it is imperative to investigate the effect of 

this factor on formation of bacterial aerosol in pressurized compartments. 

Methods 

This study was conducted on 4 male subjects who spent 16 days in a pressure chamber 
24 m*® in size. The parameters of microclimate, work and rest schedule, food 

allowance and personal hygiene resources were kept in the range inherent in 

manned spacecraft cabins. 
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An ARKI-2 automatic regulator of light ion concentration was used to ionize the 

air and measure concentration of light aeroions [5]. The concentration of light 

ions was determined with the generators operating in the chamber in the selected 

mode: positively charged 35.2x10° cm~* and negative 22.210? cm73 with a 1.6 
coefficient of unipolarity, which was rather close to the levels that could be 

present in a spacecraft cabin. During the subjects’ stay in the chamber, we con- 

ducted 4 cycles of artificial ionization (each lasting 2 days), which were followed 
by control periods. During these periods, the concentration of light ions constituted 

200-400 pairs/cm-*, which corresponded to the ionization level in the near-earth 
layer of atmospheric air. 

A multistep impactor was used to collect air samples for microbiological analysis. 
Bacterial aerosol was precipitated on the surface of 5% Hottinger's blood agar de- 

canted into Petri dishes. After incubation for 2 days at 37°, we counted colonies 
and identified them according to morphological, tinctorial and biochemical signs. 

When processing the data obtained with the impactor, we divided the microorganisms 
into fractions according to particles with the following mean aerodynamic diameters 

(50% cutting boundary): 7.2-11.6 jm (lst and 2d stage [step] of impactor], 4.0-5.3 ,m 
(3d and 4th stages of impactor) and 0.6-1.0-2.3 ym (5th, 6th and 7th stages of 
impactor). 

For statistical processing of the data, we made corrections for probability of 

formation of one colony out of two or more particles, and for the first three 

steps for the high probability that aerosol particles would fall on the peripheral 

part of the Petri dish [6]. 

Results and Discussion 

As indicated by the data in Table 1, when people spend time in a pressurized 
chamber with a “natural background" of air ionization there was prevalence of 
microorganisms in aerosol fractions with particles 7.2-11.6 and 0.6-2.3 jm in 
diameter. 

Table 1. Distribution of fractions of microorganisms in aerosol formed in a 
pressurized chamber with different levels of air ionization 

Distribution of microorganisms 
Bacteria (%) in aerosol fractions with 

Air ionisation level per m following particle diameter (jm) 

air 7.2—11.6 | 4.5-5.3 | 0.6—2.3 

Natural background 5700+350 49,3=1,6 | 19.4+2,1 31.3%3,7 
Elevated level 3600+350 28 4+2'3 | 16.4+2.8 35,2=5.! 

A statistically reliable decrease in overall bacterial contamination of the air 
environment was demonstrated when an elevated level of ionization was created in 

the chamber. The decrease in number of microorganisms in the air of the airtight 

chamber occurred mainly in the fraction with particles 7.2-11.6 wm in size and, 
to a lesser extent, with those 4.5-5.3 um in diameter. There was virtually no 
change in microorganisms in the aerosol fraction with particles 0.6-2.3 um in dia- 

meter when the level of air ionization was raised, as compared to the natural 
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background of air ionization (1800 microbes/m* air in the former case and 2000 in 
This was associated with a marked increase in relative amount of the latter). 

particles of highly divided phase of bacterial aerosol. 

Table 2. Distribution of bacteria in aerosol particles 

Distribution of bacteria 
Air ionization Microflora “ar te (%) in aerosol fractions 

“: 7.2—11.6 3.3—1.0 yum 2.3—0.6 pm 

Staphyloc rer aberacsees? and 3600+420 | 50.8+5.3 | 16.6+1.8 | 32.6=6.5 
ura Corynebacteria 1700+50 | 55,8+4,1 | 23.324.0 | 20,9+9,1 

background Sporulati bacilli 180+30 0 25.6+18.0 | 74.4+18.0 
Gram-negative flora 160+ 50 41.6+9,9 | 30.3410.5 | 27,1+10,0 

Seetanartnicronoceud Mabie | 11233 | Tits | Fst Coryn cteria +24 16. 21,2+10. 710, 
Elevated level /cocrulating bacilli 330=100 | 4.9441 | 40.6+29.5 | 54.5+23.0 

Grem-nesative flora 100+40 0 16,6+14,0 | 83,4=14,4 

Analysis of the data obtained from examination of microflora in different aerosol 
fractions in the airtight chamber (Table 2) revealed that the tendency toward in- 

crease in relative amount of highly dispersed particles (0.6-2.6 wm in diameter), 
which was observed when level of air ionization was raised, persisted for most 
representatives of air microflora, such as staphylococcus, corynebacterium, Gram- 
negative bacilli and cocci. This had a particularly noticeable effect on amount 
of representatives of Gram-negative flora, which were no longer demonstrable in 
fractions with particles 7.2-11.6 wm in diameter in the case of artificial ioniza- 

tion. 

There was a different tendency with regard to dynamics of sporulated forms of Gram- 
positive bacilli. When an elevated level of air ionization was created, we ob- 
served appearance of sporulated forms of microorganisms in the aerosol fractions 

with particles larger than 7.2 um. Special studies must be conducted to interpret 
the demonstrated changes in composition of microflora, and they must involve evalu- 

ation of the effect of bipolar air ionization on different species of microorganisms. 

The results indicate that the highly dispersed phase of bacterial aerosol, repre- 
sented by microorganisms that are the most probable pathogens of diseases among 

crews of spacecraft, is formed the most often in the air of an airtight compartment. 
Apparently, elevation of the level of bipolar air ionization is an additional fac- 
tor, which has an adverse effect on the intensity of transmission of conditionally 
pathogenic bacteria. These findings must be taken into consideration when working 
out the means of removing dust and microorganisms from the atmosphere of spacecraft 

cabins. 
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VITAMIN C, B, AND Bg EXCRETION IN URINE DURING 182-DAY ANTIORTHOSTATIC HYPOKINESIA 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 14 Jan 80) pp 46-49 

[Article by V. P. Bychkov and V. A. Korshunova] 

[English abstract from source] Renal excretion of ascorbic acid, 
thiamin and 4-pyridoxic acid was studied in 18 test subjects eaposed 

for 182 days to head-down tilt. Two groups of subjects (6 subjects 

in each) performed exercises of different work load and the third-- 
control--group was exposed to hypokinesia as such. It was shown that 

exercises preduced a beneficial effect on vitamin metabolism. It is 
recommended to develop preliminary adaptation to the work load 

planned as a countermeasure in real or simulated weightlessness. 
ys 

[Text] Experimental and clinical studies have shown that long-term hypokinesia 
elicits appreciable metabolic changes, particularly in vitamin metabolism [1-3]. 

There is no information about vitamin metabclism in man submitted to prolonged 
antiorthostatic [head-down] hypokinesia as related to the use of various preventive 
measures. Our objective here was to investigate the dynamics of excretion of 

ascorbic acid, thiamin and 4-pyridoxic acid in people submitted to antiorthostatic 
hypokinesia for 182 days, as related to the use vf various preventive measures 

planned for flights of similar duration. 

Methods 

Healthy men (18) 31 to 40 years of age were kept on bed rest for 182 days, in anti- 

orthostatic position, with the head end of the bed tilted down at an angle of -4.5°. 
The subjects were divided into three groups (6 men in each) according to degree of 
restriction of muscular activity. No preventive measures were used with the first 
group (control). During hypokinesia, the second and third groups of subjects per- 
formed a set of exercises with energy cost corresponding to 200 and 400 kcal/day, 

respectively. 

At all stages of the experiment, the subjects received a diet of freshly prepared 
foods on a 7-day menu, which was well balanced for all nutrients. The food allow- 

ance contained 101 mg vitamin C, 2.8 mg B, and 3.6 mg Bg. Im the course of the 
experiment, assay was made in 24-h urine of ascorbic acid by the method of Polk et 

al. [4], thiamin and 4-pyridoxic acid by the method of P. D. Starshov [5]. 
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Results and Discussion 

Tables 1-3 list the results of analysis of excretion of ascorbic acid, thiamin and 
4-pyridoxic acid in 24-h urine. 

Table 1. Dynamics of excretion of ascorbic acid (mg/day) in urine 

Test ; wtp ; 

riod - 
= Mem | P Mem P Mim P 

Background 45.723,7 45.4+2,3 48 ,9+3,2 
Hypokinesia, 

ays: 
{33 50.32%3,5 >0.05 48.1+1,8 >0,05 47.7+1.9 >0.05 
23—30 66 .7+2.7 <0.002 64.828 .2 <0,05 85 .6+6,6 <0,001 
43—50 50.2+9.3 >0.05 24 .522.6 <0,001 42,.1+9.5 >0.05 
63—70 33 .728.7 >0.05 28 .5+4.1 <0.01 28 .7+4.6 <0.01 
&83—90 39 .8+7.i >0,05 31,0+7.3 >0,05 36 .2+2.4 <0,02 
127-134 73.3215.1] >0.05 | 48,744.8 | >0,05 | 46.5%2.5 | >0,05 
147—154 34.8+1.8 <0,05 51.7+5.0 >0,05 43 .023.4 >0,05 
175—182 . 29 .9+1,7 <0,.01 §2,5+8.7 >0,05 33 .9+0.3 <90.01 

Note: Here and in Tables 2 and 3, values of P are given as compared to 

background levels. 

Table 2. Dynamics of excretion of thiamin (yg/day) in urine 

Test =| _Group 
2 3 

riod 
” Mzsm | P Mzm P Mzm | P 

Background 347 .2+20.6 165.3237 .2 466 359.8 
Hypokinesia, | 

ys: 
i—7 215.5249.6 | <0,05 212,1432.8 | >0,05 | 905.5+247.6 | >0.05 
23—30 565 .5230.4 <0,001 | 359.4411,9 | <0,001 | 755,.4+34,2 <0,002 
43—50 325 .5+34.! >0,05 364,.3+16.7 | <0,02 124.626,.7 <0,001 
63—70 442.4+=64.8 | >0,05 526.2+33.4 | <0.001 | 117,3%4.4 <0,001 
83—90 407 .8+111.1 | >0,05 425.4+19.3 | <0.001 | 127,5=9.1 <0,001 
127—134 390 .7+4),1 >0,05 382.0221,9 | <0,001 | 553.3238.1 >0,05 
147—154 250.2+24.4 | <0,02 240,1421,2 | >0,05 | 312,0+53.5 | >0,05 
175—182 277 .2=37.7 >0.05 296 .2+53.4 | >0,05 | 610,9236.3 | >0,05 

Tables 1] show that all of the subjects presented no appreciable changes in 
excretion of the vitamins under study during the lst week of hypokinesia, when 
they were on strict bed rest regimen without the use of preventive measures. The 
findings are consistent with the results of some other authors [1], according to 

whom there is either no change in metabolism of vitamins C, B; and Bg when 
mobility is restricted (7 days), or else the parameters thereof improve. We were 

impressed by the wide variability of the parameters studied during the lst week 
of hypokinesia, which was more marked for thiamin and 4—pyridoxic acid. This is 
apparently attributable to the subjects’ individual reactions to the start of the 
experiment. A common finding in all three groups was the statistically reliable 
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increase in excretion of the vitamins in question on the 30th day of hypokinesia, 
in spite of the fact that a set of preventive measures was used for the subjects 

in the second and third groups from the 7th day of hypokinesia. This increase in 
parameters is probably attributable to the fact that the hypokinetic factor was 
prevalent in all groups on the 30th day. Under hypokinetic conditions, there was 

a decline of synthetic processes resulting in increased elimination of vitamins. 
Our findings coincide with the results of many researchers who studied the effect 
of hypokinesia on metabolic processes in man [6, 7]. At the later stages of hypo- 
kinesia the body apparently adjusted to this factor, and this was manifested by 
stabilization of the parameters under study. 

Table 3. Dynamics of excretion of 4-pyridoxic acid (g/day) in urine 

Test Group 
2 3 

riod 
” Mem | P Mem | P Mm p " 

Background | 593 0=34.5 951,.3+75.6 570,.3+48,7 
Hypokinesia, 

ays: 
1—7 834.7+105.1 | >0,05 938 .6+23.6 | >0,05 754.2+149.7 | >0,05 
23—30 — «-884.3238.9 | <0,001 | 1372.0+57.1 | <0,002 | 840.0+51.3 | <0,01 
43—50 735=5N0.9 | <0.05 | 1082.5+174.5 | >0,05 806.0+-66,5 | <0,02 
63—70 811.2—79.5 | <0.05 815.6+108.8 | >0,05 778.2=54.3 | <0,02 
&3—90 | 755.0=38.6 | <0,02 837 .6+93.0 | >0,05 796.5+98,9 | >0,05 
127—134 | $40.0=30.9 | <0,001 | 812,3+61.8 | >0,05 894.8+48.8 | <0,00! 
147—154 | 1192.6—198.7 | <0.02 860.5—40.2 | >0,05 734,1+30.8 | <0,02 
175—182 | 3$86.8=21.2 | <0.05 | 1081.9+111,5 | >0,05 1707 .1+145.6 | <0,05 

! 

a 

Subsequently, elimination of ascorbic acid fluctuated in the first group of sub- 
jects (periods of increased excretion alternated with periods of decreased excre- 
tion). However, the resultant dynamics of ascorbic acid excretion became estab- 
lished at a lower level, as compared to the background (P<0.01). There were no 

appreciable changes in thiamin excretion. Already on the 50th day of hypokinesia, 
thiamin excretion stabilized at close to background levels (P>0.05). Such rapid 
stabilization of this parameter is apparently attributable to the fuct that meta- 
bolism of muscle tissue was at a relatively low level in the state of rest. For 
this reason, Oxidation of carbohydrates was diminished in nonfunctional muscles, 
as a result of which there was a decrease in vitamin B, requirement. There was 

substantial increase in excretion of 4-pyridoxic acid. These data are consistent 
with the results of a number of authors [1, 2], who reported an increase in excre- 
tien of 4—pyridoxic acid during hypokinesia of different duration. Toward the 
end of the hypokinetic period, a decline of this parameter was observed (P<0.05), 
apparently related to the subjects’ reaction to the end of the experiment. Some 
authors interpret such a reaction as neuro-emotional stress [8], in the presence 
of which the need for some vitamins increases [9]. 

There was a decrease in ascorbic acid excretion between the 50th and 70th days in 

the second group of subjects (P<0.001 and P<0.02, respectively). This decline was 
probably due to the fact that exercise increased the body's vitamin C requirement. 

However, by the 90th day, this parameter became stable and remained close to the 
base level to the end of the hypokinetic period, evidently due to adjustment of 

the body to hypokinesia and preventive measures used by this group. Excretion of 
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thiamin was somewhat higher than the background level during hypokinesia, while 

elimination of 4-pyridoxic acid reached the base level on the 50th day and held 

there to the end of the experiment. Apparently, this was attributable to the 

conformity of energy cost of exercise performed by this group of subjects with 
their customary energy expenditure. 

In the third group of subjects, stabilization of excretion of ascorbic acid and 
thiamin occurred on the 134th day of hypokinesia, whereas in the second group it 

occurred on the 90th and 50th days, respectively. Apparently, the heavy physical 

load, which intensified energy metabolism, increased the body's vitamin C and B, 
requirements. However, it is known [10] that there is more economic utilization of 

energy as adaptation to this new level of exercise progresses. This explains the 
later normalizing effect of exercise on excretion of vitamin C and B;. Elimination 
of 4-pyridoxic acid was higher during hypokinesia than in the background period. 

Evidently, this indicates that protein synthesis did not reach the base level in 
this group of subjects. Nor can we rule out the possibility of increased excretion 

of 4-pyridoxic acid with increase in microbiological synthesis of vitamin B¢ by 
the intestinal microflora. 

Thus, analysis of the obtained data characterizing metabolism of vitamins C, B,; and 

Bg revealed that there were no significant deviations from the physiological norm 
during hypokinesia. This shows that there was adequate intake of the tested vita- 

mins with the food allowance. The significant fluctuations of the parameters, 
which we observed before the start and at the end of the hypokinetic period, could 

be attributed to the reaction of "going into and out of" the experiment, and 
change therein at the start of the experiment-~-a period of acute adaptation to hypo- 
kinesia, at different stages of hypokinesia--to the effect of various sets of pre- 
ventive measures. However, against the background of seeming "variegation" of 
observed changes, there was rather distinct demonstration of stable excretion of 

the vitamins under study in subjects of the second group, which is apparently 

attributable to conformity of energy cost of the exercise load used to the level 
of their customary energy expenditure. The obtained data are indicative of the 

desirability to condition subjects to the level of physical activity that is 
planned as a preventive measure in weightlessness or ground-based simulation thereof-- 

hypokinesia--well in advance, so that this factor would not be an additional sti- 
mulus that would intensify the body's adaptive mechanisms, when they are already 
functioning intensively. Studies of excretion of end products of nitrogen metabolism 

in urine revealed patterns that were similar to those described here [11]. 
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JUGULAR, RIGHT ATRIAL PRESSURE AND CEREBRAL HEMODYNAMICS OF HEALTHY MAN SUBMITTED 
TO POSTURAL TESTS 
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No 5, Sep-Oct 81 (manuscript received 4 Oct 80) pp 49-53 

[Article by V. Ye. Katkov, V. V. Chestukhin, V. V. Rumyantsev, A. Z. Troshin and 
0. Kh. Zybin] 

[English abstract from source] Ten test subjects were catheterized 
and exposed to head-up and head-down tilts at 10, 30 and 75° for 
5 min each to measure blood pressure in the upper bulb of the internal 
jugular vein and right atrium. Blood acid-base equilibrium, hemo- 
globin content and oxygen saturation were also determined. In the 
head-up position at 75° the jugular pressure decreased, remaining 
positive (2.8 mm Hg) in most cases, whereas the atrial pressure fell 
down to reach the subatmospheric level. In the head-down position 

the jugular pressure increased in proportion to the tilt angle, 
amounting to 32.2 mm Hg at 75°; the atrial pressure changed in a 
different fashion: in 7 cases it increased and in 3 cases decreased. 
Throughout the test the oxygen arteriovenous difference in the brain 
and the acid-base equilibrium in the outflowing blood remained 

essentially unchanged. This reflects autoregulation of the cerebral 

blood flow and its adequacy to metabolic requirements. 

[Text] A change in position of the body is associated with changes in the hydro- 
static component of blood pressure of peripheral vessels, including the jugular 
vein. There could be significant pressure changes in this region, and for this 

reason it is interesting to study their correlation with intracranial hemodynamics. 
It is known that the volumetric rate of cerebral circulation remains close to con- 

stant in healthy subjects in orthostatic position, when pressure in the jugular 
vein is close to zero or becomes negative [1-3]. However, there has not been’ suffi- 
cient study of the changes in these parameters and their correlations in antiortho- 

static [head down] position, which is not usual for man. 

Postural factors also lead to change in pressure of the right atrium and, while 
most authors demonstrated a drop thereof to subatmospheric levels in orthostatic 

position, the findings of different researchers were contradictory with regard 
to head down position [4-7]. It must be noted that this is important, since 
positions with the head down at different angles of inclination of the body are 

often used at the present time to simulate weightlessness. 
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Our objective here was to study postural effects on pressure in the jugular vein 

(and its correlation to cerebral hemodynamics) and right atrium of healthy man. 

Methods 

The superior bulb of the internal jugular vein and right atrium of 10 healthy 
male subjects (average age 35 years) were catheterized under x-ray monitoring. 
To induce a gravity perturbance, the subjects were moved on a turntable into 

head up position, with the body inclined at angles of 10, 30 and 75° (indicated by 
+ sign in the text and Figure), then returned to the base position and, after 5- 

10 min, moved into head up position, with the body inclined at angles of 10, 30 and 
75° (indicated by - sign in the text and Figure). Each position was held for 5 min; 
at the end of this period we recorded pressure and took samples of blood flowing 
from the brain. An analogous test was conducted after an interval of 1-2 weeks, 
with catheterization of a peripheral artery, which enabled us to obtain samples of 
arterial blood. 

