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USSR Space Life Sc iences  Digest: Number 10 Reader Feedback Form 

To our  readers: We are working i n  a large number of h ighly  
t echn ica l ,  spec ia l i zed  areas f o r  which adequate  Russian-English 
glossaries have y e t  t o  be compiled. We ask your he lp  i n  
improving the accuracy and s p e c i f i c i t y  or ou r  Engl ish terminology. 
P lease  f i l l  ou t  the  form below whenever you encounter an  
incomprehensible,  incongruous, awkward or otherwise inappropr i a t e  
term. While we s o l i c i t  a l l  sugges t ions  for  improved renderings,  
the s t a t emen t  t h a t  a term is inappropr i a t e  provides  us w i t h  
use fu l  information,  even when no better a l t e r n a t i v e  can be 
suggested. A copy of this form w i l l  appear  i n  a l l  f u t u r e  i s s u e s  
of the  Digest. Thank you for  your help. 

Abstract # : Inco r rec t  o r  con tex tua l ly  !Suggested rendering:  
I i nappropr i a t e  word or  I(18??18 is  an acceptab le  
f phrase: I e n t r y )  
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PLEASE RETURN TO: D r .  Lydia Hooke 
Lockheed Engineering 

and Management Se rv ices  Company 
600 Maryland Ave. SW 
S u i t e  600, East Wing 
Washington, DC 20024 
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FROM THE EDITORS 

The fou r t een th  i s s u e  of t h e  USSR Space Life Sciences Digest is t h e  first 
i s s u e  to  be produced under con t r ac t  between N A S A ' s  Life Sciences Div is ion  
and Lockheed Engineering and Management Serv ices  Company. 
e s p e c i a l l y  l i k e  t o  thank D r .  Mike Radtke for  h i s  e x c e l l e n t  t echn ica l  
e d i t i n g ,  a s e r v i c e  he performed f o r  t h i s  i s s u e  on a voluntary  basis, w h i l e  
no longer  formal ly  associated w i t h  t h i s  contract .  The delay i n  pub l i ca t ion  
of t h i s  i s s u e  was occasioned by the need t o  change computer sys tems i n  
midstream; w e  r e g r e t  t h i s  delay,  which should not  reoccur. An index 
covering I s s u e s  10 - 14 of t h e  Digest should reach readers very soon. 
P a r t i c u l a r  a t t e n t i o n  i s  called t o  t h e  s p e c i a l  f e a t u r e  a t  t h e  end of t h i s  
i s s u e ,  which provides  informat ion  about Sovie t  drugs referred t o  i n  p a s t  
i s s u e s  of the  Digest. F ina l ly ,  readers are i n v i t e d  t o  l e t  u s  know which of 
the abstracts contained i n  the  book Y3pace Biology and Medicine' (pages 81- 
99) they  would l i k e  t o  have t r a n s l a t e d  i n  f u l l  i n  subsequent Digest i s sues ;  
approximately 35 of t h e  most r e l evan t  of these abstracts have already been 
translated f o r  Digest I s s u e  15. 

We would 

Please address correspondence to:  

D r .  Lydia Razran Hooke 
Lockheed Engineering 

and Management Se rv ices  Company 
600 Maryland Ave. SW 
S u i t e  600, East Wing 
Washington, DC 20024 
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ADAPTATION 

(See also:  Immunology: P602; P620; Metabolism P613; Perception: P609; 

PAPERS: 
Space Biology: P592; M116; M117; CR7) 

P617(14/87) Ushkalova V N ,  Kadochnikova GD. 
Use of l i p i d  peroxidation parameters to study human adaptation to new 
climatic and geographic conditions.  
Byulleten '  Eksperimental 'noy B io log i i  i Meditsiny. 
1987(5):  571 - 574. 
[ l o  r e fe rences ;  none i n  English] 
Authors' a f f i l i a t i o n :  Department of Organic Chemistry, Tyumen' Medical 

I n s t i t u t e  

Metabolism, Lipid Peroxidat ion;  Hematology, Erythrocytes  
Humans, Age Dif fe rences  
Adaptation, North; Biorhythms, Seasons 

Abstract: This  paper describes the r e s u l t s  of a s tudy of concent ra t ions  of 
l i p i d  peroxida t ion  products  i n  e ry throcytes  of workers from the  southern 
reg ions  of t h e  USSR dur ing  adap ta t ion  t o  condi t ions  i n  western Siberia.  
Subjec ts  were 250 hea l thy  ind iv idua l s  aged (20 t o  50) monitored dur ing  weeks 
1 t o  40-50 of adaptation. F i f t y  l o c a l  i n h a b i t a n t s  matched f o r  age served as 
controls .  Concentrat ions of l i p i d s  w i t h  o p t i c a l  d e n s i t i e s  of 232 nm and 268 
nm, providing estimates of presence of conjugated d ienes  and t r i e n e s ,  
r e spec t ive ly ,  were measured i n  an e ry throcyte  suspension. Concentrat ions 
were obtained f o r  1 m l  e ry throcyte  suspension and t h i s  f i g u r e  was used t o  
c a l c u l a t e  l e v e l  f o r  1 mg t o t a l  l i p i d s  i n  1 m l  of e ry throcyte  suspension. 

During the adapta t ion  period, concent ra t ions  of l i p i d  peroxidat ion products  
were elevated. Estimated concent ra t ion  of conjugated d i enes  was 5 times as 
high i n  adapt ing  s u b j e c t s  as i n  permanent r e s iden t s ,  while  t h a t  of 
conjugated t r i e n e s  was twice as high. During the  first 5-8 days of 
adaptat ion,  d iene  l e v e l  increased  t o  5 times base l ine ;  over the  next  20 days 
i t  dropped below base l ine  and then gradual ly  increased  over  the next 20 
weeks w i t h  l o c a l  maxima a t  15 o r  25 weeks, depending on season of the  year. 
Some f l u c t u a t i o n  was noted during the  next 2 years, but  l e v e l  w a s  a lways  
below baseline.  Concentration of t r i e n e s  decreased dur ing  the  i n i t i a l  
adapta t ion  period, reaching a minimum at  day 20 and then  increasing. [Note 
graph, table, and t e x t  do not  appear t o  agree]. Changes i n  conjugated 
d ienes  during the  acute  and chronic  phases of adapta t ion  appeared t o  depend 
on season of t h e  year. During the spr ing ,  i n c r e a s e s  were extreme dur ing  
i n i t i a l  (acu te)  adaptat ion,  fol lowed by a sharp  drop and l i t t l e  change 
(chronic  adaptation).  I n  the  autumn, changes dur ing  the acute  period were 
much less pronounced. However, dur ing  chronic  adapta t ion  t h e  parameter 
increased by a f a c t o r  of 3 over the next  15 weeks, dropping t o  base l ine  
dur ing  the  subsequent 10 weeks. Changes i n  l i p i d  peroxidat ion products  
were highest  f o r  s u b j e c t s  between 31-35, and lowes t  f o r  those between 20-30; 
l e v e l s  f o r  workers 36-40 were intermediate .  The au tho r s  conclude tha t  l i p i d  
peroxidat ion parameters are h ighly  s e n s i t i v e  t o  the  progress  of adaptation. 
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ADAPTATIOY 

P617 

Table:  Changes i n  blood parameters  of l i p i d  peroxida t ion  as a func t ion  of 
age over a 1-year adap ta t ion  period 

Figure 1: Change i n  o p t i c a l  d e n s i t y  of l i p i d  e x t r a c t s  as a func t ion  of 
adapta t ion  dura t i o n  

computed o r  1 m l  e ry throcyte  suspension 
1 - OD232; 2 - OD268. Here and i n  Figures  2 and 3 o p t i c a l  d e n s i t y  is  

0- 
20 30 40 .50 

Figun3 

Figure 2: Concentrat ion of d iene  conjugates  i n  e ry th rocy te s  as a func t ion  of 
dura t ion  of adap ta t ion  i n  d i f f e r e n t  seasons of t h e  year  

1 - sp r ing ;  2 - autumn 

Figure 3: Concentrat ion of d iene  conjugates  i n  e ry th rocy te s  as a func t ion  of 
age f o r  var ious  du ra t ions  of adap ta t ion  

1 - 9-1 1 days; 2 - 1 year; 3 - con t ro l  



ADAPTATIOIJ 

P619(14/87) Lebedev MD, Bobrov N I ,  Keerig YuYa. 
Some parameters of human adaptation to extreme conditions in the Arctic. 
Gigiyena i San i t a r iya .  

[ l o  re ferences ;  none i n  Engl ish]  
Authors' A f f i l i a t i o n :  Rostov Medical I n s t i t u t e  

1987(2): 18-21. 

Body F l u i d s ,  Renal Function 
Humans, Males 
Adaptation, Arct ic ,  Long-term; Bio logica l  Rhythms, Diurnal Differences,  

Seasons 

Abstract: Subjec ts  i n  t h i s  s tudy were 9 hea l thy  men, aged 19-20, coming from 
temperate reg ions  of the  USSR 
l a t i t ude ) .  Subjects were observed f o r  2 years. Parameters selected f o r  
s tudy as i n d i c a t i v e  of adap ta t ion  r e f l e c t e d  the  excre tory  func t ion  of the  
kidneys. Dai ly  u r ine  was c o l l e c t e d  three times a t  i n t e r v a l s  of 10 days 
upon subjects'arrival i n  t h e  Arctic and every 6 months subsequent ly  during 
t h e  day (7:OO t o  19:OO) and n ight  (19:00-- 7:OO). For each per iod,  27 u r i n e  
samples were co l l ec t ed ,  each cons i s t ing  of day and n ight  portions. A to ta l  
of 135 u r i n e  samples were analyzed. I n  each sample, parameters measured 
included volume, concent ra t ion  of 17-oxycort icosteroid ( 17-0CS), t o t a l  
n i t rogen ,  n i t rogen  ammonia, c r e a t i n i n e ,  and i o n s  of sodium, potassium, 
calcium, and phosphorous. Rat io  of metabol ic  products  excre ted  dur ing  the  
day and n igh t  was computed. Deviat ions from normal d i u r n a l  f l u c t u a t i o n  
p a t t e r n s  were considered t o  i n d i c a t e  adapt ive  stress. 

t o  work i n  the  Arctic (72O-73' no r th  

Resul t s  showed t h a t  dur ing  the  first 15 days i n  t h e  Arctic ( i n  t h e  summer), 
d i u r n a l  d i u r e s i s  and r e n a l  exc re t ion  of t h e  substances s tud ied  were normal, 
w i t h  rate of exc re t ion  higher  during the  day than during t h e  night. 
Day:night r a t i o  corresponded t o  the  phys io logica l  norm f o r  a moderate 
c l imate .  During the  po la r  win ter ,  6 months after s u b j e c t s  arrived, 
day:night r a t i o  decreased f o r  q u a n t i t y  of u r ine  and 17-oxycort icosteroid;  
more n i t rogen  and n i t rogen  ammonia were excre ted  dur ing  t h e  n igh t  ( t he  
r eve r se  of the  normal s i t u a t i o n )  and amounts of c r e a t i n i n e  excre ted  were 
equal  f o r  day and night. Tota l  d a i l y  r e n a l  exc re t ion  of ur ine ,  n i t rogen  
compounds, 17-oxycort icosteroids ,  and c r e a t i n i n e  increased  dur ing  t h i s  
period. One year after s u b j e c t s  a r r ived  i n  t h e  Arctic, the  d i u r n a l  p a t t e r n s  
of r e n a l  exc re t ion  tended t o  be c l o s e r  t o  the norm than after 6 months. 
However, t o t a l  exc re t ion  of 17-OCS was still  s i g n i f i c a n t l y  higher than t h e  
norm. 
excre ted  during n igh t  and day were equal ,  as was t h e  case w i t h  n i t rogen  
ammonia and crea t in ine .  Day/night d i f f e r e n c e s  i n  17-OCS were a t t enua ted  
compared t o  t he  norm and reversed i n  t h e  case of t o t a l  nitrogen. Total 
amount of 17-OCS i n  d a i l y  u r ine  continued to  be elevated. 
t he  Arc t ic ,  i n  t h e  summer, parameters had re turned  t o  normal leve ls .  

After a year and a ha l f  i n  the Arctic, i n  the  win ter ,  amount of u r i n e  

After 2 years i n  

On sub jec t s '  a r r i v a l  i n  the  Arc t ic  (summer), d a i l y  exc re t ion  of sodium, 
potassium, calcium, and phosphorous were w i t h i n  norms; day exc re t ion  of 
sodium and potassium were s i g n i f i c a n t l y  higher than n ight  excretion. 
exc re t ion  of calcium and phosphorous were greater than day values. 
months (win te r ) ,  there was a s i g n i f i c a n t  i n c r e a s e  i n  d a i l y  exc re t ion  of 
sodium and potassium and a tendency for exc re t ion  of t h e  o t h e r  two 
e l e c t r o l y t e s  t o  increase.  For a l l  e l e c t r o l y t e s ,  n igh t  exc re t ion  increased  
over  base l ine ,  but t h i s  d i f f e r e n c e  was not  s i g n i f i c a n t  f o r  potassium. 

Night 
After 6 
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P619 

After 1 year (summer), no s i g n i f i c a n t  d i f f e r e n c e s  from base l ine  va lues  were 
found, although d iu rna l  rhythms tended t o  be less pronounced. After a year  
and a h a l f  (w in te r ) ,  d a i l y  exc re t ion  of sodium was e leva ted  s i g n i f i c a n t l y  
and that of the o the r  e l e c t r o l y t e s  showed a tendency toward elevation. 
There was a l s o  a tendency f o r  d i u r n a l  rhythms t o  be  reestablished. After 2 
years ,  exc re t ion  p a t t e r n s  d id  not differ s u b s t a n t i a l l y  from the  norm. The 
au tho r s  relate these r e s u l t s  t o  development of llpolar stress syndrome,Il 
the  main c h a r a c t e r i s t i c  of which is a c t i v a t i o n  of the  adapt ive  sys tems 
( p i t u i t a r y ,  adrena l  cor tex ,  nitrogen-based and mineral  metabolism i n  c e l l s  
and tissues, etc.). Resul t s  show t h i s  syndrome t o  be most pronounced after 
6 months, s t a b i l i z i n g  af ter  2 years. 

Table 1: Renal exc re t ion  of l7-OCS and ni t rogenous substances as a func t ion  
of l eng th  of s e r v i c e  i n  the  Arc t ic ,  season of the year and time of day 

Table 2: Renal exc re t ion  of e l e c t r o l y t e s  as a func t ion  of l eng th  of s e r v i c e  
i n  t h e  Arc t ic ,  season of the  year, and time of day 

4 



BIOLOGICAL R I I Y T W :  See Adaptation: P617, P619 

BODY F L U I D S  

(See a l s o  Adaptation: P619; Space Biology: P592, CR7, M117) 

PAPER: 

P624(14/87) Grigro'yev A I ,  Ushakov AS, Popova I A ,  Dorokhova BR, Ivanovna SM, 
Davydova N A ,  Afonin BV. 
Fluid-electrolyte metabolism and renal function [ in  Salyut-6 prime crews]. 
In:  Gurovskiy NN, e d i t o r .  
Rezul ' taty medits inskikh i ss ledovaniy  vypolnennykh na orbital 'nom nauchno- 
issledovatel 'skom komplekse 11Saly~t -611-11S~y~~11 [Results of medical research 
performed on board the nSalyut--6n-nSoyun orb i ta l  s c i ent i f i c  research 

[See Digest i s s u e  13: Space Medicine: M1121. 
complex1 . 
Moscow: Nauka; 1986; pages 145-149. Note: 
dea l ing  w i t h  o the r  metabolic f a c t o r s  w i l l  
Digest i ssue .  
[79 re ferences ;  27 i n  Engl ish]  

Body Flu ids ,  F lu id -e l ec t ro ly t e  Metabolism, 
Humans, Cosmonauts 
Space F l i g h t ,  Long-term, utSalyut-611 

the  por t ion  of t h i s  chapter 
be abstracted i n  a subsequent 

Renal Function 

Abstract: F lu id -e l ec t ro ly t e  metabolism and r e n a l  func t ion  were s tud ied  i n  
prime crewmembers p r e f l i g h t  and f o r  a long  period pos t f l igh t .  S tud ie s  
co r rec t ed  f o r  i n t a k e  of food and f lu id .  Provocative tests were used i n  
t h e  s tudy of r e n a l  function. To examine r egu la t ion  of f l u i d - e l e c t r o l y t e  
metabolism, radioimmune methods were used t o  determine hormonal a c t i v i t y  of 
ren in ,  a ldosterone,  para thyro id  hormone, and c a l c i t o n i n  i n  blood. I n  
add i t ion ,  concent ra t ion  of sodium, potassium, calcium, magnesium, chlor ine,  
and osmot i ca l ly  a c t i v e  subs tances  were measured i n  u r ine  and blood serum o r  
plasma. 

It has been hypothesized t h a t  as space f l i g h t s  i nc rease  i n  du ra t ion  i n i t i a l  
changes i n  volume of extracellular f l u i d  and blood plasma gradual ly  l e v e l  
off. It was indeed found t h a t  on the  first day after long-term f l i g h t s  
p o s i t i v e  f l u i d  balance was less pronounced than after short- term f l i g h t s .  
D iu res i s  decreased by only 0.1 2 ml/min, w h i l e  f l u i d  i n t a k e  increased  by 
0.4 m l / m i n .  Retent ion of sodium was more pronounced after long-term 
f l i g h t s .  Pos t f l i gh t  osmotic  concent ra t ion  of u r ine  was below base l ine  
leve ls .  A provocative test w i t h  f l u i d  loading  performed on cosmonauts 
completing one 96-day f l i g h t  appeared t o  i n d i c a t e  t h a t  renal capacity t o  
osmot ica l ly  d i l u t e  u r i n e  decreased less than after a 30-day f l i gh t .  After 
f l u i d  loading,  exc re t ion  of calcium and magnesium increased  by a factor of 
2.7-5.9 compared t o  p r e f l i g h t  levels .  Rate of glomerular  f i l t r a t i o n  d i d  no t  
change. Changes i n  o t h e r  parameters were a t t r i b u t a b l e  t o  decreased 
reabsorp t ion  of calcium and magnesium i n  the  u r ina ry  tract. After 30- and 
63-day f l i g h t s  excre t ion  of calcium increased  by a f a c t o r  of 1.8-2.2 and 
after a 96-day f l i g h t  i t  increased  by a f a c t o r  of  5, whi le  sodium exc re t ion  
remained the  same. 

5 



BODY FLUIDS 

P624 

Increased calcium exc re t ion  af ter  long-term f l i g h t  was noted i n  t he  absence 
of f l u i d  loading. Except f o r  the  first 2 days p o s t f l i g h t ,  calcium 
exc re t ion  exceeded con t ro l  leve l .  Analysis of u r ine  samples obtained dur ing  
t h e  f l i g h t s  ind ica t ed  t h a t  calcium exc re t ion  peaked toward the  end of month 
1 and d i d  not  i nc rease  fu r the r .  Study of concent ra t ion  of parathyroid 
hormone and c a l c i t o n i n  i n  blood on day 1 pos t f l igh t  revealed no regular 
p a t t e r n  of changes. Response t o  a calcium loading  test was greater 
p o s t f l i g h t  than pref l igh t .  Past and present  data suggest  t h a t  changes i n  
calcium metabolism are c o r r e l a t e d  w i t h  f l i g h t  duration. Ind iv idua l  
d i f f e r e n c e s  are great i n  t h i s  ind ica tor .  Excret ion of potassium and 
a ldos te rone  i n  response t o  potassium loading  was higher p o s t f l i g h t ,  

The au tho r s  conclude on the  basis of their  results and o t h e r  data t h a t  
s h i f t s  i n  i o n  metabolism dur ing  and after space f l i g h t ,  as well as after 
long-term hypokinesia, are caused p r i m a r i l y  by metabol ic  f a c t o r s  and 
a s soc ia t ed  changes i n  t he  endocrine system. The most probable cause of l o s s  
of potassium and calcium dur ing  and after space f l i g h t  i s  likewise decreased 
capac i ty  of t issue ( e s p e c i a l l y  muscle and bone) t o  r e t a i n  e l ec t ro ly t e s .  
Increased r e n a l  exc re t ion  of e l e c t r o l y t e s  as a consequence of altered 
a c t i v i t y  of hormonal systems i s  a secondary process  se rv ing  t o  maintain a 
constant  concent ra t ion  of i o n s  i n  the  blood. 

6 



BOTANY 

(See a lso :  Space Biology: CR7; M116; M117) 

PAPER: 

P607( 14/87)* Kovalev YeYe, B r i l l '  OD, Nevsgodina LV, Ivanov L I ,  Yanushkevich 
VA. 
Simulation of the effects of an impact wave from heavy charged particles  on 
b io log ica l  subjects .  
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[7  re ferences ;  2 i n  Engl ish]  
21(4):  73-76; 1987. 

Botany, Bioeffects ,  Simulation, V iab i l i t y ,  Mitosis ,  Aberrat ion 
Let tuce ,  Seeds 
Radiobiology, HZE, Impact Wave 

Abstract: The goa l  of t h i s  experiment was t o  s tudy t h e  effects of impact  
waves s imula t ing  those on the track of heavy charged particles. Bio logica l  
s u b j e c t s  were l e t t u c e  seeds. The waves used were f l a t  impact waves generated 
dur ing  absorp t ion  of a laser impulse w i t h  wavelength of 50 nsec  and energy 
of 10-15 J by a th in ,  opaque l a y e r  of black enamel approximately 1 cm2 i n  
area. Figure 1 diagrams the apparatus  used. The amplitude of pressure  f o r  
t he  impact wave on e x i t i n g  the  absorbent  l a y e r  was about 10,000 atm. 
Sub jec t s  were a i r -dr ied  l e t t u c e  seeds and moistened seeds (sprouts ) ,  3-4 mm 
i n  l eng th  and 0.5-1 mm i n  diameter. Before i r r a d i a t i o n  10 seeds o r  sp rou t s  
were attached along the  radi i  of the  lower d i s k  so t h a t  their  ends touched 
i n  t h e  d i s k ' s  center.  Th i s  allowed t h e  c e n t r a l  por t ion  of t h e  wave t o  
s t r i k e  the  most s e n s i t i v e  area, t h e  apical r o o t  meristem. Immediately after 
i r r a d i a t i o n  the  seeds were soaked i n  d i s t i l l e d  water t o  remove t h e  f i x a t i v e  
and placed on moistened f i l t e r  paper i n  a Petri  d i s h  f o r  sprouting. Some of 
t he  sprout ing  seeds were f i x e d  and subjec ted  t o  cy togenet ic  analysis .  
Effects of i r r a d i a t i o n  were assessed on the  basis of number of sp rou t s  
su rv iv ing  u n t i l  day 10 after i r r a d i a t i o n ,  and a l s o  t h e  number of aber ran t  
and d iv id ing  cells i n  the  sprouts.  Parameters were compared t o  those of a 
non i r r ad ia t ed  con t ro l  group. 
of 4 months. I n  each, the  seeds were irradiated a t  seve ra l  p ressure  
ampl i tudes  w i t h i n  a range of from seve ra l  hundred t o  13,000 atm. 

Three experiments  were performed over  a per iod 

Impulse waves s i g n i f i c a n t l y  affected v i a b i l i t y  and sp rou t ing  time. 
effects occurred a t  1000-2000 atm for dry  seeds and 200-300 atm f o r  
moistened seeds. The impact wave a l s o  decreased cell d i v i s i o n  (by a f a c t o r  
of  2 a t  800 atm) compared t o  control.  However, there was no i n c r e a s e  i n  
chromosomal aberrat ions.  For comparative purposes, a i r -dr ied  l e t t u c e  seeds 
were i r r a d i a t e d ' w i t h  beta r a y s  from SrgO and Y9O a t  doses of 3.3- 
220 Gy. 
cel l  d i v i s i o n  was inh ib i t ed ,  e&, by a f a c t o r  of 2 a t  120 Gy. Increased 
r a d i a t i o n  dose l e d  t o  increased  m u l t i p l e  aber ra t ions .  The au tho r s  conclude 
t h a t  the primary effects of impact waves are mechanical damage a t  the  
microscopic and submicroscopic l e v e l s  w i t h  less damage a t  the  molecular 
leve l .  
s u b j e c t s  may be damaged by impact waves w i t h  pressure  of seve ra l  t e n s  of 
atmospheres, such as occur i n  t h e  v i c i n i t y  of t he  track of heavy charged 
particles.  

These 

Although seed v i a b i l i t y  d i d  no t  decrease even a t  maximum dose, 

T h i s  s tudy demonstrates  tha t  c e r t a i n  very s e n s i t i v e  b io log ica l  

7 



BOTMY 

P607 

Table  1: P e r c e n t  of  c e l l s  w i t h  chromosome a b e r r a t i o n  in l e t t u c e  seeds 
irradiated w i t h  impact waves varying i n  amplitude 

6 I 
2 
3 

5 
4 

Figure 1: Diagram of experimental  apparatus  
1- enamel ;  2 - f l a t  impact  wave; 3 - a c r y l i c  p l a s t i c ;  4 - copper ;  5 - 
aluminum; 6 - polyvinyl  a lcohol ;  7- seeds; 8 - epoxy r e s i n  

atm 

Figure 2: V i a b i l i t y  on day 10 ( A )  and r e t a r d a t i o n  of sprout ing  (B) of dry 
(c i rc les)  and moistened (squares)  l e t t u c e  seeds exposed t o  impact waves as a 
func t ion  of pressure  i n  t h e  f r o n t  of the  impact wave 
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Figure 3: Relative rate of c e l l  division i n  lettuce seeds as a function of 
impact wave amplitude 

Figure 4 :  Relat ive rate o f ’ c e l l  d iv i s ion ,  percent of aberrant c e l l s  and 
number of m u l t i p l y  aberrant c e l l s  i n  lettuce seeds as a function of dose of 
beta irradiation. 
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CARDIOVASCULAR AND RESPIRATORY SYSTEMS 

(See also:  Endocrinology: P608; Mathematical Modeling: P614; Space Biology: 
M116, M117) 

PAPERS: 

P594( 14/87)* Sokolov V I ,  Yaru l l in  KhKh, Vikharev ND, Sazonova MV, 
Deg ter enkova NV. 
C i r c u l a t o r y  response to hypokinesia with head-down tilt in males aged 45-52. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[23 re ferences ;  8 i n  English] 
21(4):  22-26; 1987. 

Cardiovascular and Respiratory Systems, Ci rcu la t ion ,  Central  and Regional, 

Humans, Males, Older, Ar t e r io sc l e ros i s ,  Neurocirculatory Dis tonia  
Hypokinesia, Head-down T i l t  

Abstract: The effects of 30 days of hypokinesia w i t h  head-down tilt of - 8 O  
on c e n t r a l  and reg iona l  hemodynamics was s tud ied  i n  15 males aged 45 t o  52. 
O f  these 10, (group 1) su f fe red  from the  in i t ia l  symptoms of a r t e r i o s c l e r o s i s  
of the  b ra in  and a o r t a  and 5 (group 2) from hypertensive neuroc i rcu la tory  
d i s t o n i a  and stage I hypertension. Cerebral hemodynamics were s tud ied  i n  t he  
basin of the i n t e r n a l  carotid arteries and i n  the  ver tebrobasi lar  system us ing  
b ipolar  impedance plethysmography recording on an  8-channel 
electroencephalograph. The fo l lowing  parameters were computed: A ( i n  ohms) 
the  maximal ampli tude of the plethysmogram, r e f l e c t i n g  pulsed blood 
perfusion of the  vesse l s ;  (X/T ( i n  percent)  r e l a t i v e  du ra t ion  of the  
a n a c r o t i c  phase on t h e  plethysmogram, r e f l e c t i n g  the  e las t ic i ty  and tonus of 
large and medium caliber vesse l s ;  d i c r o t i c  ( D C I )  and d i a s t o l i c  i n d i c e s  
(DSI), r e f l e c t i n g  changes i n  tonus of small arteries and veins ,  and 
precapillaries and ve ins  and venules,  r e spec t ive ly ;  and ampli tude of venous 
waves on the  plethysmogram, r e f l e c t i n g  vascular  tonus and outflow. A 
study of cerebral c i r c u l a t i o n  was conducted i n  conjunct ion w i t h  an 
encephalographic s tudy  of r e a c t i o n s  of t he  v e n t r i c u l a r  system of the brain. 
An index was computed f o r  the  111 v e n t r i c l e  (Dvi) and t h e  medial wall of t h e  
lateral v e n t r i c l e  (Pmj).  Changes i n  t h e  ra t io  of v e n t r i c l e  t o  b r a i n  t i s s u e  
reflect changes i n  i n t r a c r a n i a l  l i q u o r  pressure. Te t rapolar  impedance 
plethysmography was used t o  s tudy  cardiac s t r o k e  volume and c i r c u l a t o r y  
minute volume. Blood pressure  parameters ( d i a s t o l i c ,  mean, t r u e  s y s t o l i c ,  
s y s t o l i c  and pulse)  were a l s o  measured. Hemodynamics were a d d i t i o n a l l y  
s tud ied  i n  t he  lung, kidney, and calf. Measurements were made before 
hypokinesia, on days 2 ,  6 ,  17, and 27 of the  t rea tment  and on days 5 and 9 
of r eadap ta t ion .  

Brain 

Before hypokinesia, group 1 showed l o c a l i z e d  and group 2 genera l  i nc rease  i n  
the tonus of large and small r e s i s t a n t  v e s s e l s  i n  the  brain. The high tonus 
of i n t r a c r a n i a l  ve ins  i n  group 2 s u b j e c t s  was accompanied by impeded venous 
outf low from the  head and d i s t e n s i o n  of t h e  la teral  v e n t r i c l e s  of the brain,  
suggest ing compensatory hydrocephalus. Group 1 ind iv idua l s  d i sp layed  
e leva ted  s t r o k e  volume, which served t o  maintain an adequate cardiac 
e j e c t i o n  f rac t ion .  On day 2 of hypokinesia, i n d i v i d u a l s  i n  group 1 
displayed e leva ted  pulsed blood perfusion i n  bra in  v e s s e l s  ( e s p e c i a l l y  on  
the  l e f t  side) w i t h  enhanced in te rhemispher ic  asymmetry, accompanied by 
c o n s t r i c t i o n  of large and medium v e s s e l s  of the brain. 
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P594 

Maximum value  of CY/T occurred du r ing  days 6-17 and cerebral c i r c u l a t i o n  
normalized on day t7. Group 1 s u b j e c t s  t y p i c a l l y  showed s u b s t a n t i a l  changes 
i n  hemodynamics of the  v e r t e b r o b a s i l a r  system, manifested i n  decreased 
pulsed blood perf  usion and inc reased  r e s i s t a n c e  of cerebral ves se l s ,  
ev iden t ly  as a r e s u l t  of a c t i v e  vasocons t r i c t ion  and decreased 
vasocons t r i c t ive  capacity.  Analogous phenomena were noted i n  group 2. On 
day 2, tonus of arterioles and v e i n s  was e l eva ted  and venous out f low impeded 
i n  t h e  v e r t e b r o b a s i l a r  system. 
i n d i c a t o r s  of increased  s p i n a l  f l u i d  p re s su re  i n  t he  s k u l l  were observed. 
Increased pulsed blood per fus ion  i n  the c a r o t i d  bas in  made it  possible t o  
compensate for  hemodynamic s h i f t s  i n  t h e  v e r t e b r o b a s i l a r  system. 
phenomena were accompanied by hypervolemia i n  the upper po r t ion  of the  r i g h t  
l ung  and hypovolemia of t h e  l i v e r .  Heart rate of group 1 s u b j e c t s  was 
depressed by 14.9% on day 6 and e leva ted  by a s i m i l a r  percent  on day 27. On 
day 17 minute volume and s t roke volume were depressed i n  t h i s  group. 

T h i s  continued u n t i l  day 17. On day 6 

These 

I n  group 2 s u b j e c t s ,  changes i n  cerebral hemodynamics were i n s i g n i f i c a n t  
dur ing  hypokinesia. However, pulsed and venous blood per fus ion  were 
e l eva ted  i n  the  upper po r t ions  of t h e  lung  and l i ve r .  
show 
l e a d i n g  to  decreased p u l s e  pressure. Heart rate tended t o  decrease and 
stroke volume was unchanged. 
groups d isp layed  i n c r e a s e s  i n  blood pressure,  vascu la r  tonus,  and heart 
rate. However, these may be a t t r i b u t e d  t o  psychological r e a c t i o n  t o  
impending t e rmina t ion  of the treatment.  During the  r eadap ta t ion  period, 
hemodynamic parameters normalized i n  both groups. The recovery process was 
slower i n  group 2 subjects .  The au tho r s  conclude that when cons ider ing  the  
p o t e n t i a l  effects of weight lessness  on i n d i v i d u a l s  of t h i s  age, it is 
impor tan t  t o  cons ider  the  poss ib l e  presence of card iovascular  disease. 

These s u b j e c t s  d i d  
s i g n i f i c a n t  decreases i n  s y s t o l i c  and t r u e  s y s t o l i c  blood pressure ,  

On day 27 of hypokinesia, s u b j e c t s  i n  both 

F igure  1: Changes over  time i n  plethysmographic parameters of the  b r a i n  i n  
s u b j e c t s  of groups 1 and 2 dur ing  hypokinesia w i t h  head-down tilt 

Figure  2: Changes over  time i n  parameters of c e n t r a l  hemodynamics dur ing  
hypokinesia w i t h  head-down tilt 
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P595( 14/87) +t Gans burgskiy AN. 
Morphometric analysis of aortic endothelia of rats exposed to long-term 
hypokinesia. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[9 re ferences ;  2 i n  English] 
21(4):  26-28; 1987. 

Cardiovascular  and Respiratory Systems, Aor t ic  Endothelium, Morphometry 
Rats, Male 
Immobilization, Psychology, Stress 

Abstract: Morphometric a n a l y s i s  was performed on t h i n  s e c t i o n s  of t he  a o r t i c  
endothe l ia  of  48 male w h i t e  rats. Experimental  (N=24) rats were sacrificed 
after spending 30, 60, o r  100 days i n  immobi l iza t ion  cages. Control rats 
(N=24) were maintained i n  ord inary  l abora to ry  conditions.  The a o r t a  
was removed and s e c t i o n s  prepared and stained. A s t e r e o l o g i c a l  o p t i c a l  gr id  
w i t h  27 equ id i s t an t  po in t s  was used t o  c a l c u l a t e  t he  mean area of 
endothel iocytes ,  as well as t h e i r  nuc le i  and cytoplasm, and the  ra t io  
be tween them. I n  addi t ion ,  karyopyknotic, karyoly t ic ,  and b inuc lea te  
endo the l i a l  cel ls  were counted. 