Pressure was measured with highly sensitive electric pressure gauges, which were 

attached at the level of the catheter tips throughout the study. We recorded the 
parameters of blood acid-base equilibrium, hemoglobin and its oxygenation. 02 
content of blood and arteriovenous difference thereof for the brain were calculated 

with the usual formula. The results were submitted to statistical processing with 
the use of Student's t criterion. 

Results and Discussion 

The postural dynamics of arteriovenous difference in mean pressure for O02 (AVPO,) 

in the superior bulb of the internal jugular vein (PJV) and right atrium (PRA), 

as well as PJV-PRA gradient, are illustrated in the Figure. 

The change to +30° position was associated with reliable and significant drop of 
PJV; subsequent increase of the angle to +75° did not necessarily elicit further 

decline of this parameter. A change to head down position elicited gradual rise 
of PJV. The extent of this rise corresponded to angle of inclination of the body 

and was at a maximum with -75°. 

Oxygen content and acid-base equilibrium of blood flowing from the brain, as well 
as its AVPO,, did not undergo appreciable change against the background of marked 

postural fluctuations of PJV (in the range of 2.8 to 32.2 mm Hg). 

In orthostatic position, PRA dropped in all cases, and was subatmospheric at +75°. 
In antiorthostatic position, the changes in this parameter occurred in different 
directions. Thus, with an angle of -75°, PRA rose by 3.5-9.5 mm Hg in 7 cases 
and by 1.5-5.3 mm Hg in 3. Thus, for the group as a whole, we can state that there 

was a tendency toward elevation of PRA. 

Concurrent recording of PJV and PRA revealed that PRA continued to drop in the pre- 
sence of stabilization (or less marked drop) of PJV in head up position at angles 
of inclination of more than 30°. As a result, the PJV-PRA gradient, which was 
quite low in horizontal position, presented a tendency toward increase in ortho- 
static position. PRA became negative in 9 cases and PJV in only 1. In head down 
position, the gradient changes were very marked and characterized by gradual 

increase, with a maximum at -75°. 
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We know that PJV rises in healthy man 
P , in orthostatic position,and above this 
—— ene region pressure drops by about 1 cm 

2 water column for each centimeter of 

vertical distance. In other words, the 
jugular vein behaves like a separate 
hydrostatic system in orthostatic posi- 

tion, with its base at the site of 

entrance into the thoracic cavity [8]. 

B { 4 PRA” ¢s ra In general, our findings confirmed this 
re conclusion; however, there were some 

. distinctions. First of all, it should 
jo). Gradient be noted that the drop of PJV, or more 

PJV- Z 3 precisely of pressure in its superior 
ol? bulb, as was to be expected, occurred 

mainly with change from horizontal to 
+30° position. The changes were less 
marked in the range of +30 to +75°, and 
in some cases there were none at all. 
The impression was created that the 
superior bulb behaved rather indepen- 

0° +10°+30°*75* 0° -10° 30°-75° : 

Arteriovenous difference for oxygen in 
the brain, mean pressure in jugular vein, 
right atrium and gradient between them 
during postural tests. 

dently in the system of the internal 
": oo eek tas” jugular vein. Since the superior bulb 

3) PRA (mm He) is situated at the base of the skull, 

4) PJV-PRA (mm Hg) starting directly in the foramen jugulare, 
Oelashle difference fede Gath Celene in demonstrated distinctions are closely 
horizontal position with P<0.01 related to intracranial hemodynamics. 

**Same as above with P<0.001 In particular, we cannot rule out the 
possibility that the jugular vein 
forms the base for the column of blood 

that is in the sigmoid sinus. It then becomes understandable that PJV (below its 

superior bulb) may be negative when the body is inclined at large angles. 

Moving the subject into head down position was associated with gradual elevation 

of PJV, the degree of which corresponded to the angle of inclination. It is 
generally believed that the canine and (to a lesser extent) human venous system 

is “torn” into two parts at the level of the heart, which form relatively inde- 
pendent hydrostatic systems. For this reason, the rise of PJV should approxi- 
mately equal the column of blood from the base of the heart to the point of measure- 
ment. Indeed, in this study, the estimated elevation of this parameter, which we 
determined with the use of the well-known formula [9], corresponded rather accu- 
rately to the levels measured with the electric pressure gauge. 

There was very noticeable fluctuation of PJV with change in position of the body in 
the range of +75°. However, in spite of this, AVPO2 for the brain and acid-base 
equilibrium of blood flowing from it did not undergo appreciable changes, which 

may reflect the process of autoregulation of blood flow and adequacy thereof to 
metabolic requirements of tissues. Data of other authors concerning the effect 
of decline (orthostatic position, head-legs accelerations) and elevation of PJV 
on cerebral blood flow are consistent with this view [1-3, 10, 11], although there 

are some distinctions [12]. At the same time, it should be noted that the 
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volumetric rate of cerebral blood flow depends more on changes in parameters 
closely related to PJV--perfusion pressure and cerebrospinal fluid pressure--than 

on changes in PJV itself. According to Zwetnow [13], cerebral blood flow may 
remain relatively stable if perfusion pressure and spinal fluid pressure are in 
the range of 140 to 50-30 and -15 to +100 mm Hg, respectively. Since the changes 
in these parameters probably remain in the above ranges during postural tests, the 

gravity perturbances in great vessels have little influence on cerebral hemodynamics. 

However, it should be noted that this conclusion applies only to "acute" gravity 
factors, and the situation could change with increase in exposure time [1l, 14]. 

Thus, it was previously demonstrated that healthy people presented an increase in 
oxidative metabolism of the brain and decline of AVPO, by the 3d hour in 20° head 
down position, whereas 5-day strict bed rest with the head 4.5° down was associated 
with greater shortage of bases in blood flowing from the brain [15, 16]. 

In orthostatic position, PRA dropped and, with an angle of +75° it was below atmos- 
pheric level, which is consistent with the findings of other researchers [4-6]. Of 
course, as had been demonstrated previously [17], the end diastolic pressure in 

the right ventricle also drops to subatmospheric levels. A decrease in circulating 
blood volume and venous return, tachycardia and change in myocardial properties at 

the end of the diastole [18] could be the main causes involved. 

In head down position, the changes in PRA presented certain individual differences; 

however, for the group as a whole, the changes were characterized by a tendency 

toward elevation. Data in the literature on this score are rather contradictory. 

Some authors demonstrated a drop of PRA under such conditions, others found an 
indistinctly marked decline and others yet observed elevation [7]. In the opinion 
of Gauer and Thron [7], such differences in changes of this parameter could be 

only indicative of the fact that, in head down position, the hydrostatic neutral 
point shifts from the region below the heart, where it is situated in orthostatic 
position, to its base. Evidently, the changes in PRA may depend on a number of 
factors: speed of change to head down position, angle of inclination of the body, 

time of recording pressure, species-related distinctions, etc. Most studies were 
conducted on dogs, whose venous reservoir was “torn" at the level of the heart into 
two relatively independent hydrostatic systems when moved rapidly to a position with 
a wider inclination angle. Pressure was recorded within the first few seconds or 
minute after inclination. Wilkins et al. [18] demonstrated in man under analogous 
conditions a decline of PRA, but it was not vividly marked and not always present. 
When recording this parameter in a relatively stable state (after 15 min in head 
down position at an angle of -35°), Sancetta [20] observed an elevation. Our ex- 
perimental conditions described here and those referable to the last mentioned 
author were similar, and the results obtained were also similar. At the same time, 
we were impressed by the fact that, in that study, 3 out of 10 people presented a 

decline of PRA at inclination angles greater than -30°, which is a reflection of 

the individual distinctions of the reaction to this factor. 

Head down position and immersion are popular methods used to simulate some of the 
effects of weightlessness. It is known that when man submerges in seated position 

into an immersion tank up to his neck, there is an 18-20 mm Hg elevation of PRA 
[4-6, 21]. In this study, the elevation of this parameter constituted only 8-10 m 

Hg with the change from orthostatic position at an angle of 75° to head down posi- 
tion. We cannot rule out the possibility that there were even more marked 
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differences in changes in transmural pressure of the right atrium. Thus, while it 
could remain relatively stable with postural changes, by virtue of function of the 
pericardial-intrapleural hydrostatic system, it rose appreciably during immersion 

[21, 22]. As for the PJV-PRA gradient, there is a hypothesis to the effect that 

it should be quite insignificant in weightlessness, i.e., close to the gradient in 
horizontal position [23]. 
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[Article by R. M. Arslanova, I. Ye. Ganelina, V. Ye. Manoylov, L. K. Sapozhkov 
and S. K. Churina] 

[English abstract from source] The effects of meteogeophysical 
parameters on the incidence of cardiovascular disorders have been 

studied. It has been shown that geomagnetic activity has a 
negative effect on the incidence and that at certain seasons this 
effect is minimal. 

[Text] Formation of the habitat in aircraft cabins is based on the requirements 
of sanitary and hygienic standards, which are set in accordance with the results 

of testing reactions to changes in environment parameters. However, the complexity 

and insufficient study of the multiparametric man--environment system make it 

difficult to conduct studies, and they are the cause of a number of substantial 
contradictions in evaluation of the effects of exogenous physical factors on the 
organism. In particular, the influence of low-intensity magnetic fields has not 

been investigated. 

Methods 

Studies were made of daily incidence of cardiovascular complications without diag- 
nostic differentiation by a Leningrad emergency physician, daily incidence of 
myocardial infarction according to data of the main hospitals in Leningrad, includ- 

ing specialized ones, daily incidence of cardiovascular complications demonstrated 

without diagnostic differentiation by the emergency physician of Semipalatinsk. 
These medical indicators were compared to changes in mean daily values of the pla- 
netary index of geomagnetic activity, atmospheric pressure and relative air humidity. 

For our analysis, we chose a year with average geomagnetic activity. 

It was postulated that there is 2 link only between some periodic components of 

meteogeophysical factors and intensity of CVC [cardiovascular complications], 
which determined the choice of the spectral area of research as being the most in- 
formative. The link between periodic components of sequences was evaluated by 
means of multidimensional spectral analysis using the frequency coherence function 
[1]. The studies of incidence of myocardial infarction were conducted in rela- 
tion to change of season (January-April, March-June, etc.) and with differentiation 
of classes of patients according to sex and age (over 60 years old, under 60 years). 
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The data were processed on a computer using a program of spectral expansion of 

random sequences in Walsh functions [2]. Spectral characteristics were evaluated 

by the method of finite [or end] length runs [3, 4]. 

Results and Discussion 

Figures 1 and 2 illustrate the results of our studies. The studies referable to 

a range of fluctuations with periods of 11 to 2 days revealed that the maxiaum 

incidence [rate of intensity] of myocardial infarction is concentrated in the 
range of 6-8 days and most cardiovascular complications occur over wider ranges. 

A maximum link between cardiovascular complications and meteogeophysical factors 
was observed in the range of fluctuations with periods of 6-8 days. The numerical 

values of coefficients of special coherence characterizing this link are listed, 

with 99% confidence probability, in the Table. A maximum 1: nk was observed between 
incidence of myocardial infarction, atmospheric pressure and geomagnetic activity 

in transitional times of the year. Analogous results were obtained when the 
classes of patients were changed. There were less marked links for incidence of 

cardiovascular complications without differentiation of ranges. 

sad That magnetic fields of 10° pT have an 
Toa ~-- _— ~ effect on biological systems, in parti- 

6. i cular, on man, is unquestionable [9]. 
| 4 4Fe shin my Contradictions arise when one analyzes 

op li Li si Sea. —-! the effects on organism of low-intensity 
3° —te— 3 7 | magnetic feilds (0.1-0.5 pT, according 
7h pg a oH) { j to the results of this study). The 
li tet bee At td opinion is held [5] that low-intensity 
13m ae pt be magnetic fields elicit changes in cell 
wad M, nets 4 3 23 membrane lipids, which consist of liquid 

ai a crystals at certain temperatures. 
When cell membrane lipids are placed in 

Figure l. a magnetic field, they are oriented in 

Estimates of rate spectra (in relative the direction thereof. However, be- 
units) of cardiovascular complications cause of the liquid crystal structure 

(boldface line) and myocardial infarc- of lipophilic molecules, it is not mole- 
tion (dash line) according to Leningrad cules, but domains consisting of millions 
emergency service (a), and cardiovascular of molecules that lie in a particular 
complications according to emergency ser- direction in the field. To prove that 
vice data for Semipalatinsk (b) the membranes had a liquid crystalline 

structure, it was demonstrated as a 

result of analysis [5] of the effect of 
IM) confidence interval [7] an exogenous field on active transport 

that a magnetic field has an infinite- 
simal effect on separate molecules and ions, whereas it is rather strong on liquid 
crystal domains. The mechanism of energy transformation in biological membranes 
was described in [6]. 

Key (here and in Figure 3): 

Studies of dynamic characteristics of the atmosphere under natural conditions [7] 

demonstrated a link between geomagnetic activity and atmospheric pressure. Sta- 
tistical analysis of daily charts of atmospheric pressure in near-earth layers 
in 1950-1976 in the belt for latitutdes of 45-75° revealed that atmospheric 
pressure changed by an average of 2-10 gPa on the 4th day after severe geomagnetic 
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Figure 2. butable to the anticipatory reactions of “ 
Estimates of rate spectra of myocardial hypertensive patients to changes in at- 

infarction for men over 60 years old mospheric pressure. 
(a), women over 60 years (b), all 
patients under 60 years (c) and all In [8], the authors studied 2143 case 

_ patients over 60 years old (d) histories (59.4% male and 40.6% female) 
of patients who developed complications 

during treatment of acute myocardial infarction. At the time of onset of the com- 

plications, geomagnetic activity was determined from the 3-h mean value and as 
related to a calm geomagnetic state. Atmospheric pressure was considered as the 
difference between atmospheric pressure at the time of onset of complications and 

6 h before onset. Relative humidity was the difference between the mean level 
for a period of many years for Leningrad and its level at the time of onset of the 
complication. It was found that there was a drastic rise in number of complica- 

tions with changes in the index of geomagnetic activity, which was about the same 
in men and women, but the difference could be substantial with regard to a com- 

plication such as rupture of the myocardium. According to the parameters compared, 
cardiovascular complication indicators were twice as high for women as men. 

The extensive factual material accumulated and processed to date confirms that 

geomagnetic perturbances (of an intensity lower by a factor of 10° than those 
observed in experimenta’ studies) have an adverse effect on the body and that 
magnetic fields (lower by 10*~* than in the experiment) of the intensity used 
for magnetic field therapy have a beneficial effect. This indicates that it is 

imperative to conduct further basic research on the body's reactions to fields 
that are close to natural geomagnetic intensities in order to provide for dynamic 
environmental conditions, that can be changed by programming, in simulating the 

biosphere in a confined habitat, as well as for expanded investirations of helio- 

geophysical and meteorological effects on man in the natural biosphere, following 

coordinated international programs and using simultaneous planetary observations 
to process the data. 
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ANTIHYPOXIC EFFICACY OF INTERMITTENT MODE OF PRESSURE CHAMBER CONDITIONING OF MAN 

Moscow KOSMICHESKAYA BIOLOGIYA I AVILAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 29 May 80) pp 56-58 

[Article by A. Yu. Katkov, Ye. A. Kovalenko, G. A. Davydov, R. N. Chabdarova, 

S. A. Vtoryy, A. P. Manik, Yu. A. Spasskiy, Yu. P. Starshinov and N. M. Utkina] 

[English abstract from source] It has been shown that a 10-day 
altitude chamber training in an intermittent mode can increase the 
maximum altitude man tolerates from 8,400 to 9,500 m and maxinum 
time of exposure to increasing hypoxia (from 5,000 m) from 37 to 
49 min. The antihypoxic effect of the above training persists for 

10 days after its completion, leading to a better oxygen supply 
to various tissues. 

[Text] A “pulsed” mode of altitude conditioning in pressure chambers is one of 
the means of increasing man's resistance to acute hypoxia [1-4]. We submit here 

the results of our study of the effects of a variant [5] of such conditioning on 

man‘s resistance to hypoxia. 

Methods 

The optimum mode of 10-day conditioning in a pressure chamber was selected on the 

basis of preliminary experiments on animals, and it consisted of such conditioning 
for 6 h per day, with daily determination of endurance of the subjects on the 

following program: “ascent™ in 15 min (5 m/s) to 5000m and 30-min exposure at this "al- 
titude," “climb” in 5 min (5/m/s) to 46500 m, and “descent™ in 10 min (at about 10m/s). 
Tests were conducted on 28 essentially healthy men 23 to 41 years old, 17 of whom 

underwent conditioning in the pressure chamber and the rest served as a control. 
Prior to conditioning in the pressure chamber, as well as on the lst and 10th days 
after termination thereof, we determined the subjects’ tolerance of gradually in- 
creasing hypoxia. Hypoxia was induced by "climbing" in the pressure chamber at the 
rate of 20 m/s and being successively exposed to each of the following “altitudes”: 
5000, 6000, 7000, 8000, 9000 and 10,000 m (up to maximum tolerated “altitude™). 

The subjects spent 10 min at each of these “altitudes,” including time of “ascent"™ 
to the next “altitude.” An indirect method was used to determine stroke volume 
of the heart (SV) and minute volume (MV), in addition to recording the respiratory 

rate, heart rate and arterial pressure. At the end of exposure to each “altitude,” 
we took capillary blood from the subjec s to determine its pH and gas composition 

(P02 and p.COz); the polarogiaphic method was used on two points of the forearm 
to record oxygen tension. Morphological composition of peripheral blood, as 
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well as peroxidation of lipids in erythrocytes and blood serum [6], were determined 
at normal barometric pressure. 

Results and Discussion 

Table 1 lists the results of testing the effect of pressure chamber conditioning on 
endurance of acute hypoxia; it shows that the control group of subjects presented 
only a negligible tendency toward increased endurance of hypoxia during repeated 
"ascents" in the chamber, Endurance of hypoxia increased significantly under the 
influence of conditioning, and it held at a higher level than initially on the 10th 
day after conditioning. Table 1 also lists data on hemoglobin, erythrocyte and 
reticulocyte content of blood. These data indicate that there was mild stimulation 

of erythropoiesis under the influence of as few as 1-2 “ascents” in the pressure 
chamber. Conditioning in the altitude chamber stimulated erythropoiesis to a 
significantly greater extent. Analogous changes in erythropoiesis under the in- 
fluence of “pulsed” conditioning in a pressure chamber had been observed previously 
in experiments with animals [4]. 

Table 1. Effect of conditioning in pressure chamber on endurance of acute hypoxia 
and erythropoiesis 

—_— ——— 

Grou Maxim, Total Hemo- |Erythro-| Reticu- 

- tole-|exposure| globin, cytes/ locytes, 
Time of study rable; (min) ® mn % 

ee "alti-|5000mto| 9 blood, 
tude? | maximum mill ions 

m tolerab. 

wy dt 00+160 3541.9 | 14,0+0.24 | 4.7140,08 |2,1+0.29 Base data 8100 +1. .0=0. p , 2. F 

After 10 days 8200+ 170, 3721.3 | 14.86+0.26 | 4,660.13 |2.620.23 
Control P>0.5 | P>0,25 p<0 02 P>025 | P5005 

After 20 days 8300—180 38=1,9 14.6+0.35 | 4.700. .9+0. 
4 P>0.25| P>0,25 | P>0.05 | P>0.25 | P<0.02 

With Base data \8400— 130) 37+1.4 13.9%0.28 | 4.5820.09 (2,520.26 

bine ondition 9500= =0.7 | 15,540.40 | 5.08=0.13 2.5+0.58 
condition-| 1st postconditioning day |PO=V Ua'G | pco.ool | Peo. | 
— itioni G0+190, 4441.7 | 15,520.46 | 4.62+0.09 '3.8+0.60 
ao Oe Pee ee -_ p<0.01| P<0.002 | P<0.001 | P<0.05 | P<0.05 

Note: P refers to statistical reliability of changes as compared to 
base data. 

After conditioning in the pressure chamber, hydroperoxides in erythrocyte lipids 
decreased from 0.15540.002 to 0.10840.003 (P<0.001) and in blood serum lipids 

from 0.206+0.011 to 0.122+0.004 units of extinction with E23; (P<0.001). There was 
concurrent disappearance of phasic development of lipid peroxidation. These 
changes could be ~ indirect indication of decrease in permeability of cell men- 

branes occurring u..er the influence of adaptation to hypoxia [6]. 

Table 2 lists the results of testing the effect of conditioning in the pressure 
chamber on pH, gas composition of capillary blood and oxygen tension in human 

skin under conditions of increasing hypoxia. Table 2 shows that, even in the 
second “ascent™ in the chamber, the control group of subjects presented higher 
pc02 under hypoxic conditions, particularly at an “altitude” of 5000 m. The 
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UDC: 612.172.1-088:534.321.9 

INFORMATIVENESS OF ULTRASONIC DOPPLER CARDIOGRAPHY IN EVALUATION OF CORONARY 
CIRCULATION 

Moscow KOSMICHESKAYA BIOLOGIYA I AVLAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 2 Sep 80) pp 58-61 

[Article by V. S. Bednenko, V. A. Degtyarev, A. N. Kozlov, N. N. Popov and 
G. K. Chizhov] 

[English abstract from source] The use of ultrasonic Doppler caidio- 
graphy (with respect to the integral values of the signal at systole) 
to determine efficient coronary circulation was investigated in 

acute dog experiments (in comparison to the electromagnetic method) 
and in biophysical models. On the basis of the comparative studies 
it is concluded that ultrasonic Doppler cardiography can be 
applied to measure relative changes in the efficient coronary 

circulation, 

[Text] It is necessary to upgrade existing methods of evaluating cardiodynamics, 
in particular coronary circulation, as well as to develop new, noninvasive ones 

that would be sensitive and stable enough in order to monitor the health status 
of aircraft crews [1-3]. However, at the present time there are virtually no reli- 

able methods of recording this parameter while performing professional work. 

Ultrasonic Doppler cardiography (USDC) is one of the methods used for analysis of 
cardiodynamics during professional work [2, 3], as well as in clinical practice [4]. 

The level of the USDC signal reflected from the heart is determined, under equiva- 
lent testing conditions, primarily by the viscoelastic properties of the myocardium 

[5]. Since the properties of the myocardium depend largely on coronary blood flow 
[6-8], we advanced the hypothesis that there are significant proportionate relations 

between changes in USDC signal and parameters of coronary circulation. 

Let us mention that medical monitoring of flight personnel exposed to the changing 
flight factors implies primarily tracking the dynamics of physiological parameters, 

i.e., their relative values. 

Our objective here was to explore the possibility of using the USDC method to assess 
the dynamics of coronary circulation as it would apply to medical monitoring. 
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Methods 

We conducted 357 acute experiments on 15 dogs weighing 18-30 kg under morphine and 

nembutal anesthesia, to test the possibility of using USDC to assess the dynamics 
of coronary circulation. In our study, we used an ultrasonic Doppler cardiograph 

with ultrasound carrier frequency of 2.1 MHz and radiation intensity of 0.03 W/cm*, 

The dogs were intubated and thoracotomy performed along the sternal midline. We 
exposed the pericardium, isolated the anterior descending branch of the left coronary 

artery and ascending part of the aortic arch, then piaced sensors from an electro- 
magnetic flowmeter on them and recorded blood flow. We introduced catheters into 

the left ventricles through the common carotid artery, as well as into the left 

atrium, through the auricle, and recorded pressure in them. Changes in hemodynamics 

were induced by administration of pharmacological agents (mixtures of hypertonic 
glucose and calcium chloride solutions, mixtures of glucose, calcium chloride and 
cordiamine--20 m& each, intravenously; epinephrine in a dilution of 1:10,000, 5-10 mg 

intravenously), as well as by ligating the aorta and caudal vena cava (for 3-10 s) 
and inducing hypoxia by means of brief obturation of the respiratory tract. 

The sensor of the ultrasonic Doppler cardiograph was placed on an flexible mount 

[suspension arm] on the surface of the left ventricular myocardium in the region 
of projection of the anterior descending branch of the left coronary artery. We 
calculated integral values of amplitude parameters of the Doppler cardiogram in 
the system (A) by means of a unit for automated processing of USDC parameters [9] 
during the test (A;) and in the base state (A, [subscript "b" refers to background]). 
We assessed the dynamics of coronary circulation from the changes in parameter A 
in accordance with the expounded hypothesis that there are significant relations 

between signal level and state of myocardial circulation. 

Concurrently with recording of the USDC, we determined coronary blood flow (W) 
within the cardiac cycle by means of an electromagnetic flowmeter and oxygenation 

0, of arterial blood by means of a cell-type oxyhemometer. Samples for analysis 
were taken from the ascending part of the aortic arch near the ostium of the coro- 
mary arteries. We calculated from the values of W and 0, the dynamics of effective 

coronary flow We, determined by analogy to effective pulmonary blood flow [8] as 
the amount of blood giving off oxygen to myocardial capillaries, which flows through 
the coronary vessels. Accordingly, we calculated W, for the duration of the 

cardiac cycle as: 

We = W(Oa — Oy) 

where Oy is oxygenatio’ of venous coronary blood. In view of the fact that Oy 

is a rather stable parameter when there are moderate hemodynamic changes [6], 
and that we determined only the dynamics of the parameters in our experiments, we 
did not measure Oy and considered it as a mean value (29%) in accordance with 

data in the literature [6, 8]. 

Relative changes in parameters A, W and We were compared by methods of’ correlation 

and regression analysis. 

Figure 1 illustrates samples of tracings of the parameters we recorded. 
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Results and Discussion 

In the experiments where pharmacological and mechanical factors were used, when 

changes in coronary and effective coronary flow were virtually identical, the 

variations of amplitude parameters of USDC in systole demonstrated a close correla- 

tion with both the former and latter parameter (coefficient of correlation r = 0.85; 

its confidence probability according to Student's t criterion P<0.001; coefficient 
of regression — = 0.99). In the experiments where hypoxia was created, there was 

disruption of the relationship between A and W, and the coefficient of regression 
diminished appreciably; the changes were much less marked with regard to level than 
blood flow. However, there was no appreciable change in degree of linear relation 
of amplitude parameters to variations of effective blood flow (r = 0.7; P<0.001; 
—& = 0.91). The appearance of the sample direct regression relating changes in A 
and We, as well as range of scatter of the data, are illustrated in Figure 2. 

The results of analysis of the literature dealing with biomechanics of cardiac func- 
tion also confirmed the obtained data. As we know [10], a change in efficiency of 
the myocardium is regulated chiefly by increase or decrease in quantity of myofibrils 

involved in contraction and shortening of muscle fibers, as well as by change in 
intensity of development of contraction force of different motor elements. In both 
cases, the increased oxygen requirement of the myocardium in such situations is 

usually met by an increase in coronary blood flow [6], which leads to proportionate 
increase in oxygen uptake. On the other hand, this is also associated with change 
in acoustic characteristics of the myocardium as a reflecting medium for ultra- 
sonic waves, which causes proportionate elevation of the USDC signal in accordance 

with the superposition principle for reflected signals [4]. 



Consequently, in the described situation there is unequivocal conformity between 

the dynamics of level of reflected ultrasonic wave and oxygen uptake by the myocar- 
dium, a gauge of which is effective coronary flow. 

Thus, there is a coincidence of direction of changes in the above parameters. The 

experimental results indicate that there is a close proportionate relationship be- 
tween them. This circumstance enables us to assess the dynamics of effective coro- 

nary blood flow according to changes in integral values of USDC level in systole. 

In our experiments, there was a close linear correlation between A and W, in systole, 

i.e., during contraction and shortening of contractile elements of the myocardium, 
Our findings are confirmed in the works of A. N. Kozlov and A. A. Chevnenko [5], who 
reported a close correlation between level of the reflected ultrasonic wave and 
state of viscoelastic properties of the myocardium, Fung [11], who demonstrated a 
high correlation between parameters of viscoelastic properties of the muscle and its 

tension, and Sarnoff et al. [12], who demonstrated a linear relationship between 
myocardial tension [contraction] and oxygen uptake by the myocardium. These data 
indicate that the close mediated link between A and We is attributable to signifi- 
cant reciprocal correlation between the above-mentioned parameters of the state of 

the myocardium and amplitude parameters of the USDC signal. 

Consequently, USDC data can be used to assess relative changes in W.; such dynamics 

of circulatory parameters in a number of physiological studies are of substantial 

informative value [6, 8]. 

We made a theoretical analysis of reflection of ultrasound from a physical model of 

the cardiac wall in systole. As a result, we determined the relative changes in 

signal level U as a function of quantity of myofibrils involved in.a contraction: 

= x —_ a “4 , 

aba F ied < | 2a . 

= ( — page nt } 

where D is the distance to the cardiac wall, 9 is the angle of opening of the ° 
acoustic converter [transformer], m is the sequential number of myofibrils parti- 
cipating in contraction, 2 is the distance between them, N is the number of myo- 
fibrils participating in contraction with a change in hemodynamics and No is the 

same in the base state. 

This function was used to calculate the theoretical function linking changes in 

integral values of signal level to effective coronary blood flow. 

Studies were also conducted with a biophysical model of movements of a phantom of 
the cardiac wall, which had acoustic characteristics that were close to real ones. 

The correlation between the parameters under study, which was estimated in the 
model studies, was close to the one demonstrated in the experiments (see Figure 2). 

Consequently, the results obtained with the physical and biophysical models of 
movements of the cardiac walls confirmed the thesis that one can assess the dyna- 

mics of effective coronary circulation on the basis of changes in systolic USDC 

level. 
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AGE-RELATED DISTINCTIONS OF COSMONAUTS' REGIONAL HEMODYNAMICS 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 29 Feb 80) pp 61-64 

[Article by T. D. Vasil’yeva, Kh. Kh. Yarullin and V. I. Zhuyko] 

[English abstract from source] Hemodynamics of the large hemi- 
spheres of the brain, vertebral-basilar system, lungs and legs 
of 60 cosmonauts, aged 30-37 and 38-47, was investigated rheo- 
graphically. Measurements were made in the morning, under condi- 

tions of basal metabolism and in the daytime, before orthostatic 
tests. Comparison of hemodynamic parameters recorded in the 
morning and at the daytime and in the two age groups showed sign- 

nificant differences revealing the effects of different factors, 
first of all psychoemotional tension, on the vasomotor regulation, 

and greater resistance of cerevral and pulmonary vascular systems 
of older cosmonauts to those effects. These investigations em- 

phasize great importance of studies of regional hemodynamics, 
especially rheoencephalography, not only before provocative tests 

but also under conditions of basal metabolisn. 

[Text] Rheographic studies of different vessels were conducted prior to space 
flights in order to assess regional hemodynamics when certifying [making expert 

evaluation] of cosmonauts. The studies were made twice a day. The hemodynamic 
parameters obtained from these studies varied significantly, so that it became 
necessary to summarize the results of observations in order to compare the mean 

values of parameters of pulsed filling, tonus and elasticity of vessels recorded 
under basic metabolic conditions and in the daytime, as well as to assess the 
extent of relationship of the observed changes to the age of the cosmonauts. 
Since the age range was rather broad, it was deemed expedient to single out two 

age groups; the first consisted of individuals 30 to 37 years old and the second, 

38 to 47 years. 

Methods 

We made a study of 60 people, 27 of whom were 30-37 years old (first group) and 

33 were 38-47 years old (second group). 

Rheographic studies were made under basal metabolic conditions in the morning, 
right after waking up before the subjects got out of bed. They were repeated 
1.5-2 h after breakfast, also in horizontal position, following a 20 min rest 

prior to the orthostatic test. 
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A 4-channel 4 RG-1M rheograph on an 8-channel electroencéephalograph was used to re- 

record rheograms. We recorded synchronously rheoencephalograms in the right fronto- 

mastoid (FM) and bimastoid (BM) leads, which characterize hemodynamics of the right 
hemisphere and vertebrobasilar system. In addition, we recorded rheograms of the 
right lung and right leg [crus]. 

We measured the following parameters: maximum amplitude (A), which reflects pulsed 

filling, ratio of anacrotic phase of the curve to duration of cardiac cycle (a/T, 
percent), which reflects tonus and elasticity of large caliber arteries, dicrotic 

index (DCI) as an indicator of arteriolar tonus and diastolic index (DSI) as an 
indicator of venous tonus [1]. 

To demonstrate differences between values of hemodynamic parameters in different age 
groups, as well as between morning and daytime findings, we determined the means 

and dispersion of these parameters. We compared mean values according to the t 
criterion. Calculation of Student's criteria was preceded by comparison of disper- 
sion according to Fisher's criterion. We failed to demonstrate significant differ- 
ences in estimates of dispersion. 

Results and Discussion 

The Table lists the results of statistical processing of the rheographic data on 
the cosmonauts. In each age group, the mean hemodynamic parameters measured under 

basal metabolic conditions differed substantially from those measured in the daytime. 
The parameters of tonus of large and small caliber arteries, as well as tonus of 
hemispheric veins and tonus of vessels in the vertebrobasilar system were higher 

in the daytime in the first group of subjects, whereas pulsed filling of the same 

regions was lower than under conditions of basal metabolism. The values of Student's 
criterion for comparable mean parameters were indicative of a high significance of 

differences. Thus, in the first group of subjects, t criterion for mean DCI 
parameters of the cerebral hemispheres constituted 23.71 and DSI 24.57 (the 

required value for significance a = 0.01 is 2.62). We found that the ¢ criterion 
for DCI and SI of the vertebral-basilar system constituted 14.54 and 14.57, 

respectively. 

In the lungs, there was reliable increase only in the parameter of tonus of large 
and small caliber arteries and venous tonus (the t criterion constituted 4.94, 5.78 

and 3.93, respectively). 

We demonstrated a significant decrease in parameters of pulsed filling and tonus of 

crural veins in the daytime, as compared to the morning (t criter‘on was 9.00 and 
4.57, respectively). 

Thus, a comparison of mean parameters of regional hemodynamics under basal metabolic 
conditions and in the daytime revealed reliable differences in hemodynamics of all 

tested regions in the first group of subjects; however, pulsed filling and tonus 
of large and small caliber arteries, as well as venous tonus of the hemispheres 
and vertebrobasilar system underwent the greatest change. A comparison of these 

parameters to those of subjects in the second group revealed that there was a 
difference in parameters of pulsed filling, tonus and elasticity of vessels of the 
hemispheres and vertebrobasilar system (t criterion for mean pulsed filling of 
hemispheres constituted 4.80, for DCI 10.83 and for DSI 9.94; for A of the vertebro- 

basilar system it constituted 10.%, DCI 9.43, for DSI 9.32). However, unlike the 

88 



> 2S 9 i é » Ee, parameters for the first group of sub- 
aisezeiataia jects, we observed here less marked in- 

seegsc Pe x ¢ crease in tonus of small arteries and 
° © veins in the daytime, as compared to 

the morning, apparently due to the 

- = coc E -- fact that there were higher paraueters 
os oD STEAD SA S 1 f of cerebrovascular tonus in the second 

® SB; "5 a —~ 2 & - group under basal metabolic conditions. 
Pr} SofSSRISS It can be assumed that the older group 
= was characterized by greater resistance 
5 3 2 of the cerebrovascular system to various 
4 -ananeanaaee factors related to the change from 
v i i i basal metabolism to an active state. 
3 =Senuacadvt 
ye wih Readies Putt. A comparison hemodynamic parameters of 
» 7 the lung failed to demonstrate reliable 

M cane S - © , differences, whereas rheographic data 

‘ 7$SR%R% & 4 for the leg showed a difference only in 
2 a, E NON =| & rs ~ =] pulsed filling, which was greater in 

3 StESelCltBet the morning (t criterion 9.12) and 
= arteriolar tonus, which was higher in 
‘~ g =) the daytime (t criterion 7.95). 
00 —- > SS. a 

oa “4 = = + pf + zy = 4 Consequently, in both groups of subjects 
= alc; 8522825 the greatest changes were referable to 
Me o ~ ee hemodynamics of the hemispheres and 
= 5 a vertebrobasilar system, particularly 
= 4 e = eea8aae! tonus of arterioles and veins in these 

13) oft SeSSSR55). 
“ & i - » re} 3 a > a ko 
by 0 aj; sc = (hve SS = > < A comparison of regional hemodynamics 
: 2 of subjects in the two age groups under 

= a basal metabolic conditions revealed a 
3 8 = e sa = ~ © difference in tonus of arterioles and 

irs . T+ PRESABTAR veins of hemispheres (t criterion 4.44 
° z B 2 sie = é = o and 5.91, respectively) and of the ver- 
= - on es S coc © i. tebrobasilar system (¢ criterion 14.14 

bd o and 10.08, respectively). These para- 
: a m S a S ee meters were higher in the second group 
~ - a een ou w of subjects, which could be an indirect 

4 Bigszgeszas indication of age-related changes in 
# cSee-8s 5 vessels of the brain. 
3 — io) 

c 4 We failed to demonstrate differences in 
7 : Pelee ken a re gp ———e of the other 

b 8 SJ 8A 8 8 2} & 7 

os a a A comparison of parameters of regional 

° ¢ hemodynamics of subjects in the two age 
eS © groups in the daytime (see Table) re- 
y 6 - nN vealed more substantial differences 

Go 68 than in the morning. Reiiable differ- 
ences were demonstrated in pulsed 

89 



filling, tonus and elasticity of arteries, arterioles and veins of the hemispheres 
(t criterion 7.52 for a/T, 5.00 for A, 6.36 for DCI and 6.48 for DSI), vertebro- 

basilar system (t criterion 5.10 for a/T, 9.40 for A, 7.74 for DCI, 5.15 for DSI), 
as well as parameters of pulsed filling, tonus of large caliber arteries and veins 

of the lung (t criterion 16.17 for A, 4.27 for a/T, 3.5 for DSI), tonus of crural 
arteries, arterioles and veins (t criterion 3,33 for a/T, 3.7 for DCI, 4.21 for DSI). 
While only differences in tonus of arterioles and veins of the hemispheres and ver- 

tebrobasilar system were persistent under basal metabolic conditions, a difference 
was demonstrated in hemodynamic parameters of subjects in the two age groups not 
only in the brain, but also the lung and leg under the influence of various factors 

(active regimen, food intake, emotional reaction to forthcoming orthostatic test). 
Thus, there is a change with age in nature of reaction of hemodynamic parameters 
to various factors. The second group of subjects presented less marked changes in 
circulatory parameters between morning and daytime than the first group. Since 

there was more marked change in hemodynamic parameters of the brain between morning 
and daytime than in the lung and leg, it can be assumed that the increased tonus 
of cerebral arterioles and veins prior to the orthostatic test is related primarily 

to psychoemotional tension. This assumption is confirmed, to some extent, by the 
less marked changes in the older group. 

The results of our studies are indicative of the exceptional importance of examin- 
ing regional rheograms, particularly rheoencephalograms, not only on the day before 

functional tests, but under basal metabolic conditions in the morning, since the 
volume of useful information is substantially increased when rheograms are recorded 

at different times of day, and deeper understanding is gained of the state of pulsed 

tilling, tonus and elasticity of vessels of different regions. 
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COMPARATIVE EVALUATION OF ANTIMICROBIAL ACTIVITY OF SOME URINE PRESERVATIVES 
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No 5, Sep-Occ 81 (manuscript received 27 Jan 81) pp 64-66 

[Article by T. Ye. Lebedeva, I. V. Yakimova, N. M. Nazarov and S. V. Chizhov] 

{English abstract from source] New.antiseptics were examined for 

their antimicrobial activity with respect to the microorganisms 
that are most likely to occur in the urine subject to prolonged 
storage. Chlorine- and iodine-containirg compuunds were found to 
have the highest antimicrobial activity combined with a wide spec- 

trum of antimicrobial action. The antimicrobial effect of these 
compounds was mostly expressed in regard to the typical represen- 

tatives of urobacteria that actively hydrolyze urea to yield 
ammonia during prolonged storage of urine. 