I n  comparison t o  con t ro l  animals,  experimental  rats displayed increased  
numbers of karyopyknotic, karyoly t ic ,  and b inuc lea te  cells a t  a l l  i n t e r v a l s  
measured After 30 days of hypokinesia, t h e  area of endothel iocytes ,  as 
w e l l  as of the i r  nuc le i  and cytoplasm was s i g n i f i c a n t l y  greater than 
con t ro l ,  wh i l e  nucleus/cytoplasm r a t i o s  were equivalent.  On days 60 and 100, 
cell and cytoplasm areas were a t  con t ro l  l e v e l ,  while nucleus area and 
nucleus/cytoplasm r a t i o  were s i g n i f i c a n t l y  depressed. The au tho r s  argue t h a t  
the  changes observed a t  a l l  i n t e r v a l s  can s i g n i f i c a n t l y  depress  the  
r egene ra t ive  capac i ty  of endotheliocytes.  These changes would be 
p a r t i c u l a r l y  dangerous i f  combined w i t h  factors causing 
hypercholesterolemia,  s i n c e  a n  e leva ted  l e v e l  of cholesterol and a therogenic  
f r a c t i o n s  of l i p o p r o t e i n s  i n  plasma can lead t o  des t ruc t ion  of the  
endothelium. 

Table: Value of c e r t a i n  morphological parameters  of t h e  a o r t i c  endothelium 
of rats exposed t o  long-term hypokinesia 
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CARDIOVASCULAR AND RESPIRATORY SYSTEM 

E 9 9 (  14/87) * Yarul l in  KhKh, Simonov LG, Vtoryy SA. 
Changes i n  regional and central hemodynamics induced by a Today period of 
immersion i n  water. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[19 re ferences ;  7 i n  Engl ish]  
21(4):  45-50; 1987. 

Cardiovascular  and Respi ra tory  Systems, Hemodynamics, Cent ra l ,  Regional, 

Humans, Males 
Immersion 

Brain,  Liver ,  Lungs 

Abstract: S i x  hea l thy  men (aged 41-49) were subjec ted  t o  7 days of dry  
immersion. Before, during (days 1 ,  3, 5, and 7), and on t h e  f i f t h  day 
after t h i s  t rea tment ,  impedance plethysmography was performed on  the  b r a i n  
us ing  fronto-mastoids  and bimastoid leads i n  order  t o  ga in  in fo rma t ion  about 
hemodynamics i n  t he  bas in  of t h e  i n t e r n a l  carotid a r t e r y  and v e r t e b r o b a s i l a r  
system); i n  addi t ion ,  plethysmograms were obta ined  of the  r i g h t  lung, l i v e r ,  
ca lves  and fingers. Magnitude of pulsed blood per fus ion  was estimated 
from t h e  maximal ampli tude of the  plethysmogram. I n  add i t ion ,  exper imenters  
c a l c u l a t e d  t h e  r e l a t i v e  du ra t ion  of t h e  a n a c r o t i c  phase of the  plethysmogram 
(CY/T%) as  a n  i n d i c a t o r  of t h e  tonus  and e l a s t i c i t y  of large and medium 
vesse ls ;  d ias to l ic  and d ic ro t ic  i n d i c e s  as i n d i c a t o r s  of t h e  tonus of 
arterioles, small arteries, venules  and s m a l l  veins ,  respec t ive ly .  The 
d ias to l ic  index  thus  reflects venous outflow. I n  add i t ion ,  blood pressure,  
cardiac s t roke volume, and c i r c u l a t o r y  minute volumes were measured. It 
should be noted t h a t  a l l  s i x  s u b j e c t s  a l s o  participated i n  a s tudy  involv ing  
8 days of hypokinesia w i t h  head-down (-8O)  tilt and its effects on the  same 
parameters  of r eg iona l  and c e n t r a l  hemodynamics. [See Abstract P594 t h i s  
issue.]  Thus, these two weight lessness  models can be compared on the same 
sub j ec t s . 
The major r e s u l t s  of these treatments are shown i n  F igures  1-4. Increased 
blood per fus ion  i n  the  brain,  lungs,  and arms was greatest on days 3-5 of 
immersion. Outflow to  t h e  l i v e r  began on day 5 as t h e  r e s u l t  of a 
compensatory reaction. Hypokinesia w i t h  head-down tilt had similar, but less 
pronounced, effects on r eg iona l  and c e n t r a l  hemodynamics than  d i d  immersion. 
However, or thostat ic  and LBNP tests performed after the  treatments revealed 
tha t  f u n c t i o n a l  decondi t ioning was similar after both t reatments .  The 
a u t h o r s  exp la in  this by p o s t u l a t i n g  greater a c t i v a t i o n  of compensatory and 
adap t ive  mechanism i n  immersion. 
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F igure 1: Changes over time i n  the  mean value of impedance plethysmographic 
parameters of the  r i g h t  hemisphere ( l ) ,  middle f i n g e r  of the r igh t  hand (21, 
and r i g h t  calf before  (I), dur ing  (111, and after (111) a 7-day period of 
water immersion i n  six heal thy  men 

Figure 2. Changes over  time i n  the  mean value of impedance plethysmographic 
parameters before (I), dur ing  (11) and after (111) a n  8-day period of 
hypokinesia wi th  head down tilt ( -8O) in six heal thy  men. 

1 and 2 - right and l e f t  front-mastoid leads, respec t ive ly ;  3 - 
bimastoid lead 
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Figure  3: Changes over  time i n  t h e  mean va lue  of impedance plethysmographic 
parameters of the  l e f t  hemisphere ( 1 )  and bimastoid lead (2 )  i n  s i x  s u b j e c t s  
after ( I ) ,  dur ing  (11) and after (111) 7 days of immersion 

Figure  4: Changes over  time i n  the mean va lues  of impedance plethysmographic 
parameters of the  r i g h t  lung  ( 1 )  and l i v e r  (2) i n  s i x  s u b j e c t s  before (I), 
dur ing  (11) and after (111) 7 days of immersion 
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P604( 14/87)* Kondrakov VM, Koledenok V I ,  Suvorov PM, Arsen'yeva L I .  
Diagnostic significance of provocative tests i n  evaluating nonspecific 
changes i n  electrocardiograms. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

114 re ferences ;  none i n  Engl ish]  
21(4):  67-69; 1987. 

Cardiovascular and Respiratory Systems, Diagnosis, Myocardium 
Humans 
EKG Changes, Provocative Tests 

Abstract: T h i s  paper describes a s tudy of t h e  d i agnos t i c  u t i l i t y  of 
provocative tests i n  d i f f e r e n t i a l  d iagnos is  of cardiogenic  and non- 
cardiogenic  changes i n  t he  myocardium, r e l a t i v e  t o  t h e  goa ls  of medical 
f l i g h t  c e r t i f i c a t i o n  exams. Sub jec t s  were 353 ind iv idua l s ,  aged 19-52 
years ,  w i t h  EKGs showing changes i n  t h e  shape and/or p o l a r i t y  of T-waves a t  
rest. These s u b j e c t s  were divided i n t o  two groups on the  bas i s  of genera l  
c l i n i c a l  examinations. The first group included 189 ind iv idua l s  i d e n t i f i e d  
as s u f f e r i n g  mainly from symptoms of autonomic-vascular dystonia:  lack of 
emotional  s t a b i l i t y ,  blood pressure  and pulse  l a b i l i t y ,  p e r s i s t e n t  red 
dermatographism, hyperhydration, etc. The second group included 164 
i n d i v i d u a l s  who pe r iod ica l ly  became out  of breath and experienced 
i r r e g u l a r i t i e s  i n  heartbeat during physical  exercise .  The ma jo r i ty  of these 
were characterized by two or three r i s k  f a c t o r s  f o r  ischemic heart disease. 
No s u b j e c t  had su f fe red  from myocardial i n f a r c t i o n  o r  complained of ches t  
pain, but a l l  d i d  show symptoms of coronary a r t e r i o s c l e r o s i s .  Provocative 
tests adminis te red  included tests w i t h  potassium ch lo r ide  and obzidan 
(propranolol  hydrochloride). Some s u b j e c t s  a l s o  p a r t i c i p a t e d  i n  an  
o r t h o s t a t i c  test  and a test  involv ing  i n t e n t i o n a l  hypervent i la t ion.  
Obzidan i n  a dose of 0.5 mg per  1 kg weight  and potassium ch lo r ide  i n  a dose 
of 1 g per 10 kg weight  were adminis te red  on d i f f e r e n t  days. EKG was 
recorded us ing  the  t r a d i t i o n a l  12 leads dur ing  a base l ine  per iod and 1 and 1.5 
hours after i n g e s t i n g  t h e  drug. The a c t i v e  o r t h o s t a t i c  test  lasted 30 
minutes, dur ing  which the  s u b j e c t s  s tood still. EKG was recorded i n  a 
ho r i zon ta l  p o s i t i o n  and after s h i f t  t o  a v e r t i c a l  pos i t ion ,  then after each 
15 minutes i n  a s tanding  pos i t i on ,  immediately after the  test terminated,  
and dur ing  the  first 5 minutes of t h e  recovery period ( i n  a ho r i zon ta l  
posi t ion) .  The i n t e n t i o n a l  hypervent i la t ion  tests i n s t r u c t e d  s u b j e c t s  t o  
brea the  as deeply and r a p i d l y  as they could (30-50 breaths/minute) f o r  1 
minute. EKG was recorded before  t h e  test, immediately after, and every 30 
seconds dur ing  t h e  first 3 minutes of rest. 

When potassium ch lo r ide  was adminis tered,  EKGs of 158 members of the  first 
group normalized completely;  i n  the remainder only an  i n s i g n i f i c a n t  e l eva t ion  
i n  T wave vol tage  occurred. I n  120 members of group 2 ,  no changes occurred i n  
EKG; i n  28 there was a deepening of i nve r t ed  T waves; and i n  16 some 
improvement was seen i n  t he  terminal po r t ion  of t h e  v e n t r i c u l a r  EKG complex. 
When obzidan was adminis tered,  repolar ized  d is turbances  of t he  myocardial 
completely disappeared i n  149 out  of 167 members of group 1 and i n  19 
s u b j e c t s  improved only s l i g h t l y .  I n  41 of 6 8  group 2 members, obzidan l e d  
t o  enhanced r epo la r i za t ion ,  and i n  30 s l i g h t  i nc rease  of T vo l t age  i n  2 o r  3 
leads. Ex i s t ing  data i n  the  l i terature i n d i c a t e  that  when myocardial damage 
r e s u l t s  from a func t iona l  d i s turbance  (excessive sympathet ic  a c t i v i t y  o r  
decreased e l e c t r o l y t e  membrane t ranspor t ) ,  t h e  adrena l  blockade assoc ia ted  
w i t h  obzidan and the  normalizing effects of potassium on the  membrane 
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lead t o  normalization. 
ma jo r i ty  of s u b j e c t s  i n  group 1. If myocardial disease is organic ,  these 
substances w i l l  not normalize ca rd iac  function. Resul t s  i n d i c a t e  t h a t  most 
s u b j e c t s  i n  group 2 suffered from f u n c t i o n a l  problems. O r t h o s t a t i c  tests 
ind ica t ed  worsening of r e p o l a r i z a t i o n  i n  the  major i ty  of s u b j e c t s  i n  group 
1 and i n  a few group 2 s u b j e c t s .  The hype rven t i l a t ion  test  l e d  t o  EKG 
changes i d e n t i c a l  t o  those associated w i t h  t h e  o r t h o s t a t i c  probe i n  most 
s u b j e c t s  i n  group 1 ,  while  EKGs of a l l  s u b j e c t s  i n  group 2 and the  minor i ty  
i n  group 1 remained unchanged. The au tho r s  recommend using these tests t o  
i d e n t i f y  the  genes i s  ( func t iona l  or  organic)  of changes i n  the  v e n t r i c u l a r  
po r t ion  of EKGs and confirm diagnoses. 

This  exp la ins  t he  e f f e c t s  of these drugs on t h e  
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Cardiovascular and Respiratory Systems, Cardiovascular Parameters 
Human, Cosmonauts 
Space F l i g h t ,  Long-term, 11Salyut-6't 

Abstract: Th i s  paper describes r e s u l t s  of s t u d i e s  of t h e  card iovascular  
systems of members of Salyut-6 prime crews. 
plethysmographic s t u d i e s  of the  reg iona l  hemodynamics of these cosmonauts 
revealed r e d i s t r i b u t i o n  of cardiac e j ec t ion ,  which i n  every case was 
manifested as decreased pulsed per fus ion  i n  t h e  ca lves  throughout t he  
e n t i r e  f l i g h t .  Some cosmonauts a l s o  displayed increased  pulsed perfusion i n  
t h e  head l a s t i n g  f o r  3-4 months and longer.  

Resul t s  of impedance 

I n  the  ma jo r i ty  of cosmonauts s tud ied ,  heart rate showed a tendency t o  
inc rease  during month 2 of f l i g h t .  Changes i n  t he  phase s t r u c t u r e  of t he  
cardiac cyc le  were manifested i n  f l i g h t  by s t a t i s t i c a l l y  s i g n i f i c a n t  
shor ten ing  of t h e  isometric con t r ac t ion  and r e l a x a t i o n  phases and, i n  most 
cosmonauts, by lengthening of the e j e c t i o n  period and t h e  r a p i d  f i l l i n g  
phase. Marked decrease i n  t h e  in t e rphase  c o e f f i c i e n t  and a tendency for t h e  
myocardial stress index t o  decrease were a l s o  observed. Rate of e l e v a t i o n  
of i n t r a v e n t r i c u l a r  pressure  increased,  whi le  rate of blood e j e c t i o n  from 
the  l e f t  v e n t r i c l e  decreased. During the  first 7-10 days of f l i g h t ,  s t r o k e  
blood volume increased  somewhat and then decreased s l i g h t l y .  Minute volume 
showed v i r t u a l l y  no changes throughout the f l i g h t s .  I n  the  ma jo r i ty  of 
cosmonauts, blood pressure  parameters  remained unchanged o r  decreased 
s l igh t ly .  S p e c i f i c  pe r iphe ra l  r e s i s t a n c e  and i t s  r e l a t i o n s h i p  t o  the  
requi red  va lues  decreased i n  a l l  cosmonauts. Rate of propagation of a pulse  
wave i n  the  aorta increased  i n  f l i g h t  but d i d  not  depend on f l i g h t  duration. 
Regional dynamics were s tud ied  us ing  impedance plethysmography. 
of pulsed and minute blood perfusion of b ra in  v e s s e l s  increased  i n  6 of 10 
cosmonauts. Blood per fus ion  parameters exceeded p r e f l i g h t  l e v e l s  
throughout the  96 day f l ight .  During the  140-day f l i g h t  and i n  one of the 
cosmonauts on the  175 day f l i g h t  per fus ion  of cerebral v e s s e l s  re turned  t o  
base l ine  o r  decreased after 3-4 months. Maximum dev ia t ions  from p r e f l i g h t  
were displayed by near ly  a l l  the  cosmonauts dur ing  days 50-85. 

Parameters 

Tonus of large and medium s i z e  arteries of the  cerebral hemispheres changed 
i n  d i f f e r e n t  d i r e c t i o n s  dur ing  f l i g h t .  Tonus of pre- and pos t - cap i l l a ry  
v e s s e l s  decreased. Some cosmonauts showed s i g n s  of venous congestion and 
marked d i l a t i o n  of small vessels.  Decreased pulsed per fus ion  i n  t h e  ca lves  
was noted i n  a l l  cosmonauts throughout t h e  f l i g h t ;  however, some showed a 
normalizing tendency i n  t h i s  parameter toward t h e  end of t h e  f l i gh t .  
Tonus of large and medium sized arteries of the ca lves  decreased whi l e  
i r r e g u l a r  changes were observed i n  small vessels.  Pulsed per fus ion  of the  
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forearm remained t h e  same or increased. Venous pressure  i n  t h e  
jugular v e i n  exceeded p r e f l i g h t  l e v e l  by a f a c t o r  of 2-4. Blood per fus ion  
of t h e  jugu la r  ve ins  a l s o  increased  i n  f l i g h t ,  as ind ica t ed  by an inc rease  
i n  p r e s y s t o l i c  and d i a s t o l i c  waves on pulsograms. Venous pressure i n  the  
c a l f  decreased dur ing  f l i g h t ,  approaching t h e  l e v e l  i n  t h e  forearm. Thus 
the pressure  g rad ien t  was a t t enua ted  or  absent. D i s t e n s i b i l i t y  of the  venous 
r e s e r v o i r  of the  ca lves  increased  g r e a t l y ,  whi le  i n  t h e  forearm i t  remained 
the same. C o n t r a c t i l i t y  of ve ins  i n  the  ca lves  decreased, bu t  tended t o  
normalize toward the  end of t h e  f l i g h t  i n  some cases. C o n t r a c t i l i t y  i n  t he  
forearms increased ,  t e s t i f y i n g  t o  r e l a t i v e l y  high vascular  tonus. 

P o s t f l i g h t  echocardiographic  examination revealed decreases i n  t h e  volume of 
t h e  l e f t  v e n t r i c l e  and s t r o k e  e jec t ion .  A t  t h e  same time, myocardial 
c o n t r a c t i l i t y  parameters were v i r t u a l l y  unchanged. Hemodynamic changes were 
t r a n s i t o r y ;  recovery time appeared t o  depend on l e v e l  of p h y s i c a l  
condi t ioning.  

The au tho r s  o f f e r  t he  conceptual model on the  next  page t o  r ep resen t  t he  
mechanisms l ead ing  t o  the observed card iovascular  e f f e c t s  of weight lessness .  

1 9  



CARDIOVASCULAR AUD RESPIRATORY SYSTEllS 

P622 

Possible wchanisms underlying cardiovascular changes in weightlessness 

Weightlessness 

I 
V V 

E l imina t ion  of hydros t a t i c  pressure,  
i nc rease  i n  t ransmural  absorp t ion  of the  pos tu ra l / t on ic  and a n t i g r a v i t y  
t i s s u e  f l u i d ,  and decrease i n  t i s s u e  muscles, o v e r a l l  d e f i c i t  i n  muscle 
pressure  i n  t he  area of t he  legs loading  

I 
I 

Decrease i n  func t iona l  loading  on  

I (decrease i n  leg volume) I 
I 
I 
I 

I 

I 
1 

V I 

Flu id  s h i f t s  i n  t h e  c r a n i a l  d i r e c t i o n  and i n c r e a s e  i n  transmural I 

p ressure  i n  c a p i l l a r i e s  of t h e  upper body ( t i s s u e  edema above the  
heart I 

V 
Inc rease  i n  venous r e t u r n ,  d i l a t i o n  of c e n t r a l  ve ins  and a u r i c l e s ,  I 

and p res su re  i n  t h e  cardiopulmonary reg ion  I 

V V 
Loading on the heart; increased  cardiac Development of muscle decondi- 
stroke volume, * pulsed perf us ion  of t ion ing ,  decreased pe r iphe ra l  
head and jugu la r  veins*; a t t enua ted  muscle pumping of blood from 
venous p res su re  gradient’  due t o  arteries through c a p i l l a r i e s  t o  
pressure  i n c r e a s e  i n  the  j u g u l a r  ve ins ;  decreased e f f i c i e n c y  of 
v e i n  and decrease i n  t h e  lower body** venous pump* 

I 

I 
I 
I 

I 

I 
I 

I 
I 

I I 
I I 

V V 
Increased loading  on heart; i n c r e a s e  i n  s y s t o l i c  work and cardiac s u c t i o n  
i n  moving blood through the  v e s s e l s  (due t o  decreased I1help“ from 
pe r iphe ra l  pumping and venous tlpump”) 

I 
I 

V 
Increased s t r e n g t h  of cardiac con t r ac t ion  and r e s t r u c t u r i n g  of the  phase 
s t r u c t u r e  of the  cardiac cycle*: shor ten ing  of hemodynamically i n e f f i c i e n t  
isometric phases; i nc rease  i n  t h e  e f f e c t i v e  du ra t ion  of cardiac con t r ac t ion  
and f i l l i n g ;  decreased period dur ing  which heart muscles are a t  rest 

V 
I 
I 

P a r t i a l  compensation i n  magnitude of s h i f t s  through r ec ru i tmen t  of 
r e f l e x  mechanisms from r e c e p t o r s  of c e n t r a l  veins,  au r i c l e s ,  and 
cardiopulmonary reg ions  (decreased vascu la r  tonus  of c e r t a i n  blood pressure .  
parameters* and pe r iphe ra l  res is tance, , ,  tendency for  cardiac cyc le  phase 
s t r u c t u r e  t o  normalize af‘ter 2-4 months of f l i g h t * )  

* Data obtained from space f l i g h t s  
*e Tendency for  p re s su re  i n  ve ins  of var ious  r eg ions  t o  s t a y  a t  the  l e v e l  of 
c e n t r a l  venous pressure  or r i g h t  arterial  p res su re  
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Development of compensatory reactions of the card iovascular  system in 
weightlessness 

Development of r e f l e x  r e a c t i o n s  from t h e  r e c e p t o r s  of t h e  c e n t r a l  veins, 
auricles, and cardiopulmonary area r e s u l t i n g  from t h e i r  d i l a t i o n  by increased  
blood volume I 

V 
I n h i b i t i o n  of t h e  vasomotor center ,  i n c r e a s e  i n  tonus of the vagus, and 
a c t i v a t i o n  of unloading r e f l e x e s  from the  r e c e p t o r s  of the  pulmonary 
v e s s e l s  l i m i t i n g  blood flow t o  t h e  heart and decreasing tonus  of t he  
v e s s e l s  i n  sys temic  c i r c u l a t i o n  ( i n f l i g h t  there i s  a tendency toward 
decreased arterial pressure and pe r iphe ra l  r e s i s t a n c e )  

I 

I 
I 

V 
El imina t ion  of a po r t ion  of t h e  l i q u i d  through the  Henry-Gauer mechanism and 
decrease i n  c e n t r a l  blood volume as a result of increased  blood pooling 
when t h e  r ecep to r s  of the  a u r i c l e s  and pulmonary vessels are s t imula ted  

I 
I 

V 
Partial compensation f o r  t he  magnitude of the s h i f t s :  normal iza t ion  of 
s t r o k e  volume; normal iza t ion  of t h e  du ra t ion  of the  e j e c t i o n  period and 
tendency of o t h e r  cardiac cyc le  parameters t o  normalize beginning on month 
2-3 of f l i g h t ;  s t a b i l i z a t i o n  of new func t iona l  l e v e l  of c i r c u l a t i o n  due t o  
a c t i v a t i o n  of mechanisms from the c a r o t i d  sinus. 

The most genera l  conclusions about change i n  t h e  b i o e l e c t r i c a l  a c t i v i t y  of 
the  myocardium (EKG w i t h  12 s tandard  leads) in -  and p o s t f l i g h t  involve  a 
t r a n s i t o r y  d i s r u p t i o n  of t he  end po r t ion  of t h e  v e n t r i c u l a r  complex This  
was manifested by an i n c r e a s e  i n  the  r a t i o  of the  middle depo la r i za t ion  
t o  r e p o l a r i z a t i o n  vec tor  dur ing  and after the  f l i g h t  and i n  a p o s t f l i g h t  
decrease i n  the  vec to r  of middle p o l a r i z a t i o n  and 
changes were not c l i n i c a l l y  s i g n i f i c a n t ,  d i d  no t  affect hemodynamics o r  
cosmonaut hea l th ,  and t y p i c a l l y  had normalized by day 30 pos t f l i gh t .  

Tv1-6. Overal l  EKG 

Provocat ive tests w i t h  lower body negative pressure  were used to s tudy  
o r t h o s t a t i c  t o l e rance  during space f l i gh t  and p red ic t  p o s t f l i g h t  
deconditioning. A two stage LBNP schedule  of -25 mm Hg, 2 minutes; -35 mm 
Hg, 3 minutes  was used. Responses t o  the  test pre- and i n f l i g h t  include:  
l a c k  of unpleasant  sensa t ions ;  increased  heart rate; decreased c a r d i a c  
s t r o k e  volume; increased  per iphera l  r e s i s t a n c e  and rate of propagation of 
p u l s e  waves through the  aorta; decreased pulsed per fus ion  i n  t h e  vessels of 
the  head; increased  hemodynamically i n e f f i c i e n t  isometric phases of 
v e n t r i c u l a r  con t r ac t ion  and r e l axa t ion ;  lengthened t ens ion  and r e l a x a t i o n  of 
the c o n t r a c t i l e  components of the myocardia i n  prepara t ion  f o r  e j e c t i n g  
blood from the  heart o r  f o r  f i l l i n g  i t  w i t h  blood; shortening of t h e  
e f f e c t i v e  du ra t ion  of a ca rd iac  con t r ac t ion  (decreased e j e c t i o n  period and 
i n t r a s y s t o l i c  parameter); decreased product ive f i l l i n g  func t ion  due t o  
shortened r a p i d  f i l l i n g  phase. S h i f t s  i n  parameters of s y s t o l i c  phase 
structure corresponded t o  the  phase syndrome of myocardial hypodynamia. I n  
v i r t u a l l y  a l l  the  long-term (1 month o r  more) f l i g h t s ,  responses  t o  
provocat ive LBNP tests were more pronounced than on Earth. 

21  



CARDIOVASCULAR AND RESPIRATORY SYSTEMS 

P622 

The characteristics of LBNP response i n  space include: i n i t i a l  r e l a t i v e  
dehydration, decrease i n  volume of c i r c u l a t i n g  blood and i n t e r s t i t i a l  f l u i d ;  
decreased vascu la r  tonus and decondi t ioning of the  mechanisms 
of venous r e t u r n ;  increased  d i s t e n s i b i l i t y  of t h e  ve ins  of t h e  
calf as a r e s u l t  of decreased muscle tonus and t i s s u e  pressure;  greater 
s h i f t s  of blood from the  chest c a v i t y  t o  the  v e s s e l s  i n  the decompression 
zone: greater inc rease  i n  t he  volumes of the  legs as a r e s u l t  of increased  
capacity of veins;  decrease i n  tonus of muscle surrounding the ve ins  and 
decreased t i s s u e  pressure;  more pronounced decrease i n  venous r e tu rn ,  
cardiac stroke volume; decreased a c t i v i t y  of receptors i n  the 
cardiopulmonary reg ion  and increased  a c t i v i t y  of the  vasomotor c e n t e r  w i t h  
i n t e n s i f i e d  adrenerg ic  effects; enhanced compensatory r e a c t i o n s  i n  the form 
of more pronounced inc rease  i n  heart rate and per iphera l  resistance. The 
au tho r s  a rgue  t h a t  these r e s u l t s  are l inked  w i t h  r e l a t i v e  hypervolemia of 
t h e  upper body, w i t h  increased  blood pool ing i n  t he  cardiopulmonary area 
accompanying hypovolemia i n  t he  lower body w i t h  decreased t i s s u e  and venous 
pressure,  and decreased vascu la r  tonus. 

Provocat ive tests w i t h  graded phys ica l  a c t i v i t y  were performed i n f l i g h t  t o  
eva lua te  card iovascular  s t a t u s  and phys ica l  work capacity.  These tests used 
a b i cyc le  ergometer w i t h  l oad ing  of 750 kgm/min f o r  5 minutes. Resu l t s  of 
these tests can be summarized as follows. 

I n i t i a l  state before t h e  test: 
* decreased t o t a l  blood volume and i n t e r s t i t i a l  f l u i d ;  
* increased  blood volume i n  the cardiopulmonary region;  
it e leva ted  d i s t e n s i b i l i t y  of ve ins  i n  t h e  calf r e s u l t i n g  from decreased 

* format ion  of areas of free venous d i s t e n s i b i l i t y  i n  t he  calf, not  
muscle tonus  and t i s s u e  pressure ;  

i nc lud ing  t ens ion  of muscle of the  venous walls due t o  sharp decrease 
i n  t ransmura l  pressure. 

Changes dur ing  the test: 
* diminished or absent  i n c r e a s e s  i n  venous r e t u r n  and cardiac stroke 

volume due t o  i n i t i a l  decrease i n  t h e  volume of c i r c u l a t i n g  blood and 
inc rease  i n  blood f i l l i n g  t h e  venous r e s e r v o i r  of the  lower l i m b s  (at  
the  stage of e a r l y  r e s t i t u t i o n ,  the  t ens ion  of the  walls of v e i n s  i n  
t he  working and nonworking l i m b s  decreased); 

area i n t o  t h e  ve ins  of t h e  legs as a consequence of t h e  free 
d i s t e n s i b i l i t y  zones i n  the  legs; 

* more pronounced decrease i n  blood volume and p res su re  i n  t h e  
cardiopulmonary area and r e f l e x  enhancement of adrenerg ic  effects. 

* greater r e d i s t r i b u t i o n  of a po r t ion  of the blood from the  pulmonary 

Overall ,  changes i n  t h e  c i r c u l a t o r y  system i n  response to  provocat ive tests 
adminis te red  on  long-term space f l i g h t s  suggest  t he  absence of any clear 
s i g n s  of phys ica l  decondi t ion ing  i n  t h e  majority of cosmonauts, ev iden t ly  
as a r e s u l t  of exercise performed i n  f l i gh t .  

The au tho r s  argue t h a t  card iovascular  changes i n  response t o  provocat ive 
tests i n  f l i g h t  are caused by changes i n  t he  i n i t i a l  state of hemodynamics 
i n  weight lessness  before the  test (i.e., decreased volume of c i r c u l a t i n g  
blood, i nc reased  d i s t e n s i b i l i t y  of ve ins  i n  the  calves ,  and poss ib l e  
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formation of zones of free d i s t e n s i b i l i t y  i n  t h i s  area), and the  development 
dur ing  LBNP and i n  the period of e a r l y  recovery after exe rc i se  of decreased 
c e n t r a l  blood volume w i t h  r e f l e x  enhancement of adrenergic  effects. 

- 

700 r r r 

Figure 8: Changes over time i n  heart rate ( f )  a t  rest i n  cap ta ins  (a) and 
f l i g h t  engineers  ( b )  on 140-, 1 7 5 ,  and -185-day f l i g h t s  

1 - l i m i t s  of p r e f l i g h t  f luc tua t ions ,  2 - mean f o r  f l i g h t ,  3 - mean 
p r e f l i g h t  l e v e l  
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Figure 9: Changes over time i n  du ra t ion  of t h e  i s o m e t r i c  con t r ac t ion  phase ( ) 
of the l e f t  cardiac  v e n t r i c l e  at  rest i n  captains  (a) and f l i g h t  engineers  
( b )  on 140- ,  175-, and 185-day space f l i g h t s .  Key: as i n  F i g u r e  8. 

--- 7 -? - 3  

Figure 10: Changes over time i n  the  e j e c t i o n  period ( ) of the  l e f t  cardiac 
v e n t r i c l e  i n  c a p t a i n s  (a) and f l i g h t  engineers  ( b )  on 140-, 1750, and 185-day 
f l i gh t s .  Key: as i n  Figure 8 
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Figure 11: Changes over time i n  pulsed blood per fus ion  of v e s s e l s  (V) of the  
head i n  cap ta ins  (a) and f l i g h t  engineers  ( b )  on 96-, 140-, and 175-day 
f l igh ts .  Key: as i n  Figure 8 
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Figure 12: Changes over time i n  heart rate ( f )  i n  cap ta ins  (a) and f l i g h t  
engineers  ( b )  i n  response t o  LBNP on 140-, 1 7 5 ,  and 185- day f l i g h t s  

test;  4- a t  -35 m m  Hg LBNP [sic: Key i n  o r i g i n a l  appears t o  be ou t  of 
order .  1 

2 - i n  f l i g h t  before  the  test; 1 - a t  -35 m Hg p r e f l i g h t ;  3 - before  the  

Figure 13: Changes over time i n  du ra t ion  of i s o m e t r i c  con t r ac t ion  phase ( 
of l e f t  cardiac v e n t r i c l e  i n  c a p t a i n s  (a) and f l i g h t  engineers  ( b )  i n  response 
t o  LBNP on 140-, 175- and 185-day f l i g h t s  . Key: as i n  F igure  12 
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Figure 14: Changes over time i n  du ra t ion  of e j e c t i o n  per iod ( r y o f  l e f t  
cardiac v e n t r i c l e  i n  cap ta ins  (a) and f l i g h t  engineers  ( b )  i n  response t o  LBNP 
on 140-, 175- and 185-day f l igh ts .  Key: as i n  Figure 12 
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Figure 15: Changes over time i n  du ra t ion  of i s o m e t r i c  cont rac t ion  phase ( r 3 
of the  l e f t  cardiac v e n t r i c l e  i n  c a p t a i n s  (a) and f l i g h t  engineers  ( b )  i n  
response t o  graded physical  exe rc i se  dur ing  140-, 175-, and 185-day f l i g h t s  

1 - i n  f l i g h t  before test; 2 - dur ing  first minute after the  test and 
dur ing  p r e f l i g h t  period; 3 - before the  test;  4 - i n  first minute after test 
[sic.: key appears  t o  be ou t  of order] 
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Figure 16: Changes over time i n  e j e c t i o n  period ( 7 )  of l e f t  cardiac 
v e n t r i c l e  i n  cap ta ins  (a)  and f l i g h t  engineers  (c )  i n  response t o  tests w i t h  
graded physical  exe rc i se  on 140-, 175- and 185-day f l i gh t s .  Key: as i n  
Figure 15. 
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Figure 17: Changes i n  stroke volume of c i r c u l a t i o n  i n  cap ta ins  (a) and f l i g h t  
engineers  ( b ) ' i n  t h e  first minute after a test  w i t h  graded physical  exe rc i se  
on 140-, 175-, and 185-day f l igh ts .  

1 - pref l ight  per iod,  2 - l i m i t s  of p r e f l i g h t  f l u c t u a t i o n s ,  3 - i n f l i g h t  
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Figure 18: Changes over time i n  circulatory minute volume i n  captains (a) 
and f l i g h t  engineers (b) during the f irst minute after a test with graded 
physical exerc i se  on 140-, 175-, and 185-day f l i g h t s .  Key: as i n  Figure 17 
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COSHOIJAUT TRAINING 

(See a l so :  Space Biology: M116) 
MONOGRAPH: 

M115(14/87) Beregovoy GT, Grigorenko V N ,  Bogdashevskiy RB, Pochkayev I N ,  
Kosmicheskaya Akademiya [Space Academy]. 
Moscow: Mashinostroyeniye; 1987. 
[152 pages; 13 tables; 10 f igu res ;  numerous photographs; 113 re ferences ;  4 i n  
Engl ish]  

KEY YORDS: Cosmonaut Training, Personnel Se lec t ion ,  Psychology, Human 
Performance, Small Groups, Space Crews 

Annotation: This  book i s  devoted t o  an area of cosmonautics r e l a t i v e l y  
unfami l ia r  t o  t h e  genera l  publ ic ;  the se l ec t ion ,  i n s t r u c t i o n ,  and 
psychological,  f l i g h t ,  and engineer ing t r a i n i n g  of cosmonauts. V i r t u a l l y  
a l l  aspects of the  cosmonaut t r a i n i n g  program developed over the p a s t  25 
years  are covered. The book p resen t s  a clear desc r ip t ion  of how these 
s p e c i a l i s t s  are educated and p ro fes s iona l ly  trained. The au thors  cover 
t h e  stages involved i n  becoming a cosmonaut, beginning w i t h  s e l e c t i o n  of 
prospect ive cosmonauts, through t h e i r  genera l  space and spec ia l i zed  t r a i n i n g  
with a v a r i e t y  of special-purpose t r a i n i n g  devices. This  book is intended 
f o r  t h e  genera l  public. 