[Text] There are a number of difficulties involved in collecting and storing 

urine, as well as subsequent regeneration of water from it during space flights. 
One of them is the intensive production of ammonia as a result of hydrolysis of 
urea under the influence of microorganisms, which presents a potential hazard to 
man in the isolated atmosphere of spacecraft and with limited size of absorption 
equipment. This also has an adverse effect on the quality of waiter regenerated 
from uriue and renders the regeneration process more complicated [1]. 

For this reason, in view of the increasing duration of space flights, the task 
of searching for promising urine preservatives for use in the system of regenera- 

tion of water in manned spacecraft has become a pressing one [2, 3]. 

Apparently, in addition to safety to man and capacity to stabilize physicochemical 
composition of urine, preservatives must have a broad spectrum of antibacterial 

action. 

We submit here data describing the antimicrobial activity of five new products 
referable to the oxidant group, including inorganic iodine- and chromiun- 

containing compounds and combinations thereof, as well as organic compounds with 
a general structure of R,-Cl, R2-Cl and R,-I, as compared to a known disinfectant, 

phenol [4]. 

Methods 

The test cultures of microorganisms, the resistance of which served to assess the 
antibacterial action of preservatives, were referable to representatives of the 
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sporulating group of bacteria generally used for this purpose--Bacillus an.hracoides, 

Escherichia coli group, Staphylococcus aureus of the coccal group, as well as re- 
presentatives of the microflora of manned pressurized compartments that are capable 
of actively hydrolyzing urea with discharge of free ammoria when they come in 
contact with urine [5]. They are representatives of the genera Proteus, Pseudo- 
monas, as well as urobacteria Sporosarcina and Micrococcus. 

Conventional methods were used to assess the resistance of existing strains of the 

first three groups of bacteria to elevated temrerature. In our subsequent work, 
we selected heat-resistant strains of E. coli (59°C, 215 min), Staphylococcus aureus 

(60°C, 220 min) and anthracoides spores (10000°C, >6-7 min). 

For our tests, 24-h cultures of microorganisms (or anthracoides spores) were placed, 
in a concentration of 10° cells/m&, in sterile medium (water, urine) containing a 

specific concentration of preservative, which differed by 100% from an adjacent 
group of tests. The studies were conducted at room temperature and repeated nine 
times. Bactericidal and sporocidal action of the preservatives was evaluated 
according to absence of bacterial growth on solid agarized media: beef extract agar 

(BEA), BEA with urea, Endo medium, 1, 4 and 24 h after the start of contact with 
the preservative agent. 

Absence of colony growth after 1 and 7 days on the appropriate media at 37°C served 

as an indication of bactericidal (sporocidal) action. 

The results of our studies are submitted in the form of relative values of the 
phenol coefficient (PC), which showed by how many times the antibacterial activity 
of the tested product exceeded the activity of phenol under the same conditions. 
The agents tested are listed in Tables 1 and 2 (in order of decreasing antimicrobial ’ 

activity). 

Table l. Table 2. 
Phenolcoefficients of Phenol coefficients of 

tested preservatives tested preservatives 
in urine in water 

| Preservative Preservative 
Bacterial culture, - | =| «-!</ 4 Bacterial culture - - | alel 

2i'2;,2:;28/2 2/2) 2/2! 2 
rece j 

| | 
a col (24/12; 6); 4 ;3 Escherichia ccli 32 | 16 | s|6l4 

cus aur 23) 121 6/343 Staphylococcus aure 32) 14] 8) 5) 5 
ugin 23' io, 61413 Pseudom. aeruginosa 36 | 16 | 8| 614 

e abiiss 4p id, 6) 'ig Proteus mirabilis (36/16) 7] 6) 4 
urea i8 | 12], 18,9) 4 Spercsarcina ureae 21; 9121) 816 

1s Var iS§; 12.18; 9)4 Micrococcus varians 24; 8) 20'10!: 6 
$ luteu 18 i2!'18'6°:4 Micrococcus luteus | 24 8} 20/10) 6 

Results and Discussion 

The results of our study revealed that chlorine-containing agents had the highest 
antibacterial activity in water and urine (see Tables 1 and 2). They were notable 
for a high degree of efficacy, combined with a broad spectrum of antimicrobial 
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action. This is particularly important for preserving media with quantitative 
and species-related diversity of microflora. lLodine-containing agents were less 

effective and the chromium-containing preservative was even less effective. 

Chlorine-containing preservative R,;-Cl (No 1) was the most efficacious. For this 
compound, the PI ranged from 18 to 24 units in urine and 21 to 32 units in water. 

The concentration of this preservative (2 g/2 urine) elicited a sporocidal effect 
after exposure for 1 h. Agent R2-Cl (No 2) was tess effective but had the widest 
spectrum of antibacterial action, which was 12 times more active than phenol in 
urine for all tested cultures of microorganisms (see Table 1). It wos sufficient 
to use this agent in a concentration of 4 g/2 for i h to achieve a sporocidal effect 
in urine. It should be noted that the two chlorine-containing agents differed in 
antimicrobial activity, which is apparently related to the presence in their mole- 
cules of different organic radicals or functional groups capable of enhancing or, 

on the contrary, attenuating the bactericidal action of the compound as a whole. 

Replacement of the atom of chlorine with an atom of iodine in the molecule of the 
preservative (R,; Cl with R,-I) reduced to 1/3-1/6 the bactericidal action of the 

iodine-containing agent, as compared to the analogous chlorine-containing one. The 
sporocidal action of iodine-containing preservative R,-I was manifested when used 
in a concentration of 6 g/% after exposure for 1 h, i.e., a 3 times higher concen- 

tration was required than of its chlorine-containing analogue. 

The antimicrobial activity of the inorganic iodine-containing agent (No 3) was 1.5- 
2 times greater than the efficacy of the organic iodine-containing agent R,-I (No 4). 

The chromium-containing preservative (No 5) had the lowest antimicrobial activity, 
which was only 3-6 times greater than the activity of phenol in the same medium. 

The tested cultures of microorganisms were characterized by differences in resistance 
to preservatives. As was to be expected, the spore culture of Bacillus anthracoides 
was the most resistant. It remained viable in the presence of preservatives in 

concentrations that were 2-3 times higher than the group of microorganisms consisting 
ot Staphylococcus aureus, E. coli, B. pyocyaneus and Proteus. The range of fluctu- 
ation of resistance of nicroorganisms within this group was relatively narrow; 

however, S. aureus was found to be the most resistant and Proteus the least. Re- 
presentatives of the group of urobacteria were the least resistant. A bactericidal 
effect was observed on cultures thereof with concentrations of preservatives that 

were 1/2-1/4 of the levels for microorganisms of the preceding group. 

As we know, the medium in which an antibacterial agent is used has a substantial 
effect on its activity. In our experiments, the concentration of preservative 

had to be 2-4 times higher in urine than in water to achieve the same bactericidal 
effect, as can be seen if one compares the data in Tables 1 and 2. 

The results of this investigation revealed that chlorine-containing agents had the 
most effective combination of broad spectrum of antibacterial action and level of 
antimicrobial activity. The group of iodine-containing compounds we: less effective. 

Nevertheless, at the present time one should consider both of these groups as pro- 

mising for subsequent studies, which would approximate the real conditions of 
operating systems for storage of urine and regeneration of water from it in manned 

spacecraft. 
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RAT AMINO ACID COMPOSITION AFTER FLIGHT ABOARD COSMOS-1129 BIOSATELLITE 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 28 Jul 80) pp 66-68 

{Article by T. F. Vlasova, Ye. B. Miroshnikova, T. A. Smirnova and I. A. Dmitriyeva] 

[English abstract from source] The paper presents data concerning 
the amino acid pool of rats flown onboard Cosmos-1129 and exposed 
to the ground-based synchronous experiment. Certain changes in the 

amino acid pool of flight and synchronous rats have been found. 
The changes seem to be associated with the selective rate of incor- 
poration of free amino acids into the biosynthetic processes during 
acute adaptation and with alterations in the protein synthesis rate. 

[Text] The results of many studies of recent times are indicative change: in amino 
acid metabolism in animal muscle tissue in model experiments and during sp ce 
flights [1-12]. For this reason, it is growing important to examine the free 
amino acid pool to assess functional activity of muscle tissue and intensity of 
protein synthesis in it. Information about amino acid metabolism could help find 

concrete directions for optimizing protein metabolism, as well as regulatory mechan- 

isms under extreme conditions. 

We submit here data from a study of free amino acid content in rats following a 

flight aboard Cosmos-1129 biosatellite. 

Methods 

An autvmatic analyzer was used to assay free amino acids in the desiccated and de- 
fatted rat carcass, preceded by deproteinization of specimens with sulfosalicylic 
acid [12]. For this purpose, we used a previously elaborated program for examining 
blood plasma specimens [13]. 

Results and Discussion 

The study of free amino acids in experimental animals revealed that there were 
consistent changes in composition of the amino acid pool as a result of the 18.5- 
day space flight. The results obtained, which are listed in the Table, indicate 
that the space flight led to decline in concentration of most tested amino acids 
in the animal's carcass, as compared to the vivarium control (see Table). There 
was reliable change in amounts of isoleucine, threonine, serine, phenylalanine, 
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glutamic acid and glycine; we observed a tendency toward decline of leucine, aspartic 
acid, proline and alanine. The decrease in amino acid concentration was reflected 

in total content thereof, which constituted 74.4% of the vivarium control. 

Free amino acid content in rats In animals used in the synchronous con- 

(Mtm, mg/100 mg dry tissue) trol we observed a reliable decrease in 
——_—_——— = concentrations of phenylalanine, glycine, 

Grou with tendency toward decline of serine 
and increase in threonine. However, the 

—— Sn — demonstrated fluctuations had virtually 

no effect on total free amino acids 

Isoleucine 0.6! 20.05" (99.5% of V). 

Valine iaucine O.820.09 
nade ine x eonine 3-01 =0.26°° A comparative analysis of amino acid 

Methionine C.32>0.06 composition in animals of flight and 
Tyrosing, lalani 0.302 0.03" synchronous control groups revealed a 
Aspartic acid 99+0.07 reiiable decrease in threonine (P<0.01), 
Glutamic acid | .59+0.22"" serine (P<0.05), glutamic acid (P<0.U1), 

Glycine Proline! .}/=0.2! proline (P<0.01), glycine (P<0.001) and 

Alanine 3.6320. alanine (P<0.05). The total free amino 
acid content constituted 75% of the 

' synchronous control. Thus, our results 

i. indicate that long-term weightlessness 
leads to a decrease in threonine, serine, 
valine, glutamic acid, proline, glycine 

and alanine. The nongravity factors of space flight elicited a decrease in concen- 

tration of phenylalanine and glycine, with a tendency toward decrease of serine and 

increase of threonine. Finally, the combined effect of weightlessness and nongravity 
factors of space flight led to a decrease in free amino acid pool of experimental 
animals, i.e., a decrease in levels of virtually all amino acids, with the exception 
of alanine and methionine. 

Our results also enabled us to differentiate between the effect of each factor on 

amino acid pool of experimental animals. Glycine and serine levels dropped with 
all factors. Such selectivity apparently reflects the combined influence of space 
flight conditions and nongravity factors. In the flight group of animals, glycine 

and serine content constituted 53 and 72% of that of animals in the vivarium con- 
trol and 64 and 82% of parameters for the synchronous control group. In synchronous 
control animals, the levels of these substances constituted 82 and 87Z of the levels 
for vivarium control animals. Consequently, the decrease in concentration of gly- 

cine under the influence of combined factors was at a maximum against the background 
of approximately the same expenditure of serine. Phenylalanine level dropped to the 

same extent in both the flight and synchronous control groups of animals. Evi- 
dently, this decline can be attributed to the effects of nongravity factors of space 
flight. Finally, we demonstrated a 61 and 59% decrease in concentrations of threo- 

nine and glutamic acid, respectively, as compared to the vivarium control. 

Thus, analysis of data on amino acid composition of animals revealed that there 
were definite changes in concentrations of different amino acids, which depended 

on the factor involved. The demonstrated changes in amino acid pool under our 
experimental conditions are apparently related to the selective rate of involvement 
of amino acids in biosynthetic processes during the period of acute adaptation and 

to change in intensity of protein synthesis. 
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[Article by R. A. Tigranyan, Ye. A. Nosova, Ye. V. Kolchina, N. A. Veresotskaya, 
L. M. Kurkina and N. S. Kolganova] 

{English abstract from source] The effect of artificial gravity on 

protein fractions and their enzyme activity in the myocardium of 

rats flown onboard Cosmos-936 was studied. In weightless rats the 

content of sarcoplasmatic proteins increased at R + 0 and that of T 
fraction proteins decreased at R + 25. In centrifuged rats such 
changes were not seen. In centrifuged rats the enzyme activity of 
sarcoplasmatic proteins did not alter. In weightless rats ATPase 
activity of myosin decreased significantly, and in centrifuged 

rats it remained almost unchanged. 

[Text] Experiments conducted aboard biosatellites revealed changes in enzymatic 
activity of protein fractions, in particular, of the contractile protein, myosin, 
in the rat myocardium following space flights lasting 19.2 to 22 days [1-4]. This 
warranted the assumption that the demonstrated changes occurred under the influence 

of weightlessness. 

Our objective here was to determine whether artificial gravity (AG) of 1 G, created 
during a space flight, would prevent metabolic changes in the rat myocardiun. 

Methods 

These studies were conducted on male Wistar-SPF rats 6-12 h and 25 days after an 

18.5-day space experiment aboard Cosmos-936 biosatellite. The purpose and condi- 
tions of the experiment were described in detail in [5]. The methods of processing 

and storing material, as well as of separating proteins, measuring ATPase activity, 
activity of lactate dehydrogenase (LDH) and its isoz mes, asparate and alanine 
aminotransferases (AST and ALT) in the fraction of sarcoplasmic proteins were des- 

cribed previously [1]. Determination of activity of mitochondrial and cytoplasmic 

isoforms of AST was made by a method based on the difference in their kinetic pro- 
perties [6]. Similar samples of myocardial tissue were examined in control groups 
of rats. The results were submitted to statistical processing by the method of 

Fisher-Student. 
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Results and Discussion 

There was no change in either postflight analysis in content of myofibrillar proteins 

(myosin and T fraction) in the rat myocardium, The only exception was the protein 

of fraction T in the weightlessness group of rats, FW,,* where it was insignificantly 

lower than in the VC group, although the difference was reliable. The immediate 

postflight level of sarcoplasmic proteins in the rat myocardium was elevated (FW, 

group), whereas it was not changed in rats flown in space with exposure to AG (FC, 

group). With the exception of the SC, group, none of the rats in all series of 

the ground-based model experiment presented changes in fraction composition of 

proteins (Table 1). Consequently, the immediate postflight changes in sarcoplasmic 

proteins and in proteins of the T fraction 25 days after the flight could be attri- 

buted to weightlessness. 

Table 1. Protein content in protein fractions and ATPase activity of myosin of 

rat myocardium 

Statistica] Sarco- # rt ha 
Group plasmic /jActomyosin | fraction protein in 

fraction proteins 10 min at 
g protein/100 g wet tissue 37°C 

First examination 

vc, Ms+m dene se ee —* eo 
n 

Fw M=m 8,16+0,28 3,46+0,09 2,63+0,10 66,3+1,1 
1 n 5 ' 10 10 7 

<0,02 <0,001 
FC Ms+m 7,15+0,17 3,380.16 2,89+0,14 92,5+2,3 

1 
n 4 5 5 4 

<0,001 
SW, Mm 6,47+0,3H4 oa at inn —** 

n 5 

Sc M=m 5,69+0,13 4,40+0,05 2,94+0,03 117,7+2,5 
i . 5 1 5 6 

RVC, * <0,01 <0,001 

Second examination 

vc, Ma+m aes, tated — site “ata sits sped 
n 

Fw M=m 6,89+0,12 2,70+0,08 3,48+0,12 106,1+4,7 
2 n 5 5 5 4 

RVC <0,01 
FC, Msn 6,040.27 2,340.15 3,.74+0,12 109,33.7 

n “ 5 

SW M+m 7,4720,3, 2,430,096 3.65+0,25 103 ,6+3,3 
2 ” 3 3 3 3 

<0,05 

*Translator's note: reliability of difference from VC? 

*Group designations | are expanded in [5]. [Translator's note: these designations 

refer to the following: FW--flight, weightlessness group; FC--flight, centrifuged 

group; SC--synchronous model experiment, centrifuged; SW--synchronous experiment, 

weightlessness; VC--vivarium control] 
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Table 2. Activity of LDH and its isozymes (in yM NAD+H,/mg protein/min) in 
sarcoplasmic sarap of rat recreate — 

_ _- 

LDH ions 

LDH, | | LDH, _| LDH, 
Animal group|?Ota. LDH 

activity 

ee ‘iain tia 

VC (n = 6) 2,97=+0,.34 | 0,71—0,09 | 1,00+0,12 | 0,78+0,09 0,47+0,05* 
PW (n = 6) 3.00—0.22 | 0,714+0,04 | 1,02+0.08 | 0,81+0,06 0 ,48+0,04* 
FC1 (n = 5) 2,90+0.28 | 0,7320,05 | 1,01+0,10 | 0,744+0,09 0,41+0,05* 
SW, (n = 5) 3,46+0,11 | 0,83+0,02 | 1,20+0,03 | 0,90+0,04 0,54+0,03* 
SC} (n = 5) 3,22+0,29 | 0,79+0,05 | 1,1340,09 | 0,82+0,07 0,48+0,04* 

Second examination 

VC, (n= §) 4,03+0,20 | 0,91+0,11 | 1,12+0,08 | 1,04+0,05 | 0,74+0, 0,22+0,06 
FW, . == 5) 4,07+0,17 | 0,99+0,07 | 1,18+0,04 | 0,97+0,05 | 0,6440,06 | 0,27+0,05 
FC, (in = 5) 3.87+0,25 | 0,92+0,10 | 1,08+0,09 | 0,9240,10 | 0,69+0,06 | 0,26+0,07 

*Reters to total activity of LDH, and LDH, fractions. 

Table 3. ¢ ‘notransferase activity (uM pyruvate/mg protein/h) in sarcoplasmic 
pi.oteins of rat myocardium (M+m) 

Animal group | Total AST aa mn a Total ALT 

First examination 

VCiin = 6) 22 ,95+0 67 9,64+0,69 13,22+0,87 3,72+0,08 
FW) (n = 6) 19,991 ,04 9.22+0,38 10,77 +0,92 3,59+0,12 
PC, (n=) 21,54+0,82 10,55+0,97 10,99+0,91 3,60+0,27 
SW, (n = 5) 24.29+2,17 8,83+1,09 15,46+1,i1 4,26+0,61 
SCj(n = = 5) 28 ,04+1 22° 12,05+0,61** 16 ,00+1,45 5,40+0,03°"* 

Second examination 

FW (n = 5) 20 .62+-0,65 9,09+1,12 11,5341,17 3,56+0,95 
FPCo in = 5) 19.85+1,02 8,73+0,61 11,1120,61 3,39%0,12 
SW, (n = 3) 20,.21+1,79 8,15+0,58 12,061 ,35 3,23+0,16 

*RVC,<0.01 [RVC--reliability of difference from VC7] 

**RVC ,<0.02 
*#*ERVC , <0.001 

Interesting data were obtained for the SC, group of animals. The fact that gravity 

was 0.3 units greater than in other groups of the ground-based model experiment was 
probably the cause of decrease in protein content of the sarcoplasmic fraction 

and increase in the actomyosin fraction. 

Activity of calcium-activated, magnesium-dependent ATPase was 44% lower in the rat 
myocardium 6-12 h after the flight than in the VC group. Use of AG (FC; group) 
resulted in reliably higher myosin ATPase activity than in the FW, group, although 
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it remained 22% lower than control levels. Twenty-five days after the flight and 
in rats used in the model experiment at both tested times, ATPase activity of myo- 

sin did not differ from the control level (see Table 1). 

Determination of activity of LDH and its isozymes in the sarcoplasmic fraction of 

myocardial proteins revealed that there were no changes whatsoever in all groups 
of animals (Table 2). These data conform with the previous results obtained from 

experiments aboard Cosmos-605, Cosmos-690 and Cosmos-782 biosatellites [1-4]. 

We failed to demonstrate changes in aminotransferase activity of sarcoplasmic protein 

fraction in the myocardium of rats examined immediately after the flight (FW; and FC; 

groups), whereas exposure to AG (SC, group) of animals in the model experiment led 
to increase in activity of ALT, as well as AST, both total and mitochondrial 
(Table 3). These changes in aminotransferase activity could have been due to the 

effects of accelerations [7]. 

It is interesting to mention the correlation between change in aminotransferase 

activity of the myocardium in the SC, group of rats and changes in protein content 
in the sarcoplasmic and actomyosin fractions. Perhaps, the decrease in protein 

content of the sarcopiasmic fraction in the myocardium of this group of rats was 
compensated by increase in its enzymatic activity. 

There was no change in activity of AST and its isozymes, or in ALT activity in 

the rat myocardium 25 days after the flight and in the animals used for the ground - 

based model experiment, as compared to parameters for the VC group (see Table 3). 

Thus, we failed to demonstrate changes in enzymatic activity of the sarcoplasmic 
protein fraction in the myocardium of rats flown aboard Cosmos-936, but there was 
an increase in sarcoplasmic protein content immediately after the space flight 

and negligible decrease in fraction T protein content 25 days after the flight. 

These changes were not observed in rats exposed to AG during the space flight. 
There was significant decrease in ATPase activity of myocardial myosin in animals 
who made the flight in weightlessness. Use of AG during the flight eliminated to 
a significant degree the effect of weightlessness on myosin activity. 
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UDC: 629.76:612.744 

METABOLIC PROCESSES IN RAT SKELETAL MUSCLES AFTER FLIGHT ABOARD COSMOS-936 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 14 Apr 80) pp 71-75 

[Article by Ye. A. Nosova, N. A. Veresotskaya, Ye. V. Kolchina, L. M. Kurkina, 
R. A. Belitskaya and R. A. Tigranyan] 

[English abstract from source] The study of skeletal muscles of 
rats flown on Cosmos-936 demonstrated different metabolic reactions 
in muscle fibers of different function and type to weightlessness 
and Earth gravity. The data obtained gave evidence that artificial 
gravity may considerably prevent metabolic changes in muscles develop- 

ing in response to specific effects of weightlessness. 

[Text] Changes of the atrophic and dystrophic types [1-5] have been demonstrated 
in rat skeletal muscles when the animals’ mobility was restricted and under the 
influence of space flights; the degree of change varied in different muscles. It 
was shown that atrophic processes in muscles are associated with change in enzymatic 

activity of sarcoplasmic proteins [6, 7]. 

Gur objective here was to determine whether artificial gravity (AG) created during 
space flight would prevent metabolic changes in skeletal muscles that occur under 

the influence of weightlessness. 

Methods 

Rat quadriceps, soleus and gastrocnemius were examined 6 h (FW, and FC, groups)* and 
25 days (FW; and FC,) after completion of a space flight, after the same intervals 
following the ground-based synchronous experiment (SW,, SC, and SW;), as well as 
in intact control animals (VC, and VC;). The characteristics of animal groups and 
conditions of creating AG of 1 G aboard a biosatellite were described previously [8]. 

The muscles in question were excised 15-20 min after decapitating the animals, then 
frozen in liquid nitrogen and stored at -70°C for 3 to 12 days. Subcellular frac- 

tions were isolated from the gastrocnemius according to R. B. Khesin [9]. The 
methods of separating proteins, assaying phospholipids (PL) in subcellular fractions, 
activity of Ca*t-activated adenosine triphosphatase (ATPase) of myosin, activity of 

*Translator's note: FW--flight, weightlessness groups; FC--flight, centrifuged; 
SW--synchronous experiment, weightlessness; SC--synchronous experiment, centrifuged; 

vC--vivarium control. 

103 



lactate dehydrogenase (LDH) and its isozymes, as well as of asparate and alanine 
aminotransferase (AST and ALT) in the fraction of sarcoplasmic proteins were des- 
cribed previously [4]. Activity of mitochondrial and cytoplasmic isoforms of AST 
was determined according to Fleisher [10]. 

Results and Discussion 

Examination of animals 6 h after the space flight (FW, group) failed to demonstrate 

changes in PL conteat of subcellular fractions of the gastrocnemius. Minor in- 
crease in PL content was found 25 days after the flight (FW,) in the mitochondrial 
fraction, as compared to the VC, group of animals; this parameter remained at con- 

trol levels in the microsomal fraction. PL content of mitochondrial and microsomal 
fractions of the rat gastrocnemius showed no change in any of the ground-based ex- 
periments at both tested times. There was also no change in PL content when AG was 
used in flight (Table l). 

Table l. 

PL content of subcellular fractions of 

the rat gastrocnemius after flight 
aboard Cosmos-936 biosatellite (M+m) 

In the experiments conducted aboard 
Cosmos-690 and Cosmos-782 biosatellites, 

PL content of subcellular fractions 
isolated from mixed tissue samples of 
the quadriceps and gastrocnemius was 

Animal Ply _uq_F/mg protein assayed. It was demonstrated that 
group _mitochondr | microsomes space flight conditions led to a de- 
vc, | 13,30=0.30 | 18,00+0.86 crease in overall PL content of micro- 
FW, | 12.60+0.66 15.00—1 98 somal and mitochondrial fractions. 

ox | ieceas | tk amet There was also a decrease in PL of the 
SC} | 12.40=0.56 | 17.00+0.52 microsomal fraction after the ground- 
FW, | 15.3020.82 | 17.2021,53 based synchronous experiment [5, 11]. 
on | + yee 1h ty It may be assumed that the difference 

3 | pilin foe between the results of this experiment 
and previous ones is actributable to 

Note: There were 5 animals in each more stable metabolism of PL in the 
gastrocnemius, as compared to the quad- 
riceps, whereas the changes we demon- 

strated previously were probably related to a change in structure of cell membranes 

in the quadriceps. 

group. 

The increase in PL content of the mitochondrial fraction of the gastrocnemius of 
rats in the FW; group is apparently an adaptive metabolic reaction by the muscle 
to the return to earth's gravity after weightlessness, since such a reaction was 

not observed in rats exposed to AG during the flight. 

Table 2 lists data on analysis of fraction composition of proteins and enzyme acti- 
vity of isolated protein fractions in the quadriceps and soleus muscles, which 
differ both in type of fibers they contain and in function. It should be noted 

that, while there was no reliable change in weight of the quadriceps, the weight 

of the soleus of animals flown in space dropped by 35% [8]. 

No changes in the tested proteins were found in either muscle 6 h after the flight 

(FW, and FC; groups). Actomyosin content was increased in the soleus after 25 
days (FW3, FC2, SW3), ard there was a reliable decrease in fraction T protein of 
the quadriceps. The demonstrated changes were indicative of activation of synthetic 
processes in these muscles during the readaptation period following the space flight. 
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H2/mg protein/min at 25°C) in sarcoplasmic proteins 

Activity of LDH and its isozymes (in uM NAD* of quadriceps [quad] and soleus [sol] (Mtm) 

Table 3. 
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***P<0.02, as compared to corresponding control 

**p<0.01 

*p<0.001 

There was no change in ALT activity in the 
gastrocnemius, whereas it increased in the 
soleus only in rats submitted to weightless- 

ness (FW, and FW, groups). Flight under AG 
conditions did not result in such changes. 
AST activity changed in both muscles only 
25 days after the flight. In the soleus, the 
change consisted of reliable increase in 
activity of the cytoplasmic isoform, as conm- 

pared to the control, and in the quadriceps 
a decrease in overall AST activity referable 
to its mitochondrial isoform, In rats sub- 
mitted to AG during Flight there were no 
changes in AST activity. Interestingly 

enough, we also observed an increase in AST 
activity of the soleus in rats submitted to 

exercise after hypokinesia. 

According to the data in the literature, the 
increase in aminotransferase activity is indi- 
cative of intensified utilization of amino 
acids for energy requirements. Considering 

the increase in ALT and cytoplasmic isoform 
of AST activity in the soleus, it may be 

assumed that a significant share of free 
amino acids in this muscle is not used for 
protein synthesis, but energy processes in 
rats flown in spece. Conversely, the data 
obtained for the quadriceps, i.e., decrease 

in AST activity of sarcoplasmic proteins and 
in fraction T protein, are indicative of 
activation of processes of protein synthesis 
during the period of readaptation tc earth's 
gravity after the space flight. 

Determination of ATPase activity of myosin 
isolated from the quadriceps failed to demon- 
strate changes in any of the groups of ex- 
periments, as compared to the control. 

The data pertaining to activity of LDH and 
its isozymes in sarcoplasmic proteins of 
the quadriceps and soleus (Table 3) are 
indicative of absence of reliable changes in 

total LDH activity in the quadriceps. Total 
LDH activity was reliably increased, at the 
expense of M isoforms of thin enzyme, which 
are responsible for the glycolytic pathway 

of metabolism, in the soleus of rats in the 

FW, group. This was associated with reli- 

able increase in M and N isoform activity 

ratio, which is indicative of atrophic 

changes in the muscle. The above changes 
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were not found in rats submitted to AG during the flight. Changes in activity of 
LDH and its isozyme spectrum were no longer demonstrable in the soleus of rats 
in the FW; group 25 days after the flight. 

Thus, studies of skeletal muscles of rats used in the experiment aboard Cosmos-936 
demonstrated a difference between metabolic reactions of muscles differing in func- 
tion and fiber composition to exposure to weightlessness and during the period of 
readjustment to earth's ; ravity. 

Our findings indicate that the use of AG during the space flight prevented, to a 
significant extent, metabolic changes in muscle tissue that occur because of the 
specific effect of weightlessness. 
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ACTIVITY OF SOME ENZYMES OF CARBOHYDRATE METABOLISM IN RAT SKELETAL MUSCLES 
AFTER SPACE FLIGHT 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 29 May 80) pp 75-78 

[Article by V. P. Nesterov, N. A. Veresotskaya and R. A. Tigranyan] 

{English abstract from source] Space flight factors did not 
influence activity of glycogen phosphorylase and adenylate cyclase 

in skeletal muscles of rats. Activity of glucose-6-phosphate and 
6-phosphogluconate dehydrogenases increased noticeably in the most 
active muscles (gastrocnemius and tibialis anterior muscles). Ac- 
tivation of enzymes involved in the pentosephosphate pathway of 
glucose conversion may be associated with compensatory processes 

induced by muscle changes due to diminished motor activity of 

animals in space flight. 

[Text] Data obtained from model experiments and aboard biosatellites indicate 
that there is a decrease in respiratory and phosphorulating activity of skeletal 

muscle tissue, diminished capacity for generating macroergs in reactions of oxi- 

dative phosphorylation [1] and activation of the glycolytic pathway of forming 
macroergic compounds [2]. For this reason, it is of interest to investigate 
carbohydrate-phosphorus metabolismon the level of glycogen synthesis and dissoci- 

ation, as well as activity of the main enzymes involved in glucose conversion via 

the pentose phosphate-pathway (PPP). 

It is known chat wnen there is a decrease in oxygen uptake by muscles the energy 
requirements of muscle tissue can be met by means of anaerobic conversion of 
glycogen in the course of glycolysis. Glucose metabolism via the PPP is not 

energetically effective, so that the share of PPP reactions is quite negligible, 

as compared to glycolysis in muscle tissue [3]. However, there is usually a 
drastic increase in activity of enzyme systems of PPP when there are substantial 
changes in functional state of muscle fibers [4, 5]. Thus, PPP enzymes charac- 
terize, to some extent, the metabolic state of muscle tissue, so that it is of 

definite interest to determine their activity in muscles having different func- 

tions in experiments aboard biosatellites. 

Methods 

The studies were conducted with the gastrocnemius, anterior tibial and quadri- 
ceps muscles of male Wistar-SPF rats flown aboard Cosmos-936 biosatellite for 
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18.5 days. These rat muscles were examined 6 h (FW, and FC, groups)* and 25 days 
(FW, and FC,) after the flight, at the same intervals after a ground-based syn- 

chronous experiment (SW,, SC, and SW; groups), as well as intact control animals 
(VC, and VC,). The animal groups and conditions of creating artificia) gravity 
(AG) of 1 © aboard the biosatellite were described previously [6]. 

The above muscles were extracted 15-20 min after decapitating the animals; they 
were frozen in liquii nitrogen and stored at a temperature of -70°C for 3-12 days. 

In the grastrocnemius, we measured activity of glycogen phosphorylase (GP, 

EC 2.4.1.1.) [7], adenylate cyclase (AC, EC 4.6.1.1) [8] and vhosphodiesterase 

(PD, EC 3.1.4.1) [9]. We demonstrated PPP enzyme activity in supernatant obtained 
after centrifuging (4500r/min, 2 h) 20% homogenates of the tested muscles. Acti- 

vity of glucose-6-phosphate and 6-phosphogluconate dehydrogenases (G-6-P, 
EC 1.1.1.49, and 6-PGDH, EC 1.1.1.44) was determined by spectrophotometry [10], 
activity of glyceraldehyde-3-phosphate dehydrogenase (APDH, EC 1.2.1.12) by the* 
Wood method [11], activity of enzymes of nonoxidative PPP reactions by the method 
of G. V. Kudryavtseva et al. [12] and protein was assayed by the Lowry method [13]. 

Results and Discussion 

The submitted results (Table 1) indicate that the space flight did not elicit any 
appreciable changes in AC and PD activity of the rat gastrocnemius, which are 
enzymes that: participate in expression of hormonal influence on the process of 
glycogenolysis in muscles. Examination of ectivity of GP, which is the main 
glycolytic enzyme, also failed to demonstrate changes. 

Table 1. Activity of AD, PD, enzymes of ribose-5-phosphate metabolism and TK 
[transketolase] 1. skeletal muscles of rats used in the Cosmos-936 

experiment (in nM/mg protein/min; n = §) 
— ———~ of 

AC | PD ribose-5- te TK 
Animal metabbi tek 
group muscle 

gastrocnemius . * 

vc, | 1,420.20 | 0,7120.11 | 13,240.1 | 14,841,.5 | 0,060.01 | 0,19+0.07 
Fw 1.620,21 | 0,74=0,09 | 20,340,2 14,930,4 0,21+0,07 0,24+0,09 

l (<0,01) (<0,001) 
FC _ — 14,1+0,5 _ 0,27+0,.09 0,230 ,04 

: (<0,001) 
SW, | 1,5=0,30 | 0,7320,13 | 14,9%0,7 13,521.2 ey 0,19+-0,02 

(<0,05) 
sc | — — 15.920,7 —_ 0,14+0,6 0,2020,10 

! (<0,001) (<0,02) 
vc, _ —_ 13.920,2 _ 0,06+0,01 0,2120,05 
Fw — —_ 18,0+0,3 _ 0,32+0,04 0,21+0,09 

3 (<0,001) 
FC) _ _ 13,6+0,7 _ 0,24+0,07 0,21+0.06 

(<0,001) 
SW, — _ 12,9+0,5 + 0,0940,02} 0,24+0,07 

Note: Here and in Table 2, reliability of differences as compared to the 

*Here and in Table 2, data are given that were obtained from examination of 
corresponding control is shown in parentheses. 

the muscle 10 h after the flight. 

*Translator's note: FW--flight, weightlessness group; FC--flight, centrifuge; SW-—— 
synchronous experiment, weightlessness; SC--synchronous experiment, centrifuge; 
VC--vivarium control. 
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Examination of PPP enzyme activity (see Tables 1 and 2) revealed that functionally 

different muscles reacted differently to the set of space flight factors. There 

were appreciable changes in activity of the enzymes in question in the gastroc- 
nemius and anterior tibial muscles which bear a significant functional load in 

the usual gravity field [14], whereas no reliable changes were demonstrable in 
rate of reactions of glucose metabolism via the PPP in the femoral quadriceps 

of flight rats. 

Table 2. Activity of G-6-PDH, 6-PGDH and GAPDH of skeletal muscles of rats used 

in Cosmos-936 experiment (nM NADP/mg protein/min; n= 6) 

G-6-PDH | 6-PHDH |____GAPDH _ 
F a muscle 

gastro- |anterior| quadri-!| gastro-|quadri- | gastro- adri- 
Sl cnemius | tibial ceps cnemius| ceps cnemius “cane 

vc | 0,20+0.07 | 0,59=0,07 | 0,18+0.09 1,720.3 2.7+0.4 0,8+t 2 1,4+0,3 
Fw | 0,870.07 0,99>0,13 | 0,1720,04 | 4,8=0,3 2,2—0,3 2,860.5 1,3+0,1 

1 | (<0,01) (<0,02) (<0,001) (<0,002) 
FC, | 0.70+0,07 | 0,91+0.10 2,9+0.5 2.6+0,4 
| (<6,001) | (<0,02) (<0,05) (<0 ,002) 

SW, | 0.48=0,06 | 0,90+0.03 | 0,19+0,07 2.90.4 2.3—0,3 1.3=0.4 1,4-0,3 
, (<0,02) (<0 ,02) (<0,02) 

SC, | 0,63=0.04 | 0.84+0,01 2.50.2 1,5=0,3 
/ (<0,001) | (<0,01) (<0,05) (<0.05) 

ve, | 0.29+0,05 | 0.49=—9,04 1,920.3 1,1+0,2 
Fw. | 0.5420.95 | 1.12+0,15 3,0=0.3 1,6+0,3 

3 | (<0,001) | (<0,002) (<0,02) 
FC, '0,35=—0.1!1 | 0,99=0,09 2,8+0,3 1,820.5 

| «<0,002) (<0,05) 
SW, 0,33=0,07 0,65+0,08 2,110.2 1,420.3 

There was more than 4-fold increase in G-6-PDH activity in the rat gastrocnemius 
6 h after the flight (FW, group), and 2.8-fold increase in 6-PGDH activity; there 

was 1.6-fold increase in G-6-PDH activity in the anterior tibial muscle (see 

Table 2). 

Immediately after landing (FW,), there was appreciable increase in activity not ce iy 

of dehydrogenases of the rat gastrocnemius, which determine the intensity of 
glucose conversion via the PPP (see Table 2), but of enzymes of metabolism of 
ribose-5-phosphate and transketolase (TK), which catalyze subsequent metabolism 
of products of glucose metabolism over this pathway (see Table 1). 

The reactions of PPP in muscle tissue presented some distinctions. Thus, skeletai 
muscles contained the enzyme, NADP*H -dependent GAPDH, which catalyzes conversion 
of triose phosphates to glycerd3-phosphates, thereby preventing accumulation of 
hexose-6-phosphates. This type of “shortened” PPP provides for an immediate 
switch of the PPP to glycolysis [12]. 

Examination of GAPDH activity (see Table 2) revealed reliable increase thereof 
in the gastrocnemius of rats used in the space flight (FW, and FW2). 

Creation of AG aboard the biosatellite was unable to normalize activity of G-6—PDH, 
6-PGDH, GAPDH and TK in the gastrocnemius and G-6-PDH in the anterior tibial muscle. 

At the same time, examination of rats used in the ground-based synchronous 
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experiment 6 h after termination thereof (SW, and SC,) revealed an increase in 
G-—6-PDH, 6-PGDH, GAPDH and TK only in the gastrocnemius and G-6-PDH in the anterior 

tibial muscle (see Tables 1 and 2). This warrants the assumption that the increase 
in dehydrogenase and TK activity of these skeletal muscles, which was demonstrated 
after the animals landed, could also be due to the effects of space flight factors 

that were reproduced in the ground-based synchronous experiment. Limited movement, 
due to the fact that the rats in flight and the synchronous experiment on earth 

were kept in small box cages, could be one of these factors [6]. 

The results of previous studies on rats submitted to long-term hypokinesia revealed 

that there was almost 2-fold increase in G-6-PDH activity in muscles that usually 
carry a significant functional load (anterior tibial and soleus) when there is 
inadequate muscular function due to restricted movement [15]. 