CONTENTS 
(Numbers i n  parentheses  refer t o  page numbers i n  the  o r i g i n a l . )  

Foreword ( 5 )  
In t roduct ion  (6)  

Prospective Cosmonauts (11)  
Se lec t ion  ( 11 ) 
Features  of psychological s e l e c t i o n  (16) 
P r inc ipa l  psychological  stress f a c t o r s  of space f l i g h t  (18)  
P r inc ip l e s ,  methods, and cri teria i n  psychological  s e l e c t i o n  (22) 

Day-to-day Life at the Academy (26)  

The Making of a Cosmonaut (35)  
Anechoic chamber tests of cosmonautslneuropsychological s e n s i t i v i t y  (41) 
Psychophysiological aspects of  cosmonaut f l i g h t  t r a in ing (46)  
Parachute t r a i n i n g  of cosmonauts (47) 
Training cosmonauts i n  post-reentry opera t ions  (49)  

Psychological and Hedical Conditioning (57) 
The in f luence  of mission performance on cosmonauts1 psychological  

Organizat ional  and methodological fundamentals and t h e  p r i n c i p l e s  of 

Stages i n  medical and psychological  condi t ion ing  (75)  

characteristics (60) 

medical and psychological  condi t ion ing  (65)  
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Simulator T r a i n i n g  (121) 
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DEVELOPHENTAL BIOLOGY 

(See also: Space Biology: CR7, M116, M117) 
PAPER: 

P593(14/87)* Krasnov I B ,  Olenev SN, Babichenko 11, Kesarev VS. 
Morphogenesis of the brains of rats developing in weightlessness.  
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

120 re ferences ;  11 i n  Engl ish]  
21(4):  16-22; 1987. 

Developmental Biology, Morphogenesis; Neurophysiology, Brain; Endocrinology, 

Rats 
Space F l i g h t ,  Cosmos-1514 

P i t u i t a r y  , Hypo t ha1 amus ; Enz ymology 

Abstract: T h i s  experiment s tud ied  the  b ra ins  of rats exposed t o  space 
during days 13-1 8 of embryogenesis on tlCosmos-l 514.“ Animals were s a c r i f i c e d  
for s tudy on day 18 of fetal  development (decapi ta ted  4-8 hours after 
r een t ry ) ,  immediately upon b i r t h ,  o r  a t  15, 30, o r  100 days old. Synchronous 
and vivarium c o n t r o l s  were u s e d  The bra ins  of a l l  18-day f e t u s e s  and 3 
an imals  from each of t he  15-, 30-, and 100-day old groups were subjec ted  t o  
macroscopic h i s t o l o g i c a l  ana lys i s .  Brain t i s s u e  was f ixed ,  sect ioned,  and 
s ta ined.  The h indbra ins  of t h e  18-day old animals  i n  the  3 condi t ions  were 
frozen,  and 15 um s e c t i o n s  prepared. Histochemical methods were used t o  
determine the  a c t i v i t y  of N A D ”  - and NADP’H2-diaphorase, lactate 
dehydrogenase (LDH) , succinate gehydrogenase (SDH) , monoamine oxidase (MAO),  
a c e t y l c h o l i n e s t e r a s e  (ACE), and a l k a l i n e  (Alp) and acidic (AcP) 
phosphatases. I n t e n s i t y  of r e a c t i o n s  was measured w i t h  a cytophotometer. A 
t e l e a n a l y s e r  was used t o  perform a q u a n t i t a t i v e  a n a l y s i s  of t he  
cy toa rch i t ec ton ic s  of the  c e r e b r a l  neocortex i n  18-day o ld  fetuses. The 
width  of the walls of the cerebrum and its layers were measured i n  5 samples 
from each fe tus .  I n  s u b s e t s  of each group, e l e c t r o n  microscopy was used t o  
examine the supraop t i c  nucleus and media l  eminence of the  hypothalamus, and 
the  analogous s t r u c t u r e s  i n  the p o s t e r i o r  lobe  of t he  p i t u i t a r y .  

The bra ins  of 18-day-old fetuses and 15-, 30-, and 100-day-old rats i n  t h e  
f l i g h t  group displayed no d i f f e r e n c e s  from those of con t ro l  groups when 
examined v i s u a l l y  and us ing  an o p t i c a l  microscope. [The au tho r s  note  t h a t  
t he  reason f o r  t h i s  l a c k  of d i f f e r e n c e  may be t h a t  t h e  appara tus  
t r a n s m i t t i n g  o t o l i t h  s t i m u l a t i o n  t o  the bra in  develops after day 18 of 
embryogenesis.] 
neuroblas t s  and g l i a l  e lements  measured i n  the p e r i v e n t r i c u l a r  zone of t h e  
medulloblast matrix, nor i n  t h e  dimensions of t h e  neurons of t r i g e m i n a l  
nerves. However, f e t u s e s  i n  t he  f l i g h t  group d i d  d i s p l a y  s i g n i f i c a n t l y  more 
capillaries per u n i t  area i n  s t r i a t u m  cross-sec t ions  than con t ro l  fetuses. 
The authors hypothesize t h a t  t h i s  i s  the  r e s u l t  of i n s u f f i c i e n t  oxygenation 
due t o  decreased p lacenta  s i z e  i n  f l i g h t  group mothers. 

No d i f f e r e n c e s  were found i n  the  m i t o t i c  a c t i v i t y  of 

Histochemically,  f l i g h t  rats displayed no abnormal1 t i es  i n  the  i n t e n s i t y  and 
l o c a t i o n  of a c t i v i t y  of most enzymes measured. However, there was a 
decrease i n  a l k a l i n e  phosphatase a c t i v i t y  i n  the endothelium of c a p i l l a r i e s  
i n  the  hindbrain,  i n d i c a t i n g  decreased rate of t r a n s p o r t  of me tabo l i t e s  
from the  capillaries t o  the nerve t i s sue .  Q u a l i t a t i v e  a n a l y s i s  of the 
neocor t i ce s  of 18-day-old fetuses revealed no d i f f e r e n c e s  between f l i g h t  and 
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con t ro l  groups. Quan l t a t i v e  measurements revealed a tende cy f o r  
the neocortex l a y e r  t o  be narrower i n  both f l i g h t  and synchronous groups, 
suggesting a tendency f o r  t he  migra t ion  of c e l l u l a r  e lements  from the  mat r ix  
t o  the  c o r t i c a l  l a y e r  t o  be retarded. The supraop t i ca l  nucleus and medial 
eminence of the  hypothalamus i n  f l i g h t  rats showed u l t r a s t r u c t u r a l  evidence 
of delay i n  the  development of neurosecretor  cells a t  the neuroblas t  stage. 
This  is a t t r i b u t e d  t o  humoral f ac to r s .  However, data from neonate rats i n  
t h e  f l i g h t  group i n d i c a t e  a tendency f o r  these d i f f e r e n c e s  t o  normalize 
dur ing  subsequent ontogenesis  on Earth. The posterior lobes of p i t u i t a r y  
glands of neonate rats of t h e  f l i g h t  and synchronous groups d i sp lay  
hypertrophy and v e s s i c u l a r i z a t i o n  of t h e  e lements  of t h e  laminar complex, 
increased  number of tubu le s  i n  the  rough endoplasmic network and free 
ribosomes, l i g h t e n i n g  of t he  mitochondrial  mat r ix  and pronounced 
condensation of chromatin i n  the nuc lear  membrane, t e s t i f y i n g  t o  increased  
a c t i v i t y  of these cells. The au tho r s  argue t h a t  t he  cause of t h i s  
phenomenon is d i f f e r e n t  f o r  the  f l ight  and experimental  groups. 
Ultrastructure of t h e  p i t u i t a r y  and hypothalamus of an imals  i n  t he  f l i g h t  
group had normalized by day 15 of postfetal development. 

Table 1: 
rat  f e t u s e s  

Ac t iv i ty  of enzymes i n  nerve t i s s u e  of t h e  hindbrain of 18-day-old 

Condition 

Vivarium 
Synchronous c o n t r o l  
F l i g h t  

Lac ta te  Dehydrogenase Alkal ine Phosphatase 
u n i t s  of o p t i c a l  d e n s i t y  on optical  probe a rea  

1 86 
191 
1 80 

56 5 
659** 
846*, *** 

* p < 0.001 compared w i t h  v iva r ium con t ro l  
** p < 0.05 compared w i t h  vivarium con t ro l  
*** p < 0.05 compared wi th  synchronous con t ro l  

T a b l e  2: Width of t he  l a y e r s  of t he  cerebral walls of 18-day-old 
f e t u s e s  

S t r u c t u r e  Absolute width,  um Re la t ive  width,  ,% 
Vivar. F l i g h t  Synch. Vivar. F l i g h t  Synch. 

Marginal zone 23.0 22.7 27 e5 6.6 6.4 6.6 
Cor t i ca l  l a y e r  115.3 100.2 118.1 32.7 28.2 28.1 
I n t e r s t i t i a l  layer 125.2 117.4 131.8 35.5 33.1 31.4 
Matrix 88.9 114.4 142.4 25.2 32.2 33.9, 
Cerebral wall 352.4 354.7 419.7 100 100 100 
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Figure: U l t r a s t r u c t u r e  of bodies and axon t e rmina l s  of neurosecretory 
neurons of the sup raop t i ca l  nuc le i  of t h e  hypothalamus of 18-day-old f e t u s e s  
and neonate rats 

a and b - neurosecretory neurons of sup raop t i ca l  nuc le i  of 18-day-old r a t .  
f e t u s e s  i n  vivarium and f l i g h t  groups, respect ively.  Mag. 9000. Scale; 1 um; 
c, d, and e - axon t e rmina l s  of neurosecretory neurons of sup raop t i ca l  
nuc le i  i n  t h e  p o s t e r i o r  lobe of t h e  p i t u i t a r y  of neonate ra ts  i n  t h e  
vivarium, f l i g h t  and synchronous groups, respect ively.  Mag. 17,000, 16,000, 
and 18,000. Scale: 0.5 um. N - nucleus of neurosecretory neuron; NP - 
p i t u i c y t e  nucleus, NC - chromatin nucleus, AT - axon te rmina l ;  SF - 
synapt ic  f o l l i c l e s ,  NSG - neurosecretory granules;  GG - granu la r  
neurosecretory granules ,  M - mitochondria, Ff - ribosome. 
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ENDOCRINOLOGY 

(See also:  Developmental Psychology: P593; Enzymology: P616; 
Neurophysiology : P62 1 ; Space Biology: P5 92) 

PAPERS: 

P608( 14/87)* Pribylova NN. 
The effect of steroid hormones on the leve l  of biogenic amines in the lungs 
during the development of pulmonary hypertension in rata under conditions of 
chronic hypobaric hypoxia. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[16 re ferences ;  1 i n  Engl ish]  
21(4):  76-78; 1987. 

Endocrinology, S t e ro id  Hormones, Biogenic Amines; Cardiovascular  and 

Rats 
Hypoxia, Hypobaric, Chronic 

Respiratory Systems, Pulmonary Hypertension 

Abstract: Experiments were performed on male whi te  rats. 
induced i n  a barochamber, where r a t s  were exposed t o  an a l t i t u d e  equiva len t  
of 9000 m (a i r  pressure  = 220 mm HG) for 6 hours per  day f o r  7 days. This  
t rea tment  is known t o  create pulmonary hypertension and pulmonary 
decompensation. The rats were divided i n t o  10 groups of 12-15 animals. 
Animals i n  4 of t h e  experimental  groups were i n j e c t e d  d a i l y  w i t h  
hydrocortisone, t e s t o s t e r o n e  propionate, o r  progesterone i n  concent ra t ions  
of 1 mg per  100 g body weight ,  o r  0.1 mg per 100 g body weight of e s t r a d i o l  
dipropionate.  Four o t h e r  groups received t h e  same i n j e c t i o n s  but were not  
exposed t o  hypoxia. One group was exposed t o  hypoxia b u t  not  given 
s t e r o i d s ,  and one group received n e i t h e r  s t e r o i d s  nor hypoxia. 
Concentrations of e p i  ne p h r i  ne, nor e p i  ne p h r i  ne, h i  s t ami ne and Sero t o n i  n w ere 
measured i n  homogenized lung tissues. 

Chronic hypoxia was 

Chronic oxygen d e f i c i t  l ed  t o  increased  concent ra t ions  of s e ro ton in  (by a 
f a c t o r  of 2.51, h i s tamine  ( f a c t o r  of 5.51, epinephrine and norepinephrine 
(factor of 2). Adminis t ra t ion of s t e r o i d  hormones t o  rats undergoing chronic  
hypobaria, i n h i b i t e d  i n c r e a s e  i n  vasopressor  biogenic amines, 
norepinephrine,  and serotonin. Hydrocortisone was most effective i n  
i n h i  b i t i n g  sero tonin ,  whi le  sexual  s t e r o i d s  had a moderate i n h i b i t i n g  
effect. Estradiol l e d  t o  a moderate i n c r e a s e  i n  se ro ton in  i n  rats not  
exposed t o  hypoxia. S t e ro ids ,  e s p e c i a l l y  hydrocort isone and progesterone, 
i n h i b i t e d  format ion  of h i s tamine  i n  both hypoxic and con t ro l  animals. 
Estradiol had t h e  least effect. Under normal oxygenation, a l l  s t e r o i d  
hormones increased  epinephrine a c t i v i t y .  Under hypoxia these hormones 
depressed norepinephrine. The authors conclude that s t e r o i d  hormones play an 
important  r o l e  i n  biogenic amine metabolism under normal and especially 
hypoxic conditions. S t e ro id  hormones tend t o  decrease format ion  of 
vasopressor  biogenic  amines t h a t  c o n s t r i c t  pulmonary vessels. I n a c t i v a t i o n  
of these amines i n  lung tissue induced by progesterone and hydrocort isone 
should be considered i n  t h e  t rea tment  of pulmonary hypobaric hypoxia. 

Table: Concentration of b io log ica l ly  a c t i v e  subs tances  i n  pulmonary t i s s u e  of 
white rats exposed t o  chronic  hypoxia i n  response t o  a d m i n i s t r a t i o n  of 
steroid hormones 
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P618(14/87) Arefolov VA,  Malikova LA, Val'dman AV. 
Morphometric study of the ultrastructure of cells containing epinephrine and 
norepinephrine i n  the adrenal glands of rats subjected to immobilization 
stress varying i n  duration. 
Byulleten '  Eksperimental'noy B io log i i  i Meditsiny. 

[8 r e fe rences ;  2 i n  English] 
A f f i l i a t i o n :  I n s t i t u t e  of Pharmacology, USSR Academy of Medicine, Moscow 

C I I I ( 6 ) :  743-7116; 1987. 

Endocrinology, Adrenal Glands; Cytology and Morphology, Cell U l t r a s t r u c t u r e  
Rats 
Psychology, Immobilization Stress 

Abstract: Th i s  experiment s tud ied  t h e  quan t i ty  of chromaff in  granules  
conta in ing  epinephrine and norepinephrine i n  cells of t h e  adrena l  
cor tex,  and a l s o  performed a morphometric a n a l y s i s  of t h e  r e d i s t r i b u t i o n  of 
these s t r u c t u r e s  after immobil izat ion stress varying i n  duration Sub jec t s  
were male rats immobilized by harnessing them t o  s p e c i a l  s t ands  f o r  3, 14, 
and 48 hours. After t h i s  t rea tment ,  an imals  were s a c r i f i c e d  and the  adrena l  
co r t ex  removed and fixed. A method (not described) was used whereby 
epinephrine- and norepinephrine-containing cells could be d i f f e r e n t i a t e d  i n  a 
s i n g l e  image. 
determine the number of epinephrine- and norepinephrine-containing granules  
i n  a u n i t  area of cytoplasm. U l t r a s t r u c t u r a l  changes were examined 
on 30 images of each t y p e  of cell. 

Elec t ron  microscopy i d  cytochemical a n a l y s i s  of t he  medullary substance of 
the  adrena l  g lands  i n d i c a t e d  3 types  of sec re to ry  granules:  v e s i c l e s  f u l l ,  
o r  p a r t i a l l y  f u l l  of products  of cytochemical r eac t ions ;  and those  which 
were empty. I n  con t ro l  animals ,  the ma jo r i ty  of s t r u c t u r e s  (50-60%) were 
f u l l ,  30% were p a r t i a l l y  f u l l ,  and 15% were empty. During the  first 3 hours 
of immobi l iza t ion  ( the %nxietyt l  stage), number of f u l l  epinephrine- 
conta in ing  g ranu les  decreased t o  76% of con t ro l ,  wh i l e  p a r t i a l l y  f u l l  
g ranules  increased  by 43% over control .  Changes i n  norepinephrine cells  
were less pronounced. During the  Ves i s t ance tU  stage of immobi l iza t ion  
stress, the  number of empty v e s i c l e s  increased  by a f a c t o r  of 2 compared t o  
controls .  The number of p a r t i a l l y - f u l l  epinephrine-containing granules  
remained e l eva ted  f o r  t h i s  period, whi le  number of v e s s i c l e s  p a r t i a l l y  f u l l  of 
norepinephrine was unchanged. 
(exhaustion stage), dep le t ion  of chromaffin granules  continued t o  develop, 
number of f u l l  epinephrine- and norepinephrine-containing c e l l s  was 21 and 
26% of con t ro l  l e v e l s ,  r e spec t ive ly ,  whi le  empty granules  increased  by a 
f a c t o r  of 4. 

Morphometry was appl ied  t o  e l e c t r o n  microscopic images t o  

After 48 hours of immobi l iza t ion  stress 
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Table: D i s t r i b u t i o n  of epinephrine- and norepinephrine-containing secretor 
granules  i n  chromaffin c e l l s  of ad rena l  glands i n  rats exposed t o  
immobilization stress varying i n  du ra t ion  

Stress r e a c t i o n  Immmob. Ep inephr inecon ta in ing  Norepinephrine-containing 
du ra t ion  F u l l  Part Empty F u l l  Part Empty 
hours f u l l  f u l l  

Norm 0 52.4 32.2 15.4 64.0 23.1 13.0 
Anxiety Stage 3 40.0* 46.1* 13.9 59.1 25.2 15.7’ 
Adaptation Stage 24 27.7’ 46.6’ 25.7’ 24.8’ 25.8 49.4’ 
Exhaustion Stage 48 11.0’ 28.9 60.1’ 16.8* 33.6’ 49.6’ 

*: Differs s i g n i f i c a n t l y ,  p < 0.05 from norm 

Figure 1 : Elec tron-microscopic i d e n t i f i c a t i o n  of epinephrine- and 
norepinephrine-containing granules  i n  chromaff in  c e l l s  of the  adrenal glands 
of rats subjec ted  t o  immobilization stress varying i n  du ra t ion  

Figure 2: Histogram of d i s t r i b u t i o n  of numbers of secretor granules  i n  
epinephrine- and norepinephrine-containing cells i n  adrena l  glands of rats 
subjec ted  t o  immobilization stress varying i n  du ra t ion  
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M592, CR7, MI131 

PAPERS: 

P616( 14/87) Komarin AS, Azimova ShA. 
The state of the ronooxygenase enzymatic syster i n  l i ver  tissue of rats 
undergoing hypokinesia. 
Voprosy Meditsinskoy Khimii. 
33(4) :  75-78; 1987. 
[22 re ferences ;  3 i n  Engl ish]  
A f f i l i a t i o n :  Cent ra l  Research Laboratory,  Tashkent Medical School 

Enzymology, Monooxygenase System, Liver  
Rats 
Psychology, Immobilization S t r e s s ;  Endocrinolgy, Adrenalectomy 

Abstract: I n  t h i s  experiment,  rats i n  group 1 were k e p t  i n  immobi l iza t ion  
cages. 
Group 3 rats were adrenalectomized and then allowed free movement. A l l  
s u r g i c a l  procedures involved i n  an adrenalectomy w i t h  t he  except ion of 
removal of t h e  gland, were performed on group 4 rats which were then placed 
i n  immobi l iza t ion  cages. Group 5 rats underwent t he  false adrenalectomy and 
then were kept  under free movement conditions. After 1 ,  3, 7,  10, 20, and 
30 days, some of the  an imals  i n  each group were s a c r i f i c e d  and the  microsome 
f r a c t i o n  of the  l i v e r  ex t r ac t ed  through cent r i fuga t ion .  Ac t iv i ty  of 
aminopyrine demethylase, a n i l i n e  hydroxylase, and NADPH - cytochrome c- 
reductase  were determined; concent ra t ions  of cytochrome P-450 and b5, and 
microsome p r o t e i n  were measured. 

Rats i n  group 2 were adrenalectomized and then  placed i n  t he  cages. 

Def in i t e  phases were observed i n  t h e  changes i n  microsome enzymes and 
cytochrome i n  rats undergoing hypokinesia. After 1 day of hypokinesia, 
concent ra t ions  of P-450 and b5 and a c t i v i t y  of a n i l i n e  hydroxylase 
and NADPH-cytochrome reduc ta ses  increased. On day 3, no s t a t i s t i c a l l y  
s i g n i f i c a n t  changes from base l ine  were noted. Subsequently, s i g n i f i c a n t  
i n h i b i t i o n  of monooxygenase enzyme a c t i v i t y  i n  the  l i v e r  was noted. 
Adrenalectomy was as soc ia t ed  w i t h  a s i g n i f i c a n t  decrease i n  t h e  a c t i v i t y  of 
microsome enzymes and cytochromes on day 1,  which grew s t e a d i l y  greater 
throughout t h e  hypokinesia period. The combination of t h e  two t r ea tmen t s  
was not  a s soc ia t ed  w i t h  s i g n i f i c a n t  d i f f e r e n c e s  from adrenalectomized rats 
on either day 1 o r  3 i n  any of t he  parameters  measured. However, s t a r t i n g  
on day 7, rats r ece iv ing  both t r ea tmen t s  showed inc reas ing ly  greater s i g n s  
of i n h i b i t i o n  of t h e  monooxygenase enzyme system of t h e  l i v e r  than rats 
which were only adrenalectomized. The false adrenalectomy procedure d i d  no t  
a f f e c t  the  parameters  s tud ied .  The authors conclude t h a t ,  i n i t i a l l y ,  stress 
is  the  major f a c t o r  i n  t h e  e f f e c t s  of hypokinesia on the  d e t o x i f i c a t i o n  
func t ion  of t h e  l i v e r .  Subsequently, l ack  of movement is t h e  key fac tor .  

Table  1 : Act iv i ty  of microsome enzymes and concent ra t ion  of cytochromes P- 
450 and b i n  rats l i v e r s  a t  var ious  po in t s  during exposure t o  hypokinesia 
Table  2: Z c t i v i t y  of microsome enzymes and concent ra t ion  of cytochromes P- 
450 and b 
adrenaleczomy o r  false adrenalectomy 

i n  l i v e r s  of rats exposed t o  hypokinesia and subjec ted  t o  
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P620( 14/87 ) Kurtser  BM, Zor' k ina  TA. 
Changes i n  succinic dehydrogenase and cytochrome oxidase act iv i ty  i n  the 
myocardium and brain of rats exposed to hypokinesia. 
Patologicheskaya Fiz io logiya  i Eksperimental 'naya Terapiya. 

[11 re ferences ;  1 i n  Engl ish]  
Authors' a f f i l i a t ion :  Kishinev Medical I n s t i t u t e  

1987(1): 11-13. 

Enzymology, Succ in ic  Dehydrogenase, Cytochrome Oxidase, Brain,  Myocardium 
Rats 
Immobil i z  a t i o n  

Abstract: Sub jec t s  i n  t h i s  experiment were 50 male white rats, of which 10 
served as controls .  The remaining an imals  were placed i n  immobi l iza t ion  
cages f o r  5,  10, 15, o r  28 days, after which they were sacrificed and the 
b ra ins  and myocardia isolated f o r  study. Concentration of s u c c i n i c  
dehydrogenase (SDH) was measured us ing  neo te t r azo l  and was expressed i n  
picomoles diphormazan (glyoxal)  forming i n  1 second i n  1 g fresh t i ssue .  
Cytochrome oxidase (Cyt. 0) was measured w i t h  indophenol and expressed i n  
nanomoles indophenol forming i n  1 second i n  1 g fresh t issue.  

I n  con t ro l  rats, SDH a c t i v i t y  was greater i n  t he  b ra in  and Cyt. 0 i n  t he  
myocardium. I n  experimental  rats, a c t i v i t y  of SDH i n  the  brain decreased 
w i t h  du ra t ion  of hypokinesia, and on day 28 was 45.8% of con t ro l  leve l .  
Cyt. 0 a c t i v i t y  i n  t h e  b ra in  was e leva ted  on day 5 of immobi l iza t ion  and 
then began t o  drop, reaching 25.2% of con t ro l  l e v e l  on day 28. I n  t he  
myocardium, S D H  a c t i v i t y  was s l i g h t l y  e leva ted  on days 5 and 10 of 
hypokinesia and then  decreased sharp ly ,  reaching 31.9% of cont ro l ,  w h i l e  
Cyt. 0 a c t i v i t y  decreased gradual ly  throughout, f i n a l l y  reaching 26% of 
control .  The au tho r s  argue t h a t  these changes may be explained by t h e  
accumulation of free unu t i l i zed  co r t i cos t e rone  i n  the  organs studied. 

Table: SDH and Cyt. 0 a c t i v i t y  i n  t he  bra in  and myocardium of rats exposed 
t o  hypokinesia 
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EQUIP"T AHD UYSTRUHIWTATIO#: See Life Support Systems: P600 

GASTBOIHTESTIISAL SYSTEH 

(See also: Space Biology: P592) 
PAPER: 

P605( 14/87)* Liz 'ko NN,  Goncharova G I .  
U s e  of bifidobacterin to correct intestinal bacteriosis. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[4 re ferences ;  none i n  Engl ish]  
21(4):  70-72; 1987. 

G a s t r o i n t e s t i n a l  System, I n t e s t i n a l  F lo ra  
Humans, Cosmonauts 
I s o l a t i o n ,  Countermeasures, B i f  idobac ter in ,  Hypokinesia, Head-down T i l t  

Abstract: Long- term i s o l a t i o n ,  i nc lud ing  space f l i g h t ,  has been found t o  
engender i n t e s t i n a l  dysbac ter ios i s .  B i f ido f lo ra  play an impor tan t  r o l e  i n  
support ing normal microbiocenosis  i n  t h e  i n t e s t i n e ,  prevent ing the  
pathogenic e f f e c t s  of' a number 01' riii(:roues, ana inc reas ing  r e s i s t a n c e  
t o  in fec t ion .  To test  the  e f f e c t s  of adminis te r ing  prepara t ions  of 
b i f idobac te r in  on i n t e s t i n a l  microf lora  of humans l i v i n g  i n  i s o l a t i o n ,  two 
s u b j e c t s  spent  7 days  i n  a h e r m e t i c a l l y  sealed room with temperature  of 
35OC, humidity of 90$, and C02  concent ra t ion  of 3.7%. 
given a prepara t ion  of b i f idobac te r in  and the o t h e r  was not. I n  t he  first 
sub jec t ,  concent ra t ions  of b i f  i d o b a c t e r i a  increased,  w h i l e  concent ra t ions  
of l a c t o b a c t e r i a  and i n t e s t i n a l  b a c i l l i  decreased. I n  t h e  con t ro l  sub jec t ,  
b i f i d o f l o r a  and l a c t o f l o r a  decreased by a f a c t o r  of 10, w h i l e  concent ra t ion  
of p o t e n t i a l l y  pathogenic en te robac te r i a  increased. A 14 day experiment 
w i t h  analogous condi t ions  had similar r e su l t s .  B i f idobac te r in  a l s o  had 
s a l u t a r y  effects on the  i n t e s t i n a l  microf lora  of i n d i v i d u a l s  recover ing  from 
a 182-day per iod of hypokinesia and head-down tilt. 
t ab le t  form has a l s o  been used e f f e c t i v e l y  on 8 cosmonauts on long- and 
short- term f l i g h t s  (detai ls  not  spec i f ied) .  Seven a d d i t i o n a l  cosmonauts 
were found t o  have lowered l e v e l s  of b i f i d o f l o r a  dur ing  t r a i n i n g  and were 
given a product of m i l k  soured w i t h  bif idobacter ia .  This  prepara t ion  was 
found t o  be e f f e c t i v e  i n  r e s t o r i n g  i n t e s t i n a l  microf lora .  B i f idobac te r i a  
have a l s o  been success fu l ly  added t o  d r i ed  f r u i t  j u i c e  and lyoph i l i zed  
cheeses. The b a c t e r i a  have been shown t o  be v i ab le  when the products  are 
s t o r e d  for 3-5 years  and do not  al ter t h e  taste of t h e  products. 

One sub jec t  was 

Bi f idobac te r in  i n  

Table: Normalizing effects of b i f idobac te r in  on i n t e s t i n a l  microbiocenosis 
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HABITABILITY AND ENVIR(MIWNT EFFECTS: Space Biology: CR7, M116, M117 

HEUATOLOGY 
(See a l so :  A d a p t a b i l i t y :  P617; Space Biology: P590) 

P598( 14/87)* Gladi lov VV,  Moyseyenko NA. 
Acid-base balance and other blood parameters i n  rats after exposure to  
hyperbaric oxygenation. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

E12 re ferences ;  1 i n  Engl ish]  
2 1 ( 4 ) :  41-45; 1987. 

Hematology, Acid-Base Balance, Oxygen A f f i n i t y  
Rats 
Hyperbaric Oxygenation 

Abstract: 
of blood and o the r  associated parameters after exposure t o  hyperbar ic  
oxygenation i n  a barochamber. Atmosphere i n  t h e  barochamber was 99% oxygen, 
Rats of both sexes (number not  s p e c i f i e d )  were placed i n  the  barochamber a t  
2026 gigaPa f o r  15, 30, o r  60 minutes, spent  10 minutes under normal air 
pressure and then were sacrificed. Mixed arterial and venous blood was 
studied.  Parameters a s soc ia t ed  w i t h  acid-base balance were measured w i t h  a 
microanalyzer;  and a f f i n i t y  of hemoglobin f o r  oxygen w i t h  par t ia l  pC02 Of 40 
mm Hg, temperature  of 37O C and pH of phosphate buf fer  s o l u t i o n s  of 7.2 and 
7.6, were measured spectrophotometr ical ly .  Other parameters s t u d i e d  were 
concent ra t ion  of 2,3-diphosphoglycerine acid (2,3-DPG), concent ra t ion  of 
glucose, a l d o l a s e  a c t i v i t y ,  concent ra t ion  of r e t i c u l o c y t e s ,  hemoglobin 
he te rogenei ty ,  and e l e c t r o p h o r e t i c  mobi l i ty  of i nd iv idua l  f r a c t i o n s  of 
hemoglobin. A con t ro l  group of an imals  housed i n  the barochamber under 
normal a tmospheric  cond i t ions  was s tud ied  f o r  comparative purposes. 

T h i s  s tudy at tempted t o  i d e n t i f y  changes i n  t he  acid-base balance 

Noticeable changes occurred after 15 minutes of exposure t o  the oxygen 
medium. Acid-base parameters pointed t o  development of a l k a l o s i s  of t he  
blood. A t  the  same time, the  concent ra t ion  of 2,3-DPG decreased by 15%, and 
t h e  e l e c t r o p h o r e t i c  mob i l i t y  of a l l  blood f r a c t i o n s  decreased s i g n i f i c a n t l y .  
After 30 minutes  of exposure, acid-base parameters, w i t h  t h e  except ion of 
PC02, d i d  not  d i f f e r  from c o n t r o l  l e v e l ;  2,3-DPG was f u r t h e r  reduced (68%). 
Aldolase a c t i v i t y  decreased by 6 1% and glucose concent ra t ion  increased  by 
30%. These changes imply i n h i b i t i o n  of g l y c o l y s i s  i n  e ry th rocy te s  and 
development of stress. The biochemical changes i n  e ry th rocy te s  were 
accompanied by changes i n  e l e c t r o p h o r e t i c  mobil i ty:  f r a c t i o n s  1 and 2 
increased;  3 and 4 remained the same, while a l l  the others continued t o  
increase.  Two a d d i t i o n a l  minor components appeared. None of these changes, 
however, altered the  a f f i n i t y  of hemoglobin f o r  oxygen. Exposure t o  
hyperbar ic  oxygenation f o r  60 minutes  l e d  to  normal iza t ion  of t h e  major i ty  
of parameters measured. S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  d i d  occur  i n  
t he  concent ra t ion  of 2,3-DPG and i n  t h e  e l e c t r o p h o r e t i c  mob i l i t y  of most 
hemoglobin f r a c t i o n s  ( p a t t e r n  i d e n t i c a l  t o  30-minute exposure). Only after 
exposure for t h i s  du ra t ion  d i d  a f f i n i t y  f o r  oxygen change (16% increase) .  I n  
add i t ion ,  d i s s o c i a t i o n  curves were d isp laced  t o  the  l e f t  and p50 decreased 
by more than 5 mm HG. 
c i r c u l a t i n g  i n  the  vascular  bed. Erythrocyte  concent ra t ion  increased  by 19% 
after 30 minutes of hyperbaric  oxygenation and v i r t u a l l y  normalized after 60 
minutes. Ret icu locyte  concent ra t ion  decreased from 33% under normal 

A l l  the  changes descr ibed occurred i n  e ry th rocy te s  
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cond i t ions  t o  12.5% after 60 minutes of hype rba r i a  No changes i n  
d i s s o c i a t i o n  curves occurred after 15 and 30 minutes of hyperbaria;  however, 
after 60 minutes a f f i n i t y  increased  s u b s t a n t i a l l y ,  d i s s o c i a t i o n  curves were 
d isp laced  t o  the  l e f t  and p50 va lues  decreased f o r  most subjects .  Magnitude 
of the  Bohr effect was i d e n t i c a l  i n  t h e  con t ro l  and a l l  the  experimental  
condi t ions.  

The au tho r s  conclude t h a t  r e l a t i v e l y  shor t  exposure t o  hyperbaric  
oxygenation i n  rats, leads t o  altered a f f i n i t y  of hemoglobin fo r  oxygen 
(mediated by a set  of biochemical changes i n  blood plasma and e ry th rocy te s  
which occur as a consequence of altered acid-base balance) t o  altered 
a f f i n i t y  of hemoglobin t o  oxygen. 
p e r s i s t s  fo r  some time after the t rea tment  has terminated. 
of d i s s o c i a t i o n  curves t o  t h e  l e f t  has  impor tan t  i m p l i c a t i o n s  for  t i s s u e  
oxygen supply i n  t h e  per iod immediately fo l lowing  h y p e r b a r i a  
t h e  major i ty  of parameters  behave d i f f e r e n t l y  as a func t ion  of du ra t ion  of 
hyperbaria  may exp la in  con t r ad ic to ry  data i n  the  l i t e r a t u r e .  