As we know, in the case of long-term hypokinesia, rather appreciable loss of muscle 
protein is observed [16]. At the same time, there is intensification of synthetic 
processes under such conditions, as indicated by the increase in RNA content of 
skeletal muscle tissue [16]. When movement was restricted by means of denervation 
of muscles or tenotomy, development of atrophic changes in muscles was associated 

also with activation of the PPP of glucose metabolism [4]. 

In view of the fact that the PPP of glucose conversion is one of the chief sources 
of riboses to build RNA, activation of this cycle of reactions is usually related 
to development of compensatory processes aimed at intensifying synthesis of nucleic 

acids, protein and energy production by means of switching it to glycolysis [5]. 
For this reason, activation of the PPP reaction in tissues of some skeletal muscles 
of rats used in the Cosmos-936 experiment can be interpreted as being related to 

some extent to development of processes compensating for the destructive changes 

caused by insufficient function [17]. A high level of activity of PPP dehydrogenases 
and TK persisted 25 days after the experiment only in skeletal muscles of rats that 

were used in space flight, which is apparently indicative of a longer burden on the 
enzyme system due to the need to maintain compensatory metabolic processes in the 

animals’ skeletal muscles after exposure to weightlessness. 
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ULTRASTRUCTURE OF BLOOD VESSELS AND MUSCLE FIBERS OF RAT SKELETAL MUSCLES AFTER 
FLIGHTS ABOARD COSMOS-605 AND COSMOS-782 BIOSATELLITES 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 18 Aug 80) pp 78-83 

[Article by Z. F. Savik end K. D. Rokhlenko] 

[English abstract from source] Electron microscopy was used to study 
ultrastructures of the wall of blood vessels and muscle fibers of 

the red (soleus) and mixed (gastrocnemius) muscles of rats flown 
on Cosmos-605 for 22.5 days and on Cosmos-782 for 19.5 days and sac- 

rificed 4-6 hours, 48 hours and 25-27 days postflight. It was 
demonstrated that the orbital flight did not induce significant 
changes in the ultrastructure of blood vessels of the soleus and 

gastrocnemius muscles but caused atrophy of muscle fibers and re- 
duction of the number of functioning capillaries. Readaptation of 

the soleus vascular system to 1 g led to degradation of permeability 
of capillary and venular walls and development of edema of the peri- 

vascular connective tissue. This may be one of the factors res- 
ponsible for dystrophic changes in muscle fibers. 

[Text] Weightlessness leads to development »>f changes in many physiological systems 
of the organism, including skeletal muscles. Extensor muscles of the hind legs are 

the most sensitive to space flight factors. In weightlessness, these muscles 
have demonstrated atrophic changes in muscle fibers associated with metabolic dis- 
turbances [1-4]. Perhaps, the state of their microcirculatory system plays an in- 
portant role in the pathogenesis of these changes in muscle fibers. For this 

reason, it was deemed important to study the ultrastructure of muscle fibers and 
blood vessels that nourish them in animals that were flown in space. 

Methods 

Electron microscopy was used for this investigation. We examined the structure 
of the vascular wall (precapillary arterioles, capillaries, postcapillary venules) 
and muscle fibers of red (soleus) and mixed (gastrocnemius) muscles of rats flown 
aboard Cosmos-605 and Cosmos-782. The material studied consisted of muscles from 
1l rats that had spent 19.5 days in flight aboard Cosmos-782 and 11 rats that 

had flown for 22.5 days aboard Cosmos-605. In the Cosmos-782 experiment, the ani- 
mals were sacrificed 4-6 h and 25 days after the flight, and in the Cosmos-605 
experiment, they were sacrificed 48 h and 27 days after conclusion of the flight. 
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As a control, we examined the same 
muscles of rats used in a ground- 

based synchronous experiment, in 
which all space flight factors were 

simulated with the exception of 
weightlessness, and rats kept in 

the vivarium throughout the study 

period. 

Samples of skeletal muscles were 

fixed in 2.5% glutaric aldehyde and 

additionally treated with Os0,, then 
dehydrated in alcohol of ascending 
concentrations and imbedded in aral- 

dice. Ultrafine sections were made 
using an LKB ultratome, then con- 
trasted with lead citrate according 
to Reynolds [5] and viewed under a 
UEMV-100L electron microscope. 

Results and Discussion 

Analysis of the data obtained from 

the Cosmos-605 and Cosmos-782 experi- 
ments revealed that the space flight 
caused changes in the rats’ vascular 
wall and skeletal muscle fibers. 
It should be noted that the changes 
were demonstrable chiefly in the red 
muscle (soleus), unlike the mixed 
one (gastrocnemius), the ultrastruc- 
ture of which did not differ from 
that of control animals (the only 
exception was referable to a few 

instances of atrophic muscle fibers). 

It should be mentioned that the 
changes were dissimilarly marked in 
rats flown for 19.5 days (Cosmos-782) 
and 22.5 days (Cosmos-605), and sac- 
rificed 4-6 and 48 h after the 

flight. 

No appreciable microcirculatory dis- 
turbances were demonstrated in the 
soleus of rats examined 4-6 h after 
flight aboard Cosmos-782. This was 

indicated by the rare instances of Figure l. 
~ dystrophic changes in endothelial Soleus muscle. Blood capillary.. In- , P 

creased number of pinocytotic vesicles cells of capillaries and absence o 
(lB); friability of perivascular con- marked perivascular edema. At the 

nective tissue (CTK); 48 h after flight; same time, it should be noted that 
magnification 18,000x there were many nonfunctional 
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capillaries 4-6 h after the flight. 

As a rule, 2 out of the 4-6 capillaries 
supplying blood to one muscle fiber 

had a collapsed lumen, 

We also failed to demonstrate appre- 

ciable dystrophic changes in the 
muscle fibers proper, not counting 
the fine foci where there was loss of 

striation and dilatation of inter- 
fibrillary spaces. We encountered 

dying, as well as atrophic muscle 

fibers. 

Unlike the findings in rats flown 
aboard Cosmos-782 biosatellite and 
examined 4-6 h after the flight, 
those flown aboard Cosmos-605, which 
had spent 22.5 days in flight, pre- 
sented more marked changes 48 h after 
landing, chey were more extensive and 
developed mainly in capillaries and 
venules of the soleus. Plethora of 
capillaries and venules of the 
soleus was demonstrated 48 h after 
the flight. As a rule, there were 
only 1-2 capillaries with collapsed 
lumen per 4-5 muscle fibers. The ul- 

trastructure of walls of capillaries and 
venules of the soleus 48 h after land- 

ing was indicative of intensification 
of transport processes through the 

walls of these vessels. Morphologi- 

cally, this was manifested by in- 
creased pinocytosis, vacuolization of 
endothelial cells of capillaries and 
venules, formation of cytoplasmic 
excrescences varying in shape and 
size (Figure 1). 

Figure 2. 

Soleus. Part of capillar wall. 
Swelling of cytoplasm of endothelial 
cells of capillary (9) and mitochon- 
dria (MX); friability of perivascular 
connective tissue (CTK); 48 h after 
flight; magnification 35,000 
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In addition, there were capillaries with marked destructive changes in endothelial 

cells, manifested by swelling, decrease in quantity of micropinocytotic vesicles, 

clearing of mitochondrial matrix with partial or complete destruction of cristae 

(Figure 2). In some areas the basement layer was friable, as was the perivascular 

connective tissue, which was also edematous and presented accumulations of amor- 
phous substance with low electron density and cellular elements of the macrophage 

and fibroblast types. The nature of the changes demonstrated in capillaries and 
venules of the soleus 48 h after the flight was indicative of a microcirculatory dis- 
order, i.e., increased permeability and development of edema. Perhaps, these dis- 

turbances are among the factors causing subsequent structural «hanges in muscle 
fibers. 

Thus, we demonstrated not only atrophic changes in the soleus 48 h after the flight, 
but profound dystrophic processes. We could not distinguish any structural ele- 
ments at all in muscle fibers undergoing disintegration or necrotic foci; these 

regions consisted of a homogeneous mass of moderate electron density (Figure 3). 
We encountered areas of necrosis, in which the structures of sarcoplasmic reticulum 
had changed into complexes of irregularly arranged membranes, which sometimes formed 
figures similar to myelin ones (Figure 4). Some fibers presented various forms of 

destruction of the contractile system. For example, there were sites of proto- 
fibrillar lysis, which sometimes involved some myofibrils in their entirety. Stri- 
ation was impaired, the Z band was no longer continuous and represented by a few 

electron-dense clumps differing in shape and size. 

On the 25th-27th days after flights aboard Cosmos-605 and Cosmos-782 biosatellites, 

the ultrastructural changes in muscle fibers and blood vessels supplying them were 

usually absent, which was indicative of the transient nature of the demonstrated 
changes. At the same time, we did find sclerotic changes in the perivascular con- 

nective tissue of the soleus of rats flown aboard Cosmos-605. Typical findings at 
this time were regenerating muscle fibers and satellite cells, the cytoplasm of 

which showed activation of synthetic processes in the form of increase in quantity 
of elements of granular sarcoplasmic reticulum, lamellar complex and polyribosomes. 

Thus, the obtained facts indicate that there is some parallel between the state of 

microcirculatory vessels (capillaries and venules) and structure of muscle fibers. 

Thus, no appreciable microcirculatory disturbances were demonstrable 4-6 h after 

flight, nor were there any dystrophic changes in muscle fibers. However, 48 h 

after the flight, the marked changes in the walls of capillaries and venules, as 
well as edema of perivascular connective tissue, corresponded to substantial struc- 

tural disturbances of muscle fibers. 

The atrophic changes in the soleus and gastrocnemius of rats flown in space were not 

related to impairment of the structure of the vascular wall, but developed against 
the background of decrease in number of functional capillaries and, as we know, 
they occur as a result of restricting motor activity and absence of static load 

on the musculoskeletal system in weightlessness. 

In analyzing the obtained data, it is important *o determine the cause of 
microcirculatory disturbances in the soleus--weightlessness or the process of re- 
adaptation to the return to earth. We failed to demonstrate changes in the vascular 
wall that would be indicative of impaired microcirculation under the influence of 

weightlessness (4-6 h after flight aboard Cosmos-782). The only exception was the 
decrease in number of functional capillaries. There was a considerably more marked 
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Figure 3. Soleus; necrosis of part of muscle fiber; 48 h after flight; 10,000 

Figure 4. Soleus; necrotically altered segment of muscle fiber; trarsformation 

of sarcotubular system into myelinoid structure (MIIC); 48 h after 
flight; magnification 22,000 
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reaction by the vascular system of the soleus 48 h after the flight, when it was 

acute and appeared due to readaptation of deconditioned skeletal muscles to 
earth's gravity. 

Thus, weightlessness did not elicit appreciable changes in the structure f vascular 

walls of the rat's soleus and gastrocnemius, but was associated with atrophy of a 

muscle fibers and decrease in number of functional capillaries. 

Readaptation of the vascular system of the soleus to earth's gravity led to impair- 

ment of permeability of capillary and venular walls, as well as development of 
edema of perivascular connective tissue, which is perhaps one of the causes of 

dystrophic changes in muscle fibers. 
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METHODS 
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BLOOD FIBRINOGEN AS RELATED TO IMMERSION IN WATER FOR SEVEN DAYS AND SHORT-TERM 
SPACE FLIGHT 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 21 Aug 80) pp 83-85 

[Article by A. N. Fomin] 

[Text] A scrutiny of the literature dealing with hemocoagulation under nypokinetic 
conditions revealed that blood fibrinogen was studied exclusively in conjunction 
with other parameters characterizing the blood clotting system. 

Increase in fibrinogen concentration in blood was demonstrated in individuals sub- 
mitted to prolonged hypokines:* [1], patients restricted to bed rest [2] and 

animals used in experiments with hypokinesia [3, 4]. 

Most authors observed that the changes occurring in the human and animal blood 

clotting system under hypokinetic conditions are phasic [5-7]. The most typical 
phases are hypercoagulation at the early stage of hypokinesia (2d-3d day), adapta- 

tion (4th-6th days) and again hypercoagulation (8th-l0th days). At these stages, 
blood fibrinogen concentration constituted 371, 297 and 335 mg%, respectively, 
according to the data of M. A. Khudyakova [5]. Other researchers [8], who also 
reperted a general tendency toward hypercoagulation, failed to demonstrate appre- 

ciable changes in fibrinogen level of subjects, while some [9] even demonstrated 

hypofibrinogenemia. Most authors used traditional techniques to assay fibrinogen 
concentration in blood, which are used in both clinical and experimental practice, 
for example, the methods of R. A. Rutberg [10], Kummine and Lyons as modified by 
G. A. Krasovskaya [11] and others. 

Our objective here was to test a micromethod we proposed for determining the con- 
centration of blood fibrinogen [12], as well as to compare the results obtained 
by this method in the course of a ground-based experiment with immersion in 
water and ‘rom examining cosmonauts involved in two brief orbital flights. 

Methods 

Blood tests were made on 6 healthy men before, during and after 7 days of immersion 
in water, as well as cosmonauts (2 crews of 2 men each) before ani after 7- and 4- 
day flights. 

The microtechnique for measuring the concentration of fibrinogen in blood, which we 

used, is based on the phenomenon of heat denaturation of this protein at a 
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temperature of 56°C [13]. The procedure 
consists of the following: blood is taken 
from the finger or earlobe into a heparin- 

ized glass microcapillary tube 60-75 2 
in size and centrifuged for 4 min at the 
rate of 7900 r/min; then the blood in the 
capillary tube is kept in an incubator 
or water bath at 56°C for 10 min, as a 
result of which there is denaturation of 
fibrinogen; the final stage consists of 
repeating centrifuging under the same 

conditions, after which the denatured fib- 
rinogen is collected in the form of a 
white column on the boundary between the 
formed elements and serum (see Figure). 
The height of the column is a function 
of concentration of fibrinogen and amount 

of blood collected in the microcapillary 
tube. Thus, the ratio of height of the 
column of denatured fibrinogen to height 
of the column of whole blood in the tube 

reflects the concentration thereof in 

volume percent. The micromethod was 

used to examine blood serum in order to 

properly identify the obtained sediment. 
We failed to demonstrate traces of any 

substance subject to denaturation at the 
stipulated temperature and exposure time. 

Normal concentration of fibrinogen 
Capillary tube with blood upon measured by the micromethod in a blood 
completion of measurement of sample taken from the finger constitutes 
fibrinogen concentration by the 1.6220.26 vol.%, and in a capillary tube 
micromethod filled with blood taken from a vein it is 

2.10t0.33 vol.%. The micromethod was 
tested in clinical practice, mostly on surgical patients and, in particular, cases 
of acute appendicitis [14]; the demonstrated fibrinogenemia conformed with the 
severity of the inflammatory process. The coefficient of correlation between the 
findings made by the micromethod and results of using the method of R. A. Rutberg 
constituted 0.76, 

Abiding by the conditions for the experiment with immercion in water, we took 

blood from containers that already had a large amount o. venous blood stabilized 
with EDTA, rather than directly taken from the subjects. Preliminary studies re- 

vealed that mixing anticoagulants (heparin and EDTA) had no effect on the results. 

Results and Discussion 

During the 4-6 days of the study, the concentration of fibrinogen in the subjects’ 
blood was increased, i.e., there was moderate fibrinogenemia, which showed a 

maximum on the 4th day of immersion (2.3920.6, versus 2.01t0.06 before immersion). 
In the opinion of a number of authors, the “hypercoagulemia" phase is part of the 
thrombohemorrhagic syndrome, which develops at the early stage of hypokinesia 

{7, 15]. 
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. 

We used the hematocrit number, determined in the course of execution of the micro- 

method, in order to pinpoint the causes of hyperfibrinogenemia during immersion. 

The coefficient of correlation between concentration of fibrinogen and hematocrit 

number constituted 0.79 in the 6 subjects submitted to immersion in water for 7 
days. 

Such a high coefficient of correlation warrants the assumption that blood concentra- 

tion could be one of the causes of increase in blood fibrinogen content during 
immersion. 

As shown by the results of preflight and postflight blood tests, space flights also 
elicited fibrinogenemia in the commander and flight engineer, but to a greater ex- 

tent: 2.62 and 2.68 (2.11 and 1.72 preflight), respectively, in those participating 

in the 7-day flight and 4.68 and 2.30 in those involved in the 4-day flight (1.93 
and 1.96 preflight values). 

In the course of examining blood fibrinogen of cosmonauts, we also determined the 
hematocrit number. The coefficient of correlation between concentration of fibrino- 
gen in blood of cosmonauts before and after orbital flights of brief duration, as 
related to hematocrit number, constituted 0.6. This warrants the belief that 
hemoconcentration was the cause of hyperfibrinogenemia. However, we cannot rule 
out the influence of emotional tension as well [16, 17], which man experiences in 
space flights. 

The adequate accuracy of the micromethod, as well as its simplicity and speed, as 

compared to other methods of measuring blood fibrinogen concentration, enable us 

to recommend it, particularly when necessary to conduct mass scale tests. 

Use of the micromethod for measuring the concentration of blood fibrinogen when 

examining cosmonauts enabled us to demonstrate fibrinogenemia following flights of 

short duration. 
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METHOD OF ASSESSING INDIVIDUAL RESISTANCE OF RATS TO HYPOXIC HYPOXIA 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA In Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 25 Aug 80) pp 85-86 

[Article by Yu. V. Farber, A. Yu. Grigor’yev and A. I. Yelfimov] 

[Text] The question of screening experimental animals according to resistance 
to hypoxia is a rather pressing one in view of the need to investigate individual 
distinctions with regard to resistance of the body to various extreme factors, in- 
cluding a shortage of oxygen. There are some methodological approaches to the 
study of this question. In particular, one determines coefficient K as the 
ratio of rat survival time at an “altitude” of 12,000 m to restitution time [1]. 

We submit here experimental data on individual reactions to acute hypoxic hypoxia, 

which were obtained by determining the time of retention of the postural reflex 
with a static load. 

Methods 

Experiments were conducted on white mongrel rats (100 females and 63 males) weighing 
220-250 g between 0930 and 1400 hours. The rats were all numbered by means of 

special tags [or marks]. The tests were conducted in a cylindrical, 18-liter 
pressure chamber placed on a platform that enabled usto tilt the chamber in the 
vertical plane. The lid, made of transparent plexiglas, which tightly closed the 
chamber, made it possible for us to freely observe the animals. Decompression 
was performed at a constant rate of 35 m/s to an “altitude” of 11,200 m (165 mm Hg). 
This “altitude” was found to be the optimum from the standpoint of studying the 
postural reflex retention time (PRRT). Wormal posture of the rats was impaired by 
periodic and smooth tilting of the chamber at an angle of 45° in the vertical 
plane, which was done right after the specified barometric pressure was reached. 
The animals were able to move freely in the horizontal plane over the mesh floor. 
Under ordinary conditions, at the time of insignificant tilting of the pressure 
chamber, the rat actively maintained its body in its natural postion. In time, 
this capacity was lost on the "plateau" of 11,200 m; this moment was clearly 
recorded when the chamber was tilted. Immediately after recording the time of 

disappearance of the postural reflex, the animal "descended" at a constant rate 
of 35 m/s and we marked the time of recovery of the postural reflex (TRPR). Before 

starting decompression and immediately after termination thereof we measured rectal 
temperature (RT) with a thermistor electric thermometer inserted to a constant 

depth of 45 mm in the rectum, in all of the experiments. The degree of hypoxic 
hypothermia (ART, °C) was assessed from the difference in RT before the "ascent" 
and after "descent." 
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The obtained data were submitted to statistical processing [4]. 

Results and Discussion 

These experiments established that PRRT constituted 1.8340.12 min in males and 
1.6320.17 min in females when determined by the selected methodological approach. 
Analysis of distribution of experimental animals according to their individual 
resistance to hypoxia revealed that there was asymmetry. The coefficient of 
asymmetry of the series of rat distribution according to PRRT constituted 0.67 for 
males and 0.9 for females. 