Th i s  a l t e r a t i o n  is r e l a t i v e l y  stable and 
The displacement  

The fact t h a t  

T a b l e  1: Changes i n  blood parameters  i n  rats as a f u n c t i o n  of du ra t ion  of 
hyperbaric  oxygenation 

Tab le  2 :  Changes i n  electrophoretic mob i l i t y  of Hb f r a c t i o n s  as a f u n c t i o n  
of du ra t ion  of hyperbaric  oxygenation 
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EUMAN PERFORMANCE: Cosmonaut Training: M115; Metabolism: P6 13: Space 
Biology: CR7, M117 

IMMUNOLOGY 
(See a lso :  Radiobiology: P611) 

P602( 14/87)* Mukhamedyeva LN, Konstantinova I V ,  Zhuravlev VV. 
Physiological and immunological aspects of human adaptation to heat i n  a 
hermetically sealed environment. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[22 re ferences ;  6 i n  Engl ish]  
21(4):  60-64; 1987. 

Immunology; Adaptation 
Humans 
Sealed Environment, Heat, Humidity 

Abstract: T h i s  experiment involved exposure t o  heat. I n  one experimental  
condi t ion  (1111, 17 hea l thy  a d u l t s  spen t  15 days i n  a he rme t i ca l ly  sealed 
environment of which 7 days were spent  i n  a microcl imate  w i t h  temperature  of 
3 3 O  C, r e l a t i v e  humidi ty  of  90% and barometr ic  pressure  of 750 mm Hg, w i t h  
an  atmosphere conta in ing  20% oxygen and 0.4-0.6% carbon dioxide. I n  a 
con t ro l  condi t ion  (I) 4 i n d i v i d u a l s  were exposed f o r  15 days t o  a 
microcl imate  i d e n t i c a l  except f o r  temperature,  which was maintained a t  20° 
C. I n  a second con t ro l  condi t ion  (II), microcl imate  was i d e n t i c a l  t o  t h a t  
of group 111, w i t h  t h e  except ion of humidity which was maintained a t  40%. 
Exposure t o  heat i n  this condi t ion  lasted 15 days. Thermal s t a t u s  of the  
s u b j e c t s  was assessed on t h e  b a s i s  of rectal temperature  and s k i n  
temperature  measured a t  11 body locat ions.  Blood parameters  measured 
included a c t i v i t y  of ca t a l a se ,  l e v e l  of sodium i n  serum, and acid-base 
balance of whole blood. Immunological i n v e s t i g a t i o n s  used venous blood from 
the  c u b i t a l  vein. Lymphocytes were separa ted  from pe r iphe ra l  blood and the  
q u a n t i t y  of T-lymphocytes determined by the  method of spontaneous r o s e t t e  
formation w i t h  sheep e ry th rocy te s  (E-ROC). 
evaluated on t h e  basis of r o s e t t e  format ion  w i t h  bu l l  e ry throcytes ,  loaded 
w i t h  M-antibodies and t h e  t h i r d  complement components, EAC-ROC. The 
func t iona l  state of t h e  t o t a l  populat ion of T-lymphocytes was evaluated 
radioautographical ly .  Funct ional  a c t i v i t y  of B-lymphocytes was assessed on 
the  b a s i s  of A, M, and G immunoglobulin leve l .  Allergic s t a t u s  was 
eva lua ted  us ing  the  method of specific b l a s t  t ransformat ions  of lymphocytes 
&y.itro i n  the presence of bacterial a l l e r g e n s  r ep resen t ing  human 
a u t o m i c r o f l o r a  Al l e rg i c  response t o  formal in ,  ep ich lor ine ,  and pyr id ine  
were a l s o  examined. 

Level of B-lymphocytes was 

I n  the  con t ro l  condi t ion  (I), no changes were noted i n  any parameter w i t h  
the except ion of some decrease i n  basal metabolism, t y p i c a l  of exposure t o  
he rme t i ca l ly  sealed environments. I n  condi t ion  11, s u b j e c t s  described t h e  
microcl imate  as " w a r m "  and complained of a f e e l i n g  of s t u f f i n e s s  a t  night. 
Mean body temperature  increased  by 0.3OC which was a t t r i b u t a b l e  t o  s k i n  
temperature. No immunological effects were noted. I n  condi t ion  111, w i t h  
e l eva ted  humidi ty  as well as heat, s u b j e c t s  descr ibed  the  microcl imate  as 
hot. On t h e  first day rectal temperature  increased by 0.6O and mean s k i n  
temperature  b 1.8O. 

due t o  decrease i n  physiological  moisture  deficit .  The greatest i n c r e a s e  i n  

Body heat content  was estimated t o  inc rease  by a mean 
of 41.5 cal/m J /h r ,  ev ident ly  as a r e s u l t  of accumulation of metabolic heat 
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heat occurred dur ing  the  first day of exposure t o  t he  microclimate.  Thermal 
condi t ions  a l s o  decreased the s k i n  temperature  g rad ien t  a t  d i f f e r e n t  po in t s  
on the  body. Sub jec t s  complained of tiring e a s i l y ,  insomnia, a f e e l i n g  of 
heaviness  i n  the  head, and l o s s  of appe t i t e .  On day 2 or  even before, 
s u b j e c t s  developed an i t c h y  rash which turned t o  abscesses and 2 s u b j e c t s  
developed con junc t iv i t i s .  Compensatory metabol ic  a c i d o s i s  developed on day 
1. On or before day 7, c a t a l a s e  a c t i v i t y  of blood decreased and 
concent ra t ion  of sodium increased. E-ROC was e leva ted  compared t o  base l ine  
on days 2, 5-7, 10-13 under experimental  conditions. Increased 

.concentrat ion of EAC-ROC was observed on days 5-7. Concentrations of IgG on 
days  5-7, and of IgA on days 10-13 were s i g n i f i c a n t l y  above baseline. No 
changes were observed i n  the  f u n c t i o n a l  a c t i v i t y  of T-lymphocytes. No 
changes were seen i n  a l l e r g e n i c  s e n s i t i v i t y ,  nor i n  s e n s i t i v i t y  t o  normal 
human a u t o m i c r o f l o r a  Changes i n  immunological parameters parallelled the  
development of s k i n  eruptions. Soon after s u b j e c t s  emerged from the 
overheated environment, dermato logica l  symptoms disappeared and 
immunological parameters normalized. Although no direct effects on allergic 
responses  were observed, the  au tho r s  argue that inc reased  l e v e l s  of 
immunoglobulins suggest  t h a t  the  overheated environment l e d  t o  increased  
s e n s i t i v i t y  t o  au toan t ibod ies  which I n  t u r n  had a r o l e  i n  the s k i n  problems. 

T a b l e  1: Experimental cond i t ions  

T a b l e  2: Change i n  immunological parameters i n  group I11 
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[12 r e fe rences ;  3 i n  English] 
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Immunology, Mononuclear Phagocytes 
Humans, Males, Indiv idua l  Di f fe rences  
Adaptation, High A l t i t u d e  

Abstract: The mononuclear phagocyte system was assessed i n  51 male 
sub jec t s ,  aged 18-22, undergoing adap ta t ion  t o  high a l t i t u d e .  The first 
set of measurements were made a t  t h e  starting a l t i t u d e  of 1543 m, and t h e  
next two on days 3-5 and 25-30 of adap ta t ion  t o  an a l t i t u d e  of 3600 m. 
Subjects were divided i n t o  two groups on the  basis of how well they were 
adapting. Group 1 included 33 s u b j e c t s  adapt ing  well, while group 2 s u b j e c t s  
(N=l8) developed symptoms of acu te  a l t i tude  s i ckness  l a s t i n g  3-5 days o r  
more. A group of men who had l i v e d  a l l  t h e i r  l i v e s  a t  3600 meters served as 
cont ro ls .  State of t he  monocular phagocyte system was assessed using 
monocytograms, by determining the phagocytic a c t i v i t y  of monocytes i n  
blood w i t h  l a t e x  p a r t i c l e s ,  and count ing EAC-ROC and E-ROC monocytes. 

I n  i n d i v i d u a l s  adapt ing  well, there were only s l i gh t  i n c r e a s e s  i n  
abso lu t e  and r e l a t i v e  concent ra t ions  of monocytes after ascent ,  which 
subsequent ly  decreased sharp ly  on days 25-30 of adapta t ion ,  but remained 
above t h a t  of high a l t i t u d e  res idents .  
s i ckness  showed no s t a t i s t i c a l l y  s i g n i f i c a n t  changes i n  monocytes. 
t h e i r  i n i t i a l  l e v e l  was s i g n i f i c a n t l y  lower than that  of success fu l  
adapters. Monocytograms of both groups showed a tendency f o r  p r o l i f e r a t i v e  
a c t i v i t y  and the  index of d i f f e r e n t i a t i o n  t o  inc rease  toward t h e  end of t h e  
adapta t ion  period. I n  both groups of s u b j e c t s  the  number of monocytes 
phagocytizing l a t e x  decreased sha rp ly  as exposure t o  high a l t i t u d e  
increased. This parameter remained higher i n  the  good adap te r s  than i n  the 
bad. The l e v e l  of t h i s  parameter i n  both experimental  groups remained 
higher than i n  permanent res idents .  The r e l a t i v e  concent ra t ion  of monocytes 
ca r ry ing  C3- and Fc-receptors decreased i n  t h e  success fu l  adapters on days 
3-5 and increased  on days 25-30, remaining below base l ine ;  absolute l e v e l  of 
these cells decreased throughout t h e  period. I n  i n d i v i d u a l s  s u f f e r i n g  from 
a l t i t u d e  s ickness ,  r e l a t i v e  and abso lu te  amounts of cells w i t h  Fc r e c e p t o r s  
decreased, wh i l e  the  l e v e l  of c e l l s  w i t h  C3 receptors remained t h e  same. 
During the base l ine  period concent ra t ion  of rosette forming cells was lower 
i n  s u b j e c t s  who later developed a l t i t u d e  sickness. 
h igher  l e v e l s  of ROC than permanent r e s i d e n t s  of high a l t i t u d e s .  

Those wi th  symptoms of a l t i t u d e  
However, 

Both adapt ing  groups had 

Figure  1: Level of monocytes i n  i n d i v i d u a l s  success fu l ly  adapt ing t o  high 
alt i tudes o r  developing a c u t e  high a l t i t u d e  s i ckness  and i n  permanent 
r e s i d e n t s  of high a l t i t u d e s  

F igure  2: Level of monocytes phagocytizing l a t e x  i n  i n d i v i d u a l s  success fu l ly  
adapt ing t o  high a l t i t u d e s  or  developing acu te  high a l t i t u d e  s i ckness  and i n  
permanent r e s i d e n t s  of high a l t i t u d e s  
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Figure 3: Level of monocytes forming EAC rosettes i n  indiv iduals  s u c c e s s f u l l y  
adapting to high a l t i t u d e s  or developing acute  high a l t i t u d e  s i ckness  and i n  
permanent r e s i d e n t s  of high a l t i t u d e s  

Figure 4; Level of monocytes forming EA rosettes i n  ind iv idua l s  s u c c e s s f u l l y  
adapting to high a l t i t u d e s  or developing acute  high a l t i t u d e  s i ckness  and i n  
permanent r e s i d e n t s  of high a l t i t u d e s  
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[25 r e fe rences ;  16 i n  English] 

prime crews]. 

Immunology, Epidemiology, Immunological Reac t iv i ty ,  T-lymphocytes, 
Immunoglo bul in  

Humans, Cosmonauts 
Space F l i g h t ,  Long-term, Salyut-6 

Abstract: Immunological s t u d i e s  of Salyut-6 prime crews f a l l  i n t o  3 groups: 
1) p r e f l i g h t  examinat ions of the crews, inc lud ing  ep idemiologica l  s t u d i e s ;  
2) s tudy  of immunological r e a c t i v i t y  p o s t f l i g h t ;  3) de te rmina t ion  of 
immunoglobulin concent ra t ions  i n  the  blood dur ing  flight. Epidemiological 
i n v e s t i g a t i o n  included a n a l y s i s  of blood serum for presence of Aus t r a l i a  
an t igen ,  a n a l y s i s  of nasa l  mucous, and eva lua t ion  of immunological 
parameters i n d i c a t i v e  of the in i t ia l  l a t e n t  period of v i r a l  i n f e c t i o n s  i n  
the  cosmonauts1 blood. None of these s t u d i e s  revealed changes 
c h a r a c t e r i s t i c  of v i r u s  c a r r i e r s ,  t he  prodromal stage of v i r a l  hepa t i t i s ,  or 
disease caused by in f luenza1  in fec t ions .  

Cosmonauts were s tud ied  immunologically dur ing  the  training period, 30-45 
days and 1 week before  launch, on day 1 pos t f l igh t  and la ter  i n  the  
p o s t f l i g h t  period. 
y j & ~  on the basis of rate of RNA s y n t h e s i s  after con tac t  w i t h  a mitogen on 
day 1 p o s t f l i g h t  had decreased i n  7 of 10 cosmonauts studied. This  
parameter had normalized after a week i n  a l l  cosmonauts studied. 
P r o l i f e r a t i v e  a c t i v i t y  of T-lymphocytes remained unchanged i n  a l l  but two 
crewmembers. A subpopulat ion a n a l y s i s  of lymphocytes showed a decrease i n  
T-lymphocytes after long f l i g h t s  i n  8 of 10 subjec ts .  This parameter 
dropped f u r t h e r  i n  the  postflight per iod i n  9 sub jec t s ,  b u t  had normalized 
after a week i n  some subjec ts .  I n  one sub jec t  normal iza t ion  had no t  occurred 
1 month pos t f l igh t .  Subpopulation of active T-cells in T-lymphocytes was 
unchanged i n  8 of 10 sub jec t s ,  and e l eva ted  i n  t h e  rest. 
s tud ied  t o t a l  concent ra t ion  of Elymphocytes  had decreased s i g n i f i c a n t l y  1 
day pos t f l i gh t .  &lymphocyte subpopulat ion was diminished i n  2 subjects .  
Concentration of lymphocytes w i t h  r e c e p t o r s  t o  Fc-fragment of immunoglobulin 
remained wi th in  normal l i m i t s .  

The func t iona l  a c t i v i t y  of T-lymphocytes eva lua ted  

I n  2 of 4 cosmonauts 

Reac t iv i ty  of T-suppressors and T-helpers were s tud ied  i n  two crews. 
tendency was noted f o r  T-suppressors t o  be e leva ted  postf l ight ,  w h i l e  T- 
helper  a c t i v i t y  was diminished i n  3 of 4 cosmonauts. 

A 

Study of the three major c l a s s e s  of immunoglobulins i n  the blood postf l ight  
had the  fo l lowing  results. Some cosmonauts displayed s i g n i f i c a n t  changes i n  
G- and A-immunoglobulin. I n  2 of 10 subjects, G-immunoglobulin decreased 
s i g n i f i c a n t l y  p o s t f l i g h t  and i n  2 o t h e r s  tended t o  decrease. One s u b j e c t  
showed decreased IgA, and 3 increased  IgA postfl ight.  No changes were 
observed i n  IgM. 
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Autoimmune tests (rheumatoid f a c t o r  and antibody t i t e r  t o  denatured DNA) 
were negat ive  i n  the  ma jo r i ty  of cases  pre- and postfl ight.  
cosmonauts showed a positive allergic r e a c t i o n  (3 t o  s t rep tococcus  and 1 to  
formaldehyde) pos t f l igh t  which was absent  pref l igh t .  
allergic r e a c t i o n s  t o  substances i n  t h e  spacecraft cabin. 

Four of 8 

There was no evidence of 

Immunoglobulins were s tudied  dur ing  space f l i gh t  i n  two crews. Some 
evidence of increased  IgA o r  IgM was found f o r  d i f f e r e n t  crewmembers a t  some 
po in t s  i n  the f l i g h t .  

The authors consider  changes i n  t h e  T-lymphocyte system t o  be the  most 
stable and impor tan t  immunological result of long-term space f l ight .  They 
hypothesize tha t  decreased concent ra t ion  and PHA r e a c t i v i t y  of T-lymphocytes 
after space f l i g h t  may be caused by t r a n s f e r  of a po r t ion  of the  T- 
lymphocytes i n t o  bone marrow, which has been observed i n  response t o  stress. 
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P600( 14/87)* Dmitriyev MT, Malysheva AG, Rastyannikov YeG. 
Specific organic compounds in human wastes. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ 15 r e fe rences ;  4 i n  Engl ish]  
21(4):  50-56; 1987. 

Life Support  Systems, Organic Compounds 
Equipment and Ins t rumenta t ion ,  Chromatomass Spectrometer,  Computer 
Human Wastes 

Abstract: T h i s  paper describes a s tudy  i n  which human waste products  were 
analyzed using a G C  mass spec t rometer  and a computer-based data processing 
system. The use of a computer i n  t h e  data c o l l e c t i o n  and processing is 
e s s e n t i a l  because of the  number of components of human waste and the  
complexity of t h e i r  i n t e r r e l a t i o n s h i p s .  Sampling and concent ra t ion  of 
s p e c i f i c  organic  compounds i n  human wastes was accomplished on a polymer 
sorbent  -- tenax (poly-2,6-diphenyl-p-phenyloxide). This  material has many 
advantages over commonly used absorbents ,  chief of which are high thermal 
s t a b i l i t y  and moderate abso rp t ive  a c t i v i t y  (allowing q u a n t i t a t i v e  desorp t ion  
from its s u r f a c e  a t  28O-30O0 C of carbohydrates  up t o  octadecane), chemical 
i n e r t n e s s  to  the ma jo r i ty  of organic  compounds and water repellency. A 
t o t a l  of 56 hea l thy  i n d i v i d u a l s  Acted as subjec ts .  Waste products  s tud ied  
included exhaled air, i n t e s t i n a l  gas, ur ine,  s a l i v a ,  pe r sp i r a t ion ,  and 
feces. S p e c i f i c  organic  compounds were ex t r ac t ed  from l i q u i d s  and feces by 
gas ex t r ac t ion ,  A g lass  capillary chromatographic column 0.3 mm i n  diameter 
and 38 m long processed w i t h  s i l i c o n  was used f o r  gas chromatographic 
separa t ion ,  The i n i t i a l  5 minutes of chromatography occurred a t  room 
temperature. Then the  temperature  of the column was increased  a t  a rate of 
5OC per  minute t o  15OoC. were 
i d e n t i f i e d  w i t h  the  he lp  of a mass-spectra ca t a log  and a computer l i b r a r y  
of spectra. The ch ief  advantage of t h e  computer GC mass-spectrometric 
method is the  unique i d e n t i f i c a t i o n  of compounds, which is especially 
Important  i n  s tudying  such complex mixtures  of hundreds of substances,  such 
as human wastes. 

Compounds recorded on the chromatogram 

Products  i d e n t i f i e d  could be classified as saturated hydrocarbons, unsa tura ted  
hydrocarbons, naphthenic hydrocarbons, a romat ic  hydrocarbons, oxygen- 
conta in ing  compounds (aldehydes, ketones, a lcohols ,  esters), ni t rogen-  
conta in ing  compounds, sulphur-containing compounds, and chlor ine-containing 
compounds. The au tho r s  consider  i t  of i n t e r e s t  t h a t  human wastes con ta in  
s i g n i f i c a n t  q u a n t i t i e s  of oxygen-containing compounds, (acetaldehyde, 
hexanal, pentanol, oc tana l ,  heptanal,  nonanal, benzaldehyde), ketones 
(methyl e t h y l  ketone, acetone,  2-butanone, bheptanone) ,  a l coho l s  (e thanol ,  
methanol, isopropanol) ,  esters (e thy l  acetate, buty l  acetate, 1,4-dioxane) and 
a l s o  formic  acid, p-cresol, and phenol. The sulphur-containing compounds 
found i n  s i g n i f i c a n t  q u a n t i t i e s  included dimethyl  d i su lphide ,  and t h e  
chlor ine-containing compounds - chlorof  orm, methyl chloride, the ni t rogen-  
conta in ing  ones -- methylamine, isopropylamine, t he  a romat ic  hydrocarbons - 
benzol, t o l u o l ,  xy lo l ,  t he  unsa tura ted  hydrocarbons-- i soprene ,  e thylene ,  
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butylene, and the  s a t u r a t e d  hydrocarbons -- methane, ethane, and propane. 
The au tho r s  argue t h a t  t h e  data obtained can be used f o r  p red ic t ing  the  
concent ra t ion  of t o x i c  me tabo l i t e s  i n  t he  atmosphere of he rme t i ca l ly  sealed 
environments and f o r  biomedical evaluation. Q u a n t i t a t i v e  toxicology may 
be used t o  determine i n t e g r a t e d  air p o l l u t i o n  i n d i c e s  f o r  such 
environments. Since polymers and o the r  cons t ruc t ion  materials w i l l  be  
con t inua l ly  improved f o r  use i n  spacec ra f t ,  t h e i r  con t r ibu t ion  t o  i n t e r n a l  
air p o l l u t i o n  w i l l  decrease. 
w i l l  become inc reas ing ly  important. 

Thus p o l l u t i o n  from human and animal wastes 

Table :  Excret ion of s p e c i f i c  organic  compounds i n t o  t h e  atmosphere 

Figure:  Fragments of computer chromatogram of s p e c i f i c  organic  compounds 
excreted by the  body i n t o  t h e  atmosphere w i t h  u r ine  and f e c e s  
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Life Support Systems, 
Mice, Rats 
Hermetically Sealed Environments, Acetic Acid, Toxicology, I n h a l a t i o n  

Phys io logica l  and Behavioral  Effects 

Abstract: Acetic acid is a cons tan t  component of the  atmosphere of 
hermetically closed environments, but its toxicology has not  been 
s u f f i c i e n t l y  studied. 
of 200 1. 
temperature  was maintained w i t h i n  the l i m i t s  of 24-27' C, and r e l a t i v e  
humidity ranged between 75-85%. Control  animals  were housed under i d e n t i c a l  
condi t ions  b u t  no t  exposed t o  a c e t i c  acid. Seven t r i a l s  were conducted w i t h  
t h e  fo l lowing  concent ra t ions  of acetic acid: 86 m / m 3  ( 3  days), 75 mg/m3 (2 

days), 27 mg/m3 (22 days). I n  addi t ion ,  a number of 1- and 2-day t r ia ls  were 
performed w i t h  a c e t i c  acid concent ra t ion  of 400 t o  900 mg/m3 and 4-5 hour 
s e s s i o n s  w i t h  concent ra t ion  from 10 t o  30 mg/m3. 
s tud ied  us ing  a modified Iiopen f ie ld"  test. Summation of con t r ac t ion  
threshhold was determined w i t h  impulse inc reas ing  i n  vol tage  a t  i n t e r v a l s  of 
1 second. After exposure t o  the acetic a c i d  a por t ion  of the  an imals  were 
sacrificed and organs removed and weighed. 
taken for  a n a l y s i s  and blood cells counted using s tandard  methods. 
work capac i ty  was determined i n  mice only on the b a s i s  of du ra t ion  of 
running on a treadmill. Histological c r o s s  s e c t i o n s  were s t a i n e d  and a 
number of e ry th rocy te  metabolism parameters measured. Concentrat ions of 
v o l a t i l e  metabolites i n  exhaled air was determined for  rats. 

Rats and mice were confined i n  chambers w i t h  volumes 
A i r  was blown through the  chamber a t  a rate of 3.5 m3/hr. A i r  

t r ia ls  of 17 days each and 1 of 35 days); 56 m g / m  4 (35 days); 35 mg/m3 (22 

Behavioral  responses were 

Blood from the caudal ve in  was 
Phys ica l  

After short  exposure t o  acetic ac id  i n  concent ra t ion  of 10 to  30 mg/m3, mice's 
motor a c t i v i t y  increased  compared t o  con t ro l s ,  poss ib ly  due t o  stress 
induced by t h e  odor. Longer-term experiments  showed t h a t  exposure t o  t h e  
acid was associated w i t h  diminished motor a c t i v i t y  a t  concent ra t ions  from 36 
t o  80 mg/m3. 
parameters. 
found. 
t h e  c a p a c i t  f o r  impulse summation Long-term exposure t o  a concent ra t ion  

approximately 2. 
effect on treadmill running. Rats' weight decreased compared t o  con t ro l  
an imals  s t a r t i n g  a t  a concent ra t ion  of 75 mg/m13 fo r  17 days of exposure. 
Weight loss i n  mice occurred a t  concent ra t ions  above 56 mg/m3. 
organs appeared t o  be affected by the t reatment ,  b u t  i n  d i f f e r e n t  d i r e c t i o n s  
f o r  d i f f e r e n t  an imals  and mouse species .  
the sp leen ,  kidneys, and b ra in  after long-term exposure t o  high l e v e l s  (>75 
mg/ml3) of acetic acid. 
Exhalat ion of e thy lene  and acetone increased  dur ing  the i n i t i a l  period of 
exposure t o  acetic acid i n  concent ra t ions  of 36 mg/d and above but 
subsequent ly  re turned  t o  normal l eve l s .  
concent ra t ions  of acetic acids l e d  t o  a s i g n i f i c a n t  decrease i n  e thylene  and 
an eightfold i n c r e a s e  i n  acetone,  r e f l e c t i n g  changes i n  l i p i d  p e r o x i d a t i o n  

S i g n i f i c a n t  effects were found f o r  a number of behavioral  
no behavioral  effects were A t  a concent ra t ion  of 27 mg/m3 

Gas concent ra t ion  of 56 to  75 m g / m j  l e d  t o  s i g n i f i c a n t  decrement i n  

One day's exposure t o  a concent ra t ion  of 500 mg/m3 had no 
of 36 m g / m  Q and above decreased work capac i ty  i n  mice by a f a c t o r  of 

Weights of 

Hi s to log ica l  changes were found i n  

No changes were noted i n  metabolism or blood cells. 

Very high (350-500 mg/m3) 
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The minimum effect ive concentration of acetic acid for mice and rats under 
conditions of constant inhalation i s  set at  36 mg/m3. 
increased i n  magnitude as concentration increased, suggesting the p o s s i b i l i t y  
of accelerated adaptation for higher concentrations. 

Not a l l  effects  
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Mathematical Modeling, Cardiovascular and Respi ra tory  System, Hemodynamics 
Humans 
Weightlessness, I n i t i a l  Response; Countermeasures, LBNP, Hypovolemia 

Abstract: The goal of t h i s  work was to  develop a mathematical model of the  
r a p i d  responses  of the  card iovascular  sys t em t o  weight lessness  and t h e  
effects of seve ra l  techniques t o  l i m i t  t he  adverse effects of weight lessness  
by decreas ing  blood volume s h i f t  t o  t h e  c e n t r a l  po r t ion  of t h e  body 
(hypovolemia, LBNP, and occ lus ion  of the  thigh). I n  this model t h e  
card iovascular  system is  represented  as a network of  segments w i t h  
parameters r e f l e c t i n g  the pumping func t ions  of t h e  r i g h t  and l e f t  cardiac 
v e n t r i c l e s  and the  res i s tance-capac i tance  propert ies  of sys temic  and 
pulmonary circulation. Each segment is associated w i t h  parameters 
represent ing:  d i s t a n c e  between t h e  segment cen te r  and the  foot (li)and 
dorsal s u r f a c e  ( m i ) ,  and a l s o  the  angle of i n c l i n a t i o n  w i t h  respect t o  t h e  
ho r i zon ta l  ( i). 
i n c l i n a t i o n  fo r  the  ca lves  i, th ighs  2, and head, arms and t runk 3. 
Equations are given for  the  p o s i t i o n  of vessels i n  t he  calves ,  th ighs ,  and 
other parts of the body as fol lows:  

The p o s i t i o n  of t h e  body i s  represented  by three angles  of 

Vessels i n  the  calves:  h= 4 sin CF! + m h  COS ql: 

Vessels i n  the thigh: 

Vessels elsewhere: 
h,=h,+ ( f , -2 f , ) s in (F?+m,cos~~+  (ln-2(l,,, - l , ) ) s i n ( ~ ~ + ~ ~ ,  (1 3 .  

Upon t r a n s i t i o n  t o  weight lessness ,  the  rate of filling of t h e  cardiac 
c a v i t i e s  and pressure  w i t h i n  them i n c r e a s e s  s i g n i f i c a n t l y .  Theref ore  t h e  
model inc ludes  a nonl inear  d e s c r i p t i o n  of t h e  d i a s t o l i c  f u n c t i o n  r e l a t i n g  
volume (v)  and pressure  (p) of the  cardiac ven t r i c l e .  I n  add i t ion ,  the  
r ep resen ta t ion  of the  cardiac pumping func t ion  makes p rov i s ion  for a p l a t eau  
i n  the func t ion  r e l a t i n g  stroke volume (s) t o  end-d ia s to l i c  f i l l i n g  ( w )  f o r  
large va lues  of w. The equat ions  are as follows: 

\ Q  (V  - U )  + b (V - U)' ,  U > u 

Id (v- u).  o < V < . U .  
P =  

( P :  - P + Ah$f'),R0, O <  T < T~ 
qo = lo. Td < T .< T ,  

I 

L' ( 1 )  = Uo 1- 
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I 
where p is transmural  pressure  i n  t h e  v e n t r i c l e ;  v i s  the volume of blood i n  
d i a s t o l e ;  
v e n t r i c l e ;  pv is the  f i l l i n g  venous pressure;  
venous r ecep to r s  and cardiac v e n t r i c l e s ;  N is an index of grav i ty ;  u is t h e  
uns t ressed  volume of the  v e n t r i c l e ;  wmax is the upper boundary of the change 
i n t e r v a l  w i n  which he te rometr ic  s e l f - r egu la t ion  occurs;  a, b, d are 
parameters  of d i a s t o l i c  e l a s t i c i t y ;  RO is  r e s i s t a n c e  of the  a t r i o v e n t r i c u l a r  
valve; F i s  heart rate; T i s  cardiac cyc le  dura t ion ;  d i s  dura t ion  of 
d i a s t o l e ;  k is an i n d i c a t o r  of t h e  i n o t r o p i c  state of t h e  heart; i s  time 
w i t h i n  t h e  cardiac cycle;a ,  p , uo are constants ;  and t is time. Regulated 
parameters wi th in  the c i r c u l a t o r y  system are heart rate, r e s i s t a n c e  of 
system arteries, uns t ressed  volume of system veins ,  and i n o t r o p i c  s ta te  of 
the heart. Regulation of hemodynamics occurs  through baroref lexes  w i t h  3 
re f lexogenic  zones. Constants are set on the  basis of physiological  norms 
i n  ho r i zon ta l  and passive upr ight  posi t ions.  

q is  the  mean minute volume of blood f low on e x i t i n g  the 
h i s  t h e  d i f f e rence  between 

I 

I 

Trans i t i on  t o  weight lessness  was modeled by s h u t t i n g  o f f  the g r a v i t a t i o n a l  
component of pressure  ( N = O )  and inc reas ing  the t o t a l  volume of blood by 2.5% 
t o  s imula t e  passage of f l u i d  from ext ravascular  space i n t o  the  veins. 
Effects of decreas ing  t o t a l  volume of blood (hypovolemia), and use of LBNP 
and occ lus ion  c u f f s  were a l s o  modeled. The au thors  conclude t h a t  t h i s  model 
adequately describes the  i n i t i a l  c e n t r a l  hemodynamic response t o  t r a n s i t i o n  
t o  weight lessness  i n  humans. Cent ra l  hemodynamic responses t o  t r a n s i t i o n  t o  
weight lessness  are s t rong ly  dependent on the  fact t h a t  the  r i g h t  cardiac 
v e n t r i c l e  func t ions  on a p l a t eau  of t h e  pumping func t ion  curve (because 

LBNP, and occ lus ion  c u f f s  i n  weight lessness  act  t o  decrease the  pressure  on 

r i g h t  v e n t r i c l e  decreases and its funct ioning  moves from the  p l a t eau  t o  t he  
i n c l i n e d  por t ion  of the curve. LBNP i s  the  most e f f e c t i v e  of the  techniques 

I volume of the  l e f t  v e n t r i c l e  has a l ready  reached its l i m i t s ) .  Hypovolemia, 
I 
I the volume of the  l e f t  v e n t r i c l e  on ly  when overloading of the  volume of the  

I examined f o r  decreas ing  c e n t r a l  blood volume. 

Figure 1 : I n i t i a l  c i r c u l a t o r y  response on t r a n s i t i o n  t o  weight lessness  

Figure 2: Responses of the  c i r c u l a t o r y  model t o  decreased t o t a l  blood volume 
under simulated weight lessness  

Figure 3: Change i n  hemodynamic parameters dur ing  LBNP i n  weight lessness  

Figure 4: Effects of occ lus ion  c u f f s  i n  weight lessness  
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(See also: Adaptation: P617; Space Biology: €592, CR7, M117) 

PAPER: 

P606( 14/87)* Dlyakonov MM, Persianova VR. 
Regulation of wtabolim during parachute jumps. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[g  r e fe rences ;  none i n  Engl ish]  
21(4) :  72-73; 1987. 

Metabolism, Metabolic Parameters 
Human, Parachute Jumpers 
Psychology, Stess; N u t r i t i o n  

Abstract: Metabolic parameters were measured i n  6 parachute  jumpers (aged 
19-21, w i t h  a t  least a y e a r  of parachute  experience) i n  a base l ine  period, 
immediately after landing, and 12 hours after landing. During t h e  l a t te r  
period, no food was consumed, and s u b j e c t s  had a n ight ' s  sleep. Metabolic 
parameters included gas exchange dur ing  t h e  jump, and glucose, ATP, and 
c h o l e s t e r o l  i n  c a p i l l a r y  blood. Energy expendi ture  a t  the  moment of the  jump 
was 242-256 cal/hr wi th  a high r e s p i r a t o r y  coe f f i c i en t .  Although blood 
glucose concen t r a t ions  were unchanged a t  the  moment of landing,  they had 
d iminished  s i g n i f i c a n t l y  after 12 subsequent hours wi thout  eating. ATP 
concent ra t ion  dropped s i g n i f i c a n t l y  a t  the moment of landing. Cholesterol 
remained a t  base l ine  a t  t h e  moment of landing  b u t  had inc reased  after 12 
hours. The au tho r s  recommend tha t  dur ing  t h e  days preceding a parachute  
jump and on the  day of the  jump i tself ,  t h e  d i e t  should con ta in  a high 
propor t ion  of easily assimilable carbohydrates  and t h a t  food should not  be 
inges t ed  f o r  a r e l a t i v e l y  long time subsequent t o  a jump. 
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P6 13( 14/87) Polozhentsev SD, Rudnev DA, Kuvshinik AV. 
Changes i n  l i p i d  m e t a b o l i s m  and h0rDOm. l  status during adaptation to long- 
term emotional stress and physical exertion. 
Fiz io log iya  Cheloveka. 

113 re ferences ;  none i n  English] 
Authors' a f f i l i a t i o n :  S. M. Kirov Academy of Mi l i t a ry  Medicine 

13( 4) :  616-620; 1987. 