Thus, on the basis of the laws adopted in biometry [4], in our experiments there 
was significant skewness of distribution where variants accumulated more in its left 
part. A small group of specimens (16%) in the right part of the distribution 
could be distinguished in a separate group of animals with particular resistance 

to hypoxia (PRA). 

For rats making up the main part of the distribution, PRRT ranged from 0.4 to 2.6 
min. The median values of classes were in the range of 0.62-2.38 min for males and 
0.63-2.1 min for females. The main group of male rats consisted of 53 animals, 
and that of females consisted of 84 animals. PRRT (Mto) constituted 1.5740.48 min 
for males and 1.23+0.37 min for females. In order to single out of the main group 

animals with low and high resistance to hypoxia (LRA and HRA), we considered specimens 
whose PRRT was in the range of Mto as having average resistance (ARA). Then the 
PRRT of ARA males was in the range of 1.09 to 2.05 min and females 0.86 to 1.6 min. 
According to this principle, the ARA group contained 60% of the rats [1]. 

As we have mentioned above, we also singled out a PRA group. In these animals, 

PRRT exceeded by 20 the PRRT of ARA. 

Parameters of rat resistance to acute hypoxia (165 mm Hg) as a function 

of individual resistance (M+to 

Animal Number 
group Sex of rats | PRRT, min TRPR, min K ORT, °C 

LRA ‘of 6 0,81+0,11 1.572054 1,14+0.63 | 1,1720,16 
°) 19 0,67+0,04 0,69+0,.09 1,2140.21 | 1,40+0,06 

ARA og 39 1,52+0,07 1,0520,13 | 2,02+0,27 | 1,5020,06 
° 49 1,2140,03 0,99+0,!1 1,80+0,39 | 1,48+0,07 

HRA Co 8 2,42+0,06 0,9620.14 | 3,0720,51 | 1,6920,12 
ge 16 1.9620 ,04 1,2120,12 2,01+0,21 | 1,7320,13 

PRA ros 10 3.0930 ,22 0,7220,06 | 4,9720,71 | 2,04+0,11 
°) 16 3,.72+0,48 0,90+0,13 4,25+0,59 | 1,970.16 

The Table lists the values of PRRT for all four groups. The difference in PRRT 
of animals in the above groups was significant according to the t¢ criterion. The 
obtained data on PRRT indicate that restoration of physiological position during 

the “descent" occurred sooner in rats with greater resistance to hypoxia than 
in those with less resistance. Coefficient K also increased with increase in 

degree of resistance (see Table). 
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It may be assumed that PRRT is related to the temperature reaction of rats to 

hypoxic hypoxia. The RT decline was more marked in HRA and PRA than in LRA (see 

Table). On the basis of the hypothesis that the body temperature drop in the 

presence of hypoxic hypoxia is the body's adaptive reaction [2, 3], it must be 
conceded that HRA and PRA have better adaptive capabilities. 

At the present time, rat resistance to hypoxia is often evaluated while at an 

“altitude” of 12,000 m. It is believed that life expectancy increases with 
increase in resistance to altitude. On this basis, it should have been expected 
that the HRA and PRA, singled out using the above-described methodological approach, 

would have a longer life expectancy than LRA. To find this out, we conducted an 

experiment on 25 female rats. We determined PRRT by the described method and 10 
days later we estimated the survival time of these rats at an "altitude" of 
12,000 m according to retention of respiratory and cardiac function. As a result, 

we demonstrated a correlation between PRRT and survival time, r= (0.89+0.1). 
Measurement of regression revealed that there was an average change in survival 
time by 9.03 min for every l-min change in PRRT. 

Consequently, the hypothesis was confirmed: HRA, singled out by the PRRT, survived 
for a longer time under conditions of acute hypoxia. 

On the ba_‘e of Line thesis that the time of retention of physiological position 

by a waking animal is an indirect indication of its “active behavior," it can 
be assumed that better endurance of extreme hypoxic hypoxia by highly resistant 
specimens is attributable to greater resistance of the central nervous system to 

a shortage of oxygen. 

Thus, these studies conducted on rats revealed that one can single out a share of 

specimens with natural resistance to hypoxia by estimating the time of retention 
of the postural reflex in the presence of acute hypoxia and with creation of a 

static load by altering the angle of inclination of the supporting plane. Unlike 

LRA, the HRA presented a shorter time for recovery of physiological position upon 
normalization of barometric pressure. 

The differences in body temperature changes, as well as in PRRT, between HRA and 

LRA warrant the assumption that the advantage of HRA is that they present greater 
hypoxic hypothermia, as well as a better capacity to retain active behavior under 

hypoxic conditions. 
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ASSAY OF DISSOLVED CARBON IN RECLAIMED WATER PRODUCED IN SPACECRAFT WATER SUPPLY 
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No 5, Sep-Oct 81 (manuscript received 10 Dec 80) pp 87-89 

[Article by Yu. S. Koloskova, Z. P. Pak and S. V. Chizhov] 

[Text] The uniqueness of water supply systems in spacecraft of the Soyuz and 
Salyut types has altered traditional conceptions of sources of potable water. In 
spacecraft, the water supply systems are based on the principle of repeated 

recycling of fluid regenerated from moisture-containing human waste (condensate 
of atmospheric moisture in a pressurized compartment, urine, cooking and house- 
keeping water) and waste from equipment to obtain potable water. These water 

sources are characterized by high levels of inorganic substances and a wide 
spectrum of organic compounds. 

The biologically active substances contained in reclaimed water ere organic com- 
pounds. Under these conditions, they are the decisive toxicological and hygienic 

factor. Consequently, objective information about the amount of carbon-containing 
compounds in water acquires prime importance, since it indicates the degree of 
safety of reclaimed water to man and efficacy of purification thereof. It is 
quite understandable that hygienists are trying to determine the minimal number 
of the most informative parameters obtained from the large arsenal of methods of 

checking water quality. 

In this respect, development and use of integral methods of determining quality 

parameters and use of instrumental analytical methods are gaining increasing 
importance in sanitation and hygienic tests of water used for drinking and 
housekeeping, as well as regeneration systems. In this case, there is no longer 
a need to assay each element separately. Moreover, unlike differentiated analysis 
of trace impurities, there is a lower error factor involved in determining 

different parameters [1-3]. 

There are some flaws in standard methods for indirect assays of total organic 

substances in liquids and water (permanganate, bichromate oxidizability, chemical 
oxygen utilization [uptake?]--COU), since they do not provide for complete oxida- 
tion of organic compounds. Hence they cannot be repeated unequivocally according 
to the data of various authors who used diverse modifications, whereas use thereof 
is complicated and time consuming. The methods of assaying total organic matter 
in water are not used due to the shortage of series produced equipment [4-8]. At 
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the same time, the question of availability of methods is of decisive importance 

in evaluating the quality of regenerated water for onboard water supply systems 
and developing quality standards for such water, including the indicator of 

organic substance content, total and organic carbon. For this reason, it is 
deemed important and promising to introduce the method of assaying total, organic 
and inorganic carbon based on infrared spectroscopy into the practice of monitoring 
and checking the quality of reclaimed potable water. 

We submit here the results of measuring total, organic and inorganic carbon in 

samples of reclaimed water obtained by physicochemical methods from various moisture- 
containing waste by means of an analyzer of total carbon content. 

Methods 

Operation of the analyzer is based on the principle of combustion inareactor [7] 
furnace of carbon to carbon dloxide, the amount of which is measured with a non- 
dispersion infrared analyzer-detector. The results of the assay are traced by 
an automatic recorder in the form of peaks on graph tape with subsequent quantita- 

tive evaluation by comparison to the calibration curve obtained upon combustion of 
standard solutions under adequate conditions (Figure 1). Solutions of potassium 
biphthalate (to assay total carbon) and sodium bicarbonate (to assay inorganic 
carbon) prepared in water containing no CO, are used as the standards. 

Procedure for measurement: A water 
sample, accurately measured with a 

rage syringe (1.0-20.0 m&) is introduced Wererey 
100 

in the input opening of the channel 

intended for measurement of total or 

inorganic carbon. 

I Sample No 1 
eet es 2 | The basic difference between the work- 

66 SO ing parameters of the two channels, in 

+ which total and inorganic carbon is 
—_ | [Standard converted into carbon dioxide, is the 

res aoe heat treatment. The temperature in 
Figure l. the stream of air in the furnace 

Dynamics of measurement of carbon content reaches +950°C in the presence of a 
as compared to standard catalyst for measurement of total car- 

bon and +150°C for measurement of 
inorganic carbon. The combustion products exiting from the appropriate channel 
pass on the nondispersion infrared detector, which selectively reacts mainly to 
CO2. The amount of organic carbon is the difference between total and inorganic 
carbon. One measurement takes 5 to 20 min, depending on the carbon concentration 
in the burned samples. Reproducibility of measurements constitutes 2-3Z%. Use of 
the analyzer makes it possible to reduce significantly the size of the water 
sample needed for analysis, as well as to increase the speed and efficiency of ana- 
lysis of organic impurities, with rather accurate and stable results, and to trace 

the distribution of trace quantities of carbon among its different forms (total, 
organic, inorganic) in water with complicated chemistry. The conventional method 

was used to determine COU in the tested samples [12]. 

We have been using this method of assaying total, organic and inorganic carbon 
with an organic carbon analyzer for the last 3 years in performing mass scale 
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analyses to assay total quantity of 

Cc, mg/2 organic substance for the purpose 
of refining optimum modes of operating 

wl technological installations to re- 
gt | claim potable water from moisture-con- 

. 0 taining human waste and technical 
”) [equipment] liquids as related to 
4 space flight conditions. 
55 f 
o | - Results and Discussion 
40 

30 ‘ | We tested the levels of total and or- 
~ | ; ganic carbon in water reclaimed from 
8 a condensate of atmospheric moisture [AMC] 
r i ri in the spacecraft cabin during opera- 

"296 1934 1256 1836 1296 1296 1236 tion of Salyut-4, Salyut-5 and Saiyut-6 
1.8 £2. Bie Ss orbital stations. The samples of water 

Figure 2. taken from the regeneration system were 

State of different fractions of dissolved cha be ey my — ee ete of 
carbon in tested moisture-containing . ght of the main expedition. The 
products results of our studies revealed that 
1-4) total, organic, inorganic and the drinking water reclaimed aboard 

the Salyut orbital station from AMC 
carbon estimated by COU, was notable for low levels of organic 
respectivel 

a, b,c) er seambabaned from atmoe- impurities (see Table), which was indi- 

pheric moisture condensate (AMC) cative of the high purity of the water. 

aboard Salyut station The level of organic carbon did not 
exceed 4-10 mg/2. About 50% of the 
total carbon in the samples consisted 

of inorganic fraction thereof, 

d) AMC in pressurized compartment 
e) water regenerated from urine 
f) housekeeping [tap?] water 

6) usins concensate These figures are close to the ones ob- 
tained for total organic and inorganic 

carbon in reclaimed water obtained from urine. There was no inorganic carbon frac- 

tion and the indicator of total carbon equaled the amount of organic carbon in 

urine condensate obtained in the low-temperature evaporation unit. 

As can be seen in the Table, our method enabled us to test the most diverse water- 
containing products differing in amounts of total, inorganic and organic carbon 
in them. Figure 2 illustrates the ratio between organic and inorganic fractions 
in various moisture-containing products, indicating that the data on organic con- 

tamination of products with complex chemistry obtained by the COU method are 
relatively unreliable. The carbon indicator, calculated from COU presents a 
difference in direction of correlation, as compared to the data obtained with 

the dissolved carbon analyzer. 

Thus, the method of direct measurement of carbon has definite advantages over 
existing methods with COU and permanganate oxidation, which yield an indirect 

indication of amounts of organic impurities in aqueous media. 

Use of the analyzer to examine total, inorganic and organic carbon yields a reli- 
able evaluation of the quality of water samples differing in composition, including 

reclaimed water, according to organic and inorganic carbon it contains. The exist- 
ing COU method is quite reliable, but less accurate and more time consuming. 
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Quantities of various forms of dissolved carbon in base products and reclaimed 
water 

Samples analyzed. | bon, ma/t 
total inorganic | organic from COU 

Water reclaimed from AMC 
in system for regenerating 
water: Salyut-4 4,0 2,0 2.0 6.0 

Salyut-5 6,0 2,0 4.0 8.5 
Salyut-6 18,0 8.0 10,0 8.5 

Water reclaimed from urine 6 ,0+0,59 1,5+0,1 4,5+0,3 7.5 

Cabin. AMC 188,0+20,1 10,0 178+16,1 | 164,0+17,3 

Simulator of AMC 71,0+8,0 4,0 67.5+5.1 68,0+6,9 
Human urine 9600 + 1805 900 +78 8700 +980 8400+740 
Housekeeping water 168+19.2 12,5+0,8 145.5+13,8 184+19,8 
Urine condensate 47 ,0+6,2 0 47 ,0+5,7 46,845 ,2 

The results of these studies confirm the need to develop series-produced instru- 

ments with a similar modification for hygienic monitoring of drinking and housekeep- 
ing water. Adoption of this method in hygienic studies as a reliable arbitration 
factor would make it possible to add the parameter of organic carbon content to 
the list of hygienic standards for potable water. 

At the same time, for practical use of this method, a portable instrument must be 
designed for use in water supply systems that operate aboard spacecraft. Use of 

this method of assaying total, organic and inorganic carbon yields immediate in- 
formation about the quality of regenerated water aboard a spacecraft. 

4 
BIBLIOGRAPHY 

l. Skuratov, V. M., Gaydadymov, V. B., and Chizhov, S. V., KOSMICHESKAYA BIOL., 

No 6, 1976, pp 66-69. 

2. Aksenova, 0. M., and Dedkov, Yu. M., in "Vsesoyuznoye soveshchaniye po analizu 
prirodnykh i stochnykh vod. 2-ye. Tezisy dokladov" [Summaries of Papers 
Delivered at 2d All-Union Conference on Analysis of Natural and Waste Water], 

Moscow, 1977, p 26. 

3. Leyte, V., “Demonstration of Organic Impurities in Potable, Natural and Waste 

Water," Moscow, 1975. 

4. Lyutsarev, S. V, GIDROKHIM. MATERIALY, Vol 49, 1968, p 207. 

5. Shemyakina, 0. N., GIG. I SAN., No 4, 1969, pp 106-107. 

6. Belichenko, Yu. P., Ibid, No 9, 1972, PP 99-100. 

7. Kryuchkov, V. A., KOSMICHESKAYA BIOL., No 4, 1971, pp 21-25. 

8. Kryuchkov, V. A., and Mareyeva, N. S., Ibid, No 1, 1972, pp 28-31. 

9. Lur'ye, Yu. Yu. (editor), "Unified Methods for Analysis of Water," Moscow, 
2d edition, 1973. 

129 



BRIEF REPORTS 

UDC: 629.78:574.682] :612.015.6:577.164.2 

VITAMIN C LEVELS IN PEOPLE WORKING IN PRESSURIZED ROOMS 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 

No 5, Sep-Oct 81 (manuscript received 17 Oct 80) pp 90-91 

[Article by V. S. Novikov, A. A. Mastryukov and A. M. Timofeyev] 

[Text] Current achievements in medical science indicate that vitamins are very 
important to preserving health and work capacity of pilots and cosmonauts. When 
there is, for example, a deficiency of NADP*H2, in the retention of which ascorbic 
acid is involved, a state develops that causes fatigue [1]. On the whole, vitamins 

that are contained in active groups of many enzymes have an effect on all of the 
body's vital functions [2]. 

At the present time, vitamin C levels as a function of climate conditions and type 

of occupation have been studied comprehensively [3-5]. However, we did not en- 
counter any information in the available literature concerning ascorbic acid 
content and dynamics of changes therein among individuals who work for a long period 

of time in hermetically sealed rooms on earth or in flight. 

Methods 

We made a study of 43 operators 19 to 22 years of age who worked in pressurized 
rooms where ambient temperature fluctuated from 24 to 42°C, relative air humidity 
ranged from 67 to 93% and noise level ranged from 87 to 108 dB (spectrum of noise 
was uniformly distributed in the range of 40-2000 Hz), in the temperate climate 
zone. The subjects spent 8 h a day under the above conditions. Work tenure under 
these conditions was 1 year prior to our studies. The control group (30 people) 
consisted of subjects of the same age, with the same occupation and tenure, who 
worked under normal hygienic conditions. 

The assoctment of foods and ascorbic acid level in the diet of both groups of sub- 
jects were the same and conformed to physiological standards adopted in our country 
for this category of specialists. The studies were conducted dynamically, with 

consideration of seasonal rhythms: in the fall--October, winter--January, spring-- 
April and summer--July. 

We determined vitaminC content from data on level of ascorbic acid in blood plasma 
[6] and tissues (Rotter's test). The Rotter test [7] consists essentially of the 

fact that cutaneously injected 2,6-dichlorphenolindophenol solution (solution of 
Tilmans dye) is discolored under the influence of ascorbic acid. The adequacy 

of ascorbic acid content of tissues was assessed according to the rate of 
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decolorization of the "lemon peel" formed at the site of injection of the reagent. 
The principle of the method is as follows: a tuberculin syringe is used to inject 

intracutaneously in the volar surface of the forearm 0.1 mg decinormal solution 

of Tilmans dye until a "lemon peel" is formed, and the time of decolorization is 
recorded. If decolorization occurs within the first 5 min, ascorbic acid level is 
considered good and if this occurs within 6-10 min it is considered satisfactory. 
If decolorization occurs at a later time, ascorbic acid content of tissue is con- 
sidered inadequate. 

In addition, we tested ascorbic acid excretion in urine [8] and antibacterial re- 

sistance of skin with a specific quantitative composition of deep autoflora [9], 

as well as bactericidal activity of the integument [9, 10]. 

Results and Discussion 

It was established that blood plasma ascorbic acid level in people working in 
pressurized rooms was substantially lower at all tested times than in the control 
group (P<0.05). Also, the dynamics of seasonal changes were identical in all 

subjects examined. Vitamin C level in blood plasma was at a maximum in the fall 
(0.80-0.98 mg%), presenting a tendency toward decline in the winter and reaching 

minimum levels in the spring and summer (0.39-0.50 mgZ). 

Ascorbic acid content of the body (Mtm) 

| ; ‘ In tissues, min(Rotter's test) 

Period | control main P,_, | control main Pixs ; 
a | group (1) | group(2) ' |group (1) j|group (2) 

' 

| 
tock) 0.98=0,05 | 0.80+0.05 <0,02 5,70+0,40 7,60+0,35 <0,002 
Ce 

“er 0.90=—0,.05 0,71+0.05 <0,01 7,15+0,47° 7,76+0,57 >0.05 
an 

SpRing 0.65—0,03"° 0,55+0.02** | <0,01 9.65+0,53°* | 12.50+0,59 <0,002 
pr 

Summer 0,50+0,02** 0.39+0,02** , <0,001 | 15,10+0,88°* | 18,.20+1,23°* | <0,05 

(Jul) | 

*Differences, as compared to the autumn (P<0.05) 
*“Differences, as compared to autumn and adjacent groups (P<0.01) 

The results of Rotter's test were also indicative of poorer vitamin C supply in 
subjects working in pressurized rooms. Thus, while 12.50+0.59 min were required 
to discolor 0.1 mf decinormal solution of Tilmans dye in the spring, in the main 
group, 9.65+0.53 min were required in the control (P<0.002). Analysis of seasonal 
dynamics of vitamin C content of tissues revealed that maximum levels of ascorbic 
acid were recorded in both groups in the fall and minimum levels in the summer 
(see Table). 