Metabolism, L i p i d ;  Enzymology, Catecholamines 
Humans 
Adaptation; Psychology, Stress; Human Performance, Physical  Exercise  

Abstract: Sub jec t s  i n  t h i s  experiment were 236 apparent ly  hea l thy  
ind iv idua l s ,  aged 18 and 19 (presumably m i l i t a r y  r e c r u i t s ) ,  who were 
undergoing emotional  ( s epa ra t ion  from home, adjustment  t o  very d i f f e r e n t  
l i v i n g  condi t ions ,  etc.) and phys ica l  ( s t renuous  work, d a i l y  condi t ion ing  
exe rc i se s ,  i nc lud ing  a 3 km run). Two per iods  were a r b i t r a r i l y  selected for  
study: t h e  first period of adap ta t ion  was defined as days 1-20 and the  
second period as days 35-50. Within each period, measurements were made 
every 5 days. The following parameters were measured i n  serum of venous 
blood t o  r e f l e c t  l i p i d  metabolism: total  c h o l e s t e r o l  (TC), t r i g l y c e r i d e s  
(TG),  very low d e n s i t y  l i p i d s  (VLDP), low dens i ty  l i p i d s  (LDL), and l i p i d  
hydroperoxide (LHP). I n  a d d i t i o n  r e n a l  exc re t ion  of epinephrine and 
norepinephrine were recorded dur ing  the first 20 days of adap ta t ion  and 
somatos t a t in  and i n s u l i n  were measured i n  blood dur ing  a l i k e  period. A 
c o n t r o l  group of (30 people) of matched ages was not  exposed t o  t he  stress 
factors. 

I n  general ,  t he  l i p i d  metabolism parameters measured were no d i f f e r e n t  than 
con t ro l  l e v e l s  dur ing  the  first 5 days of the study, after which they 
increased,  w i t h  the except ion of high dens i ty  l i p i d s  which decreased. A l l  
these parameters differed s i g n i f i c a n t l y  from con t ro l  l e v e l s  on days 41-45, 
but appeared t o  have normalized by days 46-50. Excret ion of 
epinephrine and norepinephrine increased  throughout the  first 20 days of 
adapta t ion ,  reaching  approximately twice con t ro l  l e v e l  by days 16-20. 
Somatos ta t in  was no d i f f e r e n t  from c o n t r o l  l e v e l  on days 1-5, b u t  had 
deceased s i g n i f i c a n t l y  on days 16-20. I n s u l i n  l e v e l  increased  above c o n t r o l  
l e v e l  on days 1-5, b u t  had decreased t o  s i g n i f i c a n t l y  below con t ro l  by days 
11-15. 

The au tho r s  conclude that  prolonged exposure to  psychological  and physical  
stress i n i t i a l l y  g ives  rise t o  the well-known stress response associated 
w i t h  exc re t ion  of catecholamines. Energy is suppl ied  for  the  %risisI8 

adap ta t ion  response from the body's carbohydrate reserves .  Continuing 
stress leads t o  marked changes i n  hormonal s t a tus .  The second phase of 
l1ernergencyl8 regula t i o n  i s  accompanied by r e s t r u c t u r i n g  of the energy supply 
t o  provide more economic energy consumption a t  rest and increased  output  
capac i ty  when required. Energy demands are met through "fat" metabolism. 
Increased permeabi l i ty  of the  arterial  walls occurr ing  as a r e s u l t  of hormonal 
changes, is accompanied dur ing  t h i s  period by increased  l e v e l s  of total ,  
low, and very low d e n s i t y  cho le s t e ro l ,  and t r i g l y c e r i d e s ,  decreases i n  high 
d e n s i t y  l i p i d s ,  and a c t i v a t i o n  of f r ee - r ad ica l  l i p i d  peroxidation. This 
creates condi t ions  favor ing  deposits of plasma l i p i d  on arterial  w a l l s  and 
the  development of a r t e r i o s c l e r o s i s .  

5 4  



P613 

Table  1: Changes i n  concent ra t ion  of var ious  l i p o p r o t e i n  f r a c t i o n s  i n  blood 
of young people adapt ing  t o  prolonged emotional and phys ica l  stress 

T a b l e  2: Changes i n  renal exc re t ion  of epinephrine and norepinephrine i n  
young people adapt ing  t o  prolonged emotional and phys ica l  stress 

Table  3: Changes i n  i n s u l i n  and somatos t a t in  i n  blood of young people 
adapt ing  t o  prolonged emotional and phys ica l  stress 
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(See also: Space Biology: P592, c r7  , MI171 

PAPERS: 

P596( 14/87)* Shibkova DZ,  Fomin NA. 
Concentration of nucleic acids i n  the ske le ta l  muscles of rats during 
hypokinesia and a recovery period. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[17 r e fe rences ;  1 i n  Engl ish]  
21(4) :  28-31; 1987. 

Musculoskeletal  System, Nucleic Acids 
Rats 
Immobilization; Psychology, Stress 

Abstract:  A t o t a l  of 140 male Wistar rats were used i n  t he  experiment. 
Experimental  rats were maintained i n  immobi l iza t ion  cages; con t ro l  rats 
l i v e d  i n  normal vivarium conditions. Both groups received the same 
standard d ie t .  Every 5 days an imals  i n  both groups were weighed. After 
60 days of hypokinesia, experimental  an imals  were placed i n  cages allowing 
normal freedom of movement. On days 3, 10, 20, 30, and 60 of hypokinesia, 
and 3, 10, 20, and 30 of recovery, a por t ion  of the animals  were sacrificed 
and t h e  gastrocnemius muscle removed, cleaned of cartilage, weighed, and 
homogenized. 
separated i n t o  n u c l e i c  acids .  Q u a n t i t y  of DNA and RNA were determined 
spectrophotometr ical ly .  

A sample weighing 500 mg w a s  removed from the  homogenate and 

Muscle weight decreased dur ing  month 1 of hypokinesia f o r  the experimental  
group and then began t o  s t a b i l i z e  (graph shows s l i g h t  i nc rease ) ,  remaining 
below base l ine  and i n c r e a s i n g l y  below con t ro l  l e v e l  u n t i l  hypokinesia 
terminated. After t rea tment  terminated, muscle weight  increased  a t  a rate 4 
times t h a t  of c o n t r o l  dur ing  t h e  same period, remaining, however, below 
con t ro l  leve l .  I n  the con t ro l  group, phys io logica l  growth was accompanied 
by i n c r e a s e s  i n  DNA and RNA. Two months of hypokinesia s i g n i f i c a n t l y  
depressed i n c r e a s e  i n  nuc le i c  acids, DNA had increased  by o n l y  18.4% on day 
60, whi le  RNA was below con t ro l  leve l .  A t  the end of 30 days of 
readapta t ion ,  DNA and RNA no longer  differed from con t ro l  l eve l s .  The fact  
tha t  dur ing  hypokinesia,  RNA decreased r e l a t i v e  t o  DNA sugges t s  i n h i b i t i o n  
of the t r a n s c r i p t i o n  process. The r a p i d  i n c r e a s e  i n  RNA du r ing  adap ta t ion  
l e d  t o  a sharp  inc rease  i n  t h e  RNA/DNA r a t i o ,  implying a c c e l e r a t i o n  of 
t r a n s c r i p t i o n  of DNA. It is impor tan t  t o  note  that throughout hypokinesia, 
concent ra t ion  of DNA per  gram t i s s u e  was more than 50% higher than f o r  t h e  
con t ro l ,  while RNA concent ra t ion  d id  not  differ from t h a t  of the control. 
These data can be explained w i t h  r e fe rence  t o  microscopic examinat ion 
r e s u l t s  I n d i c a t i n g  t h a t  dur ing  hypokinesia the number of n u c l e i  i n  muscle 
f ibers  increases ,  leading t o  a m i t o t i c  d iv is ion .  Mult inucleated cells can be 
considered a f u n c t i o n a l  r e se rve  r e s u l t i n g  from amitosis, and is a means of 
adap ta t ion  of t i s s u e  t o  adverse f ac to r s .  The au tho r s  conclude tha t  t h i s  
leads t o  te rmina t ion  of growth of skeletal muscles and i n h i b i t i o n  of the  
process of age-related nuc le i c  acid accumulation i n  the gastrocnemius 
muscle. The concent ra t ion  of the  g e n e t i c  DNA and RNA matrices is highly  
dependent on muscle a c t i v i t y .  Res tora t ion  of normal motor a c t i v i t y  
a c t i v a t e s  g e n e t i c  mechanisms f o r  r e g u l a t i n g  biosynthesis ,  a c c e l e r a t i o n  of 
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reparation, and normalization of muscle tissue. 

Table: Amount and concentration of nucleic acids i n  the gastrocnemius muscle 
of rats during 60 days of hypokinesia and a readaptation period 

Figure 1 :  Changes i n  weight of gastrocnemius muscle 

Figure 2: Changes i n  BNA/DNA ratio 
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(See a lso :  Developmental Biology: P583; Space Biology: CR7, M117) 

PAPERS: 

P621(14/87) Viru AA, Tendzegol 'skis ZhL,  Karel ' son KM, Alev KP, Smirnova TA. 
Relationship between changes i n  concentration of beta-endorphins and hormones 
i n  the blood during exercise. 
Voprosy Meditsinskoy K h i m i i .  
33(3) :  28-32; 1987. 
[20 re ferences ;  15 i n  English] 

Neurophysiology, Beta-endorphins; Endocrinology, P i t u i t a r y ,  Adrenal Cortex 
Humans, Athletes, P a t i e n t s  
P h y s i c a l  Exercise  

Abstract: Three groups of s u b j e c t s  participated i n  t h i s  experiment: group 1 
contained 6 s tudents ,  aged 18-23 years ,  who d i d  not  par t ic ipate  i n  physical  
t r a in ing ;  group 2 contained 6 h ighly  t r a ined  rowers  (aged 17-22), and group 
3, 10 men (aged 21-39) who had been engaging i n  p h y s i c a l  t r a i n i n g  as a 
medical measure (medical condi t ions  not  specified). Before the  beginning of 
t h e  experiment maximum oxygen consumption was measured f o r  each ind iv idua l  
u s ing  graded physical  exe rc i se  w i t h  a 1 minute f i n i s h i n g  spurt .  Maximum 
oxygen consumption pe r  1 kg body weight ( i n  ml.min'l) was 42-61, 50-62, and 
and 40-71 i n  the three groups, respect ively.  I n  t he  morning, after 
breakfast, each ind iv idua l  exerc ised  for  2 hours on a b icyc le  ergometer. 
I n s t r u c t i o n s  were t o  at tempt  t o  main ta in  a l e v e l  of work equal  t o  60% of 
t h a t  subjec t ' s  maximum oxygen consumption. Oxygen consumption measured 
dur ing  minutes 29, 59, and 119 of exe rc i se  showed t h a t  t h i s  l e v e l  was f a i r l y  
well maintained. During exercise maximum oxygen consumption var ied  between 
44-76$ and heart rate between 150 and 180 bpm. I n  a base l ine  period and on 
minutes 30, 60, and 120 of the e x e r c i s e  (and 1 hour afterward f o r  group 3) 
venous blood was taken from the  c u b i t a l  vein. Blood was cent r i fuged  and 
concent ra t ion  of be ta-endorphins determined us ing  radioimmune assay. I n  
addi t ion ,  hydrocortisone, co r t i co t rop in ,  and somatotropin were measured i n  
a l l  groups, wh i l e  i n s u l i n  and t r i i odo thyron ine  were measured i n  group 1 
only. 

Ind iv idua l  d i f f e r e n c e s  i n  beta-endorphin l e v e l s  were great dur ing  the  
base l ine  period, tending t o  be h ighes t  i n  the athletes. The only  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rence  noted dur ing  exe rc i se  was an  
inc rease  i n  the  athletes (group 2) a t  the  end 'of the  e x e r c i s e  period. Four 
r e a c t i o n  types were i d e n t i f i e d :  1) increased  beta-endorphins dur ing  the  
first 30 minutes followed by a decrease t o  below basel ine;  2) bimodal 
pa t te rn ,  w i t h  maxima a t  minutes 30 and 120; 3) increased  concent ra t ion  only 
a t  the  end of the exe rc i se  period; 4) decreased concent ra t ion  throughout t he  
period (or  s l i g h t  i nc rease  a t  t h e  end), Athletes tended t o  show p a t t e r n  2; 
whi le  p a t t e r n  1 was only seen i n  the r e l a t i v e l y  untrained groups. It was 
f u r t h e r  discovered t h a t  i nd iv idua l s  w i t h  a r e l a t i v e l y  high maximum oxygen 
consumption tended t o  show p a t t e r n s  2 and 3 (sic., no t  confirmed by table), 
i n  which beta-endorphins increased  a t  the  end of the  exe rc i se  period. 
The absence of an  i n i t i a l  i n c r e a s e  i n  beta-endorphins dur ing  e x e r c i s e  
( p a t t e r n s  3 and 4) was only observed when proport ion of maximum oxygen capac i ty  
was less than 55%. Non-athletes who showed the bimodal p a t t e r n  of beta- 
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c o r t i c o t r o p i n  du r ing  the  first hour of exerc ise ,  and a subsequent decrease 
t o  below baseline. I n  a l l  the  remaining untrained s u b j e c t s ,  no p a t t e r n s  of 
change i n  c o r t i c o t r o p i n  could be discerned,  wh i l e  the  concent ra t ion  of 
hydrocort isone decreased throughout the  exe rc i se  period. Where beta- 
endorphin showed p a t t e r n s  1 and 2, l e v e l  of hydrocort isone and c o r t i c o t r o p i n  
were e leva ted  a t  minute 30. These data support  the  hypothesis  t h a t  
concent ra t ion  of beta-endorphins i n  t h e  blood and a c t i v i t y  of the  p i t u i t a r y -  
adrena l  co r t ex  system are c o r r e l a t e d  i n  the stress r e a c t i o a  T h i s  is 
demonstrated by t h e  parallel inc rease  in beta-endorphins and c o r t i c o t r o p i n  
i n  the  i n i t i a l  stage of exerc ise ,  as well as the signs of decreased 
p i t u i t a r y  adrenal a c t i v i t y  and parallel decrease i n  endorphins after 
prolonged exercise .  The authors sugges t  that decreased s y n t h e s i s  of 
propiomelanocortine or exhaust ion of r e se rve  sources  is t h e  source of t h i s  
paral le l ism.  The fact that some people do not  demonstrate  signs of 
a c t i v a t i o n  of the p i tu i t a ry -ad rena l  co r t ex  system or of enhanced product ion 
of beta-endorphins even after 2 hours of exe rc i se  i n d i c a t e s  t h a t  i n  some 
i n d i v i d u a l s  these processes  are r e l a t i v e l y  i n s e n s i t i v e  t o  phys ica l  exercise. 
I n  untrained s u b j e c t s  concent ra t ions  of somatotropin and decreased 
concent ra t ion  of i n s u l i n  were more pronounced when there w a s  an i n i t i a l  
i n c r e a s e  i n  b e t c e n d o r p h i a  T h i s  a s s o c i a t i o n  d id  no t  hold t r u e  i n  s u b j e c t s  
undergoing an exe rc i se  program f o r  medical reasons. 

Tab le  1: Change in concent ra t ion  of beta-endorphins in blood plasma dur ing  2 
hours  of exe rc i se  on a b icyc le  ergometer 

Table 2: D i s t r i b u t i o n  of d i f f e r e n t  p a t t e r n s  of changes i n  beta-endorphins 
i n  blood plasma in s u b j e c t s  i n  var ious  groups and as a f u n c t i o n  of l e v e l  of 
maximum oxygen consumption 

T a b l e  3: Change in concent ra t ion  of beta-endorphins in c e r t a i n  hormones i n  
the  blood in untrained s tuden t s  dur ing  a 2-hour period of e x e r c i s e  

30 - 
25 - 

Figure: Four p a t t e r n s  of changes i n  t h e  concent ra t ion  of beta-endorphins i n  
blood plasma (I, 11, 111, I V )  
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NUTRITION: See Metabolism: P606; Space Biology: M116 
OPERATIOYbL HEDICIHE: See Space Biology: CR7, M116, M117 

PERCEPTIOU 

(See a l so :  Space Biology: M117; CR7) 
PAPERS: 

P609( 14/87)* Golobeva T I ,  Kuz'min MP. 
The effect of intermittent exposure to hypercapnia on visual functioning. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ 4  re ferences ;  none i n  Engl ish]  
21(4) :  78-80; 1987. 

Percept ion,  Visual Functioning; Adaptation 
Humans 
Hypercapnia 

Abstract: Visua l  func t ion  was s tud ied  i n  4 s u b j e c t s  dur ing  a 40-day 
period of exposure t o  an atmosphere w i t h  C02 concent ra t ion  of 1.3%. 
t h i s  per iod C02 rose  to  4% on days 22 and 39 f o r  48 hours. Pressure 
increased  over a 24-hour per iod i n  the  first i n s t a n c e  and a 48-hour per iod i n  
t he  second. Dark adap ta t ion  was measured u s i n g  a s tandard  paradigm on days 
3, 6 ,  8 ,  10, 12, 15, 17, 22, 25, 27, 30, 32, 35, and 39. An 
ophthalmological  examination and measurement of i n t r a o c u l a r  pressure  were 
performed before and after the  treatment.  Dark adap ta t ion  t i m e  f l u c t u a t e d  : 
between 28 and 97 seconds during moderate hypercapnia. 
improvement i n  t h i s  parameter was noted as s u b j e c t s  adapted t o  hypercapnia. 
When C02 l e v e l  was inc reased  t o  4% on day 22, dark adap ta t ion  time 
increased ,  but decreased t o  base l ine  l e v e l  after hypercapnia was aga in  
reduced. When CO p re s su re  increased  aga in  on day 39, 2 s u b j e c t s  showed a 
s i g n i f i c a n t  slow$ng of dark adap ta t ion  and 2 showed no effect. 
effect of increased  hypercapnia is a t t r i b u t e d  t o  t he  lower rate a t  which 
hypercapnia increased  on day 39. Ophthalmological examination after 
hypercapnia showed d i s t e n s i o n  of retinal a r t e r i o l e s  and v e i n s  and i n c r e a s e  i n  
i n t r a o c u l a r  pressure. V i s u a l  a c u i t y  w a s  unchanged. The au tho r s  conclude 
t h a t  the  vascular  system of t he  eye shows s i g n i f i c a n t  adap t ive  capacity. 

During 

A t r end  toward 

The smaller 
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RADIOBIOLOGY 

(See also: Botany: P607: Space Biology: CR7, M116, M117) 

PAPER: 

P611(14/87)* Grigor'yev YuG, Stepanov VS, Batanov GB, Beskhlebnova L I ,  
Mityayeva ZYa,  Paramonov AA, Salimov RM. 
The combined effects of microwave and ionizing radiation. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[8 r e fe rences ;  3 i n  Engl ish]  
21(4):  4-9; 1987. 

Radiobiology, B ioe f fec t s ;  Psychology, Behavior, Imprint ing;  Immunology 
Review Paper, Rats, Chicks 
Microwaves, Ion iz ing  Radiat ion,  Combined E f f e c t s  

Abstract: T h i s  paper reviews a number of i n v e s t i g a t i o n s  of the  e f f e c t s  of 
t h e  combination of microwave and i o n i z i n g  r a d i a t i o n  on b io log ica l  subjec ts .  
Such s t u d i e s  are of p a r t i c u l a r  importance i n  development of safety s tandards  
f o r  exposure t o  r a d i a t i o n  on manned space f l i gh t .  I n  one such experiment 18 
female rats were exposed t o  an e lec t romagnet ic  f i e l d  of 9340 MHz (wavelength 
= 3.2 cm. dens i ty  of 200 uW/cm2) f o r  30 minutes a day f o r  8 days. 
On day 9 experimental  rats and 36 c o n t r o l s  were subjec ted  t o  gamma r a d i a t i o n  
of 5.5 Gy (dose rate of 0.01 Gy/sec) i n  a s i n g l e  sess ion .  Pre l iminary  
exposure t o  microwaves reduced m o r t a l i t y  by a f a c t o r  of  1.5 and increased  
s u r v i v a l  time. Experiments w i t h  higher  doses of microwaves, however, have 
found an a d d i t i v e  effect w i t h  i o n i z i n g  r a d i a t i o n .  T h i s  same study considered 
t h e  e f f e c t s  of microwaves and i o n i z i n g  r a d i a t i o n  on immunological parameters 
of lymphocyte blast t ransformat ion  and plaque development. Blast 
t ransformat ion  w a s  increased  by microwaves, decreased by ion iz ing  
r a d i a t i o n ,  and increased  by the two f a c t o r s  combined t o  an ex ten t  greater 
than  f o r  microwaves alone. Addition of microwaves t o  i o n i z i n g  r a d i a t i o n  
a t t enua ted  the e f f e c t  of the  la t ter  on plaque development by a factor of 2, 
which was still higher than baseline. 

Behavioral  responses  have been used i n  o the r  s t u d i e s  i n  attempts t o  
i n v e s t i g a t e  very weak, nonspec i f ic  r e a c t i o n s  t o  microwave and i o n i z i n g  
r a d i a t i o n .  I n  one study,  wh i t e  rats were subjec ted  t o  gamma-radiation i n  a 
dose of 0.34 Gy f o r  20 minutes. Control  an imals  were not  irradiated. Half 
of each group was subjec ted  t o  microwave r a d i a t i o n  ( d e n s i t y  40 uW/cm2, 
du ra t ion  1 and 5 minutes) on the  fo l lowing  day. G a m m a  r a d i a t i o n  alone 
affected 1 of 4 motor a c t i v i t y  parameters. 
combined w i t h  gamma i r r a d i a t i o n  l e d  t o  no changes i n  motor a c t i v i t y .  
Because of previous s c i e n t i f i c  evidence t h a t  microwaves and i o n i z i n g  
r a d i a t i o n  a f f e c t  the nervous system, i t  was decided t o  use chick i m p r i n t i n g  
as a dependent var iable .  
hours  after the  beginning of incubat ion  w i t h  continuous microwaves 
(frequency=9240 MHz, d e n s i t y  40 uW/cm*); a second group was subjec ted  t o  

Microwaves alone or microwaves 

One group of ch icks  was irradiated i n  the egg 24 
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gamma r a d i a t i o n  i n  a dose of 0.36 Gy; a t h i r d  group t o  both f a c t o r s ,  w i t h  
microwaves first; and a f o u r t h  group t o  no i r r a d i a t i o n .  Impr in t ing  t r a i n i n g  
was given dur ing  the c r i t i c a l  per iod and memory f o r  the i m p r i n t  ob jec t  
tested 24 hours subsequently. Animals sub jec t ed  t o  gamma r a d i a t i o n ,  a lone  
o r  combined w i t h  microwaves, showed no preference f o r  the  impr in ted  ob jec t  
24 hours after impr in t ing ;  an imals  exposed t o  microwaves a lone  were no 
d i f f e r e n t  than c o n t r o l s  i n  preferring t h e  impr in ted  object .  

Table  1: Change i n  immunobiological parameters i n  response t o  the combined 
e f f e c t s  of microwaves and gamma-irradiation 

Tab le  2: C h a r a c t e r i s t i c s  of impr in t ing  i n  chicks after exposure t o  microwave 
and i o n i z i n g  r a d i a t i o n  
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P612( 14/87) Fedorenko BS, Savchenko NYa, Vorozhtsova SV. Gerasimenko VN, 
Kabachenko AN, Portman A I .  
Biological effectiveness of helium ions and protons of relativistic energy. 
Radiobiologiya,  X X V I I ( 3 ) :  339-343; 1987. 
15 re ferences ;  none i n  Engl ish]  
Authors' a f f i l i a t i o n :  I n s t i t u t e  of Biomedical Problems 

Radiobiology , Biological Ef fec t iveness  ; Hematology , Lymphocytes ; Cy tology ; 

Human Blood, Mice, Rats 
Helium Ions,  R e l a t i v i s t i c  Energy 

Genet ics ,  Chromosome Damage; Reproductive Biology, Spermatosomes 

Abstract: Helium protons and neutrons were accelerated on a 
synchrophasotron Gamma-quanta of Co60 or X-rays of 180 kW were used for  
comparat ive purposes. Doses ranged from 0.12 to  9.0 Gy, t he  dose rates of 
helium protons and i o n s  were 2.0 and 1.5 cGy/sec., while those of gamma and 
X-rays were 2.0 and 5.0 cGy/sec., respec t ive ly .  Lymphocytes of human 
per iphera l  blood i n  c u l t u r e  were examined. I n  add i t ion ,  hybrid mice of 
both sexes  and a d u l t  ra ts  (5 t o  60 pe r  group) were used as subjects .  
fo l lowing  parameters were s tudied :  animal  m o r t a l i t y ,  v i a b i l i t y  of cells from 
the  spematogenic ep i the l ium of mice, p r o l i f e r a t i o n  a c t i v i t y ,  number of 
cells, frequency and na tu re  of cell abe r ra t ions ,  and na ture  of chromosome 
breaks i n  human per iphera l  blood, frequency and l a t ency  of c a t a r a c t s  i n  
mice, frequency and l a t e n c y  f o r  development of and h i s t o l o g i c a l  s t r u c t u r e  of 
neoplasms i n  rats, na tu re  and degree of d e s t r u c t i v e  changes i n  neurons of 
t h e  cerebral c o r t e x  i n  rats. Results were tested s t a t i s t i c a l l y  using t-tests 
and c h i  square. Re la t ive  b io log ica l  e f f e c t i v e n e s s  va lues  were computed. 

The 

Comparative s t u d y  of m o r t a l i t y  of mice and ra ts  i n  a 30-day pos t r ad ia t ion  
per iod  showed t h a t  accelerated, charged p a r t i c l e s  are more e f f e c t i v e  than 
gamma-quanta. 
gamma-quanta was 6.2; t h e  corresponding f i g u r e s  f o r  rats were 5.3 Gy, and 
6.9 Gy. 

The LD50 f o r  helium i o n s  f o r  mice was 5.2 Gy, while that of 

The r e s u l t s  of s t u d i e s  of cy togenet ic  damage i n  c u l t u r e s  of human peripheral  
lymphocytes showed t h a t  d e s t r u c t i o n  of the nucleus is greater after 
exposure to  acce le ra t ed  charged particles. For a l l  cy togene t i c  cri teria i t  
was found that t h e  number of abe r ran t  cells  w a s  greater for  a given dose of 
helium i o n s  than f o r  t h e  same dose of gamma radiation Helium protons also 
caused more damage than the  same dose of gamma r a d i a t i o n  Similar r e s u l t s  
were found w i t h  chromosomes: a t  doses  of 1-4 Gy, damage induced by helium 
i o n s  and protons was 2-2.5 times more f r equen t  than t h a t  induced by gamma 
rad ia t ion .  Analogous results were found when gene t i c  damage was 
s t u d i e d  i n  the corneal  ep i the l ium and ep idermis  of mice. Recovery after 
i r r a d i a t i o n  was more r a p i d  after exposure to  g a m m a  irradiation. Dose-effect 
curves  for  helium i o n s  and protons showed v i r t u a l l y  l i n e a r  i nc reases  up t o  
doses of 2 - 2.5 Gy, fol lowed by a p la t eau  a t  about 80% ef fec t iveness .  
Number of mouse spermatogones su rv iv ing  r a d i a t i o n  decreased w i t h  dose f o r  a l l  
types  of r a d i a t i o n  s tudied.  
types of r a d i a t i o n  than Type A. When s t r u c t u r a l  damage t o  the  neurons of 
the cerebral co r t ex  of rats was s tud ied  1, 3, and 6 months after exposure 
t o  r a d i a t i o n ,  i t  was found that the  e x t e n t  of neuron damage after 
i r r a d i a t i o n  by helium protons and i o n s  was 2-3 times tha t  of gamma r a d i a t i o n  
a t  the  same dose. Helium i r r a d i a t i o n  decreased the  l a t e n c y  fo r  mice t o  
develop cataracts by 8-1 0 weeks compared t o  s i m i l a r  doses of gamma- 

Type B spermatogones were more s e n s i t i v e  t o  a l l  
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i r r a d i a t i o n .  A l l  forms of r a d i a t i o n  were carcinogenic  but s i g n i f i c a n t  
d i f f e r e n c e s  were no t  found among d i f f e r e n t  types of radiation. Depending on 
s u b j e c t s  and effect s tud ied ,  RBE var ied  from 1.0 (frequency of aberrant 
epidermis  cells  24 hours  after i r r a d i a t i v e ,  reproduct ive  death of ep idermis  
cell,  v i a b i l i t y  of i n t e rmed ia t e  type spermatogenic ep i the l ium)  t o  11.6 ( f o r  
dystrophy of cerebral cor tex  neurons 6 months after i r r a d i a t i o n )  f o r  pro tons  
and from 1.0 (same parameters)  t o  7.2 (same parameter) f o r  ions. The au tho r s  
note  t h a t  t h e  doses  of r a d i a t i o n  s t u d i e d  are s i g n i f i c a n t l y  g r e a t e r  than 
those encountered i n  space. 

Table 1:  Parameters approximating dose-effect equat ions  

Tab le  2: Frequency of format ion  of abe r ran t  mi toses  i n  c u l t u r e s  of human 
blood lymphocytes after i r r a d i a t i o n  by helium protons and i o n s  and gamma- 
quanta  
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Table 3: Experimental  va lues  of RBE c o e f f i c i e n t s  f o r  helium i o n s  w i t h  energy 
of 4 HeV/nuclon and protons w i t h  energy of  9 G e V  

Subject  

Mice 
Rats 

Mice 
cornea l  epi thel ium 

s k i n  epidermis 

spermatogenic 
e p i t h e l i u m  

l e n s  

Rats 
neurons of cerebral 

cor tex  

neoplasms 

Human lymphocytes i n  
c u l t u r e  

Effect 

CD50/30 

Frequency of abe r ran t  mitoses  
after 24 h r s  30% damage 

50% damage 
after 72 h r s  30% damage 

50% damage 
Decreased m i t o t i c  index 

after 24 hours 
af ter  72 hours 

af ter  24 hours 

af ter  24 hours 

Decreased m i t o t i c  index 

Frequency of abe r ran t  mitoses 

Reproductive dea th  of epidermis 
ce l l s  

V i a b i l i t y  of spermatogenic 
ep i the l ium (D37): 

Type A 

Type B 
I n  t e rme d i a  t e type 

RBE 
protons i o n s  

1.9 
1.8 
2.1 
1.5 

1.8 
1.3 

1.6 

1 .o 

1 .o 

2-7 
2.6 
2.2 
1.6 

2.5 
1.5 

1.6 

1 .o 

1 .o 

1.1 1 .o 
1 .o 1 .o 
2 .o 1 *3 

Frequency of cataract after: 
20 weeks 1.3 1.2 
30 weeks 1.9 2.2 
40 weeks 2.4 2.6 

Dystrophy after: 
1 month 4.6 4.1 
3 months 8.2 6.5 
6 months 11.6 7 -2 

Frequency i n  mammary gland 1.7 1.3 

Frequency of abe r ran t  cel ls  1.4 1.6 

Number of pa i red  fragments 1.3 1.4 
Number of d i c e n t r i c s  i n  a r i n g  1.4 1.8 

Frequency of chromosome abe r ra t ion  1.6 1.7 

Tab le  4: Number of remote dys t rophic  changes i n  neurons of the ou te r  g ranu la r  l a y e r  
of  t he  cerebral co r t ex  of rats after i r r a d i a t i o n  
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Figure: Frequency of cataracts i n  mice as a function of dosage 40 weeks 
after irradiation by helium ions ( l ) ,  protons ( 2 )  and gamma quanta 6oCo ( 3 )  

Ordinate - frequency of cataracts; Abscissa - radiation dose 
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P615(14/87) Shubik VM, Levin MYa, Mashneva N I ,  Pul'kov. 
Combined effects of ionizing radiation and physical exercise on certain 
parawters of nonspecific protection and irpunity. 
Radio b io logi  ya. 

[ 1 re ference ;  none i n  Engl ish]  
Authors a f f i l i a t i o n :  Leningrad S c i e n t i f i c  Research I n s t i t u t e  of Rational 
Hygiene, USSR Minis t ry  of Health 

X X V I I ( 4 ) :  548-5503 1987. 

Immunology, Non-specif i c  Pro tec t ion ,  Humoral , C e l l u l a r  
Rats, Mice 
Radiobiology, Ion iz ing  Radiat ion;  Phys ica l  Exercise  

Abstract: T h i s  work i n v e s t i g a t e d  the e f f e c t s  of va r ious  types and 
i n t e n s i t i e s  of exe rc i se  fol lowed by e x t e r n a l  (X-rays) and i n t e r n a l  (9OSr) 
i r r a d i a t i o n  on humoral and cellular parameters of non-specif ic  immunity i n  
l abora to ry  animals. Sub jec t s  were a t o t a l  of 110 male whi t e  rats and 300 
mice. The rats were exposed t o  whole body X-ray i r r a d i a t i o n  i n  a dose of 3 
Gy, w i th  dose rate of 0.5 Gy/min. The mice received gOSr d a i l y  wi th  their 
d r ink ing  water i n  a dose of 11.1*105 Bq/kg per day. The ra ts  were divided 
i n t o  4 groups. Group 1 an imals  swam i n  a pool f o r  up t o  90 minutes f o r  t o t a l  
exe rc i se  period of 58.8 hours over a 3-month period ( i n t e n s e  dynamic 
exercise) .  Group 2 spent  a t o t a l  of 6.2 hours s w i m m i n g  (moderate dynamic 
exercise) .  Group 3 were forced to  c l i n g  t o  a v e r t i c a l  po le  3 times a week 
for 2-10 minutes (static exercise) .  Group 4, t he  con t ro l ,  d id  not  exe rc i se  
but was exposed t o  r a d i a t i o n .  Immunological parameters were measured 1 ,  10, 
and 30 days after i r r a d i a t i o n .  Parameters measured were migra t iona l  
p r o p e r t i e s  of leukocytes  i n  agar and capac i ty  of lymphocytes t o  react w i t h  
PHA i n  an i n h i b i t i o n  of leukocyte  migra t ion  r eac t ion .  