Excretion of ascorbic acid was 21.1% lower in the main group of subjects than in 

the control (P<0.01). The lowest level of excretion of ascorbic acid by subjects 
working in pressurized rooms was demonstrated in the summer. As compared to the 
fall, it dropped at this time by 56.1%, constituting 0.6640.03 and 0.2940.03 mg/h, 
respectively (P<0.001), the normal being 0.7-1.0 mg/h [8]. 
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The demonstrated decline of vitamin C levels in subjects working in hermetically 

sealed rooms was associated with appearance of symptoms of hypovitaminosis [11] 

in the spring and summer. In addition to microsymptoms of vitamin deficiency, 

the main group of subjects had an increased incidence of dermatological pathology. 
The decline of antibacterial resistance of the integument was the cause of this 
rise, along with the decrease in ascorbic acid content. This was indicated by 
the increase in bacterial contamination and decrease in bactericidal activity of 
the skin. Thus, in the spring and summer there was almsot 2-fold increase in number 
of deep autofloral colonies in the skin of subjects working in pressurized rooms, 

and it constituted 40.824.4 (P<0.002). The change in bactericidal index of the 
skin was identical in nature. In the control group of subjects, no decline of 
antimicrobial resistance of the skin was demonstrabie at this time. 

In view of the fact that these changes in vitamin C content in subjects working 
in pressurized rooms are not specific to noise pathology, they can be interpreted 
as the result chiefly of the microclimate. However, the biological activity of 

each of these factors may change, while the overall effect may be enhanced under 
the integral effect of high temperature and noise [12]. Consequently, we can refer 
to the aggravating role of noise in etiopathogenesis of the demonstrated changes as 
the consequence of the combined effect of a set of deleterious fact + (temperature, 
noise, relative humidity) on intimate aspects of metabolic processes«. It can be 
assumed that, in this case, there is oxidation and breakdown of ascorbic acid, 
which lead to diminished excretion thereof. And, since utilization of ascorbic acid 

is closely linked with protein metabolism, the change in vitamin C balance could be 
attributed to increased dissociation of proteins and impairment of processes of 

resynthesis thereof [13]. Accordingly, when there is a protein deficiency, the 

normal conversion by tissues of dehydroascorbic acid into reduced form is impaired 
and ascorbic acid requirement increases [14]. This indicates that it is of substan- 

tial importance to meet the body's ascorbic acid requirement adequately in order to 
normalize the endogenous environment and prevent C avitaminosis. 

Thus, the results of these studies are indicative of a decrease in ascorbic acid 
content in people working in airtight rooms when there are adverse ambient factors. 
A minimal amount of ascorbic acid in blood plasma and tissues is demonstrable in 
the spring and summer. During the same period, there is also a decline of the 
skin's resistance to bacteria and this, along with the signs of C hypovitaminosis, 
is instrumental in raising the incidence of skin diseases. The demonstrated 
patterns of vitamin C content of the organism are indicative of the need to 
increase ascorbic acid content in the diet of people who work in pressurized rooms. 
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LETTERS TO THE EDITOR 

UDC: 613.168:312.2(049.2) 

AMERICAN REPORT ON RELATIONSHIP BETWEEN MORTALITY DUE TO MYOCARDIAL INFARCTION 
AND GEOMAGNETIC PERTURBATION DISCUSSED 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 (manuscript received 25 Aug 80) p 92 

[Article by M. N. Gnevyshev and K, F. Novikova] 

[Text] It was demonstrated [1] that there is a correlation between mortality due 
to myocardial infarction and geomagnetic perturbation. Lipa et al. [2] repeated 
this study using data for several U. S. cities and failed to demonstrate such a 
correlation. 

The authors used two methods of comparing daily data on deaths related to heart 

disease in 1962-1966 to index Ap of geomagnetic perturbation. 

The first method consisted of correlating daily deaths to the index of geomagnetic 
perturbation with different shifts of 2 series in relation to one another in the 

range of -14 to +4 days. Im all cases, the coefficient of correlation was insigni- 

ficant. 

Apparently, the method of direct correlation cannot demonstrate the relationship 

between the phenomena in questions. Thus, mortality due to heart disease depends 

not only on geomagnetic perturbation, but many other causes: social, meteorological, \ 

domestic, individual condition of the patient, his history [biography], etc. This 

"noise" is very great, and the comparison cannot succeed without eliminating it. 

The only method that permits elimination of factors having no bearing on solar acti- 

vity is the method of superimposed epochs. This second method of comparison is the 
one used by Lipa et al. However, the authors did not consider the fact that there 
are often several simultaneously active regions on the sun. The mean interval 
between the effects of two adjacent regions is about 1 week. For this reason, when 

plotting curves by the method of superimposing epochs, one cannot take more than 
5 days in either direction from the reference day which, in this case, is the day 
of geomagnetic perturbation. 

Since the authors plotted curves from the -l4th to the +14th day from the reference 
day, they demonstrated many maximums referable to the random combination of effects 
of different active regions. Obviously, these fluctuations are evaluated as being 

random. 

However, if we were to single out the time intervals only from the -5th to the +5th 
day away from the reference day in Figure 2 of the cited article [2] and consider 
only the curves with a large enough number of cases, we would obtain the result 
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illustrated in the Figure. We see that there is a resemblance between the curves 
for three gradations of index Ap, which consists of the fact that the mortality 

rate is lower prior to the day of geomagnetic perturbation than after it. The 
rise in mortality by 1-2 standard deviations is quite substantial. 

Distribution of deaths due to heart 
disease in cities of the United 

40-80 0 States as related to the day of geo- 
magnetic perturbation (0) by the 

: f method of superposed epochs for 3 
gradations of perturbation charac- 

terized by index Ap. 

X-axis, days; y-axis, number of deaths 
in standard deviations 6. Striped 

areas refer to above average values. 
| For all curves, these areas are larger 

Rreeeer reece cL after geomagnetic perturbation. 

This is a copy of part of Figure 2 
in [2]. 

Thus, the data of the U. S. medical service do not contradict, rather they confirm 

the conclusions we derived. 
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BIOASTRONAUTICS YESTERDAY, TODAY AND TOMORROW 

UDC: 629.78: [612+612.17] :061.3(103)"1981" 

SECOND LECTURE SERIES IN MEMORY OF ACADEMICIAN V. V. PARIN 

Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 pp 93-94 

{Article by B. M. Fedorov] 

[Text] The Second Lecture Series in Memory of Academician V. V. Parin, dealing 
with pressing problems of space medicine, clinical physiology and experimental 
cardiology, was held in Moscow from 13 to 15 April 1981. 

Academician 0. G. GAZENKO, chairman of the permanent organizing committee of these 
lectures, described in his introductory remarks the invaluable creative contribution 

made by Vasiliy Vasil'yevich Parin to modern science, noting that the outstanding 
achievements of this scientists gained international recognition, and that his 
ideas in the field of physiology, cardiology and particularly space medicine have 

undergone successful development. 

In the 3 days of the lectures, 17 scheduled papers were delivered by Soviet scient- 

ists and 3 speeches were delivered by foreign participants in the lectures-— 
scientists from the Hungarian People's Republic, People's Republic of Bulgaria 
and CSSR. 

The speeches dealt with the main achievements and prospects of development of basic 

problems of space medicine, physiology and cardiology. Much importance was attri- 
buted to current problems of space medicine. A. D. YEGOROV submitted summary data 
on circulatory changes during long-term space flights and the adaptive nature of 

such changes in weightlessness. 

The paper of L. I. KAKURIN et al. discussed the effects of hemodynamic changes, 

demonstrated by catheterizing the cavities of the heart and great vessels of man, 

during postural tests. 

Ye. B. SHUL'ZHENKO and V. N. ORLOV devoted their report to the problem of man's 
adaptation to conditions that simulate changes in gravity, and submitted new data 
on the successful use of original methods of simulating weightlessness for 
therapeutic purposes in clinical practice, in particular on the effective treatment 

of patients with the edema syndrome by the immersion method. 

The paper of V. S. SHASHKOV discussed the prospects of pharmacological support of 

space flights with due consideration of altered reactivity in weightlessness and 
desirability of physiologically validated use of pharmacological agents that en- 

hance the adaptive capabilities of the body (adaptogens, dopaminergic substances, 

metabolites, antimetabolites, etc.). 
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R. M. BAYEVSKIY discussed forecasting 
of man's states during long-term 
flights, evaluation of prenosological 

conditions and desirability of using 
complex forecasting methods, with 
attention focused on parameters of 
the circulatory system. 

The paper of Ye. I. VOROB'YEV and R. P. 
STEPANOV dealt with the main direc- 
tions of research on radiation patho- 

logy of the cardiovascular system. 
These authors mentioned the importance 
of new methodological approaches to 

work on this problem, the desirability 
of combined ["complex"] use of methods, 
including functional load tests, fine, 

in-depth analysis of ultrastructural 
changes in cardiomyocytes, the endo- 
thelium, capillaries, etc. The hypo- 
thesis was expounded in this paper 

of stable change of the myocardium 
to a functional level with narrower 

range of adaptive capabilities follow- 
V. V. Parin ing exposure to radiation. It was 

demonstrated that, after irradiation, 

there was a change in correlation between contractile and energy~producing structures 
of cardiomyocytes, with impaired regulation of genome activity, change in regulation 

of active transport in capillaries, etc. 

V. N. CHERNIGOVSKIY devoted his paper to the physiological problem of habituation. 
This phenomenon was discussed from the standpoint of patterns controlling the 
kinetics of chemical processes (stimulus-induced shift of equilibrium of the system 
alters the course of processes in a direction that attenuates the effect of the 

stimulus on the system). 

S. N. YEFUNI reported on the beneficial effect of hyperbaric oxygenation in cases 
of heart disease, related to elimination of oxygen debt without additional stimula- 

tion of the cardiovascular system. The hypothesis was expounded that one of the 
chief mechanisms of effect of hyperbaric oxygenation on microcirculation, metabo- 

lism and myocardial function is mediated by metabolism of cyclic nucleotides. 

F. Z. MEYERSON discussed the pathogenesis of myocardial lesions in the presence 
of emotional-nociceptive stress, and the possibility of preventing stressor 

damage to the heart by means of prior conditioning to altitude hypoxia and chemical 
prophylaxis based on simulating the natural antioxidant systems of the body. 

V. A. SHIDLOVSKIY discussed the contribution of V. V. Parin to solving the problem 
of accuracy of physiological experimentation. 

R. A. AMIROV submitted some original data on development of the ideas of V. V. 
Parin in electrophysiology of the heart, as well as successful use of electro- 

cardioscopy for diagnostics of myocardial changes. 
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The paper of B, I. TKACHENKO submitted numerous experimental data on regulation of 

capacity function of venous vessels of muscles and viscera, commenting on the 

higher reactivity of vessels of the splanchnic region, as compared to vessels of 
skeletal muscles. 

G. I. MCHEDLISHVILI discussed one of the principal microcirculatory phenomena, 

namely the nonuniform distribution of erythrocytes in various microvessels in 
accordance with intensity of blood flow in them. According to the study conducted 
by this author, when arterial branches are dilated blood passes into capillaries not 
only at a faster rate, but with higher erythrocyte content. 

New data concerning the mechanisms of cardiac arrhythmia and significance of various 
levels of regulation of cardiac function in the genesis of cardiac dysrhythmia were 
discussed by G. I. KOSITSKIY. This author stressed the particular significance of 

central mechanisms in the origin of cardiac arrhythmias. 

Yu. T. PONOMAREV and V. M. BOGOLYUBOV submitted new data obtained as a result of 

combined use of modern techniques (in particular, thermography, ultrasonic 
Dopplerography, measurement of tissular blood flow using isotopes), which disclosed 
the mechanisms of action of physical factors (carbonate baths, application of 

silt) in cases of cardiovascular diseases. 

The paper of Ye. I. SOKOLOV discussed tolerance of emotional tension by patients 
with essentialy hypertension. It was shown that tests involving mental work in 

the presence of emotional tension permit demonstration of personality-related 

distinctions of regulation of the cardiovascular system. 

B. M. FEDOROV discussed the effect of hypokinesia on manifestations of emotional 
stress in man and the combined effect of factors causing hypertension under these 

conditions. 

The paper of I. I. SKLADAL (CSSR) dealt with general problems of clinical anthropo- 
physiology and discussed data concerning the role of the diaphragm in adaptive 

reactions to postural tests. 

A. A. TALAKOV (People's Republic of Bulgaria) described a new method of recording 
ballistocardiograms by means of a sensor-magnetoresistor, which permits quantitative 

evaluation of changes in displacement parameters. 

On the whole, the results of the Second Lecture Series in Memory of V. V. Parin 
are indicative of the fruitful development of the ideas of this scientists, the 

higher methodological sophistication of research and its broad prospects. 
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Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian Vol 15, 
No 5, Sep-Oct 81 pp 95-96 

UDC: 576.8:630 

MICROBIOLOGICAL INDICATORS OF CONDITION OF PLANTS IN A CLOSED ECOSYSTEM 

[Abstract of article by B. G. Kovrov and L. S. Tirranen] 

[Text] An effort was made to define some indicators of number of different groups 
of microorganisms, which are indicators of the condition of higher plants in 
experiments in a closed ecosystem, on the basis of experimental material. 

Analysis was made of the results of investigating the quantitative and qualitative 

dynamics of microbiocenoses of wheat and radish plants, as well as nutrient solu- 
tions used to grow wheat monocultures and vegetable mixed cultures in experiments 
lasting 1 to 4 months in a closed ecosystem, as well as experiments lasting 2 to 
7 months without closing the systen. 

Indicator groups of microorganisms were selected to characterize microbiocenoses 
of nutrient solutions and plants. The total quantity of aerobic and anaerobic 
bacteria, E. coli group, Proteus group and Lactobacilli were significant as indi- 
cators, since an increase in their number is indicative of environmental contamina- 

tion. There were fewer of these microorganisms on healthy plants than on diseased 
ones. 

The indicator role of fungi and yeast is attributable to the fact that they could 
be one of the causes of human and plant diseases. 

Mass scale reproduction of such groups of microorganisms as ammonia-producing, 
butyrate, fluorescent, growing on Fermi medium and thionic [sulfo] bacteria in 
nutrient solution was related to the high concentrations of readily oxidizable 

substances, products of incomplete mineralization thereof in the medium and 
creation of beneficial conditions for development of anaerobic bacteria. 

The ratio of number of bacteria of the genus Caulobacter to ammonia producers 
could be an indirect indication of the condition of plants, since with ratios of 

less than 1 there was worsening of their condition. 
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Empirically determined maximum concentrations of microorganisms of the indicator 

groups on wheat and radish plants, as well as nutrient solutions used to raise 

them, are submitted. Presence of microorganisms of indicator groups in greater 

than the listed maximum concentrations is indicative of deterioration of the 
condition of the plants. 

The proposed indicators of number of microorganisms referable to indicator groups 
in microbiocenoses of nutrient solutions and plants make it possible to indirectly 
evaluate and predict the condition of plants in experiments with a closed ecosystem. 

As an example, results are submitted of a study of the microflora of nutrient solu- 

tions used to grow wheat and vegetables in two experiments with a closed ecosystem. 
It was demonstrated that quantitative changes in indicator groups in microbiocenoses 

of nutrient solutions are associated with changes in condition of the plants. The 
increase in number of indicator group microorganisms in the microflora of the tested 
material occurred earlier than visually observed worsening of the plants’ condition. 

Figures 2; bibliography lists 26 items. 

UDC: 629.78:612.453-06:612.223.11 

EFFECT OF HIGH CARBON DIOXIDE CONTENT ON ADRENOCORTICAL FUNCTION AS RELATED TO 
DIFFERENT MICROCLIMATE CONDITIONS IN A PRESSURE CHAMBER 

{Abstract of article by S. Kalandarov, Ye. I. Nikitin and T, P. Petukhova] 

[Text] It is known that functional changes occur in the adrenal cortex under the 
combined effect of microclimate and gas composition of a habitat. This provides 
for adaptability of the organisn. 

In this investigation, a study was made of the combined effect of different micro- 
climate conditions in a pressure chamber (both optimum and poor) on adrenocortical 

function. 

Three series of studies were conducted on 27 subjects. 

Adrenocortical function was tested at optimum temperature and humidity (first series), 
with high CO2 content, temperature of +16°C and normal humidity (second series), and 
with the combination of high temperature (+33°C), humidity (90%) and high C02 con- 

centration (third series). 

Assays were made of total, protein-bound and free 1l-hydroxicorticosteroids (11-HCS) 
in blood plasma to assess glucocorticoid function of the adrenal cortex. Mineralo- 

corticoid function of the adrenal cortex was evaluated according to potassium and 

sodium levels in blood serum. 

The increase in CO2 concentration against the background of optimum temperature and 

humidity had no appreciable effect on plasma 11-HCS content. 

On the 2d day, the free fraction of 11-HCS rose to 3.3+0.53 gi (background level 
2.3+0.59 wg%) under the influence of increased CO2 concentration and low tempera- 
ture. This was associated with decline of overall hormone level. Later on (7th day) 
there was a decrease in amount of free 11-HCS (1.0t0.04 ug%) and increase in bound 
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11-HCS fraction to 22.5+0.67 yg% (normal is 23.9+0.8 yg%). There was no change in 
potassium and sodium content. 

There was an increase in overall concentration of 11-HCS with concurrent increase 

in CO2 content, temperature and humidity. There was an appreciable decline of the 
free fraction level (to 1.5+0.6, versus the background level of 2.9+1.3 yg%). There 
was virtually no change in potassium, as compared to base level. The concentration 
of sodium increased (P<0.002) on the 7th day. 

The results of these studies revealed that there is a change, in the direction of 
production of polar corticosteroids, with change in various habitat factors, and 

this permits adaptation of the organism to these conditions. 

Tables 1; bibliography lists 10 items, 

UDC: 612.766.1+612.015.3:615.015 

EFFECT OF PHARMACOLOGICAL AGENTS ON MOTOR ACTIVITY AND METABOLIC PROCESSES DURING 
EXERCISE 

[Abstract of article by V. N. Kostyuchenkov and N. F. Farashchuk] 

[Text] Modern sports and some types of occupations impose exceptionally high 
demands on man. For this reason, there is no question at the present time that 
assistance is required by the body during intensive exercise with regard to differ- 

entiated control of physiological processes and preservation of homeostasis. We 
studied the effects of some products that are widely used in medicine on motor 
activity of laboratory animals and traced the biochemical changes that occurred 

under the influence of these agents during exercise. Experiments were conducted 
on 206 white rats. To examine physical work capacity, we had the animals run on 

a treadmill that was developed in our laboratory. The tested agents were injected 
hypodermically 1 h before the exercise test. The animals were decapitated after 
they "refused" to run any longer, and blood was collected to assay lactic acid, 
unsaturated fatty acids, urea and ATP. 

The control group of rats developed profound metabolic changes and metabolic acidosis 
after the exercise load. Their blood presented an increase in lactic acid and 

unsaturated fatty acids, with decrease to 1/2 the base level in concentration of ATP. 
There was no appreciable change in urea content. 

Many of the pharmacological agents we tested increased motor activity (by 118-4652) 
of the animals. The most marked increase in motor activity was observed after 

giving psychostimulants (phenamine), antidepressants (nuredal, sapilent), adreno- 

mimetics (adrenalin, ephedrine), vitamins (thiamin, cocarboxylase), as well as 
succinic acid, aloe, y-globulin and ATP. , 

Examination of biochemical parameters revealed that such agents as phenamine, L-dopa, 
ephedrine, transamine, cocarboxylase, retabolil, sustanon 205, methandrostenolone, 
ATP, y-globulin and succinic acid lowered with statistical reliability to blood lac- 
tic acid level and, in virtually all of the tests, increased the concentration of 
ATP. The tested agents had a negligible effect on levels of nonesterified fatty 
«cids. It was also demonstrated that cocarboxylase, vitamin B,, teperin, succinic 
#cid and aloe raised significantly the blood urea level. The results of biochemical 
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analysis revealed that most of the tested pharmacological agents, which increased 

muscular activity, concurrently normalized glycolytic and energy-producing processes 
in the organism. 

On the basis of the obtained data, some pharmacological agents can be recommended 
(succinic acid, ATP, nuredal, sapilent, y-globulin) for further investigation, in 
order to use them as protective agents against extreme factors. Such studies would 
shed more comprehensive light on deep-lying physiological and biochemical processes 

during exercise and possible mechanisms of regulation of these processes. 

Tables 1; bibliography lists 8 items. 
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