Groups of mice were also compelled t o  perform exe rc i se  d i f f e r i n g  i n  type  and 
in t ens i ty .  Groups 1, 2 ,  and, 3 swam for 30 minutes twice a week ( in t ense  
w i t h  stress), r a n  i n  a revolv ing  drum a t  44 r evo lu t ions  per  minute ( i n t e n s e )  
or r an  in a wheel (moderate); group 4 d i d  not  exercise .  Three t o  4 months 
after exe rc i se  began the an imals  were fed  90Sr f o r  a per iod of 3 
months. Total dose i n  ske le ton  was 10 Gy. A t  the end of t h i s  period the  mice 
were sacrificed and the  bactericidal response of blood serum t o  wh i t e  
s taphylococc i  was measured. Lysozyme, beta- lysine and complement a c t i v i t y  
and concent ra t ion  of au toan t ibod ies  i n  response t o  l i v e r  t i s s u e  were a l s o  
s tud ied  . 
I n  the  ra t  experiment, it was found t h a t  moderate exe rc i se  (groups 2 and 3) 
increased  the mig ra t iona l  p r o p e r t i e s  of leukocytes  before  and after 
i r r a d i a t i o n ,  s t renuous  exe rc i se  d i d  not  have t h i s  effect. After moderate 
exe rc i se ,  decreased migra t ion  occurred only dur ing  the  he ight  of r a d i a t i o n  
s i c k n e s s  (Le., 10 days after i r r a d i a t i o n ) ,  w h i l e  i n  t h e  c o n t r o l  and 
s t renuous  e x e r c i s e  group t h i s  effect was present  on day 1 pos t  irradiation. 
After 30 days, t he  an imals  i n  the moderate exe rc i se  groups showed higher  
va lues  of t h i s  parameter than animals i n  the  con t ro l  and s t renuous  e x e r c i s e  
groups. Combined e f f e c t s  of r a d i a t i o n  and s t renuous  exe rc i se  sharp ly  
decreased i n h i b i t i o n  of migra t ion  i n  the presence of PHA on days 1 and 
10 post irradiation. After 30 days t h i s  parameter had re turned  t o  c o n t r o l  
value i n  group 1 ,  and was e l eva ted  i n  the o t h e r  3 groups. 
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The con t ro l  group of mice displayed decreased bactericidal p rope r t i e s  and 
lysozyme and complement a c t i v i t y  and th ree fo ld  i n c r e a s e  i n  t i ter  of 
au toant ibodies  after i r r a d i a t i o n .  Prel iminary moderate exe rc i se  a t tenuated  
t h e  i n c r e a s e  i n  au toant ibodies  and normalized the o the r  parameters. More 
s t renuous exe rc i se  combined w i t h  stress depressed t h e  bactericidal capac i ty  
of blood serum, i n d i c a t i v e  of nonspec i f ic  immunological protection. The 
au thors  conclude t h a t  moderate pre l iminary  exe rc i se  decreases r a d i a t i o n  
damage t o  the  immunological system occurr ing  after ex te rna l  o r  i n t e r n a l  
i r r a d i a t i o n .  Very s t renuous exerc ise ,  p a r t i c u l a r l y  i f  combined w i t h  stress, 
may have the  oppos i te  effect. 

Table: Parameters pf nonspec i f ic  immunity i n  irradiated and noni r rad ia ted  
ra ts  after va r ious  l e v e l s  of exe rc i se  
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P563(14/87)* Popov AV, Bochenkov AA,  I v n i t s k i y  YuYu, Volkovskiy YuV. 
The effects of pyrocetam on mice's tolerance of hypoxic hypoxia 2-3 months 
after irradiation with X-rays. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ 14 r e fe rences ;  4 i n  Engl ish]  
21(4) :  64-66; 1987. 

Radiobiology, Hypoxia, Tolerance; Neurophysiology, Brain Bioenerge t ics  
Mice, Male 
Pharmacological Countermeasures , Pyroce tam 

Abstract: This  experiment i n v e s t i g a t e d  a l t i t u d e  t o l e r a t i o n  i n  mice dur ing  
the  recovery per iod after acute  r a d i a t i o n  s i ckness  and t h e  p o s s i b i l i t y  of 
c o r r e c t i n g  i n t o l e r a n c e  w i t h  pyroce tam (2-Oxo-1 -pyr ro l id inylace  tamide) , which 
has a b e n e f i c i a l  effect on the  b ioenerge t ic  processes  i n  t h e  brain.  Male 
mice were exposed t o  X-radiation of 4.75 Gy a t  a dose rate of 0.67 Gy/min. 
Two months later these mice were d iv ided  i n t o  2 groups: one was i n j e c t e d  
i n t r a p e r i t o n e a l l y  w i t h  200 mg/kg of pyrocetam every day f o r  the next 30 
days; t he  second was i n j e c t e d  w i t h  a s a l i n e  so lu t ion .  On day 90 after 
r a d i a t i o n  2 experiments  were performed. 
a l t i t u d e  hypoxia was tested by r a i s i n g  an imals  i n  a barochamber t o  a height  
of 11,000 m a t  rate of 15 m/sec. T i m e  a t  which convulsions and apnea 
commenced was recorded. The second experiment exposed an imals  t o  a he ight  
equiva len t  of 7000 m f o r  t h i r t y  minutes,  after which they were sacrificed. 
Ac t iv i ty  of succ ina te  dehydrogenase i n  a b ra in  homogenate, and of lactate 
dehydrogenate i n  a brain superna tan t  were measured. Control groups of 
an imals  never irradiated ( w i t h  o r  without  pyrocetam) were used f o r  
comparative purposes. 

I n  the  first t o l e r a n c e  f o r  high 

Adminis t ra t ion of pyrocetam t o  non-irradiated an imals  increased  t h e i r  
l i ke l ihood  of su rv iv ing  a scen t  t o  11000 m, and lengthened the i n t e r v a l  
before convuls ions and apnea occurred a t  t h a t  a l t i t u d e .  Previous 
i r r a d i a t i o n  decreased these parameters. Adminis t ra t ion of pyrocetam t o  
irradiated animals  improved the i r  s u r v i v a l  p robab i l i t y  t o  t h e  l e v e l  of non- 
irradiated animals  given t h i s  drug. Pyrocetam also lengthened the time 
before irradiated animals  suffered from convuls ions and apnea, but these 
t i m e s  remained s i g n i f i c a n t l y  s h o r t e r  than those of con t ro l  animals. 
A 30-minute period of hypoxia equiva len t  t o  7000 m increased succ ina te  
dehydrogenase a c t i v i t y  i n  a l l  groups b u t  failed t o  s i g n i f i c a n t l y  a f f e c t  
l a c t a t e  dehydrogenase a c t i v i t y .  Adminis t ra t ion of pyrocetam heightened t h e  
i n c r e a s e  i n  succinate dehydrogenase a c t i v i t y  i n  response t o  moderate hypoxia 
i n  both unt rea ted  and irradiated animals. 
i nc reased  more i n  unt rea ted  than i n  irradiated animals. The au tho r s  
conclude t h a t  t h e i r  data shows tha t  to l e rance  of a l t i t u d e  hypoxia i n  mice is 
diminished dur ing  the period of r e s i d u a l  e f f e c t s  of a c u t e  r a d i a t i o n  s i ckness  
and is p a r t i a l l y  normalized by pyrocetam. They associate t h i s  e f f e c t  w i t h  
pa thologica l  changes i n  nerve tissue. Disrupt ion of the  compensatory 
a c t i v a t i o n  of succ ina te  dehydrogenase i n  t h e  bra in  i n  response t o  hypoxia is 
as soc ia t ed  wi th  these changes. 

Succinate  dehydrogenase a c t i v i t y  

T a b l e  1: Tolerance of hypobaric hypoxia i n  mice 

T a b l e  2: Effect  of hypobaric hypoxia on the a c t i v i t y  of succ ina te  and 
lactate dehydrogenase i n  t he  bra in  tissue of mice 
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PAPERS: 

P592(14/87)* Gazenko OG, I l l i n  YeA, Savina YeA, Serova LV, Kaplanskiy AS, 
Smirnov KV, Konstantinova I V .  
Experiments on rats flown on the mCosmos-1667m biosatellite: Major goals, 
experimental C X m d i t i O n S  and results 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

115 re ferences ;  1 i n  Engl ish]  
21(4):  9-16; 1987. 

Space Biology, Body Fluids ,  Endocrinology, Enzymology, G a s t r o i n t e s t i n a l  
System, Hematology, Immunology, Metabolism, Musculoskeletal  System, 
Metabolism, Reproductive Biology 

Rats 
Space F l i g h t ,  Short-term, Cosmos-1667; Adaptation, Weightlessness 

Abstract: Ten hea l thy  a d u l t  Wistar ra ts  were flown on the %0smos-1667~~ 
biosatellite from 10-17 Ju ly  1985. The rats were housed i n  a "Bios- 
vivariyal'  common cage, f e d  a pastelike food (55g/day f o r  one animal), and 
allowed ad l i b i t u m  access to water. The major goals of the f l i g h t  
experiments  were: t o  es tab l i sh  the  ini t ia l  signs of s t r u c t u r a l  and metabolic 
s h i f t s  i n  major phys io logica l  systems; t o  eva lua te  t he  processes  occurr ing  
i n  m a m m a l s  dur ing  the  i n i t i a l  per iod of adap ta t ion  t o  weight lessness ;  and t o  
juxtapose the  r e s u l t s  of short- and long-term f l i g h t s  i n  order t o  ga in  
understanding of the dynamics of adap ta t ion  t o  weight lessness .  The 
experiments  called for postfl ight s tudy of the  an imals  using previous ly  
app l i ed  and new techniques. The most impor tan t  of t h e  new techniques  were 
e l e c t r o n  microscopic a n a l y s i s  of var ious  po r t ions  of t he  brain,  thyroid,  and 
para thyro id  glands,  and s tudy of hormone r e c e p t o r s  i n  var ious  parenchymatous 
organs. A synchronous c o n t r o l  was conducted one month after the f l i gh t .  
Rats i n  t h i s  group were housed i n  a mock-up of the b i o s a t e l l i t e  w i t h  
maintenance, launch, and r e e n t r y  cond i t ions  simulated. The f l i g h t  and 
synchronous groups were each compared t o  a matched group of an imals  
maintained i n  ordinary l abora to ry  conditions. O f  t he  10 rats i n  t h e  f l i g h t  
group, 7 were decapitated 4-8 hours after r een t ry  and 3 were used for s tudy 
of t he  reproduct ive  func t ion  dur ing  t h e  postf l ight  period. Control animals 
were sacrificed a t  comparable i n t e r v a l s .  

F l i g h t  an imals  appeared t o  be gene ra l ly  hea l thy  on r een t ry ,  although they 
were pass ive  and d id  not  resist handling. Neither weight loss  nor any 
macroscopically ev ident  changes i n  organs o r  t i s s u e s  were noted. However, 
the  weight  of the  ma jo r i ty  of t he  muscles s tudied ,  and of the thymus and 
sp leen  decreased, w h i l e  kidney weight increased  compared t o  synchronous 
con t ro l  animals. F l i g h t  an imals  displayed d i s t e n s i o n  of the stomach and 
o v e r f i l l i n g  w i t h  food, not  noted i n  synchronous c o n t r o l s  dissected a t  a 
comparable i n t e r v a l  after feeding. This  sugges ts  t h a t  short- term 
exposure t o  weight lessness  affected the smooth musculature, s lowing fecal 
evacuation. Clear s t r u c t u r a l ,  metabolic, and func t iona l  changes were noted 
in t he  musculoskeletal  system, a n a l y s i s  of which showed t h a t  t he  rate of 
atrophy va r i ed  i n  d i f f e r e n t  muscles and bones. The greatest dys t rophic  
changes were observed i n  muscle, p a r t i c u l a r l y  i n  fibers w i t h  a high l e v e l  of 
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ox ida t iv  metabolism. No major ch  nges were seen  i n  energy metabolism i n  
the  muscles; however, a l l  muscles s tud ied  showed accumulat ion of glycogen 
and increased  phosphorylase A and B a c t i v i t y .  The ma jo r i ty  of muscles 
s tud ied  showed a s lowing i n  con t r ac t ion  and t h e  s o l e u s  muscles displayed 
decreased c o n t r a c t i l e  s t r e n g t h  as well. 

Histomorphometric ana lyses  of bones ( t i b i a ,  i l i ac ,  and lumbar ver tebrae)  
showed s i g n s  of osteoporosis which were most marked i n  t h e  spongy bone of t h e  
t ib ia  proximal metaphysis. Number and func t iona l  a c t i v i t y  of 
osteoblasts were depressed i n  a l l  bones observed. The i s s u e  of the  effects 
of weight lessness  on bone r e s o r p t i o n  remains unresolved s i n c e  increased  
number and a c t i v i t y  of osteoclasts were observed only i n  t he  spongy bone of 
the  t i b i a .  Analysis  of mechanical p r o p e r t i e s  of bone showed decreased 
maximum r e l a t i v e  deformation and increased  modulus of elasticity.  To 
f u r t h e r  e l u c i d a t e  the o r i g i n  of bone changes, the au tho r s  performed 
morphological ana lyses  of the  p i t u i t a r y ,  thyroid,  and para thyro id  glands,  
which participate i n  humoral r egu la t ion  of the growth, calcium 
metabolism and remodeling of bones. Space f l i g h t  appeared t o  depress the  
func t ioning  of adenohypophysis somatotrophs, which produce growth hormones, 
and the  C-cells of the thyro id ,  which process ca lc i ton in .  A t  t h e  same time, 
the  func t ion ing  of the para thyro id  was enhanced. These changes could lead 
t o  os teoporos is  as p a r t  of adap ta t ion  t o  decreased g r a v i t y  loading. I n  
s p i t e  of the changes ou t l ined ,  there was no a l t e r a t i o n  i n  t o t a l  calcium and 
para thyro id  hormone i n  plasma, a1 though phosphatemia d i d  occur. 

The 7-day space f l i g h t  l e d  t o  clear i n d i c a t i o n s  of depress ion  of e r y t h r o i d  
hemopoiesis i n  marrow and e s p e c i a l l y  t h e  spleen. I n  marrow, concent ra t ion  of 
e ry th ro id  elements  dropped t o  28.2% ( con t ro l  l e v e l  = 36.1 %). Ret icu locytes  
i n  per iphera l  blood were also depressed. V i r tua l ly  no s i tes  of e ry th ro id  
hemopoiesis could be found i n  the spleen. These changes d id  no t  differ from 
those observed after long-term f l i g h t s ,  sugges t ing  t h a t  the blood system 
adapts  t o  weight lessness  dur ing  the  first 7 days i n  space. Immunological 
s t u d i e s  revea led  no changes i n  T- and B-lymphocytes i n  t he  spleen,  w h i l e  the  
q u a n t i t y  of T-lymphocytes increased  s i g n i f i c a n t l y  i n  bone marrow. T- 
lymphocytes displayed decreased p r o l i f e r a t i o n  and cy to tox ic  a c t i v i t y  i n  
normal k i l l e r  lymphocytes. These r e s u l t s  i m p l y  t ha t  the capacity of the  T- 
immunity system has decreased as e a r l y  as the  first week of adap ta t ion  to  
space. 

Study of a broad spectrum of gastric enzymes revea led  similar but less 
pronounced changes than  those induced by long-term f l ights .  W i t h  the 
except ion  of phosphatemia, no changes were noted i n  the e l e c t r o l y t e  
composition of blood of f l i g h t  animals. Kidneys of these animals  displayed 
inc reased  weight, and decreased potassium, sodium, and magnesium, w h i l e  
calcium was unchanged. Changes i n  concent ra t ion  of these electrolytes, 
especially potassium, were also noted i n  t h e  myocardium, sk in ,  muscles, and 
bone. Direct evidence f o r  hypohydration was found i n  the skeletal muscles 
and heart muscles. Evidence fo r  decreased product ion of ADH-vasopressin 
(decreased concent ra t ion  of r ibonucleopro te ids  i n  cytoplasm, v i r t u a l  
absence of s y n t h e s i s  of neurosecretor  g ranu le s  i n  t he  perikaryon, and 15% 
decrease i n  t h e  s ize  of neuron nuc le i )  was also observed i n  the  
hypo thalamus- p i t u i t a r y  system. 
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The issue of how many of the  changes as soc ia t ed  w i t h  space f l i gh t  are 
mediated by stress cannot be answered by t h i s  study. However, some 
i n d i c a t i o n  can be found through s tudy of the lymphoid organs and, t o  a 
lesser exten t ,  t he  adrenal gland. F l i g h t  an imals  displayed evidence of 
invo lu t ion  of lymphoid t i s s u e  only  i n  the thymus, without  no t i ceab le  changes 
i n  t h e  area of lymphoid f o l l i c l e s  or the  concent ra t ion  of T- and B- 
lymphocytes i n  the  spleen. No weight changes or s i g n s  of hypertrophy were 
observed i n  the  adrena l  co r t ex  o r  medu l l a  A l l  t h i s  suggests t h a t  even the 
i n i t i a l  stage of adap ta t ion  t o  weight lessness  is accompanied by only a 
moderate stress reac t ion ,  less pronounced than t h a t  evoked by hypokinesia. 
F l i g h t  rats a l s o  showed some s i g n s  of decreased norepinephrine sec re t ion ,  
but no s i g n s  of enhanced a c t i v i t y  of t h e  sympa the t i c  adrena l  system were 
found. On the cont ra ry ,  there was a s i g n i f i c a n t  decrease i n  t h e  number of 
be ta - receptors  i n  t h e  heart and spleen,  sugges t ing  decreased sympathe t ic  
regula t ion.  

Signs of acute g r a v i t a t i o n a l  stress assoc ia t ed  w i t h  r e t u r n  t o  Earth were 
noted i n  the  f l i g h t  animals. Morphological c r i t e r i a  (e.&, s t r u c t u r e  of 
thymus, spleen,  and adrenal co r t ex )  i nd ica t ed  t h a t  such stress was less 
pronounced than after longer  f l i gh t s .  However, a d i r e c t  r e l a t i o n s h i p  
between stress and f l i g h t  du ra t ion  was not  noted i n  biochemical analyses. 
Grav i t a t iona l  stress was associated w i t h  metabol ic  changes i n  blood such as 
hyperglycemia and increased an t iox idan t  a c t i v i t y ,  Accumulation of products 
of l i p i d  peroxida t ion  was noted i n  t h e  l i v e r  and muscle, b u t  no t  the 
myocardium and blood. 

No effects of space f l i g h t  were found i n  t h e  reproduct ive  behavior and 
capac i ty  of male rats. 

The au tho r s  conclude t h a t  rate of adap ta t ion  t o  space f l i g h t  v a r i e s  for 
d i f f e r e n t  organs and tissues and even w i t h i n  the same organ o r  tissue. Most 
changes noted after 7 days i n  space are less pronounced than  those found 
after longer-term flights, although t h i s  is no t  always the  case. A 
c h a r a c t e r i s t i c  feature of the early stage of adap ta t ion  is lack of s i g n i f i c a n t  
changes i n  biochemical parameters of the  blood, whi le  s t r u c t u r a l  and 
metabol ic  changes do occur i n  t i s sue .  The au tho r s  i n t e r p r e t  t h i s  t o  
i n d i c a t e  t h a t  the  mechanisms suppor t ing  homeostasis at the  l e v e l  of the 
whole organism have not  y e t  been d i s rup ted  by 7 days of weight lessness .  

T a b l e  1: Weight of body and i n t e r n a l  organs of rats flown on t8Cosmos-166718 

Group Body Organ weights, mg 

F l i g h t  332 960 11,014 2460* 524* 193' 42.7 241 0 
Vivarium 334 967 10,545 2170 5 92 235 42.5 2360 

w t . ,  g Heart L i v e r  Kidneys Spleen Thymus Adrenals Testes 

Synchro- 349 994 12,857* 2329 633 199 46 .7 27 30 
nous 
Vivarium 348 920 9,700 2219 614 1 89 44 04 2854 

* Difference between experimental  and con t ro l  group s i g n i f i c a n t ,  p < 0.05 
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Table  2: Weight of skeletal muscles of rats flown on  cosmos-1667" 

Group Muscle weight, mg 
Soleus Gastroc-Planta- Long Exten- Quadri- Triceps Biceps Brachia- 

nemius ris sor of ceps brachii  brachii  lis 
d i g i t s  femurs 

F l ight  122' 1653' 281' 152 21 84 111' 182* 174' 
Vivarium 158 1850 3 43 166 23 24 171 207 206 

Synchronous 172 1865 325 174 2357 167 222 208 
Vivarium 169 1967 356 170 253 4 171 212 206 

* Difference between experimental and control  group s i g n i f i c a n t ,  p < 0.05 
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CONFERENCE REPORT: 

CR7 ( 14/ 87 1 * Enes AE, Kovalev VYu. 
Eighth All-Union Conference on Space Biology and Aerospace Medicine. 
In: Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 
21(4):  90-94; 1987. 

KEY YOBDS: Space Biology, Adaptation, Body F l u i d s ,  Botany, Cardiovascular 
and Respiratory Systems, Developmental Biology, Enzymology, H a b i t a b i l i t y  
and Environment Effects, Human Performance, Immunology, L i f e  Support 
Systems, Metabolism, Microbiology, Musculoskeletal  Systems, Neurophysiology, 
Operat ional  Medicine, Perception, Personnel Se lec t ion ,  Psychology, Space 
F l i g h t ,  Soyuz-T, Salyut-7, Biofeedback, Hypokinesia w i t h  Head-Down T i l t ,  
Space Motion Sickness ,  LBNP, Phys ica l  Exercise ,  Acce lera t ion  

Abstract: The e ighth  All-union Conference on Space Biology and Aerospace 
Medicine was held 25-27 Ju ly  i n  Kaluga and was organized by the USSR Academy 
of Sciences,  t he  S c i e n t i f i c  Council on Space Biology and Medicine, the 
I n s t i t u t e  of Biomedical Problems of the  Sov ie t  Health Minis t ry ,  and the  K.E 
TsiolkovSkiy Museum of the  History of Cosmonautics. P a r t i c i p a n t s  came not  
only from the  USSR and s o c i a l i s t  count r ies ,  but a l s o  from the  United States, 
France, West Germany and West Ber l in ,  Sweden, and India. The theme of t he  
conference was the  lmContribution of space biology and aerospace medicine t o  
eco log ica l  s c i e n c a l '  The opening address w a s  given by O.G. Gazenko. 

The first ses s ion  was t i t l e d  nProblers i n  ecology, habitability and 
hygiene." A number of the  papers de l ivered  were devoted t o  t h e  r e s u l t s  of 
t o x i c o l o g i c a l  and microbio logica l  s t u d i e s  conducted on t h e  1 Y 3 ~ y ~ ~ - T 1 m  and 
11Salyut-711 space s t a t i o n  and dur ing  o t h e r  manned space flights. Resul t s  of 
s tudy  of the  b io log ica l  data on components of t he  l i f e  suppor t  systems 
demonstrated that the  microclimate condi t ions  met the  major 
phys io logica l  needs of the cosmonauts. Molecular i n t e r a c t i o n s  of 
mic ro fac to r s  and b io log ica l  s u b s t r a t e  were i d e n t i f i e d  as an area i n  
p a r t i c u l a r  need of f u r t h e r  research. Short-term g o a l s  i nc lude  a 
thorough eva lua t ion  of the  e f f e c t s  of t o x i c a n t s  on var ious  phys io logica l  
systems. Planned s tudy of the mechanisms by which human automicrof lora  
mutate and vary w i l l  expand the  range of pharmacological measures used and 
opt imize  t h e i r  e f f e c t i v e n e s s  i n  support  of eco log ica l  equi l ibr ium between 
macro- and microorganisms. Maintenance of immunological homeostasis  on 
space f l i g h t s  cont inues t o  be an impor tan t  area of research. Data presented 
a t  t h e  conference concerning d i s r u p t i o n  of populat ions of lymphocytes w i t h  
r egu la to ry  func t ions  w i l l  s e r v e  as a basis f o r  f u t u r e  s t u d i e s  i n  t h e  area of 
space immunology. 

The second ses s ion  was devoted t o  .Clinical physiological studiem.. Modern 
methods for  s e l e c t i n g  and condi t ion ing  p i l o t s  and cosmonauts are based on 
s t u d i e s  of t he  effects of ground s imula t ions  of specific f l i g h t  f a c t o r s  on 
the  human body. Papers de l ive red  a t  t h i s  s e s s ion  discussed the p o t e n t i a l  f o r  
f u t u r e  use of LBNP, a c c e l e r a t i o n  changing i n  s ign ,  tests w i t h  graded 
phys ica l  exe rc i se ,  and c e n t r i f u g a t i o n  f o r  these purposes. This  s e s s ion  also 
considered 11Salyut-7-Soyuz11 research on the  effects of space f l i g h t  f a c t o r s  
on t h e  card iovascular ,  r e s p i r a t o r y ,  v e s t i b u l a r ,  and musculoskeletal  systems. 
A number of papers were devoted t o  space motion sickness. 
suppor t  theories based on hemodynamic and neuroref lex  factors. 
changes observed i n  weight lessness  l e d  t o  an  a l t e r a t i o n  of t h e  q u a l i t a t i v e  

Recent results 
Hemodynamic 
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and q u a n t i t a t i v e  c h a r a c t e r i s t i c s  of a f f e r e n t  nerve impulses  from 
mechanoreceptor vascular zones. According t o  s c i e n t i s t s  s tudying 
card iovascular  r e a c t i o n s  i n  weight lessness ,  t h i s  is t h e  reason f o r  t h e  
development of s p e c i f i c  processes  d i s r u p t i n g  the  e x i s t i n g  i n t e r a c t i o n s  of 
subsystems w i t h i n  the sensory system, l ead ing  t o  space motion sickness. 
the  o t h e r  hand, results of s tudy of vestibular responses  by Sovie t  and 
American s c i e n t i s t s  confirm t h e  dominance of v e s t i b u l a r  and v i s u a l  inputs. 
The func t iona l  changes t h a t  occur i n  weight lessness  i n  the s t r u c t u r e  of 
neuron connections of t he  v e s t i b u l a r  system are associated wi th  a l t e r a t i o n s  
i n  a f f e r e n t  s t i m u l a t i o n  from the  nonauditory por t ion  of t he  l abyr in th ,  and 
a l s o  v i s u a l  and propr iocept ive  a f f e r e n t a t i o n .  The e f f e c t i v e n e s s  of measures 
taken t o  prevent space motion s ickness  provides  i n d i r e c t  evidence of the  
importance of v i s c e r a l  a f f e r e n t a t i o n .  F u t u r e  t r ends  i n  t h i s  area w i l l  
inc lude  s tudy  of the  i n t e r a c t i o n  of mult imodal  a f f e r e n t a t i o n  a t  va r ious  
l e v e l s  of the  c e n t r a l  nervous system so as t o  i d e n t i f y  prophylac t ic  measures 
which prevent  visceral symptoms. 

On 

A major po r t ion  of t h i s  sess ion ,  as well as of t h e  se s s ion  focus ing  on 
"I4etabolism and its Regulation," was devoted t o  t h e  resul ts  of s imula t ion  
s t u d i e s  u s i n g  hypokinesia w i t h  head-down tilt varying i n  duration. Data 
presented testified t o  t h e  systemic na ture  of t h e  changes occurr ing  i n  bone 
t i s s u e .  I n  addition, mechanisms underlying d i s r u p t i o n  of processes 
a t  the s u b c e l l u l a r  l e v e l ,  as  well as d i s tu rbances  of metabolism and enzymes 
r e spons ib l e  f o r  normal and neuro logica l  r e g u l a t i o n  of metabol ic  processes  
were d iscussed  i n  detail. Much d i scuss ion  was a l s o  devoted t o  countermeasures 
intended t o  c o r r e c t  f l u i d - e l e c t r o l y t e  balance i n  space crews. A s  
biochemical s t u d i e s  of crews have shown, t he  most promising d i r e c t i o n  is the 
use of drugs ope ra t ing  a t  the  membrane-molecular l e v e l ,  combined w i t h  
phys ica l  e x e r c i s e .  

The s e s s i o n  e n t i t l e d  "Psychological aspects of performancell w a s  devoted t o  
psychological  work capac i ty ,  measures t o  opt imize  it, ques t ions  involv ing  
f l i g h t  c e r t i f i c a t i o n  examinations,  and eva lua t ion  of t h e  psychological  
states of crewmembers. The papers de l ive red  provided detailed d i scuss ion  of 
i nduc t ion  of a p o s i t i v e  mot iva t iona l  s t r u c t u r e  i n  which the  major motivat ion 
is goal  a t t a inmen t ,  ways t o  in f luence  emotional  state, the  importance of 
pe r sona l i ty  va r i ab le s ,  and t h e  use of biofeedback and o t h e r  s e l f - r e g u l a t i o n  
techniques. With respect t o  improved automation i n  biomedical 
i nves t iga t ion ,  one research t rend  cited involved t h e  c r e a t i o n  of measurement 
and informat ion  processing systems coordinated w i t h  a data bank on 
environmental  f a c t o r s ,  b iophys ica l  effects, phys io logica l  characteristics, 
etc. 

Papers i n  t h e  .Biologyw s e s s i o n  were devoted t o  t he  s tudy of b io log ica l  
systems of p l a n t s  and an imals  i n  space and ground-based s imulat ions.  One 
paper emphasized t h a t  a l l  changes occurr ing  i n  t h e  c i r c u l a t o r y  system of 
an imals  i n  space may be considered p a r t  of a compensatory response se rv ing  
t o  f a c i l i t a t e  adaptation. The noted drop i n  t h e  s t r e n g t h  of animal bone 
tissue was a t t r i b u t e d  t o  decreased l e v e l s  of c r y s t a l  hydroxyapat i te  and 
accumulation of amorphous calcium phosphates. 
musculature i n  response t o  weight lessness  are both sys temic  and 
d i f f e r e n t i a t e d  and are caused by recru i tment  of an a d d i t i o n a l  
number of motor u n i t s  t o  perform the same work (due t o  the  decreased 

Changes i n  skeletal 
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c o n t r a c t i l e  power of ind iv idua l  fibers); a l t e r a t i o n  of t h e  c e n t r a l  mechanisms 
fo r  c o n t r o l l i n g  movement and the a c t i v a t i o n  sequence of motor un i t s ;  and 
reduced c i r c u l a t i o n .  I n  space, psychological  s t i m u l i  cons t an t ly  opera te  t o  
a l te r  s e c r e t i o n  of biogenic amines, g lucocor t i co ids  and androgens i n  
pr imates ,  and s p e c i f i c  s u b s t r a t e s  i n  rodents ,  which may be accompanied by 
changes i n  the func t iona l  state of the c e n t r a l  nervous system. This  poses 
the  problem of inc reas ing  to l e rance  of the  nervous system t o  emotional  
stress. The most promising of the psychotropic  drugs s tud ied  is pyrroxanum, 
(6-[ Beta-( 3 ' -phenylpyrro l idy l  -1  ')propionyl]-benzoldioxan-1 ,4 hydrochloride) 
which prevents  the  development of emotional  stress and associated 
behavioral ,  v i s c e r a l ,  and neuroendocrine effects. Adminis t ra t ion  of 
phenylinum (2-Phenylindandion) and p i p e r i d i n  ethylselenophen s i g n i f i c a n t l y  
i n c r e a s e s  the  r e s i s t a n c e  of ra ts  t o  audiogenic  convulsions. 
Space f l i g h t  factors d i d  n o t  affect f l u i d - e l e c t r o l y t e  homeostasis i n  
developing ra t  f e t u s e s  or r a d i a t i o n  mutagenesis of female prosODhila. 
Effects of space  f l i g h t  factors on p l a n t s  are of cr i t ical  importance t o  t h e  
f u t u r e  of man's conquest of space. Temperature changes were found t o  have 
no t i ceab le  effects on phys io logica l  and g e n e t i c  parameters  of plants.  Heavy 
i o n s  i n  cosmic r a d i a t i o n  decrease t h e  r e p a r a t i v e  capac i ty  of p l an t  cells. 
A l l  changes s tud ied  were found t o  be species-specif ic .  

Many of the  papers  presented a t  the  nRadiobiologyn s e s s i o n  concerned the  
effects of r a d i a t i o n  on  l i v i n g  organisms. One paper e s t ab l i shed  the fac t  tha t ,  
as  i s  t h e  case w i t h  other m a m m a l s ,  t he  UV-fluorescence of human leukocytes  
and bone marrow i n c r e a s e s  i n  space. Another paper presented evidence that 
cytogenic  changes i n  t he  sex  cel ls  of mice and phys ica l  work capac i ty  of 
rats depend s t r o n g l y  on  r a d i a t i o n  dose. The rate of recovery of 
spermatogenic  parameters  decreased as dose increased. It was argued i n  a 
t h i r d  paper that adap t ive  responses  evoked by changes i n  the environment 
inc rease  to l e rance  of extreme factors. Spec i f i ca l ly ,  b rea th ing  a i r  w i t h  
decreased p a r t i a l  p ressure  of oxygen decreases the  effects of radiation. 
Data w a s  d i scussed  sugges t ing  that  the s t r u c t u r a l  damage t o  p l a n t  cells  from 
r a d i a t i o n  is a l i n e a r  func t ion  of absorbed dose. Secondary proton 
i r rad ia t ion  has a marked effect on p l an t s ,  and anomalous changes are 
r e t a i n e d  by the next  generation. 

77 



SPACE BIOLOGY AHD HEDICIHB 

M116( 14/87)  Gazenko OG ( ed i to r ) .  
Kosmicheskaya Biologiya i Meditsina: Rukovodstvo po F i z i o l o g i i  [Space 
Biology and Medicine: A Phys io logica l  Manual] 
Moscow: Nauka; 1987. 
[320 pages; 35 i l l u s t r a t i o n s ;  18 tables] 
Author's A f f i l i a t i o n :  I n s t i t u t e  of Biomedical Problems 

KEY YOBDS: Space Biology, Space Medicine, Adaptation, Botany, Cosmonaut 
Training, Developmental Biology, H a b i t a b i l i t y  and Environment Effects, Life 
Support S ys  t e m s, Microbiology , Nutr i t ion ,  Operat ional  Medicine, Per sonne 1 
Selec t ion ,  Psychology, Radiobiology, Countermeasures, Space F l i g h t ,  Space 
Su i t s ,  EVAs, I n s e c t s  

Annotation: Th i s  book con ta ins  d e t a i l e d  in fo rma t ion  about t he  effect of 
space f l ight  f a c t o r s  on the  human body, about  l i f e  and work on board 
spacecraft, s e l e c t i o n  and medical condi t ion ing  of cosmonauts, support  and 
psychological  r e l i a b i l i t y  of crewmembers, medical monitoring of their state 
and hea l th ,  and means t o  protect cosmonauts from the adverse e f f e c t s  of 
weightlessness.  The book discusses issues related t o  the  v i t a l  func t ions  
and s a f e t y  of cosmonauts wearing space s u i t s  dur ing  EVAs, t h e i r  capac i ty  f o r  
su rv iv ing  on t h e i r  own i n  va r ious  r eg ions  of the  globe i n  the event of a 
forced landing,  and the  r e s u l t s  of research performed on biosatellites. 
This  book is  in tended  for  cosmonauts, engineers ,  and des igne r s  of space 
equipment, and anyone i n t e r e s t e d  i n  t h e  problems of cosmonautics. 

NOTE: This book w i l l  be covered i n  more detail  i n  a subsequent Digest i s sue .  

COMTEUTS 
(Numbers i n  parentheses  refer t o  page numbers i n  the o r i g i n a l . )  

Foreword (OG Gazenko, AG Kuznetsov) (3) 

PART 1: THE BODY AND SPACE FLIGHT FACTORS 

Chapter 1. Man i n  space f l i g h t  (AV Yeremin, NM Rudnyy) (7)  
Fac to r s  caused by f l i g h t  dynamics -- 
Physiological and hygienic  h a b i t a b i l i t y  factors (34) 
Psychological f a c t o r s  (49) 

Chapter 2. Weightlessness and its effects on t h e  body -- 
Major mechanisms underlying the e f f e c t s  of weight lessness  (A.I. 

Protecting the body from the  adverse effects of weight lessness  (A.I. 
Grigor 'yev, e t  al.) -- 
Grigor 'yev, e t  al.) (59) 

Chapter 3. Psychological r e l i a b i l i t y  of cosmonauts dur ing  space f l i g h t  ( V I  
Myasnikov, e t  al.) (88) 

Cosmonauts' p ro fes s iona l  a c t i v i t y  -- 
Psychological condi t ion ing  of cosmonauts ( 93) 
Psychological suppor t  of cosmonauts i n  space (97) 
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Chapter 4.  H a b i t a b i l i t y  of s p a c e c r a f t  cab ins  (102) 
Phys io logica l  and hygienic condi t ions  i n  the cabins  (SN Zaloguyev) -- 
N u t r i t i o n  (VP Bychkov) (108) 
Water s u p p l y  (YuYe Sinyak) (115) 
Bio logica l  l i f e  support  systems ( G I  Meleshko, YeYa Shelepev) (123) 

Chapter 5. Cosmonaut performance i n  space s u i t s  (AS Barer, S N  Fil ipenkov) 
(146) 

Phys io logica l /hygienic  and ergonomic aspects of space s u i t  development -- 
Medical suppor t  t o  cosmonauts wearing space s u i t s  (166) 
Biomedical r e s u l t s  of EVAs (168) 

Chapter 6. Ensuring r a d i a t i o n  safety of the crew (YeYe Kovalev, VM Petrov) 
(176) 

Radiat ion condi t ions  i n  space -- 
Standards of r a d i a t i o n  s a f e t y  on space f l ights  (185) 
P r i n c i p l e s  and methods of ensur ing  r a d i a t i o n  s a f e t y  (190) 

Chapter 7. C r e w  s u r v i v a l  after contingency landings  ( V G  Volovich) (194) 
Surv iva l  i n  t h e  a r c t i c  (200) 
Surv iva l  i n  the tayga (boreal f o r e s t )  (207) 
Surv iva l  i n  t he  desert (210) 
Surv iva l  i n  the jung le  (218) 
Surv iva l  under condi t ions  of d i t c h i n g  i n  t h e  ocean (224) 

PART 2: MEDICAL SUPPORT OF COSMONAUTS 

Chapter 8. Medical s e l e c t i o n  and cosmonaut condi t ion ing  (228) 

Conditioning cosmonauts for space f l i g h t  (NN Gurovskiy) (232) 
Medical s e l e c t i o n  ( N N  Gurovskiy, TN Krupina) -- 

Chapter 9. Medical a i d  t o  cosmonauts (242) 
Medical monitoring of cosmonauts i n  space (NN Gurovskiy, e t  al.) -- 
Means and methods of medical a id  ( V V  Bogomolov, e t  al.) (255) 
Restoring the  normal state of cosmonauts p o s t f l i g h t  (TN Basil'yeva, BM 

Fedorov) ( 270 1 

P a r t  3: BIOLOGICAL RESEARCH ON SPACE FLIGHTS 

Chapter 10. Research on m a m m a l s  ( Y e A  I l ' i n )  (286) 
Species of experimental  animals (287) 
Se lec t ion  and t r a i n i n g  of animals (290) 
Life suppor t  f o r  animals on space f l i g h t s  (291) 
Major research results (294) 
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Chapter 1 1 .  Research on microorganisms, c e l l  cul tures ,  fungi,  p l a n t s  and 
i n s e c t s  (GP Parfenov) (300)  

Microorganisms (301 
C e l l  cu l tures  and animal t i s s u e s  (303) 
Fungi (304) 
Plants  (305)  
I n s e c t s  (308) 
Embryological research ( 308) 
Biological research i n  space and the  evolutionary s i g n i f i c a n c e  of the  
force of grav i ty  ( 3 1 1 )  

Conclusion ( 31 4 )  
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Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina: Tezisy dokladov V I 1 1  
Vsesoyuznoy Konf e r e n t s i i ,  Kaluga, 25-27 June 19 86 [Space Biology and 
Aerospace Medicine: Abstracts of papers delivered at the Eighth All-Union 
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Moscow: Nauka; 1986. 
[391 pages] 
A f f i l i a t i o n  (Conference): S c i e n t i f i c  Council on %pace Biology and 
Physiology,11 USSR Academy of Sciences:  I n s t i t u t e  of Biomedical Problems, 
USSR Minis t ry  of Health, KE Tsiolkovskiy State Museum on t h e  His tory  of 
C O S t U O M U t i C S  

KEY YOBDS: Space Biology, Adaptation, Body F lu ids ,  Botany, Cardiovascular 
and Respi ra tory  Systems, Developmental Biology, Enzymology, H a b i t a b i l i t y  
and Environment Effects, Human Performance, Immunology, Life Support  
Systems, Metabolism, Micro biology, Musculoskeletal  Systems, Neurophysiology, 
Operat ional  Medicine, Perception, Personnel Se lec t ion ,  Psychology, Space 
F l i g h t ,  Soyuz-T, Salyut-7, Biofeedback, Hypokinesia w i t h  Head-Down T i l t ,  
Space Motion Sickness ,  LBNP, Physical  Exercise ,  Accelerat ion 

Please note: We w i l l  be t r a n s l a t i n g  many of these abstracts i n  f u t u r e  Digest 
issues .  Readers are i n v i t e d  t o  reques t  t r a n s l a t i o n s  of p a r t i c u l a r  
a b s t r a c t s .  

Annotation; Th i s  c o l l e c t i o n  con ta ins  a b s t r a c t s  of papers presented by Sovie t  
and f o r e i g n  s c i e n t i s t s  a t  the  Eighth All-Union Conference on Space Biology 
and Aerospace Medicine (Kaluga, 25-27 June, 1986). The a b s t r a c t s  are divided 
i n t o  a number of areas: c l in i ca l -phys io log ica l  research, psychophysiological 
aspects, metabolism and its regula t ion ,  problems of h a b i t a b i l i t y ,  hygiene, 
and work capacity. The material i n  t h i s  c o l l e c t i o n  should be of i n t e r e s t  t o  
specialists i n  space biology and aerospace medicine, i nc lud ing  s c i e n t i s t s  
working on eco log ica l  problems. 

CoIlTEYTS 
(Numbers i n  parentheses  refer t o  page numbers i n  the  o r i g i n a l . )  

Foreword (3) 
CLIMCAL AHD PHYSIOLOGICAL RESEARCH 

Operat ional  con t ro l  of medical support  du r ing  f l i g h t  of v i s i t i n g  crew t o  
11Salyut-711 OD Anashkin, e t  al. ( 5 )  

Diagnostic capabili t ies of the polarographic  method f o r  eva lua t ing  
oxygen supply t o  t i s s u e s  i n  p a t i e n t s  suffering from acu te  myocardial  
i n f a r c t i o n .  AG Antropov, e t  al .  ( 6 )  

A method f o r  eva lua t ing  p r e d i s p o s i t i o n  of t he  vascular  sys tem to  s p a s t i c  
response. AG Antropov, Y e A  Kovalenko ( 7 )  

Cor re l a t ion  among va lues  of stroke index, pu l sa t ion  ampli tudes i n  vessels 
of t he  lung, calf, d i g i t s  and biochemical parameters measured using 
impedance plethysmography. AA Astakhov, e t  al. ( 9 )  
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R e s u l t s  of echocardiographic  s t u d i e s  using a graded phys ica l  exe rc i se  test  
on a 237-day f l ight .  OYu At’kov, GA Fomina ( 1 1 )  

State of c e n t r a l  hemodynamics i n  members of t h e  t h i r d  p r i m e  crew of ‘ISalyut- 
7”  dur ing  an  LBNP test. OYu At’kov, GA Fomina (11) 

Mathematical a n a l y s i s  of ca rd iac  rhythm as a means f o r  eva lua t ing  the 
f u n c t i o n a l  state of cosmonauts dur ing  EVA. R M  Bayevskiy, e t  al. (12) 

I n v e s t i g a t i o n  of mechanical ca rd iac  a c t i v i t y  i n  t he  i n i t i a l  per iod of 
adap ta t ion  t o  weight lessness  using s p a t i a l  bal l is tocardiography.  
R M  Bayevskiy, e t  al. 

P o s i t i v e  pressure breathing and phys ica l  condi t ion ing  f o r  decreas ing  
card iovascular  decondi t ion ing  i n  cosmonauts. U. Ba l ld in  ( 15) 

A r t i f i c i a l  i nc rease  i n  body hydrat ion as a means of inc reas ing  human 
to l e rance  of +Gz a cce l e ra t ion .  

Development of means for opt imiz ing  p r o t e c t i o n  of operators’  heads from 
impact. AS Barer (18) 

S. Baranlski ,  e t  al. (17)  

Cytogenetic s t u d i e s  of human blood dur ing  exposure t o  long-term hypokinesia. 
NN Bobkova, TN Krupina (20) 

Experimental  model for t h e  s tudy  of physiopathologic  aspects of t he  
development of, a c u t e  l i f e - t h r e a t e n i n g  states and development of 
reanimation techniques for use under s p e c i f i c  circumstances.  VV Bogomolov, 
e t  al. (21)  

Measures taken t o  a c c e l e r a t e  recovery after long-term f l i g h t s  i n  a health 
spa i n  the  c i t y  of Kislovodsk. VV Bogomolov, VA Tkachenko (22) 

Emergency medical care on manned space f l i g h t s .  VV Bogomolov (23) 

P o s s i b i l i t y  of r e h a b i l i t a t i n g  p i l o t s  w i t h  f u n c t i o n a l  disorders us ing  
occupat iona l  provocat ive tests. VA Bodrov, VV Kharin. (25) 

Results of impedance card iographic  measurements i n  space flight. F. Beysh 
(27) 

Change i n  i n t r a c a r d i a c  hemodynamics i n  response t o  excess  p re s su re  i n  t h e  
lower body of humans. VV Bystrov, e t  al. (27)  

Future  prospects for use of long-term ep idura l  anaesthesia on long-term 
space flights. AV Babishchevich (29)  

External  counterpulsa t ion  as a poss ib l e  means f o r  prevent ing o r t h o s t a t i c  
hypotonici ty  dur ing  the  acu te  period of readaptat ion.  TD Vasillyeva, e t  al. 
(30) 

The use of spyroergometr ic  vita-maxima i n v e s t i g a t i o n s  i n  func t iona l -  
medical examinations of f l i g h t  crews. D. Virt, V. Papenfus (31)  
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Pharmacological prevent ion of bone changes i n  hypokinesia and hypodynamia 
A I  Volozhin, e t  al. (31) 

Effec t iveness  of r e h a b i l i t a t i o n  measures i n  card iovascular  disease i n  c i v i l  
a v i a t i o n  f l i g h t  crews. BL Gel'man (33) 

Cardiovascular  responses  i n  i n d i v i d u a l s  differing i n  t h e i r  t o l e rance  of 
hypergravity.  GD Glod, e t  al. (34) 

Problems of eco log ica l  and g r a v i t a t i o n a l  biophysics.  AA Glushko (35) 

A method f o r  eva lua t ing  thermal s t a t u s  i n  humans. LG Golovkin (36)  

The effect of voluntary con t ro l  of r e s p i r a t i o n  on the f u n c t i o n a l  state of 
the card iovascular  system under condi t ions  of hypoxia. YeP Gora (38) 

Study of parameters of the oxygen t r a n s p o r t  func t ion  of t h e  blood in 
hemodialysis dur ing  a 14-day period of hypokinesia w i t h  head-down tilt 
( a n g l e  of -8O). I B  Goncharov, VF Ivchenko (39) 

Determining need f o r  drugs  dur ing  f l i g h t s  varying i n  duration. I B  Goncharov, 
e t  al. (41)  

The problem of homeostasis i n  space anthroecology. A I  Grigorlyev, YA 
Kovalenko (42)  

Evaluat ion of t h e  e f f e c t s  of weight lessness  on the  work capac i ty  of the  
muscle system of the  arms. LS Grigor 'yeva, e t  al. (45)  

Experimental  and t h e o r e t i c a l  s t u d i e s  of hemodynamics i n  weight lessness  
s imulat ion.  R D  Grigoryan, e t  al. (46)  

The e f f e c t i v e n e s s  of hypokinesia as a s imula t ion  of space f l i g h t .  
Groza, A Bordeyanu (48) 

P 

The effect of a +day period of immersion hypodynamia on maintenance of a 
v e r t i c a l  posture and vest ibulomotor  response i n  humans. VS Gurf inkel l ,  e t  
al. (48) 

Physiometric eva lua t ion  of meteorotrophic responses.  VV Guzeyev, e t  al. (49) 

Stress i n  p i l o t  jobs  under varying l e v e l s  of automation i n  con t ro l  of 
a i r c r a f t  and he l i cop te r s .  AB Vasi l 'yev,  V Y a  Kolyagin (52) 

Use of excess  p re s su re  fo r  i n c r e a s i n g  p i l o t  t o l e r a n c e  f o r  +GZ 
acce le ra t ion .  Yu. Domashchuk. (53) 

Study of hemodynamic response to  exe rc i se  tests i n  f l i g h t  crews w i t h  
c a r d i o r e s p i r a t o r y  disease. G I  Dorofeyev, e t  a1 (54) 

Changes i n  venous pressure  d u r i n g  a 120-day period of hypokinesia. 
Doroshev (56). 
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The effect  of f l i g h t  across time zones on d i u r n a l  rhythms i n  human work 
capaci ty .  SM Zhuzhgin, TM Semeshina (56)  

Skin s e n s i t i v i t y  t o  medium-frequency u l t r a v i o l e t  r a d i a t i o n  under cond i t ions  
of f l u i d  s h i f t s  t o  the  upper body w i t h  vary ing  l e v e l s  of i l lumina t ion ,  I V  
Zubkova, LV Gutorova. (57) 

Mechanisms underlying changes i n  major body func t ions  i n  humans undergoing 
long-term exposure t o  weight lessness .  AD Yegorov. (58) 

Space and b iospher ic  a s p e c t s  of medical-ecological monitoring i n  diseases of 
t h e  r e s p i r a t o r y  organs. N R  Ivanov, e t  al.. (60)  

Omega p o t e n t i a l  -- a rel iable  means for  ope ra t iona l  monitoring and t r a c k i n g  
of the dynamics of human re se rve  capac i t i e s .  M I  Ivanus, e t  al. (62)  

Funct iona l  changes i n  t h e  human card iovascular  system dur ing  exposure to  
head-down tilt a t  va r ious  angles. SL I l ' i n a ,  VV Sabayev (63)  

The p o t e n t i a l  use of u l t r a v i o l e t  i r r a d i a t i o n  of t h e  blood i n  t h e  
p r a c t i c e  of space  medicine. V A  I l l i n ,  e t  al. (64)  

Q u a n t i t a t i v e  eva lua t ion  of decompression a i r  embolism. LR Iseyev, e t  al. 
(65)  

I n v e s t i g a t i o n  of the r e a c t i o n s  of cosmonauts' c i r c u l a t o r y  systems 
t o  a two-stage b icyc le  ergometer provocat ive test du r ing  a 237-day 
f l i g h t .  OG I tsekhovskiy,  e t  al. (66)  

Evaluat ion of the  pumping and c o n t r a c t i l e  func t ions  of t h e  l e f t  cardiac 
v e n t r i c l e  i n  humans exposed t o  weight lessness  s imulat ions.  RT Kazakova, VP 
Katuntsev (68)  

The recreational ecosystem -- from i n d u s t r i a l  design t o  space tourism. LA 
Kalinkin,  e t  al. (69)  

Cent ra l  c i r c u l a t i o n ,  acid-base balance and oxygenation of the  blood i n  a 
hea l thy  human a u r i n g  a "-day period of immersion. V Y e  Katkov, e t  al. (70)  

The effect  of e lec t romyost imula t ion  on c e r t a i n  muscle con t r ac t ion  parameters  
after immersion hypokinesia. VG Kozlova, Y e A  I l ' i n s k a y a  (72)  

Characteristics of cardiac r e l a x a t i o n  i n  up r igh t  posi t ion.  VA Komissarov 
(73)  

The effect  of altered mechanical factors on t h e  body. V I  Kopanev (75)  

The effect  of weight lessness  on v e s t i b u l a r  and vest ibulo-eye movement 
reac t ions .  LN Kornilova, e t  al. (76)  

Study of bioelectric cardiac a c t i v i t y  i n  members of ISalyut-7 - Soyuzti pr ime 
and v i s i t i n g  crews dur ing  i n s e r t i o n  and reentry.  AR Kotovskaya, e t  al. (78 )  
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Accelerat ion to l e rance  i n  older i n d i v i d u a l s  w i t h  hea l th  problems before  and 
after simulated weight lessness .  AR Kotovskaya, e t  a le  (79 )  

The r o l e  of t he  v i s u a l  system i n  v e s t i b u l a r  reac t ions .  IS Krikun (80) 

Characteristics of card iovascular  response t o  phys ica l  e x e r c i s e  i n  older 
i n d i v i d u a l s  under normal cond i t ions  and after hypokinesia and immersion. 
Krupina, LA Fot ina.  (81) 

TN 

Measurement of body tempera ture  behind the  ear -- an i n t e g r a l  method f o r  use 
i n  extreme condi t ions.  Ye1 Kuznets (83) 

Submaximal va lues  of human body temperatures  measured behind t h e  ear under 
condi t ions  of impeded heat exchange. Ye1 Kuznets, e t  al. (84)  

Q u a n t i t a t i v e  s tudy of pub l i ca t ions  i n  aerospace medicine. VA Kurashvi l i ,  e t  
al. (84)  

The problem of v e s t i b u l a r  physiology i n  aerospace medicine and prospec ts  f o r  
i ts so lu t ion .  EV Lapayev, OA Vorob'yev (85)  

The func t ion  of immunologically competent c e l l s  which produce the  
os t eoc la s t - ac t iva  t i n g  f a c t  o r  i n  s u b j e c t s  undergoing long- term hypokinesia 
and p a t i e n t s  w i t h  osteoporosis .  AT Lesnyak, e t  al. (87) 

Correct ion of the  i n t e s t i n a l  microf lora  of i n d i v i d u a l s  exposed t o  extreme 
condi t ions.  NN Liz 'ko,  e t  a1 (88) 

Evaluat ion of the effects of barometr ic  pressure on the  a c t i o n  of carbon 
monoxide. VG Li tau ,  V I  Belkin (89) 

Characteristics of blood c i r c u l a t i o n  i n  humans exposed t o  long-term 
hypokinesia w i t h  head-down tilt. V I  Lobachik, e t  al. (89)  

Bioelectric a c t i v i t y  of t h e  b r a i n  i n  high d t i t u d e  hypoxia. VB MalMn, NF 
Landukhova ( 91 ) 

I n v e s t i g a t i o n  of o lde r  i nd iv idua l s '  capac i ty  to  adapt t o  prolonged 
exposure t o  hypercapnia. GA Manovtsev (92)  

V e s t i b u l a r  t o l e rance  and s u s c e p t i b i l i t y  t o  motion sickness. 
Y u A  Korotkov (93) 

SS Markaryan, 

Changes i n  t h e  body induced by long-term exposure t o  v i b r a t i o n  on t h e  job. 
L Markevich (94) 

Evaluat ion of t he  e f f e c t i v e n e s s  of v e s t i b u l a r ,  op tok ine t i c  and 
og toves t ibu la r  s t i m u l a t i o n  i n  the development of experimental  motion 
s ickness .  E 1  Mantsev, e t  al. (95)  

Immunological s h i f t s  i n  t h e  course of adap ta t ion  t o  high a l t i t u d e  hypoxia. 
MM Mirrakhimov, e t  al. (96)  
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The r o l e  of heightened product ion of thrombin i n  t he  mechanism underlying 
myocardial damage i n  hypokinesia.  (97) 

The e f f e c t  of f l i g h t s  a c r o s s  s e v e r a l  times zones on t h e  f u n c t i o n a l  
states of f l i g h t  crews i n  c i v i l  av ia t ion .  KK Nesteruk, e t  al. (98) 

Prospects  f o r  use of s o r p t i o n  methods of d e t o x i f i c a t i o n  i n  s p e c i a l  
conditions. I P  Neumyvakin, e t  al. (100) 

P r i n c i p l e s  for eva lua t ing  the  r e s u l t s  of dynamic e lec t rocard iography i n  t h e  
r eadap ta t ion  period fo l lowing  space flight. GA Nikulin, e t  al. (101) 

Body impedance as a c r i t e r i o n  i n  eva lua t ing  f u n c t i o n a l  c a p a c i t i e s  of t h e  
human body. VE P a l l  chikov, AS Osenniy ( 102) 

P e r s p i r a t i o n  as one of t h e  parameters of human to l e rance  of r e d i s t r i b u t i o n  
of blood t o  the lower body. NE Panferova, e t  al. (104) 

Use of mathematical models of the  s p i n a l  column t o  predict to l e rance  of 
impact a c c e l e r a t i o n  VKh Petlyuk, e t  al. (105) 

The e f f e c t  of psychotropic drugs on orthostatic tolerance. EB Pet rova  (106) 

Mathematical a n a l y s i s  of cardiac rhythm i n  i n d i v i d u a l s  d i f f e r i n g  i n  
s u s c e p t i b i l i t y  to  motion s ickness .  B I  Polyakov, e t  al. (108) 

The p o t e n t i a l  use of laser r e f r ac tomet ry  for s e l e c t i o n  of candida tes  for  
c i v i l  a v i a t i o n  academies. N A  Prudkiy, e t  al. (109) 

Determining type of au to regu la t ion  of the  cardiovascular system of p i l o t s  
i n  f l i g h t  c e r t i f i c a t i o n .  NA Razsolov, L I  Pokot i lo  (110) 

Results of m u l t i f a c t o r  spyrocardioergometric measurements i n  p i l o t s  varying 
i n  age. P. Remesh, e t  al. ( 1 1 1 )  

C h a r a c t e r i s t i c s  of vest ibulo-eye movement i n t e r a c t i o n s  under cond i t ions  of 
u n i l a t e r a l  mu1 t i p o l a r  s t i m u l a t i o n  of the  l a b y r i n t h s  by a ga lvan ic  current .  
AA Repin (112) 

Change i n  the t o n i c  component of t h e  ga lvanic  s k i n  response i n  response to  
provocative tests. AA Repin, YuA Solv9yev  (114) 

Local hypothermia i n  t r e a t i n g  acu te  i l l n e s s  of t h e  organs of the abdominal 
c a v i t y  i n  the practice of space medicine. AN Romanov, I V  Vladimirov (116) 

Adaptive responses  of t h e  coagula t ion  system under altered gas composition 
of the  atmosphere. VS Sverchkova, GD Pak ( 1 17) 

Local s k i n  c i r c u l a t i o n  i n  humans exposed t o  inc reas ing  hypoxia  VN Semenov, 
e t  al. (118) 
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Effect of external f a c t o r s  on the immunoenzyme s t a t u s  of the body i n  
normal i n d i v i d u a l s  and those w i t h  nonspec i f ic  pulmonary diseases. VP 
S i l l v e s t r o v ,  e t  al. (120) 

Mechanism r e g u l a t i n g  r e l a t i o n s h i p s  among i n t r a c r a n i a l  f l u i d  volumes 
under condi t ions  of simulated and a c t u a l  weight lessness .  (121) 

Methodological aspects of t h e  theory of space 
(122) 

Predic t ing  the  development of motion s i ckness  
flight. FA Solodovnik (123) 

I n t r a c r a n i a l  f l u i d  dynamics under exposure t o  
AV Krasov (125) 

Pharmacological c o r r e c t i o n  of d i s tu rbances  of 
e t  al. ( 1 2 6 )  

gastroenterology. KV Smirnov 

i n  cosmonauts dur ing  space 

head-down tilt. V I  Sokolov, 

cardiac rhythm. LL Stazhadze, 

Ways t o  improve the  system for providing medical a i d  on long-term space 
flights. LL Stazhadze (128) 

Biorhythmic aspects of o c c u l t  forms of motion s ickness .  SI Stepanova (128) 

Reserve capacities of the s t a t o k i n e t i c  f u n c t i o n a l  system i n  prevent ion of 
motion s i ckness  i n  weight lessness .  P I  Syabro (130) 

Energy aspects of func t ioning  of b io log ica l  systems i n  a g r a v i t a t i o n a l  
f i e l d .  MG Tairbekov (132) 

Study of t h e  effects of large +G, a c c e l e r a t i o n  on human performance. VM 
Tardov, e t  al. (133) 

Antioxidants  as a means of p ro tec t ion  i n  exposure t o  hypobaric and other 
types of hypoxia. UM Tilekeyeva, e t  al. (135)  

Tolerance of decompression of t h e  lower body i n  women 
al. (136) 

Yep Tikhomirov, e t  

Study of parameters of superslow a c t i v i t y  of t h e  human b r a i n  in emotional 
stress as appl ied  t o  t h e  g o a l s  of space medicine. 
(138) 

VV Tkachev, GD Reushkina 

Changes over  time in immunological blood parameters i n  hea l thy  i n d i v i d u a l s  
dur ing  adap ta t ion  t o  high a l t i t u d e s  and phys ica l  exer t ion ,  VK Tobkan', e t  al. 
( 139) 

Ecological  aspects of air t r a n s p o r t  processes.  VF Tokarev, VM Kotlyar (140) 

Effect of hypokinesia on bone tissue. LA Triftanidi (141) 

Resu l t s  of electrocardiographic examinat ion of 11Salyut-7 - S o y u ~ ~ ~  prime 
crews. VD Turbasov, e t  al. (144) 

8 7  



SPACE BIOLOGY AND WgDICIIB 

M117 

Retrospect ive s tudy of t he  heal th  of f l i g h t  crews i n  c i v i l  aviat ion.  A S  
Turetskaya e t  al. (144) 

The effect of hypodynamia and hyperglycemia on hemodynamics. ND Ustimova 
( 145) 

C h a r a c t e r i s t i c s  of ca rd iac  biomechanics i n  f l i g h t  crews. VN Fatenkov, e t  al. 
(146) 

Hypodynamia - t h e  l ead ing  r i s k  f a c t o r  i n  the development of 
a r t e r i o s c l e r o s i s .  I V  Fedorov ( 148) 

The e f f e c t  of lrdrytr immersion on the  card iovascular  system of i n d i v i d u a l s  
w i t h  border l ine  arterial hypertension. I O  Fomin, SM Belyayev ( 14 9 )  

The s tudy of the  f u n c t i o n a l  c a p a c i t i e s  of t h e  ca rd io resp i r a to ry  system i n  
p a t i e n t s  exposed t o  a 30-day per iod of hypokinesia w i t h  head-down tilt. LA 
Fot ina,  VA Gornago (149) 

Prospects  and t r ends  i n  t he  development of space ecology. V I  Fofanov (151 )  

Prelaunch physiological  r e a c t i o n s  i n  f l i g h t  crews as a phys io logica l  
index of t h e i r  p ro fes s iona l  readiness .  N I  Frolov (152) 

The s t u d y  of t h e  c h a r a c t e r i s t i c s  of decompression gas format ion  under 
cond i t ions  s imula t ing  weight lessness .  V I  Chadov, e t  al. (154) 

Performance of yoga e x e r c i s e s  on manned space flights. RS Chatterjee, e t  
al. (155) 

Use of c o n t r a s t i n g  thermal s t i m u l a t i o n  t o  improve p i l o t  performance. VYu 
Cheprasov ( 156 

Age c h a r a c t e r i s t i c s  of postural s t a b i l i t y  under normal cond i t ions  and after 
hypokinesia w i t h  head-down tilt. KhKh Yarul l in ,  MV Sazonova (158) 

On the  p a r t i c i p a t i o n  of t h e  endogenous opio id  system i n  t h e  genes i s  of 
v e s t i  buloautonomic disorders i n  motion s ickness ,  VV Yasnetsov, VS Shashkov 
(159) 

PSYCHOPHYSIOLOGICAL ASPECTS 

Pr inc ipa l  approaches t o  eva lua t ing  f l ight s k i l l s .  BS Alyakrinskiy (161) 

Prospec t ive  uses  f o r  a test conta in ing  myokinetic psychodiagnostics.  NZ 
Bondareva ( 16 2) 

Psychotherapeut ic  a spec t s  of prevent ion and r e s t o r a t i o n  of f u n c t i o n a l  
d i s turbances  i n  a f l i g h t  crew. LP Grimak, VM Zvonikov (163) 

The e f f e c t  of long-term sensory monotony on m u l t i l e v e l  psychological  
p r o c e s s e s  SV Yegorov, e t  al. (164)  
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The Luscher test as a quick method f o r  eva lua t ing  f u n c t i o n a l  state. 
Yegorov, BS Frantsen (165) 

VA 

Voluntary s e l f - r e g u l a t i o n  as one of t he  factors i n  adap ta t ion  of 
p ro fes s iona l s  to  special working conditions. 01 Zhdanov, YuA Shpatenko (166) 

The effect of a 36-hour per iod of continuous performance on sleep i n  an 
i n d i v i d u a l  undergoing i s o l a t i o n .  OP Zhukova, I P  Ponomareva (168) 

Psychophysiological aspects of performance m o t i v a t i o n  GM Zarakovskiy, V I  
Savchenko ( 170) 

Major requirements  for methods and c r i t e r i a  i n  eva lua t ing  psychological  work 
capaci ty .  KK I o s e l i a n i ,  e t  al. (171)  

Effect of noot ropic  [new Sovie t  term for subs tances  " a c t i v a t i n g  the  
i n t e g r a t i v e  mechanisms of the brain,  s t i m u l a t i n g  l ea rn ing ,  improving memory 
and cogn i t ive  func t ion;  improving co r t i co - subcor t i ca l   linkage^^^] drugs on 
f u n c t i o n a l  state dur ing  adap ta t ion  to  stressful operatorts work. V I  Kalozha 
(173) 

A new psychophysiological approach to  eva lua t ion  of v i sua l -cogni t ive  
r e l i a b i l i t y  of p i l o t s  and cosmonauts. KH K a m m e l ' ,  V Papenfus ( 175) 

Characteristics of aesthetic percept ion  i n  adap ta t ion  t o  altered 
ecopsychological  condi t ions.  OP Kozerenko, I M  Ragorodskaya (177) 

An i n v e s t i g a t i o n  of the s t r u c t u r a l  c h a r a c t e r i s t i c s  of coopera t ive  
work. VV Kozlov, LT Landorenko (177) 

S igni f icance  of psychological  s t a b i l i t y  under condi t ions  of prolonged 
emotional stress. G I  Kozlov, e t  al., (178) 

Diurnal periodicity of psychomotor r e a c t i o n s  and speech parameters of 
i n d i v i d u a l s  working on a non-24 hour schedule. TB Kolinichenko, e t  al. 
( 179) 

Use of the  second-signal in format ion  processing model of f l i g h t  a c t i v i t y  i n  
the  practice of a v i a t i o n  medicine. GL Komendantov, e t  al. (180) 

Psychophysiological eva lua t ion  of s tuden t  performance d u r i n g  conduct of 
e x e r c i s e s  on a simulator and the  Mi-8 he l i cop te r .  FD Konnov, e t  al. (181) 

Role of cho l ine rg ic  sys tems i n  r e g u l a t i o n  of memory t r a c e  r e t r i e v a l  and 
b ra in  func t ion  under condi t ions  of hypoxic hypoxia. VA Krayz, e t  a1 (183) 

Use of a systems approach i n  psychological  eva lua t ion  of in fo rma t ion  d i sp lay  
dev ices .  VV Lapa, e t  al. ( 1  84) 

Cer t a in  c h a r a c t e r i s t i c s  of v i s u a l  percept ion  of o b j e c t s  observed through the  
windows of f l i g h t  vehicle cabins. AV Lekarev (186). 
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Control of psychophysiological state of a p i l o t  dur ing  job performance. SG 
Mel'nik, AV Shakula (187) 

Psychological work capac i ty  d u r i n g  hypokinesia w i t h  head-down tilt as a 
func t ion  of ind iv idua l  emotional  c h a r a c t e r i s t i c s .  YeYu Medvedeva ( 1  88) 

Cooperative a c t i v i t y  and the dynamics of in te rgroup i n t e r a c t i o n s  i n  shared 
i s o l a t i o n .  MB Miroshkhina, AD Sled' (189) 

Performance e f f i c i e n c y  of ope ra to r s  varying i n  age dur ing  shor t -  term 
exposure t o  hypercapnia. V I  MYasnikov, e t  al. (1 90) 

On the  p o t e n t i a l  of methods used t o  s tudy psychological  work capac i ty  
(based on resu l t s  of research on Y3a ly~ t -7~~) .  AP Nechayev, e t  al. (191) 

Spec i f i c s  of t he  effects of ind iv idua l  environmental  f a c t o r s  on 
a c o u s t i c  characteristics of speech. AV Nikonov. ( 193) 

Future  d i r e c t i o n s  i n  improvement of p ro fes s iona l  s e l e c t i o n  of pilots.  BL 
Pokorovskiy, VM Zvonikov (194) 

GABA der iva t ives :  types of ac t ion  and methods of evalua t ion  w i t h  respect t o  
the g o a l s  and requirements  of psychopharmacology. I& Polevoy. (195)  

Indiv idua l  s t y l e  i n  performance of sensorimotor  tasks under d i f f e r e n t  thermal 
regimens. I E  Ponomareva, e t  al. (197) 

Psychophysiological c h a r a c t e r i s t i c s  of percept ion  of i n fo rma t ion  from a 
t e l e v i s i o n  s c r e e n  w h i l e  c o n t r o l l i n g  a moving object. VA Ponomarenko, e t  al. 
(199) 

On c e r t a i n  psychological  mechanisms underlying spat ia l  d i s o r i e n t a t i o n  
in t h e  cabin of a flight vehicle .  VA Ponomarenko (199) 

Indiv idua l  c h a r a c t e r i s t i c s  of psychological r e g u l a t i o n  of performance i n  a 
r i s k  s i t u a t i o n .  A I  Refyakin (201) 

Psychological training of ope ra to r s  t o  inc rease  their  performance s t a b i l i t y  
i n  emot iona l ly  charged s i tua t ions .  YuA Senkevich, e t  al. (202) 

Development and prospects for  f u r t h e r  improvement of a system of 
psychophysiological occupat iona l  s e l e c t i o n  i n  c i v i l  aviat ion.  GL S t rongin  
(203 1 

Effect of background music on t h e  psychophysiological state and 
performance l e v e l  of an ope ra to r  under condi t ions  of i so l a t ion .  IB Stupnikov 
(204) 

S t imula t ion  of adrenerg ic  structures as a method f o r  c o n t r o l l i n g  t h e  
psychophysiological state of a human operator .  S I  Sytn ik ,  e t  al. (205) 

On t h e  effects of stress on sys temic  and r e g i o n a l  hemodynamics. BM Fedorov, 
e t  al. (207) 
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Ef fec t  of space f l i g h t  on the  c h a r a c t e r i s t i c s  of p u r s u i t  tracking. LS 
Khachaturuyants ,  e t  al. (208) 

Resu l t s  of research on the  psychological  work capac i ty  of Salyut-6 and -7 
crewmembers i n  space. Ya Khideng, e t  a1 (209) 

Mechanisms underlying mobi l iza t ion  of phys io logica l  r e se rve  c a p a c i t i e s  under 
condi t ions  of heightened motivation. TN Tsoneva, e t  a l .  (209) 

Comparative eva lua t ion  of t h e  e f f e c t i v e n e s s  of c e r t a i n  t h e r a p e u t i c  and 
prophylac t ic  methods on the  a s then ic  syndrome. Ye A Shaposhnikov, e t  a1 
(211)  

Phenomenon of group synchronizat ion of b io log ica l  rhythms i n  s i n g l e  and 
double work. A I  Shchukin (212) 

HABITABILITY AND HYGIENE 

Prospects  f o r  using non t rad i t i ona l  sources  of food i n  human b io log ica l  l i f e  
support  systems. I A  Abakumova, e t  al. (214)  

Major goa l s  i n  the  s tudy of b io log ica l ly  a c t i v e  trace components of the  
atmosphere. BV Anisimov (215) 

Experimental  i n v e s t i g a t i o n  of t h e  p o t e n t i a l  f o r  i nc reas ing  the  autonomy of 
mass exchange i n  the higher p lan t  component of an a r t i f ic ia l  eco log ica l  
system. YuA Berkovich (217) 

Maintaining t h e  c l e a n l i n e s s  of t h e  s k i n  of cosmonauts using regenerated 
water. AA Ber l in ,  e t  al. (218) 

Hygienic approaches t o  eva lua t ing  safety d u r i n g  performance of technologica l  
experiments i n  space. YuP Bizin,  R I  Bogatova (219) 

Nutrition of cosmonauts on t h e  three uuSalyut-711 pr ime crews. VP Bychkov, e t  
al. (220) 

Medical s ign i f i cance  of "human - microorganismsuu eco log ica l  systems i n  
hermetical ly  sealed l i v i n g  spaces. AN Viktorov (221) 

Comprehensive techniques f o r  i n v e s t i g a t i n g  the  state of t h e  o r a l  cav i ty  and 
s k i n  of operators. AN Viktorov, e t  al. (222) 

Conditions [leading t o ]  t h e  development of oxygen aggression? i n  evolu t ion  
and m u l t i c e l l u l a r  pathology. AM Gerasimov, NV Delenyan (224) 

The 'b io logica l  l i f e  support  system as a t o o l  f o r  s tudying eco log ica l  l i n k s  
among l i v i n g  organisms. I1 Gi t e l ' zon ,  e t  al. (225) 

P r i n c i p l e s  governing format ion  of ae roso l  particles of anthropogenic o r i g i n  
i n  hermetical ly  sealed l i v i n g  spaces. VP Gorshkov, e t  al. (226) 
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Biological d e s c r i p t i o n  of pathogenic StaRhvlococci i n  interchange of 
microorganisms i n  humans l i v i n g  i n  herme t i c a l l y  sealed areas. V A  Gorshkov, 
e t  al. (227) 

Effect of var ious  temperature  regimens on gas emiss ion  of polymer materials. 
A I  Gorshunova, e t  al. (228)  

C h a r a c t e r i s t i c s  of the mic ro f lo ra  format ion  i n  inhabi ted  he rme t i ca l ly  sealed 
l i v i n g  spaces under condi t ions  of altered gas composition of the  atmosphere. 
YA Deshevaya, ND Novikova (230) 

Effects of c e r t a i n  products of CELSS waste processing on the format ion  of 
microbial  communities of higher p lan ts .  NA Drugova, e t  al. (232) 

Larvae of house f l i es  as u t i l i z e r s  of organic  waste from CELSS TV 
Yrofeyeva, e t  al. (232) 

Ecological  a s p e c t s  of microflora format ion  in spacecraft cabins. SN 
Zaloguyev,  e t  al. (233) 

Cer t a in  aspects of changes i n  drug s e n s i t i v i t y  of human au tomicrof lora  
during space f l i g h t .  VK I l l i n ,  e t  al. (234) 

Extreme ecological cond i t ions  and immunological homeostasis i n  hea l thy  
humans. I V  Konstantinova, e t  al. (234) 

Effect of a new sour  mi lk  product on the  composition of i n t e s t i n a l  
microf lora .  SG Krivova, e t  al. (236) 

Q u a n t i t a t i v e  d e s c r i p t i o n  of l a c t o f l o r a  of t h e  d i g e s t i v e  tract i n  Y 3 a l y ~ t - 7 ~ ~  
crews. SG J ruviva ,  e t  al. (236) 

Role of one-celled algae i n  t h e  format ion  of the  l i v i n g  enivronment i n  
human CELSS G I  Meleshko, e t  al. (237) 

Adaptive responses  in d i f f e r e n t  age groups t o  hypercapnia i n  he rme t i ca l ly  
sealed l i v i n g  qua r t e r s .  LN Mukhamediyeva, e t  al, (239) 

Experimental  de te rmina t ion  of the maximum acceptable concen t r a t ion  of carbon 
monoxide fo r  humans dur ing  long-term (up t o  12 hours) i s o l a t i o n  i n  
ind iv idua l  p ro tec t ion  devices.  LYu Nazarov, e t  al. (241) 

Study of the condi t ions  of mineral  n u t r i t i o n  of s p i r u l i n a  w i t h  respect t o  
closed l i f e  support  systems for humans. YeK Nefedova. OG Livanskaya. (242) 

Comprehensive Japanese s tudy of the c r e a t i o n  of c losed  l i fe  suppor t  systems. 
K. Nitta (243) 

S ign i f i cance  of t h e  problem of b i o s t a b i l i t y  of cons t ruc t ion  materials 
for  closed l i v i n g  spaces. N D  Novikova, e t  al. (245) 
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Current use of e lectr i f iabi l i ty  parameters t o  ensure s a f e t y  of 
nonmeta l l ic  materials and ways t o  improve s c i e n t i f i c  approaches t o  this 
problem. AV Pavlov, TF Kharchenko (246) 

Hygienic aspects of the development of systems f o r  r egene ra t ing  wash 
water. ZP Pakm e t  al. (247) 

Hygienic s t a n d a r d i z a t i o n  of chemical subs tances  w i t h  dua l  effects. SS Pashin 
(249) 

On t h e  biological effects of atmospheric ions.  FG Portnov, AB Shmidt (250) 

Hygienic a s p e c t s  of the  gas composition of the  atmosphere i n  hermetically 
sealed l i v i n g  spaces and human j o b  performance. VP Savina, e t  al. (251) 

Prospects  f o r  r e g u l a t i n g  the  gas atmosphere of hermetically sealed 
environments. VP Savina (252) 

Microcl imate  cond i t ions  during the  f l i g h t  of 11Salyut-7.11 VP Savina, e t  al. 
(254) 

S tandard iza t ion  of parameters of a r t i f ic ia l  human environments, t ak ing  
account of changes over t i m e .  V I  Savkin (255) 

Increas ing  t h e  hygienic  r e l i a b i l i t y  of regenerated water supply systems i n  
spacec ra f t  by monitor ing water qual i ty .  VM Skuratov, e t  al. (257) 

Sanitary-chemical aspects of microbio logica l  d e s t r u c t i o n  of polymer materials 
i n  hermet ica l ly  sealed spaces. I N  ‘Surovezhin, YeA Deshevaya (258) 

Effect of space f l i g h t  f a c t o r s  on the f u n c t i o n a l  a c t i v i t y  of delayed T- 
lymphocyte-effector hype r sens i t i v i t i e s .  GP Teplinskaya (259) 

P lan t  u t i l i z a t i o n  of t h e  l i q u i d  products  of human waste processing i n  
CELSS. YuI Shaydorov, e t  al. (260) 

Effects of low temperatures  on mic ro f lo ra  regenerated from atmospheric  
condensate. (26 1 

BIOLOGY 

Funct ional ,  morphological, and anatomical changes i n  orchid shoo t s  
grown for 110 days i n  space. ZK Abilov, et  al. (263) 

Dynamics of c e n t r a l  circulatory parameters and e x t e r n a l  r e s p i r a t i o n  i n  
monkeys dur ing  space f l i g h t .  AM Badakva, e t  al . (263)  

State of bone t i s s u e  i n  pregnant rats after a +day space f l i g h t  on 
11Cosmos-151 4” b i o s a t e l l i t e ,  AV Bakulin, e t  al. (265) 

Funct ional  and morphological i n d i c a t o r s  of monkeys’ adap ta t ion  t o  
cons tan t  cond i t ions  of o r t h o s t a t i c  p o s i t i o n  and w a l k i n g  upright. GS 
Belkaniya, e t  al. (266) 
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Regeneration i n  t r i t o n s  i n  weightlessness.  EN Grigoryan, e t  al. (268) 

Effec t  of weight lessness  and hypergravi ty  on the development of the  
ske le ton  of white r a t s  i n  prenatal ontogenesis.  LA Denisova, e t  al .  (269) 

Reactions of rat ce reb ra l  neurocytes t o  exposure t o  v ibra t ion .  V I  
Drobyshev, TP Stepanova (269) 

Use of higher p l a n t s  f o r  g e n e t i c  monitoring dur ing  space f l i g h t .  VP 
Zhvalikovakaya. ( 271 ) 

Prospects  for the  development of space biology. YeA I l l i n ,  VV Antipov (273) 

Study of catecholamine l e v e l s  and adrenerg ic  r ecep to r s  of rats 
after space f l i g h t s  on the  llCosmosll b i o s a t e l l i t e s .  R Kvetnyanski, e t  al. 
(275) 

Biosynthesis  of nuc le i c  a c i d s  i n  sp leen  lymphocytes of rats dur ing  long-term 
exposure t o  extreme f a c t o r s .  GS Komolova, I A  Yegorov (276) 

E f f e c t s  of space f l i g h t  condi t ions  on developing plants .  LN Kostina, e t  al. 
(277) 

Use of microwaves t o  normalize the  pe rmeab i l i t y  processes  of se rous  
membranes. LK Kotova, VN Golubev (278) 

U l t r a s t r u c t u r e  of the  cerebellar co r t ex  of r a t s  exposed t o  altered 
g r a v i t a t i o n a l  fo rce .  I B  Krasnov, e t  al. (279) 

Changes i n  blood p res su re  and blood f low rate i n  a monkey dur ing  space 
f l i g h t .  VP Krotov, e t  al. (282) 

E f f e c t s  of weight lessness  on f l u i d - e l e c t r o l y t e  homeostasis i n  pregnant 
rats and their of fspr ing .  Y e A  Lavrova, e t  al. (282) 

Composition of fecal l a c t o f l o r a  i n  monkeys. AA Lentsner,  e t  al. (284) 

Concentration of nuc le i c  acids and p r o t e i n  i n  the  mother-fetus system i n  
ra ts  after space f l i g h t .  VF Makeyeva, I A  Yegorov (285) 

Effect of microgravi ty  on morphological g r a v i t y  r e c e p t o r s  i n  &€~QDOUS 
Jeavis. Y Noybert, e t  al. (286) 

Evaluat ion of t h e  state of the  skeletal muscles i n  monkeys exposed t o  
weight lessness  and its simulat ions.  SA Ksuratova, e t  al. (287) 

Growth and development of &pa t e r n D o r a  tadpoles  after exposure t o  
increased  g r a v i t a t i o n a l  force. EA Oygenblik (288) 

Effec t  of g rav i ty  on animal cells and organisms. GP Parfenov (28 (0  

Effects of space f l i g h t  on organic  components of connective t i s sue .  I 
Pospishi lova,  M Posp i sh i l  (290 
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Comparative eva lua t ion  of hypoxic schedules  as a short-cut  cond i t ion ing  
device t o  i n c r e a s e  thermal s t a b i l i t y .  SM Rasinkin, VM Dukhovic (291) 

Morphological manifestat ions of adap t ive  responses  i n  rats undergoing ta i l  
suspension as a s imula t ion  of weightlessness.  AS Kaplanskiy, e t  al. (292) 

Effects of short-term weight lessness  on the  f u n c t i o n s  of t he  skeletal 
muscles of pregnant rats and their  o f f s p r i n g  ("Cosmos-1 51 4l9. S A  Skuratov, 
e t  al. (294) 

Frequency of sex chromosome d i v i s i o n  f a i l u r e s  under cond i t ions  of 
altered g rav i ty .  (AV Smirnova. (295) 

Comparative a n a l y s i s  of the effects of phenamine (amphetamine) and 
d e r i v a t i v e  selenophen on tlmemory'o and s u s c e p t i b i l i t y  t o  convulsions i n  
animals. LL Stazhadze, e t  a. (296) 

Study of population dynamics and age s t r u c t u r e  of @lor- after 
exposure t o  weightlessness.  VN Sychev, TB Galkina (297) 

Cer ta in  g e n e t i c  effects i n  prosoDJ&& exposed t o  space f l ight  factors. 
F i l a t o v a  (299) 

LP 

Psychophysiology of emotions and psychopharmacology f o r  c o r r e c t i n g  emotional 
stress i n  experiments on monkeys. AM Chirkov, e t  al. (300) 

C e r t a i n  accomodation changes i n  b r a n  cells i n  response t o  a c u t e  hypoxia. 
MT Shaov (302) 

Evaluation of the  adap t ive  p o t e n t i a l  of higher nervous a c t i v i t y  i n  monkeys 
as revealed by parameters of in s t rumen ta l  responses  i n  experiments on 
llCosmosll biosatellites. GG Shlyk, e t  al. (303) 

RADIOBIOLCGY 

Effect of multicharged galactic cosmic r a d i a t i o n  i o n s  on seeds of 
arabidODQig. VM Abrasoma, AM Mareniy (305) 

Study of t he  effect of r a d i a t i o n  f a c t o r s  on biological s u b j e c t s  ( l e t t u c e  
seeds) i n  f l i g h t  experiments on 8iSalyut-6ii and 1i-7.1i YuA Akatov, e t  al. 
(395) 

Decrease i n  partial oxygen p res su re  i n  inhaled air and changes i n  r a d i a t i o n  
r e s i s t a n c e  i n  animals. I A  Aleshin, e t  al. (307) 

Cytogenetic damage i n  sex cel ls  of mice irradiated w i t h  accelerated 
HZE particles. A. Bayrakova, e t  al. (308) 

Prel iminary r e s u l t s  and f u t u r e  prospects i n  the s tudy of t he  effects of 
microgravi ty  on cell biology. M. Butey (309) 

Evaluat ion of g e n e t i c  r a d i a t i o n  r i s k  after exposure t o  photon irradiation. 
A V'glenov (309) 
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Structural and metabolic a n a l y s i s  of c e r t a i n  r a d i a t i o n  effects on the 
c e n t r a l  nervous system of dogs under condi t ions  of hypoxia and hyperoxia  
B I  Davydov (311) 

Radio emiss ion  and microwaves: occupat ional  and eco log ica l  risk. B I  
Davydov, VS Tikhonchuk (312) 

Concept of r a d i a t i o n  r i s k  i n  setting r a d i a t i o n  s a f e t y  s tandards  for  
space f l igh t .  YeYe Kovalev, VA Sakovich (314) 

Poss ib le  mechanisms of energy t ransmiss ion  from g a l a c t i c  HZE tracks t o  
b io log ica l  t i s sue .  YeYe Kovalev, OD B r i l l '  (315) 

Experimental  s t u d i e s  of effects of impact waves on biological s u b j e c t s  as a 
means for  e s t i m a t i n g  the  r a d i a t i o n  danger of HZE. YeYe Kovalev, e t  al. 
(316 1 

Study of the  mutab i l i t y  of p l a n t s  exposed t o  HZE i n  experiments  on board 
IISalyut-61' and us ing  an accelerator. LN Kostina,  e t  al. (317) 

Increased s e n s i t i v i t y  of smooth musculature of the s m a l l  i n t e s t i n e  i n  a 
hypogeomagnetic environment. YeN Panasyuk, et al. (31  8)  

Study of phys ica l  t o l e rance  and a c t i v i t y  of an imals  as a means of estimating 
phys io logica l  work capacity under exposure t o  r ad ia t ion ,  N I  Ryshov, e t  al. 
(31 9) 

Rad ioe lec t r i c  aspects of f l i g h t s  i n  low Earth orb i t .  VA Sakovich, e t  al. 
(321 1 

Mathematical modeling i n  setting r a d i a t i o n  s a f e t y  s tandards  for  space 
flights. VA Sakovich (322) 

Recovery of parameters of peripheral blood and t o t a l  number of cells  i n  
marrow after f r a c t i o n a l  gamma-irradiation. VA Ul'yanova, BA. Markalov 
( 322 1 

Effect of the  adap ta t ion  process  on to l e rance  for extreme condi t ions.  
YuV Farber (324) 

Remote b io log ica l  effects of accelerated HZEs. BS Fedorenko (326) 

Q u a n t i t a t i v e  regularities i n  recovery processes i n  the  spermatogenic 
e p i t h e l i a  of mice under cond i t ions  of repeated gamma-neutron irradiation 
NL Fedorov, AV Sha f i rk in  (327) 

Possible r o l e  of the  l o c a l  r a d i a t i o n  factor i n  space i n  development of 
the p r e r e q u i s i t e s  for p r e b i o t i c  evolut ion.  SS Yurov, I G  Akoyev (329) 

Change i n  t h e  l e v e l  of u l t r a v i o l e t  f luorescence  of human leukocytes  i n  
response t o  exposure t o  i o n i z i n g  r ad ia t ion .  AS Yagunov. (329) 
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Dynamics of EKG parameters and blood e l e c t r o l y t e s  i n  heal thy i n d i v i d u a l s  
undergoing long-term hypokinesia. NP Artamanova, et  al. ( 331 ) 

Vitamin s t a t u s  i n  humans exposed t o  a 120-day period of hypokinesia w i t h  
head-down tilt. MS Belakovskiy, e t  al. (332) 

Q u a n t i t a t i v e  and f u n c t i o n a l  parameters of T-lymphocytes and a c t i v i t y  of 
normal k i l l e r  cells i n  s u b j e c t s  s u f f e r i n g  from sys t emic  osteoporosis or 
undergoing a 120-day period of hypokinesia w i t h  head-down tilt. 
Bozhikov, e t  al. (333) 

NV 

Some approaches t o  development of biochemical criteria for  to l e rance  of 
adverse factors of aircraft f l ight .  SA Bugrov, e t  al. (334) 

A case study i n  the use of mathematical models for  eva lua t ing  the  state of 
f l u i d - e l e c t r o l y t e  metabolism. NG Vasil 'yeva,  e t  al. (336) 

Some parameters of f l u i d - e l e c t r o l y t e  metabolism i n  humans sub jec t ed  t o  
excess  pressure on the  lower body. L I  Voronin, e t  al. (337) 

Study of the l i n k  between change i n  bone mass and number of stemmed 
hemopoietic cells. N D  Gol'dovskaya, VN Shvets (338) 

Effect of diphosphonate on mineral  metabolism and t h e  state of bone 
t i s s u e  du r ing  long-term hypokinesia. A I  Grigorlyev, e t  al. (339) 

Biochemical parameters of adap t ive  physiological  responses t o  va r ious  extreme 
factors. LG Yelkina (340) 

Ac t iv i ty  of a number of amino acid metabolic enzymes and t h e  rate of 
gluconeogenesis processes  i n  t i s s u e s  of rats undergoing hypokinesia. 
Yershikov, e t  al. (341) 

SM 

Erythrocyte m e t a b o l i s m  i n  humans under cond i t ions  of long-term hypokinesia 
SM Ivanova, e t  al. (342) 

Effects of an ar t i f ic ia l  l i v i n g  environment i n  a he rme t i ca l ly  sealed 
l i v i n g  space on c e r t a i n  metabolic parameters i n  humans. S Kalandarov, e t  al. 
( 343 1 

Blood system r e a c t i o n s  during a d a p t a t i o n  t o  space f l igh t .  
e t  al. (344) 

MP Kalandarova, 

I n v e s t i g a t i o n  of the concen t r a t ion  of L-cystathionine i n  va r ious  l o c a t i o n s  
i n  the b r a i n s  of rats postf l ight  in a n  experiment on the 1%osmos-11291t 
biosatellite. VYu Kovalev, AE Enes (345). 

Role of food products and water i n  supplying trace elements t o  
s u b j e c t s  l i v i n g  in a he rme t i ca l ly  sea led  environment. VA Kondratyuk (346) 

Problems i n  space immunology. I V  Konstantinova (348) 
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Changes i n  volume of blood and l i q u i d  media i n  humans exposed t o  long-term 
hypokinesia w i t h  head-down tilt. V I  Lobachik, e t  al. (349) 

Evaluat ing t h e  f u n c t i o n a l  state of t he  musculoskeletal  system i n  hea l thy  
men l i v i n g  i n  an i s o l a t e d  small group for  a long period, as reflected i n  
data on enzyme a c t i v i t y  and minera l  metabolism parameters. 
e t  al. (350) 

VV Makarovskiy, 

Use of t h e  drug %olismtg t o  c o r r e c t  hydro lys is  and l i p i d  absorp t ion  i n  
hypokinesia. I L  Medkova, KB Smirnov (352) 

Study of t h e  effects of hypokinesia and stress on t h e  f a t t y  ac id  composition 
of e ry throcytes .  VP Naydina, e t  al. (353) 

F l u i d  e l e c t r o l y t e  metabolism and its hormonal r e g u l a t i o n  i n  long-term space 
flight. BV Afonin (354) 

Role of ethan-1-hydroxy-1,l-diphosphoric acid in prevent ing os t eoporos i s  
i n  rats exposed t o  hypokinesia. AS Pankova, e t  al. (355) 

P ro te ins  and products  of p r o t e i n  metabolism i n  blood under cond i t ions  of 
long-term hypokinesia. IA Popova, e t  al. (356) 

Sulfur-containing amino a c i d s  i n  cosmonauts' blood p lasma I G  Popov, AA 
Latskevich (357) 

Criteria for eva lua t ing  t h e  state of l i p i d  metabolism i n  f l i g h t  crews. VYe 
Potkin,  e t  al. (358) 

Phys io logica l  adap ta t ion  and c o r r e c t i o n  of calcium metabolism under 
condi t ions  s imula t ing  weight lessness .  LB P r i l i p k o  (360) 

Q u a n t i t a t i v e  eva lua t ion  of mine ra l i za t ion  of t ubu la r  bone i n  the ca lves  of 
humans undergoing long- term hypokinesia w i t h  head-down tilt. 
e t  a1 (261) 

AS Rakhmanov, 

Effects of an altered a c t i v i t y  regimen on t h e  state of n i t rogen  metabolism 
in humans. AK Sivuk,  e t  al. (362)  

Analysis of secretor processes  i n  t h e  g a s t r o i n t e s t i n a l  tract du r ing  long- 
term hypokinesia. KV Smirnov, e t  al. (362) 

P r e d i c t i n g  osteodystrophy result ing from long-term exposure to  
weightlessness.  GP Stupakov, e t  a1 (364) 

Carbohydrate and l i p i d  metabolism parameters i n  rats repea ted ly  exposed 
t o  hypokinesia. NA Tikhomorova, PP Potabov (366) 

Physiological  mechanisms underlying t h e  stages of adapt ive  e ry thropenic  
syndrome. AM Chayka, e t  al. (367) 

Dynamics of blood volume, e x t r a - c e l l u l a r  f l u i d ,  and serum p r o t e i n  weight i n  
humans exposed t o  hypokinesia and immersion. AM Chayka, e t  al. (368) 
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The nature of adaptive restructuring of neuroendocrine function i n  monkeys 
repeatedly exposed to  emotional stress. AM Chirkov, e t  a l .  (370) 

Act iv i ty  of cytoplasmic NADP-dependent dehydrogenases i n  the l i v e r  and f a t t y  
t i s s u e  i n  rats during rehabi l i ta t ion  af'ter a 15-day period o f  hypokinesia, 
TE Shilovskaya, PP Potapov (372) 
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SPECIAL FEATURE: 
CHSIICAL YAl4ES OF SOVIET DRUGS REFERRED TO IN DIGEST ISSUES 1-13 

Soviet  name: Cystamine d ihydroc lor ide  
Chemical name: Bis-(beta-aminoethy1)-disulphide dihydrochlor ide 
General category:  Radioprotector  
Digest Reference: I s s u e  2 Radiobiology: P89: I s s u e  9 Radiobiology: P398 

Soviet  name: Dibazol 
Chemical name: 2-Benzylbenzymidol hydrochloride 
General category:  Spasmolytic, vasod i l a to r ,  and hypotensive 
Digest  Reference: Issue 2 Immunology: P79; Issue 6 Cardiovascular and 

Respiratory Systems: P240 

Sovie t  name: Dihydroergotamin 
Chemical name: Dihydroergotamine Sulfonmethane 
General category:  Alpha-adrenoblocker 
Digest re ference :  Issue 10 Cardiovascular and Respiratory Systems: P434 

Sovie t  name: Diprazin 
Chemical name: 10-(2-Dimethylaminopropyl)-phenothiazine hydrochlor ide 
General category:  Antihistamine 
Digest  Reference: Issue 4 Health and Medical Treatment: P169 

Sovie t  name: E u f i l l i n  
Chemical name: Teophyllin?? w i t h  1,2-ethylendiamine (approximately 80:20) 
General category:  Spasmolytic and vasod i l a to r  
Digest  Reference: I s s u e  4 Health and Medical Treatment: P169 

Sovie t  name : F o l i  co bal amin 
Chemical name: Cyanobalamine (50 ug) and f o l i c  a c i d  (5  mg) 
General category: Vitamin 
Digest  reference:  Issue 11 Body Flu ids :  P450 

Soviet  name: Glivenol  
Chemical name: Ethyl-3,5,6-tri-0-benzyl-D-glucofuranozid 
General category : Sugar (an t i in f lammatory ,  an t ianaphylac  t ic ,  ana lges ic ,  

Digest  reference:  Issue 10 Cardiovascular  and Respi ra tory  Systems: P434 
vasotonic)  

Soviet  name : Imidazol in  
Chemical name: I d e n t i c a l  t o  Phentolamine q.v. 
Digest  Reference: I s s u e  6 Cardiovascular and Respi ra tory  Systems P240 

Sovie t  name: Indomethacin 
Chemical name: 1-( para-Chlorobenzoyl)-5-metoxy-2-methylindol-3-acetic ac id  
General category: Nonsteroid an t i in f lammatory  prepara t ion  
Digest reference:  Issue 4 Endocrinology: P146 

Soviet  name: Obzidan 
Chemical name: l-l-Isopropylamino-3(l-naphtoxy)anol hydrochlor ide 
General category:  Beta-blocker 
Digest Reference: I s s u e  3 Endocrinology: P96 
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Sovie t  name: Octadin 
Chemical name : Beta- ( N- Az acycloc t y l b e t h y l g u a n i d i n e  s u l f a t e  
General category : Beta blocker  
Digest Reference: I s s u e  3 Endocrinology: P96 

Sovie t  name: Phentolamin 
Chemical name: 2-[N-para-tolyl-N-(meta-oxyphenyl)-aminomethyl]-imadozoline 

hydrochlor ide 
General category: Alpha-Adrenoblocker 
Digest re ference :  I s s u e  4 Health and Medical Treatment: P169 

Sov ie t  name: Propranolol  
Chemical name: I d e n t i c a l  t o  obzidan q.v. 
Digest re ference :  I s s u e  5 Cardiovascular and Respiratory Systems: P206 

Sovie t  name: Pyracetam 
Chemical name: 2-Oxo-pyrrolidinylacetamide 
General category: Nootropic subs tance  * 
Digest reference:  I s s u e  10 Neurophysiology: P423 

Sovie t  name: Potassium orotate 
Chemical name: Potassium sal t  of urantsyl-4-carbonic acid 
General category: Cho les t e ro l / l i popro te in  lower ing  subs tance  
Digest reference:  I s s u e  10 Neurophysiology: P423 

Sovie t  name: RaUMtin 
Chemical name: P repa ra t ion  conta in ing  a l l  t h e  a lkaloids  i n  t he  root of 
Bauwo- * plants .  
General  category: Neurolept ic  
Digest Reference: I s s u e  4 Health and Medical Treatment: P169 

Sovie t  name: Retabolil 
Chemical name: 19-Nor-testosterone-17 beta-decanoat 
General category: Anabolic 
Digest reference:  I s s u e  10 Musculoskeletal  System: P422; I s s u e  11: 

Musculoskeletal  System: P456 

Sov ie t  n a m e :  Sydnokarb 
Chemical name: N-Phenylcarbamoyl-3-(Beta-phenylzopropyl)-sydnonimine 
General category: Psychological s t imu lan t  
Digest reference:  Cardiovascular  and Respi ra tory  Systems: I s s u e  5: P188; 

I s s u e  10 P434; I s s u e  11 Psychology: P456 

* Nootropic is a new Sovie t  term des igna t ing  a class of drugs which 
"d i r ec t ly  a c t i v a t e  the i n t e g r a t i v e  mechanisms of the brain,  s t i m u l a t i n g  
l ea rn ing ,  improving memory and cogn i t ive  funct ioning,  i n c r e a s i n g  the  brain 's  
t o l e rance  of adverse s t i m u l i ,  and improving co r t i co - subcor t i ca l  1inkages.I' 
A s  of 1984, pyracetam was t h e  only drug l is ted i n  t h i s  category. 
subs tances  have no no t i ceab le  in f luence  on the spontaneous bioelectric 
a c t i v i t y  of the  brain,  nor on motor react ions.  They do not  have s o p o r i f i c  
or ana lges i c  effects. Even i n  large doses, they do no2 affect  the  
pe r iphe ra l  nervous system. A t  the  same time they affect a number of CNS 
func t ions ;  f a c i l i t a t i n g  informat ion  t ransmiss ion  between the  hemispheres, 
s t i m u l a t i n g  t r ansmiss ion  of e x c i t a t i o n  i n  c e n t r a l  neurons, improving b r a i n  
blood supply and metabolism, and inc reas ing  to l e rance  of hypoxia, 

Nootropic 
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CURRENT TRANSLATED SOVIET LIFE SCIENCE MATERIALS AVAILABLE TO OUR 
READERS 

Trans l a t ions  and abstracts of r ecen t  Sovie t  publ ica t ions ,  i nc lud ing  
those of i n t e r e s t  t o  specialists i n  space  l i f e  sc iences ,  are publ ished by 
J o i n t  Publ ica t ions  Research Serv ice  (JPRS). There are three series of JPRS 
r e p o r t s  r e l e v a n t  t o  space  l i f e  science:  Series USB, Science h Technology, 
USSR: Space Biology and Aerospace Meaicine inc ludes  a cover t o  cover 

-M e d i t s i n a  (8  i s s u e s  per year);  Series ULS, Science & 
Technology, USSR: Life  Sciences,  conta in ing  mainly short  abstracts w i t h  some 
complete t r a n s l a t i o n s  (20 i s s u e s  per  year);  and Series USP, Science & 
Technology, USSR: Space, conta in ing  t r a n s l a t i o n s  of newspaper r epor t s ,  shor t  
abstracts, and t r a n s l a t i o n s  (6 i s s u e s  per  year). Ind iv idua l  JPRS 
pub l i ca t ions  may be ordered from the Nat ional  Technical Informat ion  Se rv ice  
(NTIS),  5285 Por t  Royal Road, Spr ingf ie ld ,  V i rg in i a  22161. The phone number 
of N T I S  is (703) 487-4600 and telephone orders are encouraged. P r i c e s  depend 
on number of pages; a r e c e n t  i s s u e  of Space Biology and Aerospace Medicine, 
fo r  example, cost $16.00. When order ing,  i t  is  recommended tha t  the  JPRS 
number, t i t l e ,  date and author ,  i f  appl icable ,  of pub l i ca t ion  be cited. An 
order takes 9-30 days t o  a r r ive .  Rush orders are possible ,  but involve  a n  
a d d i t i o n a l  charge. There a s i g n i f i c a n t  and v a r i a b l e  lag per iod between the  
time a JPRS pub l i ca t ion  is completed and the  time it  is  orderable from NTIS. 

t r a n s l a t i o n  of t h e  Sov ie t  j ou rna l  Kosmiches kava * oloniva  JL 

A s  a s e r v i c e  to  our readers we w i l l  r e g u l a r l y  provide pub l i ca t ion  
in fo rma t ion  fo r  r e l e v a n t  JPRS r e p o r t s  and c i te  the  t i t l e s  of art icles 
selected as p a r t i c u l a r l y  r e l evan t  t o  NASA. T rans l a t ions  of t i t les  are those  
of JPRS JPRS e n t r i e s  marked w i t h  * were previously abstracted by us. 
Readers should be aware t h a t  JPRS abstracts are considerably shorter and 
less detailed than Digest abstracts 

JPRS REPORT 
SCIENCE AND TECHNOLOGY 

USSR: LIFE SCIENCES 

JPRS-ULS-87-08 4 August 1987 

Selected Contents: 

Effects of Ca lc i ton in  and Retabolil on Rat Femur i n  Hypokinesia 
(Rogacheva, e t  a l . ;  Abstract; 1 page)* [Digest I s s u e  101 

Inf luence  of Vibra t ion  and Hyperbaric Oxygenation on Bra in  Stem Re t i cu la r  
Formation i n  Animals (Nenashev, e t  a l . ;  Abstract; 1 page) 

Inf luence  of High Temperature on Total Gas Metabolism of Animals w i th  
Limi ta t ion  of Motor A c t i v i t y  (Kafizova; Abstract; 1 page) 

Inf luence  of Emotional-Pain Stress on C o n t r a c t i l e  Function of Myocardium 
During Long-Term Hypokinesia (Saulya; Abstract; 1 page) 

Correc t ion  of Acute Hypoxia Induced Changes i n  Blood Coagulation i n  R a b b i t s  
(Balanskaya; Abstract; 1 page) 

Systemic Hemodynamic S h i f t s  i n  Hypoxia (Nurmatov, e t  al.;  Abstract; 1 page) 
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Effects of Immobil izat ion Stress on Megakaryocyte-Thgrombocyte System i n  
Mice (Meyerson, e t  al.;  Abstract; 1 page)* [Digest I s s u e  101 

JPRS REPORT 
SCIENCE AND TECHNOLOGY 
USSR: LIFE SCIENCES 

JPRS-ULS-87-010 12 August 987 

Selected Contents: 

Effects of Ship 's  Rol l ing  Motion on Fishermen's Sleep and Physiological  
Functions (Skrupskiy; Abstract; 1 page) 

Indiv idua l  Di f fe rences  i n  Adaptatiuon t o  Hypoxia and Cold Based on 
Emotional-Behavioral Cr i t e r ion  of Bodily Reac t iv i ty  (Zagustina; 
Abstract; 1 page) 

Effects of Bacterial Lipopolysaccharides on Hemopoiesis (Baranov; Abstract; 
1 page) 

ENGLISH REPORT ON SOVIET WORK ON PLANTS I N  SPACE 

An a r t ic le  e n t i t l e d  "Plants  i n  Space," by Halstead and Dutcher, covering 
Sovie t  as well as Western work, was published i n  t he  lvAnnual Review of P lan t  
Physiology," Volume 38, 1987. Requests f o r  r e p r i n t s  should be addressed t o  
F. Ronald Dutcher, Science Communications S tudies ,  The George Washington 
Universi ty ,  Washington, DC 20037. 
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